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Disclaimer:

This book aims to summarise the major critical care trials of 2016. Although care has
been taken to ensure information is correct, this is not guaranteed and no responsibility
is accepted for clinical decisions based on material within this book. Clinicians are
advised to check the primary literature at all times. The opinions stated within this book
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Foreword

There are at least 50,000 randomised controlled trials (RCTSs)
published each year and the doubling time for the number of
RCTs is estimated to be between 7 and 10 years. Although only
a small proportion of the trials and research papers published
relate to critical care, the volume of new knowledge and data |
(at least 100 papers per week) far exceeds that which any |
individual could speed read, far less critically review, assimilate
or truly understand.

For busy clinicians the challenge of how to remain

up to date and how to decide which new studies or trials should change their clinical
practice is very real. It is not just the challenge provided by the sheer volume of data but
also being honest with one self about whether you have the methodological skills to
know whether a particular piece of work, no matter how attractive the results may seem
and how strongly they support your pre-existing bias, is robust enough to consider
changing your clinical practice. This book, which provides a reference work for the
Critical Care Reviews meeting, and which summarizes and critiques the biggest critical
care trials of 2016, is an invaluable resource to help with that challenge.

Reading this book can't fail to assist you in treating your patients. Even better is if you
are reading this book as one of the attendees at the Critical Care Reviews Meeting held
in Belfast in January 2017. The meeting will have given you the opportunity to hear and
question the researchers who conducted the studies described in this book. No-one has
better insight into the true meaning of a piece of research than those who conducted it
and that insight can often illuminate the dry and often unnecessarily complex
publication and presentation of research data. Researchers are often accused of
overstating the importance and significance of their work and at times this accusation is
justified, but an honest researcher will also be able to articulate their study’s
weaknesses and the strength or otherwise of the inferences drawn from the results.

The Critical Care Reviews Meeting and this book provides a unique opportunity to share
in those insights. | commend both the meeting and the book to you.

Simon Finfer

Professor Simon Finfer MB BS, FRCA, FRCP, FCICM, FAHMS, DrMed
Senior Staff Specialist in Intensive Care, Royal North Shore Hospital of Sydney

Director of ICU, Sydney Adventist Hospital

Professorial Fellow, The George Institute for Global Health
Professor, Sydney Medical School, University of Sydney

y @icuresearch
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RESCUEicp

Hutchinson PJ, Kolias AJ, Timofeev IS, Corteen AE, Czosnyka M, Timothy J et al. Trial of
Decompressive Craniectomy for Traumatic intra-cranial Hypertension. N Engl J Med 2016;
375:1119-1130

Introduction

Traumatic brain injury (TBI) is a major global public health and socioeconomic concern.?!
Although epidemiological figures are difficult to interpret, due to differences in coding
and recording of hospital admissions between countries, European data suggests an
estimated 20 admissions per 100,000 population require neurosurgical management.?
Mortality from severe TBI is currently 30% to 40%.! More people than ever are living
with the physical, cognitive and psychological challenges of TBI survival. Approximately
60% of survivors have an unfavourable outcome on the Glasgow Outcome Score.3
Lifetime costs are estimated at US $400,000, with 80% accounted for by disability and
lost productivity.*

One of the challenges in the critical care management of TBI is the translation of
targeted physiological variables to meaningful patient-centred outcomes. Although the
BEST-TRIP trial challenges the paradigm of invasive ICP monitoring to guide treatment
interventions, it is likely ICP monitoring will remain central to the management of TBI in
developed countries because of the lack of equipoise that exists.>

The recently published 4™ edition of the Brian Trauma Foundation TBI management
guideline has summarised the evidence in this field. One class I trial and two class Il trials
contribute to current recommendations for decompressive craniectomy. The seven class
Il studies (prospective and retrospective cohort and observational studies) were
deemed to be of insufficient quality on which to base recommendations.®

The DECRA trial demonstrated patients with diffuse TBI randomised to early
decompressive craniectomy had a more unfavourable 6 month Extended Glasgow
Outcome Score (GOS-E) than those randomised to standard care. Furthermore, the
complication rate was higher among the intervention group.” Against this backdrop, and
with some methodological differences, the RESCUEicp trial was conducted with the aim
of clarifying the role of decompressive craniectomy in the management of severe TBI.

Study synopsis

RESCUEicp was a multi-centre, parallel group, randomised-controlled trial which
recruited patients over a 10 year period from 2004 to 2014. The aim was to determine
whether patients who had suffered a TBI and had refractory intra-cranial hypertension,
had a more favourable GOS-E at 6 months if they were managed with secondary
decompressive craniectomy or with continued medical management, which was

3 Critical Care Reviews
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predominantly barbiturate therapy. The intervention was applied as a stage 3 measure.

Refractory intra-cranial hypertension was defined as an ICP =25 mm Hg for 1 to 12 hours
despite the implementation of stage 1 (sedation & analgesia, mechanical ventilation,
paralysis, head-up positioning) and stage 2 (ventriculostomy, osmotherapy, loop
diuretics, inotropes, hypothermia) interventions. Patients with fixed dilated pupils,
bleeding diathesis or who had suffered an injury deemed to be unsurvivable were
excluded. Although 71% of patients were recruited from UK intensive care units, 52 ICUs
in 20 countries randomised patients. Using a central telephone randomisation service,
randomisation was in a 1:1 ratio using permuted blocks of random sizes and was
stratified according to site. The surgical technique for the decompressive craniectomy
was left to the discretion of the operating surgeon. The primary outcome measure was
GOS-E at 6 months. Secondary outcome measures included GOS-E at 12 and 24 months,
as well as mortality and quality of life at 6, 12 and 24 months. Allowing for a 15% loss to
follow-up, 400 patients were required to detect a 15% absolute improvement in the
primary outcome, from 60% to 45%, with 80% power and at a 5% significance level.

OFfF 2008 patients assessed, 408 patients (20%) were randomised - 206 to the
craniectomy group and 202 to the medical group. Most patients were excluded due to an
absence of intra-cranial hypertension (37.5%), had already undergone a primary
decompressive craniectomy (15%), had either fixed dilated pupils (6.8%) or were
deemed to have an unsurvivable injury (8%). Two hundred and two patients in the
surgical group and 196 in the medical group were analysed for the primary outcome
using a modified intention-to-treat analysis.

Drug and alcohol misuse was higher in the medical group (35.2% vs 24.8%) but groups
were otherwise well matched for baseline characteristics. No significant between-group
differences were observed before randomisation in stage 1 or stage 2 interventions.
92.6% (n=187) of patients randomised to surgery underwent a decompressive
craniectomy. OF those randomised to medical treatment, 87.2% (n=171) received
barbiturates. Crossover occurred in both groups, with 37.2% of those in the medical
group eventually receiving a decompressive craniectomy and 9.4% of those in the
surgical group receiving barbiturates in addition to decompression. The surgical group
had a significantly lower median (IQR) ICP after randomisation compared to the medical
group, 14.5 mm Hg (1.7 to 18.0) vs 17.1 mm Hg (4.2 to 21.8); difference -3.0 mm Hg,
95% Cl, -4.1 to -1.8); P<0.001.

As Table 1 illustrates, the primary outcome measure of GOS-E at 6 months showed a
higher proportion of patients in the surgical group survived in a vegetative state and
lower severe disability compared to the medical group. Those surviving with upper
severe disability, a favourable outcome, were more numerous in the surgical group at 6
months. Overall, favourable outcomes occurred in 42.8% vs 34.6% in the surgical vs

4 Critical Care Reviews
I I I



medical groups respectively (P=0.12) at 6 months.

Dead 26.9 48.9 30.4 52.0

Vegetative 8.5 2.1 6.2 1.7 Unfavourable
Lower Severe 21.9 14.4 18.0 14.0

Disability

Upper Severe 15.4 8.0 13.4 3.9

Disability

Lower Moderate 10.0 10.1 10.3 7.8

Disability

UPDEI.' Moderate 13.4 9.6 11.9 12.3 Favourable
Disability

Lower Good 2.5 3.2 7.2 3.9

Recovery

Upper Good 1.5 3.7 2.6 4.5

Recovery

Table 1 - Primary Outcome Measure Results

Hypothesis generating secondary outcome measures included a lower mortality at 6
months (26.9% vs 48.9%) and 12 months (30.4% vs 50%) in those randomised to surgical
decompression. Similarly, this group had more favourable outcomes at 12 months, 45.4%
vs 32.4% (P=0.01), with more transitioning into the lower good recovery bracket at this
time point, although absolute numbers were small. Quality-of-life data are awaited.

Complications occurred more often in the surgical group than the medical group, 16.3%
vs 9.2% (P = 0.03). The higher rate of complications was in large part related to surgical
bleeding, post-operative haematoma formation and surgical site infection.

Study critique

The GOS-E has been recommended as a suitable outcome measure in TBI trials.® As
significant inter-rater variability can occur, a structured interview is suggested to attain
agreement between patient, carer and clinician. In RESCUEicp in the UK, GOS-E
questionnaires were mailed to survivors. If no response was obtained, a telephone call
was made by a trial member so the questionnaire could be completed with either the
patient or carer. This may be a potential source of response bias.

A patient classified as having an upper severe disability can be left alone for at least 8
hours per day but is unable to go shopping or to travel without assistance. This may be
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due to physical or cognitive issues. If patients in this category were classified as having
an unfavourable outcome, as per usual practice, then at 6 months, the proportions of
patients with a favourable outcome on the GOS-E would have been 27.4 vs 26.6% in the
surgical and medical groups respectively.

It took 10 years to recruit 408 patients - 39 centres recruited less than 10 patients. This
slow rate of recruitment and large proportion of patients excluded may be a source of
criticism for some. Conversely it could be argued that decompressive craniectomy, as a
third tier, highly invasive treatment, should only be used in a minority of patients and as
such, the inclusion and exclusion criteria were proven correct. 37% of the medical group
crossed over and eventually underwent decompression. This cross-over would have
diluted the actual treatment effect of the surgical intervention. The trial protocol
recommended that once randomised, surgery should be delayed no more than 4 to 6
hours. The mean (IQR) time delay to surgery post-randomisation was 2.2 (1.3-5.1) hours,
which is comparable with the mean time to surgery in the DECRA trial (2.3 hours).

Mortality was clearly reduced in the surgical group at 6 and 12 months. Did
decompression convert non-survivors into survivors left in vegetative or severely
disabled state? To what extent is the excess mortality in the medical group due to the
high use of barbiturate infusion (87.2%)? Was the lower mortality in the surgical group,
in part, due to the low rate of use of barbiturates in the intervention group (9.4%)?
Regardless of mortality, the quality of life data which is awaited will perhaps be more
meaningful.

Where this sits in the body of evidence

The DECRA trial randomised 155 patients, under the age of 60 and with diffuse, non-
penetrating TBI to the early use of decompressive craniectomy (within 72 hours of
admission) plus standard care, or standard care alone.” Mean ICP was lower in the
surgical group. Unfavourable outcomes on the GOS-E scale at 6 months occurred in 70%
of the surgical group compared to 51% of the medical group (OR, 2.21; 95% Cl, 1.14 to
4.26; P=0.02). The complication rate was higher in the surgical group (37% vs 17%).
Mortality rate at 6 months was similar, 19% vs 18% in the surgical and standard care
groups, respectively.

DESTINY was a German multi-centre randomised controlled trial in patients aged 18 to
60 with middle cerebral artery (MCA) infarction. Randomisation was to decompressive
craniectomy or standard care alone within 30 hours of stroke onset. The trial was
stopped after 32 patients were recruited due to a clear mortality benefit from
decompression — 15 of 17 (88%) of surgical patients were alive after 30 days compared
with 7 out of 15 (47%) standard care patients. Functional outcome at 6 and 12 months
was better in the surgical group, with 47% having a modified Rankin scale score (mRS) of
< 3 compared to 27% in the standard care group (P=0.23).°
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DECRA

RESCUEICP

Patients Randomised

155

408

Threshold for inclusion

ICP >20mm Hg for 15 minutes in
any 1 hour period within 72 hours
of injury despite 1% tier therapies

ICP > 25mm Hg for 1 to 12
hours despite stage 1 and 2
therapy

Mass Lesions

Surgical Group 4%
Medical Group 2%

Surgical Group 18.7%
Medical Group 24.2%

Surgical Approach

Bifrontotemperoparietal

Frontotemperoparietal
Unilateral or Bilateral

Upper Severe Disability

Classified as Unfavourable

Classified as Favourable

Table 2 : A Comparison of DECRA vs RESCUEicp

The French DECIMAL trial randomised patients < 55 years of age with malignant MCA
infarction to decompressive craniectomy or standard care within 36 hours of stroke
onset. The primary outcome was of favourable functional outcome at 6 months, as
indicated by a mRS < 3. At 6 months 25% of the surgical, vs 5.6% of the standard care
group, had a mRS < 3. There was an absolute risk reduction for death of 52.8% in the

surgical group (P<0.0001).1°

The randomised controlled HAMLET trial compared decompressive craniectomy with
standard care at up to 96 hours after the onset of space-occupying hemispheric
infarction. The primary outcome measure was mRS at 1 year, dichotomized to good (mRS
0 to 3) and poor (MRS 4 to 6). This trial was stopped prematurely after 50 patients were
evaluable for the primary outcome, with no difference being identified at this time
point. Sixty-four patients had been enrolled in total, 32 in each group. Risk of death was
lower in the surgical group (ARR 38%; 95% Cl 15 to 60; P= 0.002).!

DESTINY I1l, a prospective, multi-centre, randomised controlled trial, recruited patients
with malignant MCA infarction over the age of 60, and compared decompressive
craniectomy with standard care within 48 hours of symptom onset. The primary outcome
was survival without severe disability at 6 months, indicated by a score of < 4 on the
mRS. No survivors in this study had a mRS of 0 to 2. At 6 months, 39% vs 18% survived
with a mRS of 3 or 4, in the surgical vs control groups, respectively. Most patients who
survived craniectomy in this trial did so with marked disability.*?

Should we use secondary decompressive craniectomy in TBI?

Maybe. The decision to perform decompressive craniectomy balances the risk of a lower
mortality with a higher liklihood of survival with severe disability. The emphasis a patient
and family place on survival and disability need to be considered.
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HYBERNATUS

Legriel S, Lemiale V, Schenck M, Chelly J, Laurent V, Daviaud F, et al.
Hypothermia for Neuroprotection in Convulsive Status Epilepticus. N Engl J
Med 2016;375:2457-67

Introduction

Just over one year ago the International League Against Epilepsy updated the definition
of status epilepticus, describing it as “a condition resulting either from the failure of the
mechanisms responsible for seizure termination or from the initiation of mechanisms, which
lead to abnormally, prolonged seizures (after time point t1, 5 minutes). It is a condition,
which can have long-term consequences (after time point t2, 30 minutes), including
neuronal death, neuronal injury, and alteration of neuronal networks, depending on the
type and duration of seizures.” This prolonged state of uncontrolled cortical activity
manifesting as seizures is the second most frequent neurological emergency after
stroke.? Despite this, status epilepticus is relatively uncommon, being responsible for
just 0.07% of all American hospital admissions from 1979 to 2010.3 Its incidence has risen
over this time period, from 3.5/100,000 to 12.5/100,000 of the population.®* 85% require
mechanical ventilation and outcomes can be poor.* For status epilepticus, 90 day
mortality is approximately 20%;* for refractory status epilepticus this reaches 40%.?
Over two-fifths suffer severe functional impairments. The most common causes of
status epilepticus are withdrawal of anti-convulsant drugs and stroke. *

Specific treatment aims to stop seizures as soon as possible, before the onset of
neuronal injury or death, and consists of an escalating range of anti-convulsants, up to
the induction of general anaesthesia. Mortality has largely remained unchanged, despite
improving critical care outcomes in general.?

Hypothermia has emerged as a potential neuroprotective intervention, offering anti-
convulsant, anti-inflammatory, anti-apoptotic, anti-cytotoxic, and anti-excitatory effects,
as well as beneficial actions on blood brain barrier permeability, lessening cerebral
oedema formation.” Hypothermia has been successfully used for many years in neonatal
hypoxic-ischaemic encephalopathy,® and more recently has been investigated in a range
of conditions including post cardiac arrest,” bacterial meningitis,® subarachnoid
haemorrhage,’® stroke'" and myocardial infarction.

Study synopsis

The investigator-initiated HYBERNATUS (Hypothermia for Brain Enhancement Recovery
by Neuroprotective and Anti-convulsivant Action after Convulsive Status Epilepticus)
trial was a parallel group, assesor-blinded, randomised controlled trial undertaken in 11
French ICUs between 2011and 2015. It compared induced hypothermia (32 to 34 °C) plus
standard care with standard care alone, in critically ill patients suffering from

9 Critical Care Reviews
I I I


http://dx.doi.org/10.1056/NEJMoa1608193
http://dx.doi.org/10.1056/NEJMoa1608193
http://dx.doi.org/10.1056/NEJMoa1608193

convulsive status epilepticus and requiring mechanical ventilation.

Inclusion criteria were age over 18 years, convulsive status epilepticus (5 minutes or
more of either continuous seizure activity or two or more seizures without return to
baseline) within the previous 8 hours plus the receipt of mechanical ventilation.
Exclusion criteria were a return to their premorbid level of consciousness, an inability to
receive therapeutic hypothermia (such as the need for emergency surgery or bacterial
meningitis), post anoxic status epilepticus, a do-not-resuscitate order or an expectation
for imminent death. Patients underwent web-based computer-generated permuted-
block randomisation in a 1:1 fashion, stratified for centre, age (younger or older than 65
years of age) and seizure duration (less than or greater than 60 minutes). Surrogate
approved consent was obtained pre-randomisation, with delayed written participant
consent sought after recovery from illness.

Patients with seizures were managed in line with current French guidelines, receiving an
initial dose of a benzodiazepine, followed by the addition of a second non-
benzodiazepine anti-convulsant if seizures had not terminated. At 60 minutes, if seizures
were still not controlled, propofol boluses were commenced, followed by a propofol
infusion. An additional anaesthetic agent (midazolam or thiopentone) could also be
added if the patent remained in refractory status epilepticus. Status epilepticus was to
be controlled within 60 minutes of randomisation and prior to the initiation of cooling.

Temperature was measured with an oeosphageal thermometer. The target range of 32
to 34 °C was induced with ice-cold intravenous fluids at 4 °C and maintained with ice-
packs at the groin and neck plus cold air convection. This temperature was to be
achieved as soon as possible post randomisation and maintained for 24 hours. The
hypothermia group received protocolised sedation, with propofol plus neuromuscular
blockade, while the control group received protocolised propofol sedation only if
deemed necessary by the treating physician. Both groups received continuous EEG
monitoring, with seizures treated with propofol, consisting of boluses and subsequent
infusion, aiming for burst-suppression for 24 hours.

The primary outcome was survival with a Glasgow Outcome Scale (GOS) score of 5,
independently adjudicated at day 90. The GOS ranges from 1 (death) to 5 (none or
minimal neurological deficit). Four groups of secondary outcomes were assessed: (1)
mortality - in-ICU, in-hospital and at day 90; (2) seizure activity - progression to EEG-
confirmed status epilepticus between 6 and 12 hours post randomisation, refractory
status epilepticus at day 1 despite administration of at least 2 anti-epileptic drugs, super-
refractory status epilepticus at day 2 despite anaesthetic agents, total seizure duration;
(3) lengths-of-stay - ICU and hospital; and (4) impairment at day 90.

Based on prior data, 135 patients were required per group to identify a 20% absolute
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difference in the percentage of patients achieving a GOS score of 5 at day 90
(hypothermia group 60% vs control group 40%) with a power of 90% at the 5%
significance level. One planned interim analysis was undertaken. Analyses were
performed as per a pre-published statistical plan, on an intention-to-treat basis, and
included sensitivity analyses for missing outcomes.

803 patients were screened, with 533 excluded, mainly for a failure to meet inclusion
criteria. In total, 270 patients were randomised: 138 patients to hypothermia, 130 to
standard care and 2 patients were randomised but withdrew consent. One patient from
each group had further status epilepticus and both were enrolled again. Groups were
largely similar at baseline. The median patient age was 57 and 65% were male. 65% had
an out-of-hospital onset of seizure, largely bystander witnessed, with the majority being
generalised seizures ( >85%). 51% of the hypothermia group and 46% of the control
group were epileptic. The type and timing of first anti-epileptic drug was the same in
both groups — 83% received a benzodiazepine at a median time of 40 minutes after
onset of seizure. A median of 2 anti-epileptic drugs were required to control seizures,
which occurred at a median of 80 minutes (IQR 40 to 210). 23 and 27% of the
hypothermia and control groups, respectively, had refractory status epilepticus at
randomisation. Temperatures were similar at 37.0 °C.

The intervention was adequately delivered with good separation in temperatures
between groups. 98% of the hypothermia group reached the targeted temperature
range within a median of 5.2 hours (IQR 3.5 to 7.1). The control group stayed at
approximately 37 °C. The amount of cold intravenous Ffluid administered to achieve
hypothermia was not stated.

There was no statistical difference in the primary outcome of a GOS score of 5
(hypothermia group 49% vs control group 43%; odds ratio with hypothermia 1.22; 95%
Cl, 0.75 to 1.99; P=0.43). Sensitivity analyses yielded similar results. Secondary endpoints
were also largely similar between groups, with the exception of less patients in the
hypothermia group progressing to EEG-confirmed status epilepticus (OR, 0.40; 95% Cl,
0.20 to 0.79; P=0.009). There were no significant differences in refractory status
epilepticus at day 1 (hypothermia vs control, 31% vs 38%; OR 0.68, 95% CI 0.40 to 1.15;
P=0.15) or super-refractory status epilepticus at day 2 (17% vs 23%; OR 0.64, 95% Cl 0.34
to 1.19; P=0.16). There were no significant differences in mortality at any timepoint
(hypothermia vs control; icu: 9% vs 12%; in-hospital: 12% vs 15%; day 90: 18% vs 20%).
No difference in functional impairment at day 90 was seen. In predefined subgroup
analyses, heterogeneity of effect was seen with age. Patients younger than 65 years of
age treated with hypothermia were more likely to achieve a GOS score of 5 (OR, 1.75;
95% ClI, 0.98 to 3.16), while those over 65 were less likely to achieve this outcome (OR,
0.49; 95% Cl, 0.19 to 1.25). More patients in the hypothermia group suffered an adverse
event (85% vs 77%).
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Study critique

Continuing on a popular theme of inducing hypothermia for cerebral protection, the
HYBERNATUS study sought to improve outcomes from convulsive status epilepticus. The
logistics of the trial appear sound, including pre-publication of the trial protocol, multi-
centre recruitment, rationale inclusion and exclusion critieria, robust randomisation and
allocation, achievement of similar groups at baseline, use of national seizure guidelines
for anti-convulsant therapy, adequate inter-group temperature separation and
independent blinded outcome assessment.

At Face value, it appears induced therapeutic hypothermia offers little benefit in the
management of convulsive status epilepticus. Some mostly non-significant differences in
seizure durations and progression were seen in favour of hypothermia, but these failed
to translate into anything longstanding. However, the reported results raise questions
regarding the seizure management of each group. For instance, it is somewhat
surprising, that for a seizure trial, doses of anti-epileptics aren’t described. The types of
drugs used are reported, and are largely similar between groups, but no doses are given.
The closest we can derive form the published results is that 100% of the hypothermia
group received propofol, which was required by the protocol, versus 94% of the control
group. As anti-convulsants are not benign drugs, this is important information to know.
For instance, benzodiazepine use is associated with both the development of, and a
worse outcome from, delirium. Did those treated with hypothermia need a greater dose
of anti-convulsants, risking complications from this therapy and thus reducing any
possible between group difference for the primary outcome, or perhaps did they need
less, and the signal seen could be due to a reduction in anaesthetic agent use?

While continuous EEG monitoring was used, the respective depths of sedation between
the groups over the duration of their period of mechanical ventilation is not clarified.
Again, deeper sedation is associated with poorer outcomes, so this would be interesting
to know.

The total numbers progressing to EEG-confirmed status epilepticus is low, with just 15
and 29, in the hypothermia and control groups, respectively. Perhaps a study recruiting
more patients still in a seizure state would be more likely to identify a therapeutic
effect.

Anti-convulsants are one potential confounder. The cold fluid administered to achieve
the target temperature range is another and is sparsely described. Which fluids were
used, at what volume, rate and to what effect on total fluid balance?

Where this sits in the body of evidence
The open-label EUROTHERM 3235 randomised controlled trial compared standard care
plus induced hypothermia of 32 to 35 °C with standard care alone in 387 patients from
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18 countries with traumatic brain injury-associated intra-cranial hypertension.™

Hypothermia was used as a stage 2 measure, before osmotherapy in the interventional
group, and was induced with 20 to 30 ml/kg of ice cold saline, maintained with the usual
technique of each centre for at least 48 hours followed by gradual rewarming at 0.25°C
per hour until core temperature was = 36°C. Despite achievement of hypothermia in the
interventional group, with an inter-group separation of over 2°C, and better intra-cranial
pressure control, hypothermia was associated with worse neurological outcomes
(adjusted common OR, 1.53; 95% Cl, 1.02 to 2.30; P=0.04) necessating early termination
of the trial.

The French multi-centre open-label HPOTOTAM trial compared standard care plus
induced hypothermia of 32°C to 34°C with standard care in 98 comatose adults with early
community-acquired bacterial meningitis.® Hypothermia was induced with 1500 to 2000
ml cold saline, maintained for 48 hours with each centre’s usual temperature
management technique and followed by passive rewarming. 77% of patients had
pneumococcal meningitis. Despite a clear difference in group temperatures (mean/IQR)
at 24 hours (33.3/0.9°C vs 37.0/0.9°C), the trial was stopped early for harm, with an
unadjusted mortality excess (51% vs 31%, RR, 1.99; 95% Cl, 1.05 to 3.77; P=0.04). This
lost significance after adjusting for several baseline variables, but the probability of
achieving a significant benefit was very low. No signal of benefit was identified.

The Targeted Temperature Management (TTM) trial by Nielsen and colleagues was a
large international multi-centre, open-label, randomised controlled trial comparing
temperature management of 33°C with 36°C in 950 unconscious adults after out-of-
hospital cardiac arrest of presumed cardiac origin.” The assigned temperature was
achieved as rapidly as possible by whatever temperature management technique chosen
by each centre and maintained for 28 hours. Rewarming then occurred by 0.5°C per hour
until a core temperature of 37°C was reached and maintained until 36 hours.
Temperature was kept < 37.5°C in still comatose patients until 72 hours. Both groups
achieved the assigned temperatures. There were no differences in either the primary
outcome of end of trial mortality (33°C group 50% versus 48% in the 36°C group; HR with
33°C, 1.06; 95% Cl, 0.89 to 1.28; P=0.51), or any secondary outcomes.

The ICTuS group of trials are a series of investigations examining whether combined
thrombolysis (intravenous r-tPA) with a hypothermia/anti-shivering regimen is superior
to thrombolysis alone for the treatment of acute (< 3 hours) ischemic stroke."
Hypothermia was induced with a rapid infusion of 2000 ml of saline at 4°C and
maintained with an intravascular cooling device for 24 hours, followed by gradual
rewarming over 12 hours. Interventions to manage shivering included pethidine,
buspirone, and skin warming. The study was stopped early after 120 of a planned 400
patients were recruited, due to funding expiration and the approval of intra-arterial
neurothrombectomy. There was no signal of benefit with hypothermia, either for the
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primary measure of a favourable outcome (90-day modified Rankin Score of 0 or 1;
hypothermia group 33% vs normothermia group 38%; OR, 0.81; 95% Cl, 0.36 to 1.85) or
secondary measures, including mortality (15.9% vs 8.8%, respectively; OR, 1.95; 95% Cl
0.56 to 7.79).

COOLIST was another stroke hypothermia trial very recently published this winter in
Stroke. This was a multi-centre, open label, phase Il randomised controlled trial,
evaluating tolerability to surface cooling to 34.0°C, 34.5°C, or 35.0°C in awake patients
with acute (<4.5 hours) ischemic stroke and an National Institutes of Health Stroke Scale
score of 26." This trial was also stopped early, after just 22 patients were enrolled. While
cooling to 35°C was tolerable, temperatures colder than this were not tolerated. A
further trial examining induced hypothermia in stroke is currently underway (EuroHYP-
1, http://www.eurohyp1.eu/).

Induced hypothermia has also been unsuccessfully investigated in subarachnoid
haemorrhage. The IHAST (intra-operative Hypothermia for Aneurysm Surgery) Trial
compared intra-operative hypothermia at 33°C, achieved with surface cooling, with
normothermia (36.5°C) in 1001 patients with good grade subarachnoid haemorrhage.™
There were no significant outcome differences between the groups. Hypothermia has
also been tested in acute myocardial infarction. Several small trials have reported
reduced infarction size, but no effect on more meaningful patient centred outcomes.'

Should we induce hypothermia in mechanically ventilated patients with convulsive
status epilepticus?

No, this trial does not support the use of induced hypothermia in mechanically ventilated
patients with status epilepticus.
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Dexmedetomidine For Delirium in Non-Cardiac Surgery

Su X, Meng Z, Wu X, Cui F, Li H, Wang D et al. Dexmedetomidine for prevention
of delirium in elderly patients after non-cardiac surgery: a randomised,
double-blind, placebo-controlled trial. The Lancet 2016;388(15004):1854-1856

Introduction

Delirium in critically ill patients has been extensively studied over the past 15 years,
following recognition that it is common, occurring in up to 82% of mechanically
ventilated patients, and has implications beyond the distress caused to patients,
relatives and staff. It is an independent predictor of long-term mortality and cognitive
impairment, and can be seen as a form of acute organ dysfunction akin to renal or
cardiac Failure. To date, its multi-factorial basis has prevented the identification of a
specific biomarker or consistent single neurotransmitter abnormality.?

Although there have been successful trials of non-pharmacological interventions aimed
at preventing the onset of delirium, pharmacological studies have provided mixed
results.’ Dexmedetomidine is an a2 adrenoreceptor agonist with sedative, anxiolytic and
analgesic properties which has less respiratory depressive effects than other sedatives.*
When given by infusion in ICU it is associated with a lower incidence of delirium than
propofol or midazolam;> however, its ability to preventing the onset of delirium post-
operatively is less established.

Study synopsis

This randomised, placebo-controlled study investigated whether prophylactic
dexmedetomidine prevents delirium in ICU patients over 65 years of age following
elective non-cardiac surgery under general anaesthesia (GA). It was conducted in two
University Hospital ICUs in Beijing, China, between 2011 and 2013. Potential participants
were screened post-operatively on arrival to ICU if admitted before 8pm. Consent was
obtained from the patient if orientated or otherwise from the next of kin or legal
representative. Randomisation was computerised and in a 1:1 ratio.

Dexmedetomidine (0.1 pg/kg/hr) or matching saline placebo was given as a continuous
infusion. It was stared at ICU admission in non-intubated patients and after sedative
infusions (propofol or midazolam) were titrated to a Richmond Agitation Sedation Scale
(RASS) of -2 or higher in those intubated. It was continued until 8am on the first day
after surgery. Analgesia was given as necessary. There were set criteria for extubation
based on adequate respiration, conscious level and haemodynamic stability.

ICU standard operating procedures included measures aimed at minimising delirium
(early mobilisation, reorientation, visual aids, hydration and sleep-promotion). Delirium
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was initially managed non-pharmacologically and haloperidol given if this failed and
RASS was >+3 (severe agitation). Open-label dexmedetomidine was not permitted.
Anaesthetists, nurses and those performing delirium assessments were blinded to the
intervention.

The primary endpoint was the incidence of delirium in the first post-operative week.
Secondary endpoints included time to extubation, ICU and hospital lengths of stay, pain
scores, sleep quality, medical complications and 30-day mortality. Cardiovascular and
respiratory adverse events were defined; bradycardia as a heart rate <55 bpm and
tachycardia >100 bpm; hypotension as systolic blood pressure <95 mm Hg and
hypertension as >160 mm Hg. If these limits were close to baseline values then a change
of 20% was considered significant instead. Hypoxaemia was defined as a SpO; < 90% or
5% less than baseline.

Delirium was assessed with the ICU Confusion Assessment Method (CAM-ICU), initially at
24 hours post-op and twice daily thereafter. If present, delirium was categorised as
hyperactive, hypoactive or mixed depending on the predominant RASS score. A sample
size of 700 patients would have 80% power to detect a 30% decrease in the incidence of
delirium, from an anticipated baseline of 28%,° at the 5% significance level with an
anticipated 6% loss to follow-up. Analyses were by intention-to-treat but also per-
protocol for some endpoints. The Braun Anaesthesia Research Fund and Wu Jieping
Medical Foundation funded the study.

2,016 patients were screened for eligibility and 700 randomised. 1,181 met preset
exclusion criteria {636 <65 years old, 94 non-surgical, 183 non-general anaesthesia, and
268 other (neurosurgical operation, pre-operative coma, dialysis, cardiac failure or
Parkinsonism)}; consent was not obtainable in 135. There were 350 patients in each
group; all were included in the final analysis. Baseline characteristics were similar. Mean
age was 74, 60% were male. The majority of operations were intra-abdominal or intra-
thoracic (85%); with 75% For malignancy. Placebo group patients were slightly more
likely to receive midazolam intra-operatively (173 vs 153) and had a longer duration of
surgery (238 vs 219 minutes). 191 (54.6%) patients in each group were intubated on
admission to ICU; mean APACHE Il scores (10.6 / 10.2) and study drug infusion duration
(14.6 / 15.0 hours) were similar. post-operatively, the majority received intravenous
sufentanil patient-controlled analgesia (74%) or epidural analgesia (16%). In the
placebo / dexmedetomidine groups the use in the first 7 days of propofol (51% / 51%);
morphine (29% / 28%) and midazolam (10% / 7%) was similar; a higher total dose of
propofol was required in the placebo group (median 275 vs 250 mg). In the first 7 days 2
patients died and 143 were discharged from hospital.

The incidence of delirium was significantly higher in the placebo group (primary
outcome, 23% vs 9%; OR, 0-35; 95% Cl, 0-22 to 0-54; p<0-0001; NNT=7.4); with similar
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positive results in the per-protocol analysis, in all motor subtypes of delirium and
whether intubated or not on ICU admission. The placebo group also had a prolonged
median time to extubation (6.9 hrs vs 4.6 hrs, HR 1.25; 95% Cl, 1.02 to 1.53; P=0.031) and
more medical complications (21% vs 15%; OR, 0.66; 95% Cl, 0.45 to 0.98; P=0.39). There
were no significant differences in hospital length of stay or mortality; there was a
clinically insignificant longer median ICU length of stay with placebo of 0.6 hours
(P=0.027).

The dexmedetomidine group had a small but significant reduction of <1 point in the
median pain scores measured by a 10-point numerical rating scale (NRS) (P<0.001 for
most time points); and a statistically significant improvement in subjective sleep quality
scores. Tachycardia, hypertension and hypoxaemia were significantly more common in
the placebo group, and bradycardia and hypotension more frequent in the
dexmedetomidine group (non-significant); overall 23% of patients in the placebo and
16% in the dexmedetomidine group required medical intervention for deranged
physiology. Modification of the study drug infusion was required in 9% vs 5% of patients
in the dexmedetomidine and placebo groups, respectively. RASS scores were similar
between groups; only 3 patients (0.4%) received haloperidol.

Study critique

This is a significant study with an intriguing result. It appeared to be well conducted,
with a moderately large sample size, few protocol violations and the inclusion of all
patients in the primary outcome analysis. Both the patient and those assessing for
outcomes were blinded as to the treatment allocation. The study population was
relatively homogenous and well defined. The size of the reduction in incidence of
delirium seen (absolute risk reduction of 13%, relative risk reduction of 61%) is clinically
as well as statistically significant. Previous ICU prevention studies have been less
successful;’ it is therefore important to consider if this result is likely to be replicable. In
this regard, there are potential issues relating to the trial methodology, application of
the protocol and the clinical impact of the intervention.

A major issue is that although the study population was undergoing elective surgery, the
patients were only screened and recruited when admitted to the ICU post-operatively.
At this stage 55% were intubated and sedated, and the remaining patients had all
recently emerged from GA. This probably explains why consent by a family member was
required in 58% of patients. ® Whilst surrogate consent is used extensively in ICU trials,
this is usually in the setting of acute critical illness where there is no prior opportunity
for individuals to be Ffully informed. It is difficult to imagine consenting patients pre-
operatively would not have been ethically preferable. The trial did have institutional
ethical approval.

Patients were not screened for delirium or cognitive impairment at enrolment, which
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makes it impossible to state with certainty that the difference seen in delirium rates
subsequently did not at least partially reflect a random difference present at baseline.
The trialists state this was to avoid diagnosing emergence delirium which they contend is
a separate entity, but this is controversial.® As it would be unfeasible to complete the
CAM-ICU assessment due to deep sedation in many on arrival this again could have been
performed pre-operatively. It is also interesting that midazlolam was a permitted
sedating agent as it has been previously implicated in causing delirium.

The incidence of delirium was approximately double in those intubated on admission
(20% vs 11%), which may have been related to sedative medications or a reflection of an
increased severity of illness. There was an exact balance of the number of patients
intubated / extubated on admission (191 / 159) in each group. Overall randomisation was
in a 1:1 ratio, but it was not noted to be stratified by intubation status.

Although dexmedetomidine infusion was given at a lower dose (0.1 pg/kg/hr) than
recommended for ICU sedation (0.2 - 1.7 pg/kg/hr) there was evidence of the a, agonist
pharmacological effects of the drug with a propofol-sparing and analgesic effect noted
and a lower incidence of tachycardia or hypertension. It is possible bedside staff would
be able to recognise these effects on an individual patient basis, potentially unblinding
the group allocation and risking bias. All infusions were stopped at 8am to enable
residual drug clearance before a potential afternoon ward discharge. This led to a
potential under-dosing of some patients that would be consistent with the non-
significant effect on delirium rates seen with the lowest quartile of drug duration. The
incidence of non-delirium complications was lower with dexmedetomidine but these
were diverse and difficult to Firmly attribute to the study drug. Additionally, it appears
different total figures for complications are presented in the manuscript (73 placebo, 52
dexmedetomidine) and the appendix (93 placebo, 70 dexmedetomidine.)

The CAM-ICU is an adaption of the Confusion Assessment Method (CAM), allowing its
use in non-verbalising mechanically ventilated patients. A positive test requires
documentation of a fluctuating or acutely changed mental status alongside recognition
of inattention, with either disorganised thinking or an altered level of consciousness. It
has been extensively evaluated in differing ICU populations since its original description,
including in Chinese patients.” Although widely used, several of its components are
vulnerable to confounding by the ongoing use of sedatives, and it may under-diagnose
delirium when compared to the CAM in those able to verbalise. For these reasons
evidence of clinical benefit beyond the incidence of CAM-ICU diagnosed delirium is
desirable in intervention studies. Although the avoidance of delirium may be an
important patient-centred outcome it did not translate in this study into a reduction in
hospital length of stay.

In summary this trial has shown a potential beneficial effect of low-dose
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dexmedetomidine in post-operative elderly patients. Further studies replicating these
results are awaited.

Where this sits in the body of evidence

In 2001 Ely and colleagues prospectively tested the recently developed CAM-ICU tool in
111 consecutive mechanically ventilated patients.’ When compared to assessment by
the Diagnostic and Statistical Manual of Mental Disorders, Fourth Edition (DSMD)
delirium criteria, the CAM ICU performed by 2 study nurses had a sensitivity, specificity
and inter-rater reliability of >90% for the diagnosis of delirium. In 2013 Wang et al
validated a simplified Chinese version of the CAM-ICU in 126 patients (22 ventilated) and
noted a similar sensitivity, specificity and reliability."

In 2007 Pandharipande and colleagues randomised 106 mechanically ventilated ICU
patients to sedation with dexmedetomidine or lorazepam for up to 120 hours, titrated
to RASS.” The dexmedetomidine group had more days without CAM-ICU diagnosed
delirium or coma (7.0 vs 3.0 days, P=0.01) and were within one point of target RASS
score for a higher proportion of time (80% vs 67%, P=0.04).

Reade and colleagues completes an open-label pilot study randomising 20 ventilated
patients with agitated delirium to an infusion of haloperidol (0.5 to 2mg/hour) or
dexmedetomidine (0.2 to 0.7 pg/kg/hr)."® Those receiving dexmedetomidine were
extubated faster and had a decreased length of ICU stay (1.5 vs 6.5 days, P=0.004).

Riker et al randomised 375 ICU patients to dexmedetomidine- or midazolam- based
sedation.® Time spent within target RASS range was similar (primary outcome). The
dexmedetomidine group had less delirium (54% vs 76.6%; difference, 22.6%; 95% ClI,
14% to 33%; P=0.001) and shorter median time to extubation (3.7 vs 5.6 days, 95% Cl, 4.6
to 5.9; P=0.01) but more bradycardia (42% vs v 18.9%; P=0.001).

In 2012 Jakob reported in one publication the results of two non-inferiority studies
comparing dexmedetomidine with midazolam (MIDEX trial, 44 European centres) and
propofol (PRODEX, 33 European centres) for prolonged ICU sedation. Centres entered
the trial using their usual sedative agent as control.”> Dexmedetomidine met non-
inferiority criteria in both studies, and reduced median duration of mechanical
ventilation in the MIDEX arm (123 vs 164 hours, P=0.03), but with more reported adverse
effects. The incidence of delirium, as diagnosed by CAM-ICU at 48 hours, did not differ in
either study.

The DahLia trial, published in early 2016, randomised 71 ICU patients with agitated
delirium to dexmedetomidine (0.5 to 1.5 pg/kg/hr) or placebo alongside usual care (96%
were receiving propofol)."” Median ventilator-free hours (primary outcome) were
increased in the dexmedetomidine group (145 vs 128 hours; P=0.01). Delirium also
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resolved more quickly (23 vs 40 hours; P=0.01). Adverse events were rare. Recruitment
was halted early after the sponsor declined to extend funding.

Devlin et al randomised 36 delirious ICU patients to quetiapine (50mg to 200mg 12-
hourly) or placebo.’ Patients treated with quetiapine had a shorter duration of delirium
(36 vs 120 hrs; P=0.006), similar rates of QTc prolongation, but more somnolence. ICU
length of stay and mortality was similar.

In 2010 van Eijk et al randomised 104 of a planned 440 delirious ICU patients to
rivastigmine (1.5 to 6mg twice daily) or placebo as an adjunct to open-label haloperidol."’
The study was stopped by the data safety and monitoring board after a planned interim
analysis showed a non-significant increase in mortality (22% vs 8%, P=0.07) and duration
of delirium with rivastigimine (5.0 vs 3.0 days, P=0.06).

Should we implement this into our practice?
No- we should await further study of the safety and efficacy of using low-dose
dexmedetomidine to prevent delirium
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Light Therapy for Delirium

Simons K, Laheij R, van den Boogaard M, Moviat M, Paling A, Polderman F, et
al. Dynamic light application therapy to reduce the incidence and duration of
delirium in intensive-care patients: a randomised controlled trial. Lancet
Respir Med 2016;4:194-202

A discrete pathophysiological mechanism for delirium remains elusive, with current
evidence suggesting that individual cases are caused by the interaction of elements
drawn from sets of biological factors that may include a range of neurotransmitters,
cytokines, hormones, drugs, and disorders of electrolytes or physiology. These unique
combinations lead to the disruption of neuronal networks and the clinical manifestations
of delirium: Fluctuating disorders of consciousness, attention and cognition. There is
therefore a myriad of identified factors which can be causally linked to the condition, but
pharmacologically targeting an individual one is often unsurprisingly unsuccessful.’

Non-pharmacological methods have the potential to act generically and lessen the
impact of delirium whatever its cause. They are are the mainstay of delirium prevention
in the non-ICU setting, with good evidence for a multicomponent strategy encompassing
reorientation, mobilisation, sleep promotion, hydration and provision of hearing and
visual aids.? The ICU environment potentially contributes negatively to all of these
factors, with sleep disturbance almost universal due to noise, sedative drugs and
ambient light. There have been attempts to modify this with the use of nocturnal
earplugs with some success."? Bright-light therapy aims to restore circadian rhythms and
promote sleep, potentially beneficially impacting on the significant burden of ICU-
acquired delirium. This was the focus of this study.

Study synopsis

This was a single-centre, unblinded, randomised controlled trial performed in a Dutch
teaching hospital ICU. Ethical approval and individual or surrogate consent were
obtained. Eligible patients were over 18 years old and expected to be in ICU for over 24
hours. Those with anticipated imminent death or contra-indication to completing
delirium assessments were excluded. Randomisation was computerised and in a 1:1
ratio.

The intervention was an adjustable bright lighting system (supplied by Philips Lighting,
Eindhoven) installed into each ICU room, controlled centrally by the investigators and
with a peak intensity of 1700 lux, giving 800-1000 lux bluish-white (4300 K) light at
patient level. Photometers measured illuminance every 15 minutes. It was applied with
increasing intensity from 0700 h to peak at 0900 h and maintained until 1130 h; this was
repeated from 1330 h until 1700 h. In-between these spells and afterwards until 2230 h
a lower light level of 300 lux, 3000 K colour temperature was applied as a rest period;
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the lights were switched off at 2230. The control group had lights at 300 lux, 3000 K;
controlled within the room. Thirty minutes of extra light (1000 lux) was available from
within the room for procedures at any time in both groups.

Delirium risk was predicted on admission to ICU with the PRE-DELIRIC model (developed
by the authors); delirium screening was performed three times daily by bedside staff
using the Confusion Assessment Method for the ICU (CAM-ICU). The primary outcome
was the cumulative incidence (at least one positive CAM-ICU screening) of ICU-acquired
delirium. Delirium assessments continued after ICU discharge, utilising assessment by
the Delirium Outcome Score (DOS), geriatrician consultation or use of haloperidol.
Secondary outcomes included the number of delirium-free days in 28 days, duration of
mechanical ventilation and length of stay (LOS) within ICU and the hospital. A subgroup
of 20 patients had multiple urine samples taken for analysis of cortisol and a melatonin
metabolite in order to examine any effects on circadian rhythms.

The planned recruitment of 1000 patients was calculated to have 90% power (two-sided
a 0.05) to detect a 10% absolute reduction in the anticipated 40% delirium incidence in
the control group. Analyses were by intention-to-treat, but per-protocol analysis was
also conducted (those who were exposed to the correct light therapy for >80% of their
ICU stay) and various subgroups were prospectively defined for exploratory analyses.

Recruitment was halted for futility after an interim analysis in September 2013. At this
stage 1374 eligible patients had been identified, 640 were excluded (400 expected ICU
LOS <24 h, 167 refused, 29 did not speak Dutch, 19 were not expected to survive, 16 had
hearing or visual impairment, 9 other). OFf the 734 randomised (the intention-to-treat
population), 361 were assigned to the Dynamic Light Application (DLA) intervention and
373 to control. A further 20 were excluded from the per-protocol analysis; 18 because
their actual LOS was <24 h and two had been randomised in error. Baseline
characteristics were similar: in the DLA / control groups mean age was 66 / 64 years;
mean APACHE Il score was 23 / 22; 32% / 33% had sepsis and 21% / 21% acute kidney
injury. Cognitive impairment was present in 10% / 7%, alcoholism in 7% / 7% and 95% in
each group were admitted to rooms with windows and natural daylight. The differences
in age and a medical diagnosis (73% / 65%) were statistically significant.

Adherence to the lighting protocol was 100%. Photometer data (missing in 23 patients)
confirmed a significant difference in mean cumulative daylight lighting levels (mean + SD
in DLA group 5366 * 1590 lux vs 2793 + 1419 lux in control; P<0.0001). There was more
seasonal variation in daytime light levels in the control group. No adverse events were
reported.

There was no difference in the cumulative incidence of delirium (primary outcome)
between the DLA and control groups (38% vs 33%; OR, 1:24; 95% Cl, 0-92 to 1:68;
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P=0-16. There was also no difference in delirium free days (26 vs 27 days; P=0.24), length
of stay or mortality in ICU or hospital (hospital LOS 15 vs 16 days; P=0.57; hospital
mortality 18% vs 19%; P=0.78). There was no evidence of a reduced duration or delayed
onset of delirium with DLA.

Delirium occurance was associated with older age, higher APACHE Il score and a history
of cognitive disturbance, alcoholism or smoking. Patients with delirium were more likely
to be intubated, receive prolonged mechanical ventilation, be on sedative infusions and
at higher doses (all significant statistically apart from cumulative midazolam dose). ICU
and hospital LOS were longer in those with delirium, mortality did not differ (median
hospital LOS delirium 23 days vs 12 if not, P<0.0001; hospital mortality 20% vs 19%;
P=0.73).

Exploratory secondary analyses did not identify any subgroups with potential benefit
from the intervention. Finally there was no difference seen between intervention and
control in the analysis of 20 patients’ excretion of cortisol and melatonin metabolites.

Study critique

This study addresses an important question - delirium is both common and deleterious in
the ICU population. The intervention had biological plausibility, an appropriately sized
and defined study population was chosen, the intervention was effectively applied and
outcomes were properly assessed in all patients. This allows confidence in their finding,
that DLA as applied did not have a beneficial effect in their hospital's ICU population:
this was a successful negative trial.

Aspects of the methodology are especially worthy of praise; for example, it is known
that delirium assessment by the CAM-ICU is imperfect: In a Dutch study conducted in 10
ICUs who all routinely used CAM-ICU 2-3 times per day, experts validated 282 delirium
assessments by bedside nurses and calculated the sensitivity of CAM-ICU in routine use
to be 47%, specificity was good at 98%.* This suggests delirium is rarely mis-diagnosed
but missed by half of individual assessments in routine practice. In this study the
investigators confirmed the validity of CAM-ICU results by 2-monthly assessments of
inter-observer reliability, and the research setting may have further improved accuracy.
There still may have been cases missed by individual nurses but it seems unlikely many
episodes of significant duration weren’t captured.

There is also little doubt about the dose of DLA given; as well as achieving 100%
adherence to the lighting protocol, the investigators also measured the light intensity
using photometers recording data every 15 minutes, from which the mean hourly
illuminance received was recorded for all patients. This ensured the light intensity was
comparable to that used in previous successful trials in the non-ICU setting.” One
potential (acknowledged) issue is that the therapy was presumably given through mostly
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closed eyes in the early stages of ICU admission - 65% of patents were intubated and use
of sedatives was high. This may have limited the stimulation of retinal photosensitive
cells which are linked to the hypothalamic control of melatonin secretion.®

As this was conducted in a single ICU there may have been centre-specific factors that
prevented the therapy from exhibiting a beneficial effect; for example, the sedation
practice beyond admission is not well described. The case-mix, however, seems
comparable to other general ICUs and there is no evidence the care given in the facility
was in any way substandard. Although the authors comment that 95% of patients were
exposed to natural daylight through adjacent windows, this study does not exclude a
benefit of DLA in centres without that luxury; but again, there was no evidence of a
seasonal variation in delirium rates which could have suggested this was an important
Factor.

The measurement of hormone levels allows insights into the putative mechanism of
action of the therapy as well as its effects. The data suggest melatonin secretion was
low overall and did not vary from night to day; i.e., the normal circadian rhythm was lost,
which has been previously demonstrated in ICU populations.”® It may be this is an
inherent feature of the early stage of critical illness and systemic inflammation, and may
not be easy to correct. It would have been preferable to have a larger subset of
participants contribute to this part of the study to increase confidence in the finding.

There was no evidence of harm and DLA may be worthy of future study. Based on the
findings of this trial, this could involve DLA in combination with nocturnal melatonin. It
could be commenced after the initial phase of ICU admission when sedative infusions
were reduced or discontinued, eyes are open and the first stage of systemic
inflammation /immune dysregulation may have peaked.

Where this sits in the body of evidence

Prior evidence for bright light therapy in ICU patients is limited to two small Japanese
RCTs of post-oesophagectomy patients.”' There were methodological issues including
the exclusion of patients intolerant of the therapy from analysis. The results were
collated in a review of post-operative attempts to reduce delirium.” The trials were
rated as of moderate quality (Jadad score 3 in each). A total of 33 patients were
included, with delirium diagnosed in 2 intervention patients and 7 control (OR 0.2; 95%
Cl, 0.03 -1.19; P=0.08).

In 2001 Ely et al prospectively tested the CAM-ICU tool in 111 consecutive mechanically
ventilated patients.”” When compared to assessment by the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition (DSMD) delirium criteria, the CAM ICU
performed by 2 study nurses had a sensitivity, specificity and inter-rater reliability of
>90% for the diagnosis of delirium.
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In 1999, Inouye, in a prospective non-randomised cohort study examined the effect of a
multifaceted intervention targeting cognitive impairment, sleep deprivation, immobility,
visual and hearing impairment and dehydration (Hospital Elder Life Program, HELP) in
elderly general medical patients.? 426 subjects were compared with 426 concurrently
enrolled controls admitted to different units. The intervention group had a reduced
incidence and duration of delirium (incidence 9.9 vs 15.0%; 95% Cl, 0.39 to 0.92; P=0.02;
total days with delirium 105 vs 161 days; P=0.02).

In 2008, Riemersma-van der Lek et al conducted a 2 X 2 factorial randomised controlled
trial studying bright light therapy (+1000 lux) and melatonin (2.5mg) against low light
therapy (+300 lux) and placebo.® 189 residents of elderly care homes were included for
up to 3 years. Light therapy attenuated deterioration in Mini-Mental State Examination
scores by 5%. Melatonin improved sleep quality but caused a deterioration in mood
disorders if given without light therapy.

In 2013, Chong et al reported on 228 patients with delirium who had been admitted to a
specialist Geriatric Medicine Unit in Singapore.” There was no control group. Light
therapy (2-3000 lux) was administered for 4 hours daily alongside a multicomponent
delirium management programme. Clinical improvements were seen in sleep quality
during admission.

In 2012, Van Rompaey et al randomised 136 Antwerp ICU patients to sleeping with or
without earplugs (33 dB reduction).? They were inserted from 2200 h until 0600 h and
concealed from the investigators performing sleep quality and delirium assessments.
Delirium was assessed using the NEECHAM score, previously validated in Flemish
populations. There was no difference in the rates of delirium (with earplugs 20.3% vs
19.4% without). There was a significant reduction with earplugs in the NEECHAM
category “mild confusion” (14.5% vs 40.3%; HR 0.47; 95% Cl, 0.27 to 0.82; P=0.008); the
implications of which are uncertain. Sleep quality was significantly better with earplugs
(P=0.042).

Should we implement this into our practice?
No. There was no evidence of benefit of Dynamic Light Application therapy in this well-
run study.
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ALPS

Kudenchuk PJ, Brown SP, Daya M, Rea T, Nichol G, Morrison LJ, et al.
Amiodarone, Lidocaine, or Placebo in Out-of-Hospital Cardiac Arrest. N Engl J
Med 2016;374(18):1711-22

Introduction

Clinicians who treat cardiac arrest patients aim to produce survivors with good
neurological outcomes. A focus on early, high quality cardiopulmonary resuscitation
(CPR), where interruptions are minimised, has resulted in improved rates of survival from
out-of-hospital cardiac arrest (OHCA) over time." The OPALS study demonstrated that
the implementation of pre-hospital advanced life support, including drugs and
endotracheal intubation, conferred no benefit in survival-to-hospital discharge or
neurological recovery compared to CPR and defibrillation only.? There is a large and
consistent body of evidence demonstrating pharmacological interventions do not
improve survival-to-hospital discharge; drugs such as adrenaline, vasopressin,
amiodarone, lidocaine, sodium bicarbonate and cyclosporine have all failed to show
benefit in this outcome measure.>® Even adrenaline, the cornerstone of
pharmacotherapy for cardiac arrest management, does not out-perform placebo in
terms of survival-to-hospital discharge.?

The use of anti-arrhythmics in OHCA due to ventricular fibrillation (VF) or pulseless
ventricular tachycardia (VT) has consistently been shown to increase rates of survival-to-
hospital admission and return of spontaneous circulation (ROSC).>® However, these trials
have not been powered to detect differences in survival-to-hospital discharge, a more
patient-centred outcome.>® The ALPS trial sought to address this by investigating the
effect of amiodarone, lidocaine or placebo on rates of survival-to-hospital discharge.

Study synopsis

This American, multi-centre, randomised, double-blind trial compared the effects of IV
amiodarone, lidocaine, and placebo on survival-to-hospital discharge in patients with
out-of-hospital non-traumatic cardiac arrest due to shock-refractory VF or pulseless VT.
This was defined as non-terminating or recurrent (restarting after successful
termination) VF or pulseless VT after defibrillation at any point during resuscitation.
Patients were required to be aged > 18 years and have IV or intra-osseous access.
Patients who had received open label lidocaine or amiodarone were excluded.

The intervention consisted of standard resuscitation based on American Heart
Association guidelines. After Failure of one or more shocks to successfully terminate VF
or pulseless VT, patients were administered the trial drug. Trial drugs were in identical
syringes, containing either 150 mg of amiodarone, 60 mg of lidocaine or 3 mLs of saline.
Two syringes of trial drug were administered initially; if the patients remained in VF or
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pulseless VT one Ffurther syringe of trial drug could be administered. If further anti-
arrhythmics were needed open label amiodarone and lidocaine was used. In hospital
management of patients was recorded but not standardised.

Trial drugs were randomly distributed to EMS providers in a 1:1:1 ratio. Randomisation
was performed in permuted blocks with stratification according to participating site and
EMS agency. The primary outcome measure was survival-to-hospital discharge.
Secondary outcomes measures included survival with a Ffavourable neurological
outcome, defined as a modified Rankin Scale of 3 or less. The trial design stated that the
primary analysis would be carried out on the per-protocol population, however, analysis
of the intention-to-treat population was also carried out.

Power calculations were based on the comparison of amiodarone with placebo, with an
assumed baseline survival of 29.7% in the amiodarone group. The authors estimated a
sample size of 3000 patients in the per-protocol population (1000 patients per group)
would provide 90% power to detect an absolute difference of 6.3% in the rate of
survival-to-hospital discharge. For the primary outcome measure, a one-sided
significance level of 0.025 was used when comparing active drug and placebo and a two-
sided significance level of 0.05 when comparing amiodarone with lidocaine.

37,889 patients were assessed, with 7051 being eligible for entry into the trial. 4653
patients were included in the intention-to-treat analysis and 3026 in the per-protocol
analysis. The data presented here is from the per-protocol analysis. The three groups
were well balanced at baseline. Approximately 60% of patients had bystander initiated
CPR.

survival-to-hospital discharge was 24.4% in the amiodarone group, 23.7% in the lidocaine
group and 21.0% in the placebo group. There was no statistically significant difference in
survival-to-hospital discharge between any of the groups. There was no significant
differences between rates of favourable neurological outcome; amiodarone group
(18.8%), lidocaine (17.5%), and placebo group (16.6%). Pre-specified subgroup analysis
of patients with bystander witnessed cardiac arrest demonstrated improved survival
with active drugs compared to placebo; amiodarone (27.7%), lidocaine (27.8%) compared
to placebo (22.7%). This absolute difference in survival was significant for amiodarone
versus placebo (5.0%; 95% Cl, 0.3 to 9.7; P=0.04) and for lidocaine versus placebo (5.2%;
95% Cl, 0.5 to 9.9; P=0.03) but not for amiodarone versus lidocaine (P = 0.97). In contrast,
there was no difference in survival for patients who suffered unwitnessed OHCA.

Rates of ROSC were higher in the lidocaine group (39.9%) than in the amiodarone group
(35.9%) and placebo group (34.6%). Patients treated with lidocaine were statistically
more likely than those treated with placebo to achieve ROSC (absolute difference 5.4%;
95% ClI 1.2 to 9.5%, P=0.01). Other between group comparisons for rates of ROSC did
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not reach statistical significance. More patients in the amiodarone group (45.7%; P=0.01)
and in the lidocaine group (47.0%, P<0.001) survived to hospital admission than the
placebo group (39.7%); comparisons are for amiodarone and lignocaine versus placebo,
respectively. The risk of suffering any adverse event was similar in all three groups.
However, the need for temporary pacing in the first 24 hours was significantly higher in
the amiodarone group (4.9%) than the lidocaine group (3.2%) or placebo groups (2.7%).
The amiodarone group also had a higher use of atropine pre-hospital (P=0.04).

Study critique

The ALPS trial was a randomised, controlled trial examining the effect on survival-to-
hospital discharge of different anti-arrhythmic drugs in OHCA.? This trial was carried out
by the Resuscitation Outcomes Consortium Investigators, the group also responsible for
trials into continuous versus interrupted CPR, ROC PRIMED trial and major observational
studies into cardiac arrest outcomes.”*'? Previous work by this group had strict quality
controls in place; indeed, a number of the patients were co-enrolled into another trial.™
This appeared to be a well conducted trial. The high chest compression fraction (the
proportion of time spent during each minute performing chest compressions) of 0.83
and the high rate of successful advanced airway management in the pre-hospital phase
(over 84%) are indicative of high quality care.

Despite the well designed trial and high degree of quality control, approximately one
third of patients were excluded from the per-protocol analysis. The majority of patients
who were excluded, 1063 of 1627 patients, had an initial non-shockable rhythm. This,
accompanied with the fact that only 7051 of the 37,889 patients screened were eligible,
means the results presented will not be applicable to a large number of patients. This
emphasises the difficulties in running a randomised controlled trial in cardiac arrest in
the pre-hospital setting. Furthermore, the trial was slightly underpowered as the
predicted survival was 29.7% in the amiodarone group but the observed survival was
24.4%.

Previous studies have demonstrated the short term benefit of anti-arrhythmics on
increasing rates of ROSC and improving survival-to-hospital admission.>® The findings of
the ALPS trial are consistent with this body of evidence demonstrating that amiodarone
and lidocaine are effective anti-arrhythmics. Patients who were allocated to receive
placebo were more likely to require all three syringes of the trial drug (72.1%) than
those allocated to amiodarone (64.2%) or lidocaine (60.6%). In addition, those in the
placebo group required a greater number of shocks post enrolment; a median of 3
compared to 2 in both the amiodarone and lidocaine groups (P < 0.001). The placebo
group was also more likely to require additional anti-arrhythmic medication in the form
of procainamide and magnesium in hospital. This resulted in more patients treated with
active drug surviving to hospital admission, with fewer re-arrests in hospital.
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The question arises, if amiodarone and lidocaine are effective anti-arrhythmics which
increase rates of survival-to-hospital admission, and decrease rates of re-arrest, why was
no benefit seen in survival-to-hospital discharge? The authors comment that the lower
than anticipated differences in mortality between the amiodarone and placebo groups
leaves the study ultimately underpowered and that a trial involving 9000 patients would
be required to detect a 3% difference in mortality. The differences in mortality between
the amiodarone and placebo groups are even less in the intention-to-treat population;
just 1.4%. Moreover, the difference in rates of survivors with good neurological outcome
is just 0.6% between the amiodarone and placebo groups in the intention-to-treat
population. On this basis, it seems anti-arrhythmics offer no benefit in survival-to-
hospital discharge, again a feature consistent with the body of evidence.>¢

It is likely that early into cardiac arrest an inflammatory process ensues which is difficult
to reverse with a limited pre-hospital intervention such as an anti-arrhythmic agent.®'
Weisfeldt and Becker describe a “metabolic phase”, beginning after approximately 10
minutes of cardiac arrest, characterised by tissue injury from global ischaemia and
reperfusion injuries.” It is noteworthy the mean time to first administration of the trial
drug was 19.3 * 7.4 minutes after the initial call to emergency medical services. Other
trials looking at pre-hospital interventions in OHCA, such as mechanical CPR devices,
continuous CPR versus CPR interrupted for ventilation, and defibrillation during
mechanical CPR, have all reported no difference in outcome.’''® However, early
bystander CPR and early defibrillation, i.e. interventions prior to the onset of the
metabolic phase, are associated with improved survival-to-hospital discharge.?'"'®
Overall, outcomes from cardiac arrest remain poor and although anti-arrhythmics offer a
short term survival benefit with little evidence of harm, on current evidence they do not
influence survival-to-hospital discharge.

Where this sits in the body of evidence

In a randomised controlled trial 300 mg of amiodarone was compared to placebo in 504
patients with shock refractory VF or pulseless VT. Of those treated with amiodarone
44% survived to hospital admission compared to 34% treated with placebo; P=0.03
(adjusted OR, 1.6; 95% ClI, 1.1 to 2.4; P=0.02). survival-to-hospital discharge, a secondary
outcome measure, did not differ between the two groups; 13.4% in the amiodarone
group versus 13.2% in the placebo group.®

The ALIVE trial randomised 347 patients with shock refractory VF or pulseless VT to
receive either IV lidocaine or IV amiodarone. 22.8% of patients treated with amiodarone
survived to hospital admission, compared to 12.0% of patients treated with lidocaine
(OR, 2.17;95% Cl, 1.21 to 3.83, P=0.009). Patients in whom VF was their initial presenting
rhythm had higher rates of survival-to-hospital admission than those who had a non-
shockable rhythm and went on to develop VF (19.6% vs 8.2%; P<0.05). Only 5% of
patients in the amiodarone group survived to hospital discharge compared to 3% in the
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lidocaine group.®

In a small randomised, controlled trial of 29 patients with shock refractory VT who had
maintained their cardiac output, IV amiodarone 150 mg was compared to IV lidocaine
100 mg. Patients were given up to two doses followed by a cardioversion if VT persisted.
78% of patients in the amiodarone group, compared to 27% of patients in the lidocaine
group had successful termination of their VT (P<0.05)."

In a prospective, randomised, controlled trial involving 851 patients, standard advanced
cardiac life support (ACLS) with IV drug administration (control group) was compared to
ACLS without drug administration (intervention group). There was no difference in the
primary outcome measure of survival-to-hospital discharge; 10.5% in the control group
compared to 9.2% in the intervention group (OR, 1.16; 95% Cl, 0.74 to 1.82; P=0.61).
There was no difference in survival with favourable neurological outcome (OR, 1.24; 95%
Cl, 0.77 to 1.98; P=0.45). However, those in the control group had better short term
outcomes with 40% achieving ROSC compared to 25% in the intervention group (OR,
1.99; 95% Cl, 1.48 to 2.67; P=0.001) and 43% compared to 29% being admitted to the
hospital (OR, 1.81; 95% Cl, 1.36 to 2.40; P=0.001).%°

A trial from West Australia randomised 534 patients with OHCA to receive either 1 mg of
adrenaline or placebo. There was no statistically significant difference in the primary
outcome measure of survival-to-hospital discharge; this occurred in 5 (1.9%) patients in
the placebo group and 11 (4.0%) patients in the adrenaline group (OR, 2.2; 95% Cl, 0.7 to
6.3; P=0.15). ROSC was obtained in 8.4% of patients in the placebo group and 23.5% of
those in the adrenaline group (OR, 3.4; 95% Cl, 2.0 to 5.6; P<0.001).2

Wenzel and colleagues undertook a randomised controlled trial comparing two doses of
40 units of vasopressin with two doses of 1 mg of adrenaline in 1186 patients with
OHCA. There was no difference between vasopressin and adrenaline in the primary
endpoint of survival-to-hospital admission in patients with VF (46.2% vs 43.0%, P=0.48)
or pulseless electrical activity (33.7% vs 30.5%, P=0.65). However, in those with asystole,
29.0% of those treated with vasopressin survived to hospital admission, compared to
20.3% of those treated with adrenaline (P=0.02).*

An older study, which ran between 1983 and 1985, randomised 373 patients with VF to
epinephrine or lidocaine. During this time, defibrillation was delivered in three stacked
shocks, making this trial less relevant to current clinical practice. Patients received either
0.5 mg epinephrine or lidocaine 100 mg after the first defibrillation if they remained in
VF. The dose was repeated after the second shock if needed. There was no difference in
rates of survival-to-hospital discharge between the two groups; 20% in the lidocaine
group, compared to 19% in the epinephrine group. Sodium bicarbonate, which had been
given in historical controls did not improve survival-to-hospital discharge.’
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Should we implement this into our practice?
Yes. anti-arrhythmics offer short term benefits with little evidence of harm but do not
confer any long term survival advantage.
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RINSE

Bernard SA, Smith K, Finn J, Hein C, Grantham H, Bray JE, et al. Induction of
Therapeutic Hypothermia During Out-of-Hospital Cardiac Arrest Using a
Rapid Infusion of Cold Saline: The RINSE Trial (Rapid Infusion of Cold Normal
Saline). Circulation 2016;13;134(11):797-805

Introduction

In the UK there are approximately 30,000 cases of out-of-hospital cardiac arrest (OHCA)
each year." Rates of survival-to-hospital discharge range from 2-12%.? Patients admitted
to ICU following OHCA may develop cerebral dysfunction due to anoxic injury and as
part of a post cardiac arrest syndrome. The ensuing brain injury is responsible for 68% of
the deaths that occur in ICU.2 Of those who survive, 11% are left severely disabled orin a
vegetative state.>* In patients who achieve return of spontaneous circulation (ROSC),
therapeutic hypothermia may decrease cerebral oxygen demand. Two studies which
cooled patients to 32-34°C demonstrated improved neurological outcomes and reduced
mortality in comparison to usual care; however, the high rate of pyrexia in the usual care
group has been a source of criticism.*® The largest trial of in-hospital cooling following
OHCA has shown that avoiding hyperthermia by targeting a temperature < 36°C is
equally as effective as maintaining temperature at 32-34°C.° The 2015 European
Resuscitation Guidelines now suggest the option to target 36°C or 32-34°C in the post
resuscitation period, but stresses the importance of avoiding pyrexia.’

It appears rational that early cooling would provide greater neurological protection.
Indeed, one of the original trials of therapeutic hypothermia began cooling patients pre-
hospital, with the application of ice packs.® There have been a number of subsequent
studies in pre-hospital cooling. However, the three largest trials, which delivered ice cold
fluids intravenously after ROSC, have failed to demonstrate any patient benefit.®"°

Study synopsis

The authors of the Rapid Infusion of cold Normal SalinE (RINSE) trial hypothesised that
administration of ice cold saline intravenously prior to ROSC would improve rates of
ROSC and survival-to-hospital discharge. This multi-centre, randomised controlled trial
was conducted across three major Australian cities where a number of different
emergency medical service (EMS) models were in operation. At a minimum, paramedics
could perform defibrillation, administer intravenous adrenaline and inset laryngeal mask
airways. Patients in non-traumatic OHCA were eligible if ROSC had not been achieved
after defibrillation for a shockable rhythm, intravenous access was obtained, one dose of
epinephrine was delivered, and ventilation was ongoing with 100% oxygen. Exclusion
criteria included EMS witnessed OHCA, pregnancy, suspected intra-cranial bleed and
temperature <34.5 °C. Cardiac arrest management followed Australian Resuscitation
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Council guidelines.

Patients were randomised to standard care or intra-arrest cooling achieved by a rapid
infusion of 30 ml/kg cold saline intravenously at an approximate temperature of 3°C
(maximum dose 2 L). The infusion was stopped if the patient’'s temperature was < 33°C
or in cases of suspected pulmonary oedema. The standard care group could receive
ambient temperature fluids during the arrest. In this pragmatic trial, in-hospital
treatment was not standardised, but cooling to 33°C was standard care in many of the
receiving ICUs."

Patients were randomised using computer-generated treatment allocation in the form
of an opaque envelope which was opened by paramedics once the pre-conditions for
eligibility were met. survival-to-hospital discharge was the primary outcome measure.
Secondary outcome measures included discharge destination (home, rehabilitation or
nursing Ffacility), rates of ROSC for both shockable and non-shockable rhythms and
tympanic temperature on arrival to hospital for those who achieved ROSC.

There were effectively two clinical trials running in parallel; one recruiting patients with
a shockable rhythm, the other with a non-shockable rhythm." Together these trials
required 2,512 patients. The power calculation was based on assumptions derived from
OHCA registry data. The authors predicted that half of all OHCA would be due to
shockable rhythms and half due to non-shockable rhythms. Of all the patients who
suffered an OHCA due to a shockable rhythm, it was predicted 40% would achieve ROSC
with 20% surviving to hospital discharge. The authors proposed that intra-arrest cooling
would improve outcomes in this group, with 45% achieving ROSC and 27% surviving to
hospital discharge. The authors predicted 20% of all patients with non-shockable
rhythms would achieve ROSC and 2% would survive to hospital discharge with intra-
arrest cooling increasing survival-to-hospital discharge to 5%. After randomising 1324
patients, the trial was terminated prior to the first planned interim analysis due to the
change of in hospital temperature management for OHCA patients in response to the
TTM trial.®

During the trial period of December 2010 to December 2014, 22,775 patients suffered
an OHCA, 11,476 were resuscitated but only 1,324 were recruited. The authors did not
collect data to explain the reasons why 10,152 patients were not recruited. Of the 1,324
patients recruited, 122 met exclusion criteria and 4 refused permission for use of data.
Ultimately, 1,198 were included in an “intention-to-treat analysis”; 618 in the intra-arrest
cooling group and 580 into the standard care group.

The two groups were well balanced at baseline. A typical patient was a male in their mid
sixties who arrested in a private residence. Overall, 60.7% of patients had a witnessed
collapse, 66.5% of patients had bystander CPR, and 46.6% had a shockable rhythm. The
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time from First call to arrival of a paramedic was approximately 9 minutes in both groups.
The mean * SD baseline temperatures were 35.9 + 0.9°C and 35.8 £ 0.9°C in the intra-
arrest cooling and standard care groups, respectively. There were similar rates of
intubation and number of defibrillations (7 £ 5) in both groups. Marginally more doses of
epinephrine were administered in the intra-arrest cooling group (6.5 + 3.8) than the
standard care group (5.9 * 3.6) (P=0.006), reflecting a longer duration of cardiac arrest in
the intra-arrest cooling group (22.6 + 11.5 min vs 20.0 + 10.6, P=0.01).

The intra-arrest cooling group received a mean of 1193 + 647 ml of cold saline. There
were 7 protocol violations in the standard care group resulting in a mean volume of cold
saline administered of 15 mL (P<0.001). Including ambient temperature fluids, slightly
more fluid was administered overall in the intra-arrest cooling group 1,380 * 773 ml
compared to 1,022 £+ 752 ml in the standard care group (P < 0.001). The temperature on
arrival to hospital for those with ROSC was lower in the intra-arrest cooling group; 34.7 +
1.2°Cvs 35.4 +1.3°C (P < 0.001).

There was no difference in the primary outcome measure of survival-to-hospital
discharge; 10.2% vs 11.4% in the intra-arrest cooling and standard care groups,
respectively (P=0.51). In subgroup analysis, there was no difference in survival-to-
hospital discharge when those with shockable and non-shockable rhythms were
examined. Only 3 patients out of 1,198 were discharged to a nursing care facility.

Among the secondary outcome measures, the intra-arrest cooling group had increased
duration between arrival of EMS and achieving ROSC (22.6 min vs 20.0 min, P=0.01),
increased rates of death at scene (50.8% vs 45.3%, P=0.06) and fewer patients
transported with ROSC (33.5% vs 39.1% P=0.04). The poorer secondary outcomes seen in
the intra-arrest cooling group were predominantly due to differences in the shockable
rhythm cohort. Analysis of those with a shockable rhythm found that patients treated
with intra-arrest cooling were more likely to die at the scene (44.3% vs 34.1% P=0.01)
and less likely to be transported with ROSC (41.2% vs 50.6% P=0.03). In a subgroup
analysis of those with a non-shockable rhythm, there was no difference between the
standard care and intra-arrest cooling groups in relation to these secondary outcomes.

Study critique

This interesting pre-hospital study has a number of strengths. Although it was
terminated early, it is the second largest trial investigating pre-hospital cooling. The
challenges of conducting a trial in the fraught setting of OHCA cannot be
underestimated. The quality of care was high as evidenced by the survival rate of
10.8%." It was randomised, and by running effectively two parallel studies, the authors
sought to determine which patient group would benefit from this intervention; those
with a shockable rhythm (who are more likely to have a cardiac cause of their arrest) or
those with a non-shockable rhythm.™
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This trial was the first large study to give intravenous ice cold fluids intra-arrest,
therefore, it addressed a subtly different question than studies which had only applied
this intervention after ROSC.®"® Previous trials had generated the question, is the
administration of ice cold fluid following ROSC too late to stem the inflammatory
cascade? Also, previous trials often did not administer the volume of fluid targeted pre-
hospital due to the short duration between achieving ROSC and arriving at hospital.®™
Moreover, previous control groups were treated with 40 ml/kg ice cold Ffluids in the
emergency department, resulting in no temperature difference between groups 60
minutes after arriving in the emergency department.®' This resulted in a small window
in which pre-hospital treatment with ice cold fluids could provide a benefit over usual
care. By administering ice cold Fluids earlier this trial had the potential to address these
questions.

Despite the earlier intervention, the volume of cold saline administered was small (1193
+ 647 ml) and lower than previous studies achieved.’ The between group separation of
just 0.7°C may reflect under dosing of ice cold fluids. In addition, “ice cold” Fluids stored
in refrigeration devices in ambulances may be as warm as 11°C." This exemplifies the
tremendous challenges faced conducting trials in the pre-hospital environment.

During the trial period, the in-hospital management of OHCA patients consisted of
administration of 40 ml/kg ice cold fluid. The changes in clinical practice in response to
the TTM trial would have likely introduced a confounding variable.® On this basis, the
trial management committee took the pragmatic decision to terminate the trial having
enrolled 1,198 of the planned 2,512 patients. The power calculations of this trial warrant
discussion. Notably, the trial was powered based on a 7% absolute increase in survival in
the shockable group (from 20% to 27%) and a 3% absolute increase in survival in the
non-shockable group (form 2% to 5%). These both seem ambitious. In addition, the
statistical plan, published in 2011, states the increase in ROSC and survival in the
shockable rhythm group was based on laboratory data.”" However, by 2010 two phase Il
trials looking at pre-hospital cooling using ice cold fluids Following ROSC and a feasibility
study involving intra-arrest cooling using a nasal device had been published.®'*'* These
trials had all fFailed to demonstrate a difference in outcomes. Ultimately, in the recruited
patients, the only signal apparent was one of harm from cooling.

Intra-arrest cooling applied to patients with a shockable rhythm was associated with a
prolonged duration of cardiac arrest and a higher risk of death at scene. The authors
postulate a number of potential reasons for this. One such cause was the intervention
may have interfered with resuscitation efforts. Ice cold saline was administered after the
first dose of epinephrine i.e. early in arrest cycle therefore potentially delaying
defibrillation or increasing peri-shock pauses when the myocardium has greatest chance
of successful defibrillation.”™ However, ice cold fluid administered after ROSC has been
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achieved is also associated with a higher rate of rearrest at the scene.® This suggests that
a factor other than changes in intra-arrest management was responsible.

The way in which the cold saline was administered may have produced this finding.
Neither the RINSE trial or its previously published methodology described how the cold
saline would be administered simply stating it was given “stat” (in comparison, the
control group could have a “fluid challenge” administered)." Two previous trials studying
pre-hospital cooling conducted by the same authors used ice cold fluids pressurised to
300 mm Hg.”" Fluid resuscitation in cardiac arrest causes an increase in right atrial
pressure without an increase in aortic diastolic pressure, hence overall coronary artery
perfusion pressure is decreased.’®' In a study of patients with cardiac arrest, coronary
perfusion pressure was the factor most predictive of ROSC, and only patients with a
coronary perfusion pressure of > 15 mm Hg achieved ROSC." Animal models have shown
that rapid infusion of 1,000 ml of Fluid results in a decrease in left ventricular myocardial
blood flow from 12.0 to 4.1 ml/min/100 g (P < 0.05)."

The authors conducted post hoc analysis in an effort to explore reasons for the poorer
outcomes in patients with shockable rhythm treated with cold saline. They examined
whether the additional volume of fluid administered in the intra-arrest cooling group
was responsible. They found that adjustment for total volume of fluid given did not
change the chances of death at the scene (OR, 1.43; 95% Cl, 1.00 to 2.04, P=0.05), i.e. the
finding was due to intra-arrest cooling not volume of fluid administered.

The trial suffers other limitations also. There was no blinding. Only 10.4% of patients
screened were recruited. As the authors cannot attest to the reasons for excluding 90%
of patients it would have been hard to apply any findings to a wider OHCA population.
Overall this was an interesting study which adds to the growing body of evidence that
pre-hospital cooling using rapid infusion of cold fluids is unhelpful and may be harmful.

Where this sits in the body of evidence

In a study of 1,359 patients with OHCA who achieved ROSC, participants were
randomised to standard care or 2000 ml of IV saline at 4°C. Patients were stratified into
those with VF and those without. IV cold saline decreased patient temperature by 1.2 to
1.3°C and reduced the mean time to reach 34°C (P<0.001). There was no difference in the
primary outcome measure of survival-to-hospital discharge; in those with VF, cold saline
group 62.7% (95% Cl, 57.0% to 68.0%) vs control group 64.3% (95% Cl, 58.6% to 69.5%)
(P=0.69); in those without VF; cold saline group 19.2% (95% Cl, 15.6% to 23.4%) vs
control group 16.3% (95% Cl, 12.9% to 20.4%) (P=0.30). There was no difference in
neurological outcome. There was a higher incidence of rearrest during transport in the
cold saline group (26% compared to 21% in the control group, P=0.008).%

The RICH trial randomised 234 patients who had suffered an OHCA due to VF / pulseless
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VT and achieved ROSC to either pre-hospital cooling (2000 ml of intravenous ice cold
lactated Ringer’s solution) or in-hospital cooling (40 mL/kg intravenous ice cold lactated
Ringer’s solution).”'® Surface cooling to 33°C was standard for all patients once in ICU.
The intervention caused a mean decrease in temperature of 0.8°C (P=0.01). However, the
temperature in both groups was 34.7°C after 60 minutes in the emergency department
(P=0.70). There was no difference in rates of discharge alive with a Ffavourable
neurological outcome; 47.5% in the pre-hospital cooling group compared to 52.6% in the
in-hospital cooling group (RR, 0.90; 95% Cl, 0.70 to 1.17, P=0.43). The study was
terminated early due to futility after recruiting 234 of a planned 372 patients.’

In a trial which ran concurrently with the RICH trial, 163 patients with OHCA who had
ROSC following asystole or PEA were randomised to pre-hospital cooling with 40 ml/kg
(maximum 2 L) of intravenous ice cold Hartmann's solution (pressurised to 300 mm Hg at
100 ml/min) or cooling on arrival to hospital.’ The in-hospital management was similar to
the RICH trial.’ The pre-hospital cooling group had a mean temperature drop of 1.4°C.
There was no difference in the primary outcome measure of discharge alive with a good
neurological outcome; 12% vs 9% in the pre-hospital cooling and in-hospital cooling
groups, respectively (P=0.50). The target recruitment was 398 patients. The RICH trial
was terminated early, and for logistical reasons, this trial was also terminated.™

PRINCE was a prospective trial which randomised 200 patients with OHCA to intra-arrest
cooling using the RhinoChill device (BenecChill, Inc, San Diego, California) or standard
care prior to ROSC. This was designed as a feasibility study and was not powered to
detect differences in outcome. Intra-nasal cooling resulted in a significantly lower
temperature on arrival to hospital (34.2°C vs 35.5°C, P<0.001). The median time to reach
34°C was significantly shorter in the intra-nasal cooling group (102 min vs 291 min,
P=0.03). There was no difference in rates of ROSC (38% vs 43% in the treatment and
standard care groups, respectively; P=0.48) or discharge neurologically intact (34.4% vs
21.4%, P=0.21)."

The TTM trial compared in-hospital cooling to 33°C with 36°C in 950 patients who had
suffered an OHCA (irrespective of rhythm) and had a GCS < 8. The cooling intervention
lasted for 24 hours and temperature was controlled to < 37.5°C for 72 hours. Cooling
could be achieved by intravenous ice cold fluids, application of ice packs or commercially
available cooling devices. There was significant separation between the temperature
curves for the two groups (P<0.001). There was no difference in end-of-trial mortality;
50% in the 33°C group compared to 48% in the 36°C group (hazard ratio with a
temperature of 33°C, 1.06; 95% Cl, 0.89 to 1.28; P=0.51). There was no difference in the
combined secondary outcome of death or poor neurological outcome at 180 days (RR in
the 33°C group, 1.04; 95% Cl, 0.89 to 1.17; P=0.67).°

Seventy seven patients with OHCA due to VF, who achieved ROSC but remained
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comatose, were randomised to normothermia (target temperature 37°C) or cooling to
33°C. The intervention consisted of application of ice packs and began pre-hospital.
Patients were cooled for 12 hours with active rewarming between hours 18 and 24. At
six hours there was a large separation in temperature between the two groups (cooling
group 32.7 = 1.19°C vs normothermia group 37.1 + 0.75°C, P<0.001). The primary
outcome measure of survival to discharge with a good neurological outcome occurred in
49% of the treatment group and 26% of the standard care group (P = 0.046).*

The HACA study randomised 275 patients with OHCA due to VF / pulseless VT, who were
unresponsive to voice after achieving ROSC, to therapeutic hypothermia or standard
care. Therapeutic hypothermia, commenced in-hospital, was induced using cooling
blankets and ice packs to target 32-34°C and maintained for 24 hours followed by 8
hours of passive rewarming. The primary endpoint of favourable neurological outcome
was seen in 55% of the therapeutic hypothermia group compared to 39% in the
normothermia group (RR, 1.40; 95% Cl, 1.08 to 1.81). After adjustment for baseline
imbalances, hypothermia was associated with a reduction in mortality (RR, 0.62; 95% Cl,
0.36 to 0.95). Notably, the average temperature in the control group was consistently
above 37°C from hours 8 to 48 after ROSC.®

Should we implement this into our practice?
No. There is no evidence to support cooling with intravenous cold saline in the pre-
hospital setting. This practice may be harmful.
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nonshockable out-of-hospital cardiac arrest: The CYRUS randomised Clinical Trial. JAMA
Cardiol 2016;1(5):557-65

Introduction

Cardiac arrest produces a global ischaemic insult with the return of circulation creating
an ischaemia - reperfusion injury. The ensuing inflammatory cascade results in a post
cardiac arrest syndrome characterised by brain injury, myocardial injury and potential
multi-organ failure. It carries a high mortality, with 71% of patients admitted to ICU post
cardiac arrest not surviving to hospital discharge.’

One possible mechanism contributing to the post cardiac arrest syndrome is a change in
mitochondrial permeability due to opening of the mitochondrial permeability transition
pore (MPTP). Alterations in mitochondrial matrix pH and high matrix calcium
concentration creates a chemical environment which predisposes the mitochondrial
membrane to depolarisation and subsequent opening of the MPTP.2* Mitochondria
begin to hydrolyse, as opposed to produce, adenosine triphosphate and lose the ability
to maintain the normal mitochondrial electrochemical gradient.>* Mitochondrial swelling
occurs with release of mediators of cell apoptosis.? cyclosporine may attenuate MPTP
opening through inhibition of matrix cyclophilin D. Genetically engineered mice lacking
the gene to produce cyclophilin D demonstrate a resistance to ischaemia - reperfusion
injury.? Numerous triggering agents have been implicated in the opening of MPTP; the
effect of cyclosporine on cyclophilin D only addresses one such pathway.*®

Study synopsis

This multi-centre, single-blind, randomised controlled trial tested whether
administration of cyclosporine during an out-of-hospital cardiac arrest (OHCA) secondary
to a non-shockable rhythm would reduce the incidence of multi-organ failure.

The emergency medical service (EMS) in France employs a two tier system. The First tier
is made up of ambulances dispatched from fire stations, staffed by technicians who
provide basic life support (BLS). The second tier consists of ambulances dispatched from
hospitals, staffed by physicians who provide advanced cardiac life support (ACLS).” In this
trial, 16 hospitals and their respective EMS and ICUs participated.

Patients aged between 18 and 80 who suffered a witnessed OHCA were included if they
presented with a non-shockable rhythm. Exclusion criteria included cardiac arrest
duration > 30 minutes prior to treatment, trauma, pregnancy or cyclosporine allergy.
Patients unlikely to survive based on co-morbidities were also excluded. Consecutive
patients were randomised by the EMS dispatcher in a 1:1 fashion. There was
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stratification based on centre.

The treatment consisted of cyclosporine 2.5 mg/kg administered as a single IV bolus as
soon as practicable after commencing ACLS. In this open label study, the control group
received no additional intervention (no placebo was used). Teams caring for the patients
in hospital were not aware of the treatment assignment. In this pragmatic trial no other
aspects of management were controlled, though the use of hypothermia was recorded.

Sequential Organ Failure Assessment (SOFA) score at 24 hours after hospital admission
was the primary endpoint. SOFA scores measure six organ systems for dysfunction; each
organ system is scored form 0 to 4, with a score of 3 or 4 indicating organ failure.
Secondary endpoints included rates of return of spontaneous circulation (ROSC), rates
of admission to hospital, SOFA score on admission, Glasgow Coma Scale score, need for
organ support, survival at 24 hours, 7 days and 28 days, rates of discharge alive from
hospital, and rates of favourable neurological outcome.

Given the early mortality associated with OHCA, 640 patients were required to be
enrolled to have 128 patients alive at 24 hours, allowing the identification of a reduction
in mean SOFA score of half the standard deviation at this time point, with 80% power
and at the 5% significance level. Intention-to-treat (ITT) and per-protocol analyses were
performed. A series of mixed-effect and fixed-effect models were used.

A total of 6,758 patients were assessed for eligibility and 737 eligible patients were
missed. The majority of exclusions were for unwitnessed OHCA (2146), age outside
eligibility criteria (2103) or shockable rhythm (806). 794 patients were enrolled, 24 were
enrolled in error. Four hundred patients were allocated to the cyclosporine group and
394 to the control group. There was 100% follow up of patients.

The two groups were well balanced at baseline, with the exception of age (mean age
63.0 in the cyclosporine group versus 66.0 in the control group, P=0.003). Bystander CPR
was performed in 43% of cases. The median duration of untreated cardiac arrest was 10
minutes and 19.0 minutes had elapsed prior to commencement of ACLS in both groups.
The commonest presenting rhythm was asystole (85.5%) and the median total duration
of ACLS was 40.0 minutes.

Of the 400 patients randomised to receive cyclosporine, 377 patients received the drug
as planned. Nine patients in the control group received cyclosporine. The median time
from collapse to administration of cyclosporine was 27.0 minutes.

129 patients survived to 24 hours and were included in the primary ITT analysis. The
characteristics were well balanced between the two groups. The median SOFA scores at
24 hours were 10.0 (IQR, 7.0 to 13.0) versus 11.0 (IQR, 7.0 to 15.0) in the cyclosporine
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and control groups respectively. Similarly, there was no difference in the predicted mean
SOFA scores of these two groups; 10.1 (95% Cl, 9.2 to 11.1) and 10.7 (95% Cl, 9.7 to 11.7)
respectively. Following a Box-Cox transformation of data to a normal distribution, there
was no difference in the primary endpoint (P=0.45). The per-protocol analysis also
showed no difference in outcome (P=0.51). Analysis was conducted to ascertain which
variables would affect the SOFA scores at 24 hours; time to administration of
cyclosporine, age, sex and duration of untreated OHCA had no effect on SOFA scores at
1 day. Only a long duration of ACLS affected SOFA scores at this time (P=0.002). When
individual components of the SOFA score at 24 hours were examined, there was less
respiratory failure in the cyclosporine group (34.3% vs 51.6%; P=0.05).

There was no difference in the use of target temperature management between the two
groups. There was no difference in the secondary outcomes of ROSC, number of
patients admitted to hospital, survival at 24 hours, 7 days or 28 days. The chances of
being discharged alive from hospital was low in both groups; 2.5% in the cyclosporine
group compared with 1.3% in the control group (P=0.23). The rates of favourable
neurological outcome was similarly poor (cyclosporine, 1.8% vs control, 1.3%; P=0.59).

Study critique

This was a large trial with 6,758 patients screened and 794 patients enrolled. In contrast
to many pre-hospital trials it was individual-patient randomised rather than cluster
randomised.®' Examination of the processes of care show time to ACLS and
administration of first vasopressor were similar to other pre-hospital cardiac arrest
studies carried out in France.” The rates of survival-to-hospital discharge are in keeping
with large Utstein based registries for patients with non-shockable rhythms."" However,
they were lower than the 6.6% 30 day survival seen in the PARAMEDIC trial, although
this included both patients with shockable and non-shockable rhythms.® Overall, these
features indicate a well conducted trial. Also, there was no between-group difference in
outcome in the per-protocol analysis, providing reassurance the results are robust.

It could be argued a placebo should have been given in the control arm. French
investigators have previously achieved this in an OHCA trial comparing vasopressin and
epinephrine, with a number of investigators named as authors in both papers.” While the
hospital-based physicians were blinded to group assignment, the pre-hospital physicians
providing ACLS were unblinded. This may have unintentionally introduced biases; for
example, by improving chest compression fraction or reducing peri-shock pauses, both
of which are know to improve outcomes in OHCA."*" Although data on cardiac arrest
management were collected, they were not presented in the paper.

In selecting SOFA score at 24 hours as the primary outcome measure, the authors chose
a non-patient centred outcome measure. Had this trial demonstrated a between-group
difference, it would have warranted a further, larger trial to look at patient centred
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outcomes, which would also generate more evidence in this field and provide replication.

There are three points worthy of discussion that may explain the null result; the timing
of cyclosporine, the dose of cyclosporine administered and whether any single drug
intervention is likely to impact on post cardiac arrest outcome.®

In this trial, cyclosporine was administered at a dose of 2.5 mg/kg. This dose had shown
positive results in pilot studies involving patients undergoing aortic valve surgery and
undergoing percutaneous coronary interventions (PCl) for acute myocardial
infarction.'™ In the first of these trials, this dose was chosen arbitrarily based on the
authors previous experience with cyclosporine loading in heart transplant recipients.™
However, the much larger CIRCUS trial (published after recruitment had finished in this
trial) administered cyclosporine at a dose of 2.5 mg/kg to patients undergoing PCI for
acute anterior ST-segment elevation myocardial infarction (STEMI) and found no
difference in outcomes.' In a number of animal models of cardiac arrest the dose used
to successfully attenuate the post cardiac arrest syndrome was 5 - 10 mg/kg of
cyclosporine, though this is higher than the 2-4 mg/kg used to treat inflammatory bowel
disease and nephrotic syndrome."*'

The successful pilot studies administered cyclosporine at the onset of resuscitation.'"
The authors recognise that the main limitation of this trial is that cyclosporine was
administered a median of 27 minutes after the onset of cardiac arrest.® A typical patient
had 10 minutes of untreated OHCA, followed by 9 minutes of BLS, and a further 8
minutes of ACLS prior to administration of cyclosporine and a total of 50 minutes before
ROSC. Hence, the reperfusion injury may have been established prior to administration.
This is in stark contrast to the TTM trial where bystander CPR was commenced a median
of 1 minute into OHCA, ACLS was commenced at 10 minutes and ROSC was achieved at a
median of 25 minutes. The authors point to a post hoc analysis demonstrating SOFA
scores were no better in those who received cyclosporine before 29 minutes compared
to those who received cyclosporine after 29 minutes (P=0.77). This demonstrates the
probable futility of cyclosporine administration after the reperfusion injury has begun.

The post cardiac arrest syndrome affects multiple organ systems and is superimposed on
pre-existing co-morbidities. It is also is mediated through a myriad of pathways. It is
worth reiterating that cyclosporine was used with the intention of reducing MPTP
opening through inhibition of cyclophilin D, just one of many factors implicated in
mitochondrial permeability.”® Temperature management has pleiotropic effects and has
been one of the few strategies that has successfully ameliorated the impact of OHCA. 5%
The authors could not demonstrate that cyclosporine altered MPTP permeability in this
human study. This process requires tissue sampling of heart, brain and liver
mitochondria with subsequent electron microscopy.? On this basis, the physiological
premise of the study seems ambitious.® One dose of a single drug may be incapable of
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stemming the inflammatory cascade causing post cardiac arrest syndrome, especially in
dealing with a group of patients with a mean duration of OHCA of 50 minutes.

In summary, this was a well conducted trial reporting no difference in the primary
outcome. It raises two potential areas for further work; the use of a higher cyclosporine
dose and use in a cohort of patients with a shockable rhythm. The time interval between
OHCA and drug delivery may have contributed to this null result, though it is unlikely this
delay could be reduced in clinical practice. While cyclosporine showed initial promise, it
seems improvements in outcomes from OHCA will be difficult to achieve.

Where this sits in the body of evidence

The role of cyclosporine was examined in patients with acute anterior STEMI, due to
complete occlusion of the left anterior descending artery, who were undergoing primary
PCI. In this phase 3, multi-centre, double-blind trial 970 patients were randomised to
receive placebo or cyclosporine 2.5mg/kg prior to recanalisation. Exclusion criteria
included cardiogenic shock and patients with coronary collateral vessels. A composite
primary outcome measure was used consisting of death, worsening heart failure during
index admission, readmission due to heart failure and adverse left ventricular
remodelling. The authors predicted the primary outcome measure would occur in 49% of
cases. Absent or inadequate echocardiography images in 18% of patients meant that left
ventricular remodelling could not be assessed. There was no difference in the primary
outcome measure between the cyclosporine treated group (59.0%) and the placebo
treated group (58.1%) (OR, 1.04; 95% Cl, 0.78 to 1.39; P=0.77)."®

In @ multi-centre, randomised controlled, phase Il trial, 58 patients suffering from STEMI
due to complete occlusion of the culprit artery were randomised to receive placebo or
cyclosporine at a dose of 2.5mg/kg prior to PCl. The primary end point was 72 hour area
under the curve (AUC) for creatine kinase and troponin I, which was felt to represent
infarct size. AUC for creatine kinase was significantly reduced in the cyclosporine group
(P=0.04) but there was no difference In AUC for troponin | (P=0.15). In the subgroup who
underwent cardiac MRI, cyclosporine treated patients had a reduced infarct size.™

Chiari and colleagues conducted a single-centre, randomised controlled trial examining
the effect of cyclosporine 2.5mg/kg administered immediately before aortic cross-
unclamping in 61 patients undergoing aortic valve surgery. Patients treated with
cyclosporine had a significantly lower 72 hour area under the curve for troponin | (mean
155 + 71) than those treated with placebo (mean 242 + 225) (difference, -86.2 + 42.5;
95% Cl,-172.3 to -0.1; P=0.03)."

The TTM trial compared cooling to 33°C with 36°C in patients who had suffered an
OOHA. There was no difference in mortality between the two groups; 50% in the 33°C
group compared to 48% in the 36°C group (hazard ratio with a temperature of 33°C,
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1.06; 95% Cl, 0.89 to 1.28; P=0.51). There was no difference in rates of favourable
neurological outcome. #

Kilgannon and colleagues completed a retrospective study examining the impact of
arterial oxygen levels on admission to ICU in post cardiac arrest patients. Hyperoxia was
defined as PaO; > 300 mm Hg, normoxia 60 - 300 mm Hg and hypoxia < 60 mm Hg. 6326
patients were analysed. Mortality was highest with hyperoxia (hyperoxia group 63%,
normoxia group 45%, and hypoxia group 57%). In comparison to the normoxia group,
hyperoxia was associated with a higher risk of death (odds ratio, 1.8; 95% Cl, 1.5 to 2.2).%

The Carbon Control after Cardiac Arrest (CCC) trial was a small phase Il trial which
randomised 83 patients to targeted therapeutic mild hypercapnia (TTMH) (PaCO, 50 to
55 mm Hg) or targeted normocapnia (TN) (PaCO; 35 to 45mm Hg) during the first 24h of
mechanical ventilation after cardiac arrest. The primary outcome measure was a change
from baseline in serum neuron specific enolase (NSE) and S100b protein (a biomarker of
glial injury). NSE increased in both groups over time, with the increase being significantly
greater in the TN group than the TTMH group (P (interaction) = 0.04). There was no
difference in change over time of S100b between the two groups (P (interaction) =
0.23).*

Should we use cyclosporine in the management of out-of-hospital cardiac arrest?
No. On the basis of this trial, there is no benefit from cyclosporine in cardiac arrest.
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Eastwood GM, Schneider AG, Suzuki S, Peck L, Young H, Tanaka A, et al.
Targeted therapeutic mild hypercapnia after cardiac arrest: A phase Il multi-
centre randomised controlled trial (CCC trial). Resuscitation 2016;104:83-90

Introduction

During cardiac arrest (CA), the brain undergoes changes in cerebral blood flow (CBF).
Much of the knowledge surrounding the four characteristic phases of cerebral blood
flow at this time are derived from animal models.” In untreated cardiac arrest, there is a
period of multifocal no-reflow (phase I); cardiopulmonary resuscitation (CPR) then
creates global hyperaemia (phase Il). In the Ffirst 24 hours after return of spontaneous
circulation (ROSCQ), there is delayed hypoperfusion (phase Ill), and as cerebral metabolic
rate may not demonstrate a commensurate reduction, relative ischaemia ensues. Finally
in phase IV, low, normal or increased CBF may been seen.’

The complex interplay in CBF, intra-cranial pressure (ICP) and cerebral metabolic rate is
poorly understood. Studies using Xenon-133 to measure CBF after CA showed non-
survivors had a higher CBF than survivors (P<0.01), with the peak CBF typically occurring
18 to 30 hours following CA.? Transcranial doppler studies of the middle cerebral artery
reveal cerebral autoregulation is often lost during the post cardiac arrest period. In
those with preserved autoregulation, there is a “rightward shift”, with autoregulation
lost below mean arterial pressures of 80 to 120 mm Hg.? Finally, intra-cranial
hypertension > 25 mm Hg is associated with death or severe disability following CA.*

The effect of PaCO, on CBF has recently come under scrutiny. Observational studies
demonstrate hypercapnia following CA to be an independent predictor of good
neurological outcome, with hypocapnia being associated with poor neurological
outcome.>¢To date, this has not been tested in a clinical randomised controlled trial.

Study synopsis

The Carbon Control after Cardiac Arrest (CCC) trial was a phase Il safety and feasibility,
multi-centre, randomised controlled trial of targeted therapeutic mild hypercapnia
(TTMH) after CA. The authors hypothesised that biomarkers of neuronal and glial injury
may provide evidence of either benefit or harm from 24 hours of TTMH following CA.

Patients aged > 18 years who required mechanical ventilation following non-traumatic
in-hospital cardiac arrest (IHCA) and out-of-hospital cardiac arrest (OHCA) were eligible
for inclusion. Exclusion criteria included imminent death, evidence of raised intra-cranial
pressure or intra-cranial haemorrhage, pregnancy, severe airflow limitation, and
metabolic acidosis (pH < 7.1 and base excess < -6 mmol/L ) which could not be corrected
within the First two hours of ICU admission.
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Patients were randomised on a 1:1 basis using permuted blocks of 2 to 6. Patients were
randomly allocated to receive either targeted normocapnia (TN) (PaCO; 35 to 45 mm
Hg / 4.7 to 6.0 kPa) or TTMH (PaCO, 50 to 55mm Hg / 6.7 to 7.3 kPa) during the first 24
hours of mechanical ventilation. The target PaCO, could be achieved by varying
respiratory rate, tidal volume or both. Beyond 24 hours, the target PaCO, was at the
discretion of the treating clinicians. All other aspects of post-arrest management were at
the discretion of the treating clinician.

The primary outcome measure was the change from baseline in serum neuron specific
enolase (NSE) (a biomarker of neuronal injury) and S100b protein (a biomarker of glial
injury). Biomarkers were measured at baseline, 24h, 48h and 72h after randomisation.
Secondary outcome measures included mortality, ICU and hospital length of stay, and
functional status at 6 months (assessed using Glasgow Outcome Scale Extended (GOSE),
an 8 point scale with scores = 5 indicating a favourable neurological outcome) and
discharge destination. A number of feasibility and safety outcomes were also recorded
(including episodes of overt raised intra-cranial pressure).

As a feasibility study no formal power calculation was undertaken, but a target sample
size of 50 patients surviving to 72 hours with full serum biomarker measurements was
aimed For. Due to the appreciable mortality in the post cardiac arrest period, more than
50 patients would need to be recruited to achieve the desired sample size. A modified
intention-to-treat (ITT) analysis was performed. A two-sided p-value of 0.05 was chosen
to indicate statistical significance.

187 patients were screened and 86 enrolled. The main reasons for exclusion were
imminent withdrawal of treatment (n = 31), metabolic acidosis (n = 28), spontaneous
ventilation (n = 20), suspected raised intra-cranial pressure (n = 14), and intra-hospital
transfer (n = 2). Three patients withdrew consent leaving 83 patients in the ITT analysis.
Twenty-one patients were discharged alive from ICU before 72 hours, 6 patients died
and 3 patients had an incomplete set of biomarkers. Fifty patients were alive with a full
set of biomarkers at 72 hours.

Of the initial 83 patients, 42 patients were allocated to TTMH group and 41 to the TN
group. The baseline characteristics of the groups were well balanced in relation to
patient demographics, cardiac arrest characteristics and post cardiac arrest
management. 81% had an OHCA. Ventricular Ffibrillation (VF) or pulseless ventricular
tachycardia (VT) was the presenting rhythm in 71% of cases. The mean time to return of
spontaneous circulation was 17 minutes. 68% of patients received bystander CPR.
Patients received on average 64 hours of mechanical ventilation. The median time from
cardiac arrest to enrolment was 252 minutes.

There was good separation between the groups in relation to median (IQR) PaCO; levels
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during the First 24 hours; 41 mm Hg (38 to 42 mm Hg) vs 49 mm Hg (44 to 52 mm Hg) in
the TN and TTMH groups, respectively (P< 0.001). Of the patients in the TN group, 90%
had a mean PaCO; in the normocapnic range (35 to 45 mm Hg), compared to 19% of the
TTMH group (P< 0.001). In comparison, patients in the TTMH group were more likely to
have a mean PaCQO; in the target TTMH range of 50 to 55 mm Hg (38% vs 0%; P<0.001) or
in the PaCO; range between 45 and 50 mm Hg (31% vs 5%; P=0.01). No patients had
severe hypercapnia > 70 mm Hg. However, more patients suffered hypocapnia in the TN
group; 20% of all arterial blood gas measurements compared to 8% (P < 0.001).

During the first 24 hours, both minute ventilation (P<0.001) and respiratory rate
(P<0.001) were lower in the TTMH group. No data was presented on tidal volume. There
was no difference in the mean pH during the first 24 hours (P=0.90). There were no
differences in relation to PaO, levels, rates of cooling, body temperature or blood
glucose levels during the first 24 hours.

NSE increased in both groups over time, with the increase being significantly greater in
the TN group than the TTMH group (P (interaction) = 0.04). The TTMH group
demonstrated a decrease in S100b with time, while the TN group demonstrated no
change. However, there was no statistically significant difference in change over time of
S100b between the two groups (P (interaction) = 0.23). There was 94% followup at 6
months; 59% of the TTMH group had a favourable neurological outcome compared to
46% of the TN group (P=0.26). There was no signifiant difference in ICU or hospital
length of stay or mortality. No patients were identified as having overt raised intra-
cranial pressure.

Study critique

This interesting phase Il feasibility study is the first randomised controlled trial to
examine the effect of TTMH on biomarkers of neurological injury and patient outcomes
following cardiac arrest. As a phase Il trial its results are designed to inform the conduct
of Further research and are not intended to change clinical practice. It was a well
conducted study with patients being enrolled, on average, just 4 hours following their
cardiac arrest. Patients were recruited at a rate of 0.8 per week across four centres. By
including both IHCA and OHCA patients with any presenting rhythm, the ratio of those
screened to those recruited was 2.2:1. Only 6 eligible patients were missed. Good
separation was achieved in PaCO; between the groups demonstrating internal validity.
The changes in NSE levels point towards a potential patient benefit. There was no signal
of harm in the safety outcomes, which were conducted on an ITT population, not just the
50 patients alive with complete biomarkers at 72 hours. These results suggest it would
be both safe and feasible to conduct a larger phase Il study.

The authors included non-traumatic IHCA and OHCA in an effort to improve
generalisability. However, the inclusion and exclusion criteria meant some of the sickest
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patients were excluded, such as patients not expected to survive, those with suspected
raised ICP, severe COPD and severe metabolic acidosis. As a consequence, the patients
recruited often had cardiac arrest characteristics predictive of good neurological
outcomes, namely VF/VT as an initial presenting rhythm (71%), bystander CPR (68%) and
in-hospital cardiac arrest (19%).”° Overall, 69% of patients survived to hospital
discharge. Therefore, the patients recruited into this study are not representative of
cardiac arrest patients seen in both IHCA and OHCA registries.”® However, the mortality
seen in the TTM trial was not dissimilar, at 51%.'"° This feature should be borne in mind in
designing further studies or interpreting the results of these studies.

One potential confounding variable is the high rate of hypocapnia in the TN control
group (20% vs 8%; P<0.001). In a retrospective, observational study of 16,542 patients
admitted to ICU following cardiac arrest, hypocapnia was associated with an increase in
mortality in comparison to normocapnia (OR, 1.12; 95% Cl, 1.00 to 1.24; P=0.04).° It is
possible that the harmful effects of hypocapnia in the control group account for some of
the outcome differences observed.

The pragmatic trial design meant other aspects of cardiac arrest management were at
the discretion of the treating clinician. These were well balanced between the two
groups leading the authors to suggest “lack of blinding did not affect the process of care
and is unlikely to account for the difference in biomarker concentrations”. However, in
the first 24 hours the TTMH group received higher doses of midazolam (57mg vs 23mg)
and morphine (77mg vs 56mg) and were more likely to receive neuromuscular blockade
(52% vs 39%). Although none of these features reached statistical significance in this
small trial, it potentially points towards higher doses of sedation to limit minute
ventilation. Prospective observational data demonstrates sedation in the 12 hours prior
to measurement of NSE reduces the sensitivity and specificity of NSE to predict poor
neurological outcomes at three months.”" Thus, the use of sedation to achieve a
targeted PaCO:; is a potential confounding variable when looking at trends in NSE.

Furthermore, in a porcine model of cardiac arrest, a reduction in ventilation frequency
during resuscitation resulted in improved coronary perfusion pressure (10.1 = 4.5 mm Hg
vs 19.3 £ 3.2 mm Hg, P = 0.007) and cerebral perfusion pressure (7.7 + 6.2 mm Hg versus
14.5 + 5.5 mm Hg, P = 0.008)." The respiratory rates used in the TTMH group were
significantly lower than those in the TN group. If this pattern were to continue in a phase
1l trial, it may be difficult to ascertain whether TTMH, ventilation strategy or sedation is
responsible in outcome differences.

In this study, the authors hypothesised that biomarkers of neuronal and glial injury may
provide evidence of either benefit or harm from TTMH. This seems a pragmatic choice in
a feasibility study. Biomarkers have been examined in a number of observational studies
looking at conditions such as cardiac arrest, stroke and following cardiac surgery.' 3> A
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study by Shinozaki and colleagues of 80 patients who suffered non-traumatic cardiac
arrest, demonstrated that S100b levels of greater than 0.05 ng/ml at 24 hours had an
area under the ROC curve of 1.0 in predicting a poor neurological outcomes.’ However,
other studies have been less compelling and have found clinical examination to be more
sensitive and specific.'' As with any test, the population in which biomarkers are used
may influence their sensitivity and specificity. In the previously mentioned study by
Shinozaki and colleagues, 83.8% of patients had a poor neurological outcome at 6
months (cerebral performance category 3 to 5.'® In contrast, only 48.8% of patients in
the TTM trial had a poor neurological outcome at 6 months.? Rates of good neurological
outcome were even higher in the TTMH group in the CCC trial, this could offer some
explanation for the poor performance of biomarker S100b.

Overall this trial has demonstrated that TTMH is both safe and feasible. Based upon this
pilot study and other supporting evidence, the authors are in the process of developing
the TAME Cardiac Arrest trial, which plans to recruit 1700 patients. This aims to be an
international, multi-centre, randomised, controlled trial which will determine whether
targeted TTMH (PaCO; 50 to 55 mm Hg) improves neurological outcome at 6 months
compared to standard care (targeted normocapnia; PaCO, 35 to 45 mm Hg) in
resuscitated cardiac arrest patients admitted to the ICU. The investigators also plan to
further evaluate NSE, but not S100b, in a nested cohort study as part of the TAME trial
(personal communication with Dr Glenn Eastwood, Melbourne, Australia).

Where this sits in the body of evidence

The effect on outcomes of PaCO; in the Ffirst 24 hours following cardiac arrest was
examined in an observational study of 16,542 consecutive patients admitted to ICU in
Australia and New Zealand. PaCO; levels were taken from arterial blood gases (ABG)
using the APACHE methodology i.e. for patients on an FiO, > 0.5 the ABG with the
highest alveolar-arterial gradient was selected; for patients with FiO, < 0.5 the ABG with
the lowest PaO, was selected. After adjustment for confounding variables, patients with
hypocapnia (PaCO; < 35 mm Hg) had a higher mortality than those with normocapnia
(PaCO; of 35 to 45 mm Hg) (OR, 1.12; 95% Cl, 1.00 to 1.24; P=0.04). Mortality did not
differ between patients with normocapnia or hypercapnia (PaCO; > 45 mm Hg) (P=0.13).

The FINNRESUSCI study was a prospective observational study examining the effect of
mean PaCO, during the first 24 hours on neurological outcomes at one year following
OHCA. In this study of 409 patients, the mean PaCO; was an independent predictor of
good neurological outcome at one year (OR for an increase of 1 mm Hg, 1.054; 95% Cl,
1.006 to 1.104; P=0.027). In contrast mean PaO, was not (OR, 1.006; 95% Cl, 0.998 to
1.014; P=0.149).°

A retrospective study of 6326 patients admitted to ICU following CA examined the
impact of oxygenation on outcomes. Patients with hyperoxia (PaO of = 300 mm Hg) on
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their First ABG had a higher mortality (63%) than those with normoxia (45%) or those
with hypoxia (PaO., < 60mm Hg or PaO,/FiO; ratio < 300 mm Hg) (57%). Following
multiple logistic regression analysis exposure to hyperoxia was a predictor of in-hospital
mortality (OR, 1.8; 95% Cl, 1.5 to 2.2; P<0.001). Exposure to hypoxia was also a predictor
of in-hospital mortality (OR, 1.3; 95% Cl, 1.1 to 1.5; P=0.009).8

Cronberg and colleagues completed a prospective, observational study of 111 ICU
patients who had suffered a CA and were treated with hypothermia. NSE was measured
in a subgroup of 34 patients still comatose at 72 hours. Of the 17 patients with NSE
levels > 33 ng/ml, all failed to regain consciousness and subsequently died; this
correlated with changes consistent with brain injury on MRI, somatosensory evoked
potentials or autopsy. In contrast, of the 17 patients with NSE levels < 33 ng/ml, 6
regained consciousness.™

In a prospective observational study involving 85 patients who had suffered CA, the role
of NSE in predicting death or vegetative at three months was assessed. NSE levels > 33
ng/ml at 72 hours had a sensitivity of 77% (95% Cl, 61% to 88%) and a specificity of 81%
(95% Cl, 60% to 93%). It was less specific than absence of somatosensory evoked
potentials, absent pupillary response, absent corneal reflex or motor response < 2. The
use of sedation in the 12 hours prior to measurement of NSE further reduced sensitivity
and specificity.

In 44 patients who suffered an acute ischaemic stroke, the correlation between
neurobiomarkers and infarct size and clinical outcomes were examined. Peak S100 levels
correlated with infarct volume on CT brain at day 4 (r =0.75, P < 0.001) and with Glasgow
Outcome Scale score (r = 0.51, P<0.001). However, peak NSE levels correlated less well
with infarct volume (r = 0.37, P<0.05) and did not correlate with clinical outcome (r =
0.18, P>0.05)."

Should we implement this into our practice?
No. We should await a large phase Il study.
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High-Flow Nasal Oxygen vs Facemask Oxygen post-extubation

Hernandez G, Vaquero C, Gonzalez P, Subira C, Frutos-Vivar F, Rialpet G al.
Effect of post-extubation High-Flow Nasal Cannula vs Conventional Oxygen
Therapy on Reintubation in Low-Risk Patients - A randomised Clinical Trial.
JAMA 2016;315(13):1354-61

Introduction

Mechanical ventilation is a life-saving intervention for critically ill patients. However,
prolonged ventilation is associated with complications such as ventilator-induced lung
injury, ventilator-associated pneumonia and increased length of intensive care and
hospital stay. Timely extubation is therefore a clinical priority. Liberation from
ventilation is dependent on several factors, including the resolution of the original
condition necessitating ventilation, an acceptable level of consciousness, and adequate
return of respiratory function with the ability to clear secretions. Despite considerable
investigative effort, predictors of weaning success lack sensitivity and specificity.'?
Furthermore, despite weaning guidelines?, extubation still results in failure in 10 to 20%
of attempts.*® Reintubation is associated with prolonged ventilation, increased organ
dysfunction and increased mortality rates.*5® Although requirement for reintubation and
increased mortality could reflect underlying illness, after adjustment for coexisting
conditions and severity of illness, extubation failure is still an independent predictor of
death.’ Prevention of reintubation and reduction of the work of breathing in the post-
extubation period may therefore have beneficial effects on outcome. As such, non-
invasive ventilation (NIV) has been investigated for the prevention of reintubation and as
a bridge to conventional oxygen therapy.

A recent meta-analysis suggested NIV may be beneficial particularly in patients with a
history of chronic obstructive airway disease.’ However, NIV is not always tolerated.
High-flow nasal oxygen (HFNO) has been used as an alternative means of respiratory
support. HFNO reduces anatomical dead space," provides stable inspired oxygen
concentrations' and may increase lung volumes by generating low levels of positive end
expiratory pressure.” In a recent study of acute hypoxic respiratory failure patients,
HFNO compared favourably with NIV. HFNO has also shown benefit in a further small
study of general intensive care patients after extubation.” This effect may have
reflected a benefit in lower risk patients, further study of high-flow in lower risk patients
is therefore both timely and justified.

Study synopsis

This was a open label, multi-centre, randomised trial performed in seven ICUs in Spain.
The study aimed to investigate the effect of HFNO versus conventional oxygen therapy
for preventing reintubation in mechanically ventilated patients. Adult patients were
eligible if they were ventilated in ICU for between twelve hours and seven days,
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tolerated a spontaneous breathing trial and were considered low risk for reintubation.
Patients were defined as low risk if they were less than 65 years old, had an APACHE I
score less than twelve on the day of extubation, had a body mass index less than 30
kg/m?, were not ventilated due to heart failure, did not have moderate to severe COPD,
or more than two predefined co-morbidities and were able to adequately manage
respiratory secretions. Exclusion criteria included a do-not-resuscitate order,
tracheostomy or unplanned extubation. Patients who were hypercapnic during the
spontaneous breathing trial were also excluded.

Randomisation was performed with a random-number generator in blocks of ten
through a telephone call center and was stratified for centre. Patients were allocated to
HFNO or conventional oxygen therapy. HFNO was commenced immediately following
extubation, with an initial flow of 10 L/min, which was increased until the patient
reported discomfort. Temperature was set at 37 °C and FiO; titrated to maintain oxygen
saturations above 92%. After 24 hours conventional oxygen delivery was instituted. In
the conventional oxygen therapy group saturations were similarly targeted.

The primary outcome was reintubation within 72 hours after extubation. There were
predefined criteria for immediate and late (up to 72 hours) reintubation. The main
secondary outcomes were post-extubation respiratory failure and respiratory infection.
Data was also collected on sepsis, multiorgan failure, ICU and hospital length of stay and
mortality, time to reintubation, and adverse effects. Assuming a reintubation rate of
13%, a total sample size of 520 patients was calculated to have 80% power to detect an
absolute reduction of 8% in favour of HFNO at a 2-sided 5% significance level, and a
maximum tolerated patient loss rate of 15%.

1,739 patients receiving mechanical ventilation for longer than 12 hours were identified
with 527 (30%) randomised: 264 to the high-flow group and 263 to the conventional
group. The majority of exclusions were due to a high risk for reintubation (54%), with
hypercapnia during a spontaneous breathing trial the next most common exclusion (7%).
Groups were similar at baseline with the exception of neurological disease, which was
more common in the conventional oxygen group (12.9% vs 7.8%). Randomised patients
were approximately 51 years of age, with a mean APACHE score around 14 on admission.
They had a mixture of medical and surgical conditions: primary respiratory failure
(16.5%), neurological pathology (29.4%), trauma (15.7%) and post-operative (47.6%).
Prior to attempted extubation, patients had been ventilated for between 1 to 2 days.

At 12 hours post-extubation, the HFNO group were receiving a slightly lower mean (SD)
FiO,, 0.32 (0.08) vs 0.4 (0.09); difference -0.08; 95% Cl, -0.09 to -0.07; P<0.001. The
HFNO group mean flow rate at this time was 30.9 (7.6) L/min. There was no difference in
Pa0,/FiO,, PaCO, or pH.
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Overall, reintubation within 72 hours was lower in the high-flow group: 13 patients
(4.9%) vs 32 patients (12.2%) in the conventional group (difference, 7.2%; 95% Cl, 2.5%
to 12.2%; P=0.004). Nine patients in both groups required reintubation for non-
respiratory reasons (surgery/low GCS); therefore, the reintubation reduction was mainly
attributable to a lower incidence of respiratory-related reintubation in the high-flow
group: 1.5% vs 8.7% (difference, 7.2%; 95% Cl, 3.6% to 11.4%; P=0.001). The number
needed to treat with high-flow was 14 patients to prevent one reintubation. There were
seven patients in the conventional group reintubated due to laryngeal oedema
compared to none in the high-flow group. When the primary outcome was re-analysed
after excluding patients requiring re-intubation for laryngeal oedema, there was still a
significant reduction in re-intubation rates, 4.9% vs 9.8%, P =0.04.

In terms of secondary outcomes, the most significant finding was a lower rate of post-
extubation respiratory failure in the high-flow group: 8.3% vs 14.4%; difference, 6.1%;
95% Cl, 0.7% to 11.6%; P=0.03. The most common reasons for respiratory failure (HFNO
vs control) were an inability to clear secretions 13.6% vs 36.8%; hypoxia, 31.8% vs
15.8%; and unbearable dyspnoea, 40.9% vs 28.9%. There were no differences in ICU
mortality: 1.1% vs 1.1%, P=0.99; hospital mortality 3.8% vs 5%, p=0.94; or respiratory
infections 2.3% vs 4.9%, P=0.07.

There was no difference in median (IQR) time to reintubation between groups; HFNO
group 19 (12-28) hours vs conventional oxygen group 15 (9-31) hours; absolute
difference, -4; 95% Cl, -54 to 46; P=0.66. No adverse effects were reported.

Study critique

Extubation after invasive ventilation is associated with increased work of breathing.’
Although conventional oxygen supplementation may help prevent hypoxia, low-flow
oxygen via a face mask or nasal cannula does not provide additional respiratory support.
HNFO has been shown to improve oxygenation and reduce respiratory rates in patients
with respiratory failure.’® The hypothesis of the trial was that high-flow nasal oxygen, by
providing enhanced respiratory support, would reduce patient requirement for
reintubation. Therefore, this trial both has a sound theoretical physiological basis and
addresses an important clinical problem.

5

This study is the largest yet comparing HFNO with standard oxygen therapy for the
prevention of post-extubation failure. There were many strengths in the methodology,
design and conduct of the study, not least there were no dropouts in the entire trial.
Predefined criteria for selection of lower risk patients were used. There was also clear
criteria for the indications for initiation of a weaning trial, and most importantly,
comprehensive definition of Ffailure. Overall, this ensured extubated patients had
fulfilled a repeatable standardised assessment of readiness for extubation. A robust
randomisation process, with stratification by site, was used, which will have assisted in
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eliminating inter-hospital differences in extubation failure rates. There were also
reintubation criteria, albeit with clinician discretion, which ensured patients in both
groups were reintubated for the same indications. Finally, although blinding is not
possible in such a trial, the investigators were separate from the clinical team, and the
statistical analysis was performed in a blinded fashion, increasing confidence in the
reported results.

Some aspects of the trial should be considered before treating all extubated patients
with HFNO. Firstly, the patient population studied. Recommended criteria for readiness
to wean'” were used and patients were screened daily. This potentially reduces the time
between when clinical suspicion arises that weaning is possible and the beginning of
actual assessment. However, using these criteria, 83% of screened patients were
excluded. Although the criteria defines a stable intensive care patient, perhaps they
were too stable. Patients who do not Ffulfil these criteria may still be able to wean
successfully, and therefore the criteria should be viewed as considerations for probable
weaning rather than as strict criteria that must all be met. The study therefore, could
have delayed extubation attempts for some patients.

Criteria were also used for identifying high risk patients for extubation failure, which
excluded a further 54%. However, criteria defining high risk is difficult to standardise.
Although multiple studies*® have identified associations with increased risk, in reality
there is probably a complex interplay between the presence and severity of a risk factor
and the patient’s critical illness. The inclusion criteria resulted in almost half the patients
being post-operative, having a low severity of illness scores or only requiring ventilation
for a short period of time. The reported rates of reintubation in the control group may
seem relatively high in this light.

Despite a robust stratified randomisation process, there were some differences in the
assigned groups. The conventional group had a higher proportion of patients with
neurological conditions (32.7% vs 26.1%), mainly intra-cranial and subarachnoid
haemorrhage, a set of pathologies which have been independently associated with a
greater risk of extubation failure.> Neurological impairment, particularly with a poor
cough, is associated with extubation failure.'®' Conversely, the HFNO group had more
patients with traumatic brain injury (11.7% vs 6.5%), although there may not be a
correlation between Glasgow Coma Scale (GCS) scores and reintubation.?® As patients
had to be able to spontaneously cough, and were mostly extubated after one day,
presumably neurological injury was not too severe. There were also greater rates of
medical conditions (74.5% vs 66.3%) and acute respiratory distress syndrome (4.2% vs
1.5%) in the conventional group. Medical patients have been associated with worse
outcomes.” Whilst some of these differences are small, and only the neurological
admission difference was significant, this trial had a fragility index of just five patients.

66 Critical Care Reviews
I I I



Given this fragility index and the relatively low incidence of reintubations in the study
population, as in other studies, the decision to reintubate and the criteria for such a
decision are extremely important. The study defined immediate reintubation criteria as
either respiratory (which included primary respiratory failure and also other problems
such as haemodynamic instability, agitation and symptomatic bradycardias which may
not be related to respiratory failure) and others which were mainly either surgery
related or due to a decreased level of consciousness. A potential issue with this
classification is the assumption that multiple pathologies can be categorised
simplistically under respiratory causes and that the intervention which primarily
supports the respiratory system could influence non respiratory pathologies. In reality,
there were few immediate reintubations in each group, and the number of intubations
related to non-respiratory causes were identical. The main reason for reintubation was
persistent post-extubation respiratory failure. This was again defined, but it is arguable
the criteria were less clear and perhaps open to interpretation. The reintubation criteria
were not validated. In addition, they may not reflect current practice; for instance, a
patient who had desaturated on an FiO; of 0.5 could be reintubated.

The main causes for persistent respiratory failure were unbearable dyspnoea in both
groups, secretion retention in the conventional group and perhaps surprisingly, hypoxia
in the high-flow group. It was interesting that only 9% of the high-flow group with post-
extubation respiratory failure were reintubated while 42% of the conventional oxygen
group were deemed to require reintubation by the treating physicians. The beneficial
effect of HFNO over conventional oxygen therapy in prevention of intubation in a trial of
acute respiratory failure was less significant.?’ Perhaps the seemingly dramatic reduction
in reintubation rate could have been influenced by the non blinded clinician content to
persist with HFNO, while less content to persist with conventional oxygen therapy.

The trialists provide various reasons why HFNO may have potentially reduced respiratory
failure and respiratory related reintubations. Firstly, by a reduction in hypoxia. While
both groups had similar numbers of hypoxic patients, and the HFNO group had a greater
percentage of patients with hypoxia as the cause of respiratory failure, more of the
conventional group required intubation. By providing PEEP, HFNO may improve
oxygenation. However the levels of PEEP are low generally less than 3 ¢cmH;0O, are
dependent on flow rates and vary considerably.'*" Despite low levels of PEEP in post-
operative cardiac surgery patients, HFNO has been shown to increase lung volumes, with
lung expansion proportional to flow rates.?? However, the flow rates in the intervention
group reported at 12 hours were only 30 L/min. This level of flow probably produces less
than 1 ¢cmH,O of PEEP and was below the level of flow commenced in the lung
expansion study. The effect of this level of support is therefore questionable. At 12
hours the HFNO group did require less inspired oxygen. High-flow has been shown to
provide stable inspiratory oxygen concentrations, which may reduce with exercise.’ In
comparison, the oxygen concentration provided by low flow devices is variable, and can
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be lower than prescribed and decrease with increasing respiratory distress.? It is
therefore unclear if the difference in inspired oxygen was indeed significant.

A Further proposed mechanism was the effect on work of breathing and respiratory
muscle fatigue. HFNO reduces dead space, thus increasing alveolar ventilation without
altering minute ventilation ratio.** The clinical effect is a lower respiratory rate and
constant tidal volume. Therefore, these patients would have less dyspnoea, perhaps
providing the reason for the increased intubation rates in the conventional group.
However, CO; clearance is thought to be dependent on flow rates.?®

The conventional oxygen group had significantly more patients requiring reintubation
from laryngeal oedema and failed secretion clearance. The trialists suggest conditioned
oxygen delivery has potential anti inflammatory effects enabling improved clearance of
secretions. However, immediate stridor after extubation is common,® and it seems
unlikely HFNO would have sufficient time to achieve a reduction in inflammation.
Positive pharangeal pressure may counteract nsopharangeal collapse during inspiration
through mechanical splinting of the airway and reduce stridor.?® In terms of secretion
management, HFNO delivers warmed, humidified gas to the nasopharynx. Conditioned
gas improves mucociliary function, Facilitates clearance of secretions, and is associated
with less atelectasis.?” The conventional oxygen therapy group did not have humidified
oxygen, so perhaps humidification had a large part to play in the differences in the post-
extubation failure and reintubation rates.

Where this sits in the body of evidence

FLORALI was a French multi-centre study in 310 patients with acute hypoxemic
respiratory failure without hypercapnia, and a PaO,/FiO, < 300 mm Hg, comparing HFNO,
conventional oxygen therapy, and non-invasive positive-pressure ventilation. The
intubation rate (primary outcome) was 38% in the HFNO group, 47% in the conventional
group, and 50% in the non-invasive group (P=0.18). The mean (+SD) number of
ventilator-free days at day 28 was significantly higher in the HFNO group (24+8 days)
versus conventional oxygen group (2210 days) and non-invasive ventilation group
(19+12 days) (P=0.02). The hazard ratio for death at 90 days was 2.01 (95% Cl, 1.01 to
3.99; P=0.046) with standard oxygen versus high-flow oxygen and 2.50 (95% Cl, 1.31 to
4.78; P=0.006) with non-invasive ventilation versus HFNO.?’

In a randomised, controlled, trial, 105 patients with a PaO/FiO, < 300 mm Hg before
extubation were randomised to Venturi mask (n = 52) or HFNO (n = 53) for 48 hours post-
extubation. After 24 hours, the mean (xSD) PaO,/FiO; was higher in the high-flow group
(287 £ 74 vs 247 * 81; P=0.03). Discomfort, related both to the interface and to airway
dryness, was improved with HFNO as measured on a 10 point Likert scale. Fewer
patients in the HFNO group had interface displacements (32% vs 56%; P=0.01), oxygen
desaturations (40% vs 75%; P<0.001), required reintubation (4% vs 21%; P=0.01), or any
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form of ventilator support (7% vs 35%; P<0.001).™

220 patients with intermediate to high risk of pulmonary complications after abdominal
surgery were randomised to receive HFNO (n=108) or conventional oxygen therapy
(n=112). The median (IQR) duration of the intervention was 16 hours (14 to 18) with
standard oxygen therapy and 15 hours (12 to 18) with HFNC therapy. 21% of the HFNC
patients were hypoxic one hour after extubation and 27% were hypoxic at treatment
discontinuation, compared with 24% and 30% of the standard oxygen patients,
respectively (adjusted RR, 4; 95 % Cl, -8 to 15%; P=0.57; adjusted RR, 0.87; 95% Cl, 0.53
to 1.43; P=0.58). Over the 7-day follow-up period, there was no significant difference
between groups in the proportion of patients without pulmonary complications
(adjusted RR 7, 95 % Cl, -6 to 20 %; P=0.40).%

In a randomised controlled trial, 340 post cardiac surgery patients were randomised to
either high-flow nasal oxygen (45 litre/min) or usual care for 48 hours. The number of
patients with a SpO, /FiO; ratio of 2445 on Day 3 was 78 (46.4%) in the NHF group vs 72
(42.4%) standard care OR, 1.18,95% Cl, 0.77 to 1.81, P=0.45]. High-flow had no effect on
measures of oxygenation during or after the intervention. Infact the SpO; /FiO; ratios
were actually higher in the usual care during the first 48 hours after. There was no
difference in pulmonary function during the trial. However escalation in respiratory
support occurred in 47 patients (27.8%) allocated to high-flow compared with 77 (45%)
standard care (OR 0.47,95% Cl1 0.29-0.7, P=0.001).%

In this randomised controlled trial, 105 patients with a BMI >30 kg/m? received HFNO
(n=81) or standard oxygen therapy (n=74) post cardiac surgery. No difference was seen
between groups in atelectasis scores on days 1 or 5 (median scores = 2; P=0.70 and
P=0.15, respectively). In the 24 hours post-extubation, there was no difference in mean
PaO?/FiO? ratio (HFNO 227.9 mm Hg vs control 253.3 mm Hg, P=0.08), or respiratory
rate.*

p

Should we preferentially extubate low risk patients onto HFNO rather than
conventional facemask oxygen?

Potentially. With no evidence of harm, and a robust signal of benefit, HFNO should be
routinely considered for all patients being extubated in the ICU. Further work replicating
this finding is awaited. /

N
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High-Flow Nasal Oxygen vs NIV post-extubation

Hernandez G, Vaquero C, Colinas L, Cuena R, Gonzalez P, Canabal A, et al.
Effect of post-extubation High-Flow Nasal Cannula vs non-invasive
Ventilation on Reintubation and post-extubation Respiratory Failure in High-
Risk Patients A randomised Clinical Trial. JAMA 2016;316(15):1565-1574

Introduction

Extubation failure is defined as an inability to sustain spontaneous breathing after
removal of the artificial airway, with subsequent need for reintubation within a specified
time period (usually up to 72 hours).! Failure of successful liberation from mechanical
ventilation is common, with approximately 10 to 20% of patients requiring
reintubation,?® although certain patient populations maybe at higher risk.> Subsequent
reintubation is associated with prolonged ventilation, increased morbidity and mortality
rates of up to 50%.” Consequently strategies to support ventilation after extubation to
prevent the need for reintubation are appealing.

Non-invasive ventilation (NIV) has been successfully used for the treatment of
respiratory failure, pulmonary oedema and in weaning from mechanical ventilation in
chronic obstructive pulmonary disease.® The evidence for NIV after extubation in
critically ill patients is less clear. Some studies using prophylactic NIV have shown
promise, although the benefits were mainly observed in patients with chronic lung
disease,”" while others have failed to replicate these results, particularly in patients
without chronic lung disease.’®’®* However, despite this, NIV use post-extubation is
increasing.”™ An alternative method of respiratory support is high-flow nasal oxygen
(HFNO). HFNO reduces anatomical dead space,” provides stable inspired oxygen
concentrations' and may increase lung volumes by generating low levels of end
expiratory pressure.” In a recent study of acute hypoxic respiratory failure, HFNO
compared favourably with NIV.'® HFNO has also shown benefit post-extubation in
patients at low risk for reintubation.’?° Furthermore, when compared directly with NIV
after cardiac surgery, there was no difference in outcome.?’

Study synopsis

This open-label, non-inferiority, multi-centre, randomised trial was performed in three
Spanish ICUs, and compared HFNO with NIV for the prevention of reintubation and
respiratory failure after extubation. Adult patients admitted to intensive care and who
were ventilated for greater than twelve hours, tolerated a spontaneous breathing trial
and were considered high risk for reintubation, were eligible for recruitment. Patients
were defined as high risk if they fulfilled any of the fFollowing criteria: they were greater
than 65 years old, had an APACHE Il score greater than 12 on the day of extubation, had
a body mass index greater than 30 kg/m?, were ventilated due to heart failure, suffered
from moderate-to-severe COPD, had more than two predefined co-morbidities, were
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unable to adequately manage respiratory secretions, were at risk of laryngeal oedema,
had previously failed a trial of extubation or had prolonged mechanical ventilation
(greater than 7 days). Patients were excluded if they had a do-not-resuscitate order, had
a tracheostomy in-situ or had an unplanned extubation. Patients who were hypercapnic
during the spontaneous breathing trial were also excluded.

Randomisation occurred after a successful spontaneous breathing trial and was
performed by concealed allocation with a random-number generator through a
telephone call center. Patients were randomised to HFNO or NIV. High-flow was
commenced immediately following extubation with an initial Flow of 10 L/min, which was
increased until the patient reported discomfort. Temperature was set at 37 °C and the
FiO, was titrated to maintain saturations above 92%. After 24 hours conventional oxygen
delivery was instituted. In the NIV group, therapy was again delivered immediately via
facemask with positive end-expiratory pressure (PEEP) and inspiratory pressure support
adjusted to target a respiratory rate of 25/min and adequate gas exchange. The FIO, was
adjusted to maintain SpO; at less than 92%. Conventional oxygen therapy was initiated
after 24 hours. Sedatives were not permitted.

The primary outcomes were reintubation within 72 hours after extubation and post-
extubation respiratory Ffailure. Predefined immediate reintubation criteria for
respiratory causes included: respiratory or cardiac arrest, respiratory pauses with loss of
consciousness or gasping respiration, psychomotor agitation despite sedation, massive
aspiration, persistent unmanageable respiratory secretions, bradycardia with loss of
alertness, or severe hemodynamic instability unresponsive to fluids and vasopressors.
Patients were also re-intubated for persistent respiratory failure within 72 hours of
extubation, defined as: a respiratory acidosis (pH <7.35 with PaCO2 > 45 mm Hg), SpO. <
90% or Pa0; less than 60 mm Hg at FiO; greater than 0.4, respiratory rate greater than
35/min, a decrease in Glasgow Coma Scale score >1 point, agitation, or clinical signs
suggestive of respiratory muscle fatigue or increased work of breathing. The main
secondary outcomes were respiratory infections, sepsis, multiorgan failure, ICU and
hospital length of stay, mortality, time to reintubation, and adverse effects, including
withdrawal of therapy due to patient discomfort.

Assuming a baseline reintubation rate of 20 to 25%, and with a unilateral 95%
confidence interval analysis with a statistical power of 80%, 300 patients per group were
required to test a 10% non-inferiority margin for the high-flow group. The non-inferiority
margin was tested in both intention-to-treat and per-protocol analyses for the primary
outcomes.

1,211 patients receiving mechanical ventilation for longer than 12 hours were identified
with 604 (49.8%) randomised; 290 to the HFNO group and 314 to the NIV group. The
majority of exclusions were due to a low risk for reintubation (77%), with hypercapnia
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during a spontaneous breathing trial the next most common exclusion (10%). The
groups were similar at baseline with the exception of heart failure, which was more
common in the NIV group (9.9% vs 5.5%), while a surgical diagnosis at admission was
more likely in the HFNO group (43.8% vs 33.4%). Randomised patients were around 64
years of age, with a mean APACHE Il score of approximately 16 on admission. They had a
mixture of medical and surgical conditions; primary respiratory failure (36.3%), cardiac
pathology (15.0%), trauma (8.6%) and post-operative (38.4%). Prior to attempted
extubation, patients had been ventilated for around four days.

At 12 hours post-extubation, the NIV group was receiving a median (IQR) FiO, 0.40 (35 to
50) as compared to the HFNO group, 0.35 (30 to 40), which was delivered at 50 (5) L/min.
The median length of NIV was 14 hours (8 to 23). There was no difference in PaO, / FiO;
(NIV 104 mm Hg vs HFNO 99 mm Hg; P=0.83), PaO. (47 mm Hg vs 46 mm Hg; P=0.67) or
pH (7.37 vs 7.38; P=0.57).

Overall, HFNO was noninferior to NIV, with reintubation occurring in 60 patients (19.1%)
in the NIV group and 66 patients (22.8%) in the high-flow group (risk difference, -3.7%;
95% Cl, -9.1% to «). After exclusion of non-respiratory related reintubations, the
difference in reintubation rate was 50 patients (15.9%) in the NIV group vs 49 patients
(16.9%) in the high-flow group (absolute difference, 1; 95% Cl, -4.9 to 6.9%). However,
more patients experienced respiratory failure in the NIV group (39.8% vs 26.9%; risk
difference, 12.9%; 95%Cl, 6.6% to «).

The most common reasons for reintubation were an inability to clear secretions (NIV
6.4% vs HFNO 4.5%), hypotension (3.2% vs 4.8%), and persistent respiratory failure
(5.1% vs 5.5%). There was no difference in median (IQR) time to reintubation between
groups {26.5 hours (14 to-39) vs 21.5 hours (10 to 47); absolute difference, -5; 95% ClI,
-34 to 24. The most common reasons for respiratory failure were an inability to clear
secretions: (NIV 16.6% vs HFNO 10.3%), unbearable dyspnoea (8.3% vs 7.2%), hypoxia
(6.1% vs 4.1%) and respiratory acidosis (6.7% vs 3.8%).

Similarly, there was no difference in various mortality endpoints (NIV vs HFNO); ICU
mortality, 5.7% vs 6.6%, hospital mortality 17.8% vs 20.3%, or respiratory infections:
10.8% vs 7.9%. Median ICU length of stay after randomisation was lower in the high-
flow group, 3 days (IQR, 2 to 7) vs 4 days (IQR, 2 to 9; P = 0.048). There were no adverse
incidents in the HFNO group compared with 135 (42.9%) in the NIV group. This resulted
in NIV being delivered for a median of 14 hours.

Study critique

Extubation after invasive ventilation is associated with increased work of breathing.?
Early support of spontaneous ventilation could improve outcomes by bridging the divide
between invasive ventilation and unsupported breathing. HFNO and NIV are two such

2
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step-down methods, but deliver support by very different means. HFNO provides a
continuous flow of gas, reducing anatomical dead space and thereby improving
ventilation efficiency. Small amounts of PEEP are also generated. These effects vary
with flow and respiration. NIV provides support using pressure; inspiratory pressure
assists inhalation and reduces work of breathing, while constant levels of PEEP recruit
alveoli, improving gas exchange and lung compliance. However, NIV is not tolerated by
some patients. A head-to-head trial of HFNO and NIV in post-extubation intensive care
patients is clearly justified.

This trial had many strengths, including robust methodology, design and conduct. The
investigators used predefined criteria for the selection of higher risk patients. There
were also clear criteria for the initiation of a weaning trial, and most importantly, a
comprehensive definition of failure. This ensured extubated patients Ffulfilled a
repeatable, standardised assessment of readiness before this occurred. The trial also
had criteria for reintubation (although there was clinician discretion), ensuring patients
were reintubated for the same indications. Finally, there was minimal loss to followup,
just 2 in each group, which is impressive in a study with over 600 patients.

There are aspects of the trial which should be considered before changing practice from
NIV to HFNO in the management of the high risk post-extubation patient. Firstly, the
patient population studied. Clear criteria were used to define patients who were high
risk for extubation failure. Of note, 38% of patients screened were excluded for being
low risk. In a recent trial these patients still had a significant extubation failure rate of
8.5%.%° However, NIV was more effective than conventional oxygen therapy in similarly
selected patients; therefore, considering the non inferior trial design, selection of this
group of patients may increase the effectiveness of the comparator treatment. This
hopefully reduces the risk of comparing two ineffective treatments. All patients had to
Fulfil criteria For consideration of a spontaneous breathing trial, meaning that despite
being high risk for extubation failure, these patients were by definition physiologically
stable. Subsequently, and different from many trials investigating NIV in weaning, these
patients had to pass a spontaneous breathing trial. The breathing trial was conducted
with either a T-tube or 7cmH,O pressure support. However, very recent guidelines
published by the American College of Chest Physicians and American Thoracic Society on
the liberation from mechanical ventilation, suggest only pressure support breathing
trials should be used, as it is associated with higher success, less reintubations and
perhaps even lower mortality.?*

The same guidelines* recommend the use of NIV after extubation for high risk patients,
defined as older, with COPD or heart failure, and hypercapnia during a spontaneous
breathing trial (excluded in this trial). The guidelines do not recommend a length of
treatment post-extubation. This trial intervention lasted for 24 hours, in order to
prevent delayed reintubation which has been associated with increased mortality.? This
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duration of treatment was similar to previous NIV trials,’" while others continued

treatment until the patient either required reintubation or respiratory support could be
withdrawn.”?' The optimal duration of treatment to prevent reintubation is currently
unclear. However, although there were differences in the patient populations, these
trials delivered more NIV (in terms of hours) than the current trial and all had lower
reintubation rates. Furthermore, in the two trials that recruited high risk patients,®' the
trial that continued NIV after 24 hours had lower reintubation rates, suggesting dose is
important.® In this trial, NIV was delivered for a median of just 14 hours, in comparison to
the 24 hours of HFNO. The short period of NIV is probably due to patient intolerance
(and a protocol which did not allow sedation), raises questions as to the adequacy of
delivery of NIV in this trial. Rather than a trial of HFNO versus NIV, it could be argued to
have been a comparison of some NIV versus HNFO. There were other issues with NIV.
The protocol stated two different methologies in terms of commencing pressure
support and levels of PEEP. There is no information on how the NIV gas delivery was
humidified. A previous study suggested conditioned oxygen is beneficial in the post-
extubation period.? In terms of trial design, these issues with the comparator make it
more difficult to draw a conclusion that HFNO can be used interchangeably in this high
risk population.

Despite these reservations the trial produced interesting results. There was no overall
difference in the rate of reintubation, particularly when non respiratory reintubations
were excluded. Causes for reintubation were similar in both groups, although consistent
with the Hernandez trial incorporating HFNO in a low risk population,?® the inability to
clear secretion was less common in the HFNO group. Problems with management of
secretions were also less common with HFNO in the respiratory failure group in this trial.
Enhanced secretion management with HFNO had already been suggested as a potential
benefit." Whether this reflects a benefit of conditioned oxygen delivery, patient
comfort and better tolerance of physiotherapy, or is simply a reflection of inadequate
humidification in the comparator groups is unclear. The HFNO group also had
significantly less episodes of post-extubation respiratory failure. This was predominantly
due to the reduction in secretion retention, but perhaps surprisingly, the NIV group
suffered more hypoxia and respiratory acidosis. Despite HFNO having the capacity to
improve oxygenation and lower carbon dioxide levels,” in two previous studies the
effects on oxygenation were generally inferior to NIV.?2"?® The increased respiratory
failure diagnosis in the NIV group may have subsequently been reflected in the
increased length of stay in the ICU. However, this did not affect either intensive care or
hospital mortality.

Where this sits in the body of evidence

In @ multi-center randomised control trial, 406 patients who were ventilated for more
than 48 hours and who passed a spontaneous breathing trial were randomised to either
NIV (n=202) or standard medical therapy (n=204). The two groups had similar baseline
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characteristics. There were no differences in extubation failure (control, 13.2% vs NIV,
14.9%), intensive care unit or hospital mortality. Overall, abundant secretions were the
most common reason (35.1%) for extubation failure.™

The OPERA trial randomised 220 patients at intermediate-to-high risk of pulmonary
complications after abdominal surgery to receive HFNO (n=108) or conventional oxygen
therapy (n=112). The median duration of standard oxygen therapy was 16 hours (IQR 14
to 18) while HFNO was administered for a median of 15 hours (IQR 12 to 18). 21% of the
HFNO group were hypoxic 1 hour after extubation and 27 % were hypoxic at treatment
discontinuation, compared with 24% and 30% of the standard oxygen patients (ARR 4,
95 % Cl -8 to 15 %; P=0.57; adjusted RR, 0.87; 95 % Cl, 0.53 to 1.43; P=0.58). Over the 7-
day follow-up period, there was no significant difference between the groups in the
proportion of patients without any pulmonary complication (aRR, 7; 95 % Cl, -6 to 20%;
P=0.40).%"

FLORALI was a French multi-centre study in 310 patients with acute hypoxaemic
respiratory failure, but without hypercapnia, who had were randomised to HFNO,
standard oxygen therapy, or NIV. The intubation rate (primary outcome) was 38% in the
HFNO group, 47% in the standard group, and 50% in the NIV group (P=0.18). The
number of ventilator-free days at day 28 was significantly higher in the HFNO group
(2448 days, vs 22110 in the standard-oxygen group and 19+12 in the NIV group; P=0.02).
The hazard ratio for death at 90 days was 2.01 (95% ClI, 1.01 to 3.99) with standard
oxygen versus HFNO (P=0.046) and 2.50 (95% Cl, 1.31 to 4.78) with NIV versus HFNO
(P=0.006)."®

In a randomised, controlled trial, 105 patients with a PaO,/FiO, < 300 mm Hg before
extubation were randomised to Venturi mask (n=52) or HFNO (n=53) for 48 hours. After
24 hours the PaO,/FiO, was higher in the HFNO group (287 mm Hg + 74 vs 247 mm Hg +
81; P=0.03). Discomfort related both to the interface and to airway dryness was better
tolerated with HFNO as measured on a 10 point Likert scale (respectively, 2.6 + 2.2 vs 5.1
+ 3.3 at 24 hours; P=0.006; 2.2 + 1.8 vs 3.7 + 2.4 at 24 hours; P=0.002). Fewer patients had
interface displacements (32% vs 56%; P=0.01), oxygen desaturations (40% vs 75%;
P<0.001), required reintubation (4% vs 21%; P=0.01), or any form of ventilator support
(7% vs 35%; P<0.001) in the HFNO group.™

In @ multi-centre trial, 527 patients ready for extubation and considered low risk for
reintubation were randomised to HFNO (n=264) or conventional oxygen therapy
(n=263). Reintubation within 72 hours was less common in the HFNO group (4.9% vs
12.2%; absolute difference, 7.2%; 95% Cl, 2.5% to 12.2%; P=0.004). post-extubation
respiratory failure was also less common in the HFNO group (8.3% vs 14.4%; absolute
difference, 6.1%; [95% Cl, 0.7% to 11.6%; P=0.03). There were no adverse events.?°
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BiPOP was a multi-center, randomised, noninferiority trial in 830 cardiothoracic surgery
patients deemed at risk for respiratory failure after extubation. Patients were randomly
assigned to HFNO or bilevel positive airway pressure (BiPAP). HFNO was not inferior to
BiPAP; the treatment failed in 87 of 414 patients with HFNO therapy (21.0%) and 91 of
416 patients with BiPAP (21.9%) (absolute difference, 0.9%; 95% Cl, -4.9% to 6.6%;
P=0.003). No significant differences were found in ICU mortality (BiPAP 5.5% vs HFNO

6.8%; P=0.66; absolute difference, 1.2%; 95% Cl, -2.3% to 4.8%. Skin breakdown
significantly more common with BiPAP after 24 hours.”

was

Should we implement this into our practice?
Maybe, a growing body of evidence suggests high fFlow nasal oxygen is helpful in the

prevention of respiratory dysfunction and failure post-extubation in both low and high

risk populations.
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Futier E, Paugam-Burtz C, Godet T, Khoy-Ear L, Rozencwajg S, Delay JM et al.
Effect of early post-extubation high-flow nasal cannula vs conventional
oxygen therapy on hypoxaemia in patients after major abdominal surgery: a
French multi-centre randomised

Introduction

Respiratory complications occur in up to 10% of patients after abdominal surgery and
are associated with adverse short and long term survival."? General anaesthesia is
associated with reductions in lung volumes, ventilation-perfusion mismatch and
impairment of pulmonary defence mechanisms.?> Furthermore, it is increasingly
recognised that intra-operative mechanical ventilation is associated with lung injury and
that optimal ventilation is important in the reduction of respiratory complications.*
However, despite lung protective strategies, respiratory complications remain a common
complication after surgery.® non-invasive ventilation has been investigated in the
prevention of post-operative complications, with a recent meta-analysis suggesting
post-operative use might reduce atelectasis, pneumonia and reintubation.® However,
uncertainties regarding the benefits of post-operative ventilation remain. non-invasive
ventilation may not be tolerated by some patients, reducing potential benefits. High
flow nasal oxygen (HFNO) has been used as an alternative means of respiratory support.
HFNO reduces anatomical dead space, provides stable inspired oxygen concentrations
and may increase lung volumes by generating low levels of positive end expiratory
pressure.” In clinical trials HFNO has compared favourably with non-invasive ventilation
in acute respiratory failure, post-extubation in cardiac surgery and intensive care.®' The
OPERA trial aimed to investigate the effects of HFNO after abdominal surgery.

Study synopsis

This was a non blinded, multi-centre, randomised trial performed in three intensive care
units in France. The aim was to establish the superiority of HFNO over conventional
oxygen therapy after prolonged abdominal surgery for the prevention of post-operative
hypoxaemia.

All adult patients scheduled for abdominal surgery, with or without thoracic access, an
anticipated duration of over two hours, and with a moderate-to-high risk of post-
operative complications defined by the ARISCAT risk score, were eligible for
recruitment.” Patients were excluded if surgery was an emergency, they had a body
mass index greater than 35 kg/m? had obstructive sleep apnoea or were pregnant.
Randomisation was performed using a computer generated assignment sequence in a
1:1 ratio, with stratification by centre and planned use of an epidural for analgesia.
Patients were randomised to HFNO or conventional post-operative oxygen therapy via
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nasal prongs or facemask. HFNO was commenced immediately post-extubation with a
gas flow rate of 50-60 L/min. In both groups oxygen therapy was titrated to maintain
saturations above 95%. As per the protocol all patients were to have standardised intra-
operative lung protective ventilation, which consisted of low tidal volumes, moderate
PEEP and recruitment manoeuvres. The intervention period lasted until the first post-
operative morning when patients were administered conventional oxygen as required to
maintain saturations above 93%. All other interventions were at the discretion of the
treating physicians.

The primary outcome was the development of hypoxaemia, defined as a PaO,/FiO; less
than 300 mm Hg or less measured one hour after extubation. This outcome was also
measured after the intervention ended. Blood gases were performed on room air. The
main secondary outcomes were respiratory events over the first post-operative week
and at hospital discharge. Respiratory events were post-operative pulmonary
complications due to any cause, requirement for oxygen supplementation after
discontinuation of the intervention and development of post-operative hypoxaemia,
pneumonia, reintubation or requirement for non-invasive ventilation. The requirement
for intensive care, hospital and ICU length of stay and mortality were also recorded.

Assuming an incidence of hypoxaemia of 40% after extubation, 220 patients were
required to detect a relative difference of 50% in the primary outcome, with 90% power
at a two sided alpha level of 0.05. All analyses were performed on an intention-to-treat
principle. An interim safety analysis was planned after half the patients were recruited.

691 patients were screened, of which 303 patients were ineligible due to a low risk of
pulmonary complications on the ARISCAT score or too short an anticipated duration of
surgery. Of the 388 who met initial inclusion criteria, 23 declined to participate, 45 had
an exclusion criteria, and 100 patients were enrolled in another trial. 220 patients were
subsequently randomised, 112 patients to the usual care and 108 patients to the HFNO
group. The two groups had similar baseline characteristics. Randomised patients were
around 61 years of age, with a BMI of 25 kg/m? The majority of patients were ASA 2
(66.8%), 27% were smokers and the most common co-morbidity was hypertension (31%).
There were minimal patients with prior respiratory disease. The majority of operations
were elective (99%) procedures with a cancer diagnosis (81.3%) and were performed by
midline incision in 46.8% and by a transverse incision in 42.3% of patients. Typical
surgery lasted around 5 hours. In terms of the intra-operative management, again the
two groups had similar treatment. Tidal volumes were approximately 7.5 ml/kg, PEEP 6
c¢cmH,0 and two thirds of patients had at least one recruitment manoeuvre performed.
Epidural rates were similar (33% usual care vs 34% HFNO). Blood loss was about 350mls
in each group. Patients in the usual care group received more crystalloid (3000 ml vs
2500 ml) and more colloid (1000 ml vs 750 ml), neither were statistically significant.

The intervention was commenced on all patients for a median of 16hrs (IQR 14 to 18hrs)

83 Critical Care Reviews
I I I



post-extubation. Eight patients were unable to tolerate the intervention.

Overall there was no difference in the primary outcome, 21% of patients in the HFNO
and 24% of patients in the conventional care group had post-operative hypoxaemia one
hour after surgery (absolute RR, 3%; 95% Cl, -14 to 8%; P=0.62). At the discontinuation
of the intervention 27% vs 30% of patients experienced hypoxaemia (ARR, 4 %; 95% Cl, —
8 to 15%, P=0.57). There were no significant between-group differences for any of the
secondary outcomes: need for supplemental oxygen therapy for persistent hypoxaemia,
pulmonary complications, number of patients requiring any form of ventilatory
assistance during the first 7 days after surgery, and service utilization (days in ICU or in
hospital). In hospital mortality rates were low (3 patients usual care versus 2 patients
HFNO). In a post hoc analysis, there was a significant interaction between the use of
recruitment manoeuvres and the intervention group, with respect to hypoxaemia after
discontinuation of the intervention. However, the effect of HFNO on the primary
outcome remained non-significant.

Study critique

Oxygen is routinely administered after mechanical ventilation in order to maintain
adequate tissue oxygenation. Alveolar collapse and atelectasis occur in up to 90% of
patients after surgery; this contributes to post-operative hypoxaemia and may cause
major complications following extubation.* Appropriate intra-operative ventilation may
reduce ateletasis, however, these strategies may not result in sustained benefit.'
Therefore, continued respiratory support post-extubation during spontaneous
breathing, and before respiratory failure develops, could significantly improve patient
outcomes. There has been recent focus on the role of non-invasive ventilation,® however
a therapy that can be delivered outside of critical care could have significantly more
impact.

This is the largest study investigating the effects of HFNO after abdominal surgery. The
trial has several noteworthy strengths which add to the quality of the research. The
inclusion criteria sought to enrol patients who were most likely to develop post-
operative respiratory complications, and therefore logically increase the chance of
discovering a treatment effect. This was done using the ARISCAT risk score.” The Assess
Respiratory Risk in Surgical Patients in CATalonia study was conducted in a general
surgical population in Spain. It identified seven risk factors which were internally
validated with an area under the receiver operating curve of 0.9 (95% Cl, 0.85 to 0.94).
The score was externally validated in a large European surgical sample (the Prospective
Evaluation of a RIsk Score for post-operative Pulmonary COmPlications in Europe
study)" and hence probably represents the most accurate tool for the prediction of
post-operative respiratory complications. The investigators excluded patients with a
high body mass index, which initially seems to exclude a population with a high risk of
pulmonary complications; however, a preventative study in cardiac surgery patients
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(another population at high risk of post-operative respiratory complications) failed to
identify a benefit of HFNO.™ This careful selection of study patients perhaps again
increased the likelihood of a positive outcome. Exclusion of life threatening emergency
patients, however, does limit the conclusions of the study to planned surgical
procedures. A further strength of the trial was the randomisation process. This was
stratified by both site and by the planned use of epidural analgesia, which may influence
respiratory complications in post-operative patients;” therefore, ensuring a even
distribution of this intervention would should eliminate a confounding variable.
Although epidural analgesia was used in around one third of patients in this study, this
may not reflect the current peri operative use in other countries.' The randomisation
process resulted in balanced groups in terms of co-morbidities, surgery performed and
predicted risk of respiratory complications. Finally, in terms of the protocol there were
two interventions which add to the quality of the research. Firstly, the triallists
attempted to eliminate the influence of intra-operative ventilation on post-operative
lung complications by stipulating a lung protective ventilation strategy. Although not all
patients had recruitment manoeuvres, the tidal volumes and PEEP used were within
recommendations for intra-operative patients without lung injury and the plateau
pressures were generally low.* Secondly, in the intervention group, gas flow was
between 50-60 L/min, which would generate low levels of PEEP and therefore again
maximise the potential benefit of the therapy.

The OPERA trial failed to show a difference in outcome with prophylactic HFNO
compared with standard oxygen therapy. This is despite several trials showing similar
results with non-invasive ventilation,®'® and meta-analysis concluding that non-invasive
ventilation was beneficial in post-operative prophylaxis.® There are some aspects of this
trial to consider before abandoning HFNO prophylaxis.

The study used a surrogate outcome, hypoxaemia, as a primary outcome rather than a
more patient centred outcome. The investigators justified this because hypoxaemia
maybe a factor associated with poor patient outcomes. The use of surrogate outcomes
may allow for a reduction in sample size, but surrogate outcomes can be more sensitive
to the effect of the therapeutic interventions than patient-oriented outcomes, leading
to over-estimation of intervention effects.”” The definition of hypoxaemia in this trial,
PaO,/FiO, less than 300 mm Hg, was previously used as a selection criteria in a
prophylactic non-invasive ventilation trial'® and correlates with the hypoxia associated
with mild ARDS. However, there is limited evidence this degree of post-operative lung
dysfunction correlates with poor peri operative outcomes or that correction improves
clinical outcomes. In addition, the measurement was performed at a single time point
rather than over a period of time as in the positive non-invasive trial.'® This could share
similarities with previous ARDS trials; where a single PaO,/FiO, was used to recruit
patients, who subsequently rapidly improved after the application of a simple
intervention such as increased PEEP. Finally, in a recent post-extubation trial in critical

85 Critical Care Reviews
I I I



care, patient outcomes were improved with HFNO despite minimal effects on
PaO,/FiO.."” A further limitation of the trial was the assumption that the intervention
would reduce the incidence of hypoxaemia by 50%. Although the trial used a
physiological outcome it is still perhaps optimistic the intervention would have such a
profound effect. Perhaps a larger trial with more patient-centred outcomes may have
answered more pertinent questions.

The intervention delivered in this trial was HFNO at a gas flow rate of 50-60 L/min,
initiated after extubation and continued until the following morning after surgery
(approximately 15 hours). The predominant cause of early post-operative hypoxaemia is
atelectasis,?® and therefore an important mechanism for reversal in the post-operative
period is positive end expiratory pressure. HFNO at 60 L/min can produce up to 7 cmH,0
of positive airway pressure measured in the upper airway. However, the level of positive
airway pressure is likely to be much lower, is dependent on whether the mouth is open
and varies between patients.” Previous positive trials with prophylactic non-invasive
ventilation in cardiac surgery, thoraco-abdominal aneurysms and after abdominal
surgery have used between 7.5 cmH,O and 10 cmH,0."®?"?> These levels of PEEP are
likely to be higher than levels produced by HFNO. High levels of CPAP have been shown
to reverse post-operative atelectasis.”? Perhaps the failure of HFNO in this study, and in
two cardiac surgery populations,’?* at least in terms of gas exchange, relates to
insufficient levels of PEEP. It is noteworthy that despite little effect on gas exchange,
escalation in respiratory support was reduced in the largest cardiac surgery population.?
Hence gas exchange per say may not reflect the beneficial effects with HFNO. Timing
and duration of therapy may also influence outcomes. The duration of treatment was
longer in several of the non-invasive ventilation trials,’®* and in studies where HFNO
compared favourably to non-invasive ventilation,®' as well as in a post-extubation
critical care population.?®> However, HFNO was successful used for only 12 hours in a low
risk critical care population.” Collectively, although these studies recruited a diverse
patient population with differing pathologies, it may be that the cause of respiratory
failure determines the effectiveness of HFNO in improving respiratory status. Further
research is required in terms of duration of therapy in the post-operative period.

Finally, the population studied in this trial also needs to be carefully considered. These
patients were relatively young (61 years of age), two thirds of patients were ASA grade
two, with relatively limited numbers of co-morbidities and only moderate ARISCAT risk
scores. Perhaps this reflects the reason for the lower incidence of hypoxaemia
encountered in the trial than predicted in the power calculation. The type of operations,
were predominantly upper gastrointestinal procedures involving the liver or prancreas.
These procedures lasted a median of between 4.5 and 5 hours. There were almost equal
numbers of patients with transverse incisions compared to traditional midline wounds.
Although the trial attempted to enrol a high risk population, there is a juxtaposition
between the patients and the type of surgery, with seemingly the surgery the main risk.
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It is hard to compare to the typical elderly patient with multiple co-morbidities having a
relatively straightforward laparotomy for bowel cancer in a district general hospital.

Where this sits in the body of evidence

In @ pragmatic trial, 340 patients were randomised to either HFNO (45 L/min) or usual
care from extubation to day 2 after cardiac surgery. There was no difference in the
number of patients with SpO./FiO; = 445 on day 3 (HFNO, 46.4% vs usual care, 42.4%;
OR, 1.18; 95% Cl, 0.77 to 1.81; P=0.45). PaCO, was reduced at both 4 hours post-
extubation and on day 1 in the HFNO group (5.3 vs 5.4 kPa, P=0.03; and 5.1 vs 5.3 kPa,
P=0.03; respectively). Escalation in respiratory support at any time in the study occurred
in 27.8% allocated to HNFO compared with 45% receiving standard care (OR, 0.47; 95%
Cl,0.29 to 0.7; P=0.001).%*

In a randomised controlled trial, 155 obese patients (BMI >30 kg/m?) post cardiac surgery
were assigned to either HFNO (n=81) or standard oxygen therapy (n=74) post-
extubation. The primary outcome was atelectasis on chest X-ray. There was no
difference between groups in atelectasis scores on days 1 or 5 (median scores=2; P=0.70;
and P=0.15, respectively). In the 24 hour post-extubation period, there was no difference
in mean PaO,/FiO, (HFNO, 227.9 vs control, 253.3; p = 0.08), or respiratory rate (HFNC
17.2, control 16.7, p=0.17)."

In a randomised, controlled, unblinded study 209 patients with severe hypoxemia after
major elective abdominal surgery were randomly assigned to receive oxygen (n = 104) or
oxygen plus continuous positive airway pressure (CPAP) (n = 105). Patients who received
CPAP had a lower intubation rate (1% vs 10%; P=0.005; RR, 0.099; 95% Cl, 0.01 to 0.76)
and had a reduced incidence of pneumonia (2% vs 10%; RR, 0.19; 95% Cl, 0.04 to 0.88;
P=0.02), infection (3% vs 10%; RR, 0.27; 95% Cl, 0.07 to 0.94; P=0.03), and sepsis (2% vs
9%; RR, 0.22; 95% Cl, 0.04 to 0.99; P=0.03). CPAP patients who also spent fewer mean
(SD) days in the intensive care unit, 1.4 (1.6) vs 2.6 (4.2); P=0.09). There was no difference
in length of hospital stay or mortality. '

In a randomised single-centre trial, 50 patients post-elective replacement of the
thoracoabdominal aorta were extubated to either continuous CPAP for 12 to 24 hours at
an airway pressure of 10 cmH,0 or to standard treatment, including intermittent CPAP
(10 cm H;O for 10 min) every 4 hrs. In the intervention group, CPAP was applied for a
mean (x SD) duration of 23%3 hours. CPAP was associated with fewer pulmonary
complications (PaO,/FiO. <100, atelectasis, pneumonia, reintubation rate) compared to
the control group (7 of 25 patients vs 24 of 25 subjects, respectively; P=0.019). While
there was no difference in ICU length of stay, the mean hospital length of stay was
shorter with CPAP therapy (22+2 vs 34+ 5 days, respectively;P=0.048).”'

In a single-centre randomised trial 500 patients post-elective cardiac surgery were
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allocated to standard treatment, including 10 minutes of intermittent nasal CPAP at 10
cm H,O every 4 h, or prophylactic nasal CPAP at an airway pressure of 10 cm H,O for at
least 6 hours. Prophylactic CPAP significantly improved arterial oxygenation (PaO,/FiO,)
without altering heart rate and mean arterial BP. Pulmonary complications, including
hypoxemia (defined as PaO,/FiO, <100 mm Hg), pneumonia, and reintubation rate were
reduced in the intervention group compared to controls (12 of 232 patients vs 25 of 236
patients, respectively; P=0.03). The readmission rate to the ICU was significantly lower in
CPAP-treated patients (7 of 232 patients vs 14 of 236 patients, respectively; P=0.03).?'

In the multi-center, randomised, noninferiority BiPOP trial, 830 cardiothoracic surgery
patients deemed high risk for respiratory failure after extubation were randomly
assigned to HFNO or bilevel positive airway pressure. HFNO was not inferior to BiPAP.
The treatment failed in 21.0% of the HFNO group and 21.9% of the BiPAP group;
absolute difference, 0.9%; 95% Cl, -4.9% to 6.6%; P=0.003). There was no significant
difference in ICU mortality (BiPAP, 5.5% vs HFNO, 6.8%; P=0.66) (absolute difference,
1.2%; 95% Cl, -2.3% to 4.8%. Skin breakdown was significantly more common with BiPAP
after 24 hours.’

Should we routinely use HFNO after major abdominal surgery?

Possibly. Although the OPERA trial did not demonstrate improvements with HFNO after
major abdominal surgery, a number of large robust randomised controlled trials in other
settings suggest benefit with this intervention.
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Introduction

Of 312 million operations performed every year, approximately 10 to 20% of patients
suffer complications and up to 4% die."? Acute respiratory failure is amongst the most
common post-operative complications and can adversely affect both short and long term
survival.®> A recent study has shown higher mortality rates associated with intra
abdominal procedures. Major abdominal surgery is associated with a reduction in
respiratory function. Anaesthesia and surgery causes a reduction in functional residual
and vital capacities, abnormalities of gas exchange, altered ventilation and impairment
of mucociliary clearance predisposing to pulmonary complications.® Whilst preventive
measures may reduce respiratory complication rates®, the most beneficial treatment
after the onset of acute post-operative respiratory failure is unknown. Intubation and
mechanical ventilation can be life saving but is associated with complications.” non-
invasive ventilation has been successfully used for the treatment of respiratory Failure,
pulmonary oedema and in weaning from mechanical ventilation in chronic obstructive
pulmonary disease.® However, when used as rescue therapy after extubation in critical
care patients non-invasive ventilation may even be associated with harm.® Although
undoubtedly used for post-operative acute respiratory failure, there is limited evidence
of the efficacy to support its use.

Study synopsis

This was an open-label multi-centre, randomised trial performed in twenty intensive care
units in France. The aim of the study was to establish if non-invasive ventilation improved
outcome in hypoxic respiratory failure after abdominal surgery.

All post-operative patients who had either laparoscopic or open abdominal surgery were
screened. Patients were included if they developed acute respiratory failure within
seven days of surgery, defined as: a minimum of 30 minutes of hypoxaemia (arterial
oxygen partial pressure <60 mm Hg or saturation <90% breathing room air or <80 mm
Hg on 15 L/min oxygen), plus either a respiratory rate >30/min or clinical signs of
increased work of breathing or respiratory distress (such as intercostal retraction or
paradoxical abdominal wall movement). Patients were excluded if they required
immediate intubation, had a contra-indication to non-invasive ventilation, obstructive
sleep apnoea or a limitation of treatment.
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Patients were randomised using a computer-generated and blinded assignment
sequence. randomisation was stratified according to study site, age (less than or greater
than 60 years), site of surgery (upper or lower abdominal) and according to the use of
post-operative epidural analgesia. Patients were assigned to either standard oxygen
therapy at a rate of up to 15 L/min to maintain SpO;, above 94% or to non-invasive
ventilation via facemask for the duration of intensive care stay. non-invasive ventilation
was commenced with an inspiratory pressure of 5 cmH,O and a PEEP of 5 cmH;0. The
inspiratory pressure was increased up to 15 cmH,0 to maintain tidal volumes between 6
and 8 ml/kg predicted body weight and a respiratory rate of less than 25/min. PEEP and
inspired oxygen fraction were adjusted in the standard oxygen group to maintain SpO.
above 94%. Maximum PEEP was set at 10 cmH,O. The investigators aimed for a minimum
of six hours of non-invasive ventilation in the first 24 hours, with conventional oxygen
administered when non-invasive ventilation was not used. Discontinuation of non-
invasive ventilation was at the discretion of the treating physicians.

The primary outcome was reintubation within 7 days after randomisation. Predefined
immediate reintubation criteria for respiratory causes included respiratory or cardiac
arrest, respiratory pauses with loss of consciousness or gasping respiration,
psychomotor agitation despite sedation, massive aspiration, persistent unmanageable
respiratory secretions, bradycardia with loss of alertness, or severe hemodynamic
instability unresponsive to fluids and vasopressors. Predefined causes and timing of
reintubation were also recorded. Secondary outcomes included arterial blood gas
comparison, hospital-acquired infections, antibiotic use, ventilator-free days, ICU and
hospital lengths of stay, and 30 and 90 day mortality.

Assuming a 65% rate of reintubation in the conventional oxygen group, 150 patients per
group were required to identify a 25% absolute reduction in the non-invasive ventilation
group, with 90% power at the 5% significance level, and allowing for 15% loss to follow
up. Two planned interim safety analysis were performed after 100 and 200 patients. A
priori subgroups were as per stratification.

535 patients who developed hypoxic respiratory failure were screened. 235 patients
were excluded, mainly due to enrolment in another study (38%), reoperation (20%) or
sleep apnoea (13%). 150 patients were randomised to each group. Five patients were
subsequently excluded from the conventional therapy group and two from the non-
invasive ventilation group. The baseline characteristics were similar in each group.
Patients were around 63 years of age, mainly male with a body mass index about 27
kg/m?. At randomisation around 50% of patients had cancer, 25% had sepsis and there
were prevalent rates of smoking (29%) and alcohol abuse (18%). Surgical procedures and
total operating times (approx 4 hours) were similar. 48% of operations were emergency
procedures, with the majority of operations performed by open laparotomy (91%). Only
46 patients received epidural analgesia. Post operation, 37% of patients were still
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ventilated after six hours.

Patients in the conventional group had a mean oxygen flow of 10.4 L/min. Patients in the
non-invasive ventilation group had an mean inspiratory pressure of 6.7 cmH,0, a mean
PEEP of 5.4 cmH,0 and an FiO; of 0.5. The mean tidal volume was 8.3 ml/kg predicted
body weight. non-invasive ventilation was administered for a mean of 7.4 hours in the
first 24 hours and for a median of 4 days (IQR 1 to 5).

non-invasive ventilation reduced the reintubation rate after seven days, 33.1% vs 45.5%;
absolute difference, -12.4%; 95% Cl, —-23.5% to —1.3%; P=0.03). There was no difference
in time to reintubation (standard oxygen group, median 1 day (IQR 1 to 3 days) vs non-
invasive group, 2 days (1 to 6); absolute difference with standard care 0.66, 95% Cl, -0.76
to 2.09; P=0.08) or reasons for reintubation (56% were reintubated for continued
respiratory distress.

Gas exchange was not significantly different between the groups. However at 30 days
there were significantly more ventilator-free days in the non-invasive group (25.4 vs 23.2
days; absolute difference, -2.2 days; 95% Cl, -0.1 to 4.6 days; P=0.04). However, there
was no difference in intensive care length of stay or hospital length of stay. Hospital
length of stay was lower in the non-invasive group when only survivors were analysed.
The non-invasive group had less hospital acquired infections (31.4% vs 49.2%; absolute
difference, -17.8%; 95% Cl, -30.2% to -5.4%; P = 0.003) due to a reduction in episodes
of pneumonia (14.6%] vs 29.7%; P = 0.003). Overall, there was no difference in 30 or 90
day mortality. There were no serious adverse events reported in either group. The most
severe reported issue with non-invasive ventilation was mask leak.

Study critique

This trial enrolled post-operative abdominal surgery patient who had developed acute
hypoxaemic respiratory failure. Traditionally non-invasive ventilation has been used for
exacerbations of chronic obstructive pulmonary disease or cardiogenic pulmonary
oedema. Hypoxaemic respiratory failure represents a more diverse heterogeneous
population and the evidence for non-invasive in these patients is less robust. However,
the rationale for use of non-invasive ventilation to improve oxygenation and reduce
respiratory muscle workload is attractive. Furthermore, the avoidance of intubation and
its inherent complications may improve outcome, but this must be balanced against the
potential risks of delayed intubation. Results for non-invasive ventilation in hypoxaemic
patients have been mixed, although non-invasive ventilation has shown some
physiological benefits, including reductions in intubation requirements and
complications. However, failure rates can be high.'® A recent Cochrane review identified
only two randomised trials incorporating a total of 269 patients using non-invasive
ventilation for post upper abdominal surgery respiratory failure." Although the review
concluded that non-invasive ventilation was an effective treatment, the quality of the
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evidence was questioned.

This trial is currently the largest study investigating the effect of non-invasive ventilation
for post-abdominal surgery respiratory failure. The trial has several strengths. In terms
of safety, the trial had criteria for immediate intubation. Although this would have
excluded some patients, the criteria prevented trials of inappropriate non-invasive
ventilation and potential harmful delays in intubation. A further safety concern in any
ventilation trial is lung injury caused by large tidal volumes and high pressures. Hypoxic
respiratory Failure is usually associated with a high respiratory drive. Experimentally-
induced high tidal volumes in spontaneously breathing animals may induce lung injury.'
non-invasive ventilation increases alveolar ventilation by increasing the transpulmonary
pressure with supported breaths, thus generating larger tidal volumes. The protocol
prevented inappropriately high tidal volumes by targeting 6-8 ml/kg ideal body weight.
Subsequently, when a patient met inclusion criteria, the randomisation process included
stratification of several factors which may have influenced outcomes, ensuring balanced
groups in the treatment and control arms of the study. After randomisation there were
only a limited number of withdrawals and no patients lost to follow up. The protocol also
had predefined causes for respiratory failure and recognised definitions for infectious
complications.

Treatment of hypoxic respiratory failure with non-invasive ventilation is associated with
significant Ffailure rates and requirement for intubation.” Failure of non-invasive
ventilation has been associated with increased disease severity, haemodynamic
instability, lower Glasgow Coma Scale score and more severe hypoxaemia.’ Therefore,
careful selection of patients is likely to be important in the prevention of a futile
intervention. It is worth noting that patients in this trial who did not require immediate
intubation still had to be deemed suitable for non-invasive ventilation. Patients with
hemodynamic instability, defined by systolic arterial blood pressure below 90 mm Hg or
a mean arterial blood pressure below 65 mm Hg, the requirement for vasopressors, or a
Glasgow Coma Scale score of 12 or less were excluded. These rigorous exclusion criteria
resulted in patients with a relatively low SAPS Il scores and a low overall predicted
mortality. Interpretation of the results should be taken in the context of this patient
selection.

A further consideration in the design of this trial was the use of non-invasive ventilation
as a rescue therapy for hypoxic respiratory failure. Several previous peri operative trials
and one current trial have concentrated on prophylactic non-invasive ventilation rather
than as a rescue technique.”® These trials have demonstrated efficacy of prophylactic
continuous positive airway pressure (CPAP) ventilation. Arguably efforts to further
identify patients who would benefit from prevention rather than rescue would be more
useful. However, the strength of evidence for prophylactic CPAP is limited by trial size
and heterogeneity of the intervention; in addition, a cost analysis of prophylaxis has not
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been performed. There were also significant rates of post-operative respiratory
complications, even in the intervention groups of these trials and therefore the best
rescue method for post-operative respiratory failure remains important.

The evidence for rescue non-invasive ventilation in the peri operative setting is limited. A
previous trial using CPAP for post-operative hypoxaemia was stopped early as CPAP
reduced the need for intubation.” This trial had significantly lower requirements for
intubation (1% CPAP vs 10% conventional oxygen therapy) than the current trial (33.1%
in the NIV group vs 45.5% in the standard oxygen group). There are significant
differences in the studies. In the Squadron trial’’, CPAP was applied following a
screening test for hypoxaemia one hour after surgery without clinical signs of
respiratory failure. This trial was therefore perhaps more akin to selected prophylaxis
than treatment of established respiratory failure. The CPAP trial also excluded 83% of
screened patients, in particular patients were excluded if they effectively had any
cardiorespiratory disease, infection or were having an emergency procedure. It is
perhaps not surprising the event rate was low. In the current trial the intubation rate, at
least in the control group, was similar to two previous trials enrolling hypoxic respiratory
failure patients.”™'® These trials both enrolled largely medical patients with more severe
hypoxaemia than in this post-operative trial. Despite similarities, these trials had
contrasting results. The earlier trial by Ferrer et al'® reported a reduced intubation rate
in the non-invasive ventilation group, while the trial by Frat et al™ did not show any
difference. The pathology in these trials was slightly different and could explain the
difference in outcomes. The predominant respiratory failure cause in the medical
patients was pneumonia, but the Ferrer trial also included significant numbers of
patients with pulmonary oedema and immunocompromise, groups who may respond
better to non-invasive ventilation. The pathology in the surgical population was mainly
atelectasis which again may be more responsive to non-invasive ventilation and could
explain the success of the intervention.

Another consideration was the non-invasive settings and dose delivered. It has been
suggested the benefit of non-invasive ventilation may be nullified, and the patient
returns to the pre non-invasive state, if poorly delivered or interrupted.’ In this post-
operative trial the average duration of non-invasive ventilation was just 7.4 (£4.9) hours
in the first 24 hours. This duration was less than the intervention in several of the
successful post-operative prophylaxis trials.'®'” Although the intervention in this trial
was successful, the question arises; had the duration been longer would the intervention
have been even more effective? In this study, there were no difference in the delivery of
the intervention between those who failed and those who were successful with non-
invasive ventilation.

Lastly, it is worth noting in the multivariate analysis that patients who required re
intubation had higher SAP scores, were more likely to be ventilated for longer post
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surgery, had more secretions, lower pH and a worse Pa0O,/FiO,. Higher disease severity
and more severe hypoxaemia have previously been identified as risk factors for failure of
non-invasive ventilation™. Given the reintubation rate of 33.1% in the intervention
group, perhaps these risks should be included when selecting or excluding patients for
non-invasive ventilation in future trials.

Where this sits in the body of evidence

In a randomised, controlled, unblinded study 209 patients who developed severe
hypoxemia after major elective abdominal surgery were randomly assigned to receive
oxygen (n=104) or oxygen plus CPAP (n=105). Patients who received CPAP had a lower
intubation rate (1% vs 10%; RR, 0.099; 95% Cl, 0.01 to 0.76; P=0.005;) and had a lower
occurrence rate of pneumonia (2% vs 10%; RR, 0.19; 95% Cl, 0.04 to 0.88; P=0.02),
infection (3% vs 10%; RR, 0.27; 95% ClI, 0.07 to 0.94; P=0.03), and sepsis (2% vs 9%; RR,
0.22; 95% Cl, 0.04 to 0.99; P=0.03). CPAP patients also spent fewer days in the intensive
care unit, 1.4 vs 2.6; P=0.09. There was no difference in length of hospital stay or
mortality. "’

In a randomised single-centre trial, 50 patients post-elective replacement of the
thoracoabdominal aorta were extubated to either continuous CPAP for 12 to 24 hours at
an airway pressure of 10 cmH,0 or to standard treatment, including intermittent CPAP
(10 cm H,0 for 10 min) every 4 hours. CPAP was applied for a mean (+SD) duration of 23
+ 3 hours and was associated with fewer pulmonary complications (PaO/FiO, <100 mm
Hg, atelectasis, pneumonia, and reintubation rate) compared to the control group (7 of
25 patients vs 24 of 25 subjects, respectively; P=0.019). While there was no difference in
ICU length of stay, the mean hospital length of stay was shorter with CPAP therapy
(2242 vs 34+ 5 days, respectively; P=0.048)."

In a single-centre randomised trial, 500 patients post-elective cardiac surgery were
allocated to standard treatment, including 10 minutes of intermittent nasal CPAP at 10
c¢cmH,0 every 4 hours or prophylactic nasal CPAP at an airway pressure of 10 cmH.O for
at least 6 hours. Prophylactic CPAP significantly improved arterial oxygenation
(Pa0O,/FiO;) without altering heart rate and mean arterial blood pressure. Pulmonary
complications, including hypoxemia, pneumonia, and reintubation rate, were reduced in
patients in the interventional group compared to controls (12 of 232 patients vs 25 of
236 patients, respectively; P=0.03). The readmission rate to ICU was significantly lower in
CPAP-treated patients (7 of 232 patients vs 14 of 236 patients, respectively; P=0.03)."

In the multi-center, randomised, noninferiority BiPOP Trial, 830 cardiothoracic surgery
patients, deemed high risk For respiratory Ffailure after extubation, were randomly
assigned to HFNO or BiPAP. HFNO was not inferior to BiPAP; the treatment failed in
21.0% of the HFNO group and 21.9% of the BiPAP group (absolute difference, 0.9%; 95%
Cl, -4.9% to 6.6%; P=0.003). No significant differences were found for ICU mortality
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(BiPAP, 5.5% vs HFNO, 6.8%; P=0.66; absolute difference, 1.2%; 95% Cl, -2.3% to 4.8%).
Skin breakdown was significantly more common with BiPAP after 24 hours.™

In the multi-centre study FLORALI trial, 310 patients with non-hypercapnic acute
hypoxemic respiratory failure and a PaO,/FiO; ratio < 300 mm Hg, were randomised to
HFNO, standard oxygen therapy, or non-invasive positive-pressure ventilation. The
intubation rate (primary outcome) was 38% in the HFNO group, 47% in the standard
group, and 50% in the non-invasive ventilation group (P=0.18). The number of ventilator-
free days at day 28 was significantly higher in the HFNO group (24%8 days, vs 2210 in
the standard-oxygen group and 19+12 in the HFNO therapy group; P=0.02). The hazard
ratio for death at 90 days was 2.01 (95% Cl, 1.01 to 3.99) with standard oxygen versus
HFNO (P=0.046) and 2.50 (95% CI, 1.31 to 4.78) with HFNO therapy versus HFNO
(P=0.006)."

In @ multi-centre randomised trial 105 patients with acute non-hypercapnic hypoxemic
respiratory failure (PaO, <60 mm Hg or saturations <90% breathing 50% oxygen), were
randomly allocated within 24 hours of Ffulfilling inclusion criteria to non-invasive
ventilation (n=51) or high-concentration oxygen therapy (n=54). The primary end-point
was the reduction in intubation rate. Both groups had similar characteristics. Compared
with oxygen therapy, non-invasive ventilation decreased the need for intubation (25% vs
52%, P=0.010), the incidence of septic shock (12% vs 31%, P=0.028), intensive care unit
mortality (18% vs 39%, P=0.028) and increased the cumulative 90-day survival (p=0.025).
The improvement of arterial hypoxemia and tachypnoea was higher in the non-invasive
ventilation group with time (P=0.029 each).

Should we implement this into our practice?

Yes. Patients with hypoxaemia post-abdominal surgery are candidates to receive non-
invasive ventilation. Further work will help define the relative roles of non-invasive
ventilation and high flow nasal oxygen in this group.
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HELMET NIV

Patel B, Wolfe K, Pohlman A, Hall J & Kreiss, J. Effect of non-invasive
Ventilation Delivered by Helmet vs Face Mask on the Rate of Endotracheal
Intubation in Patients with Acute Respiratory Distress Syndrome, A
Randomised Control Trial, JAMA 2016; 315(22):2435-41

Introduction

Non-invasive ventilation (NIV) is the established initial therapy Ffor hypercapnic
respiratory failure in chronic obstructive pulmonary disease (COPD);’ reducing mortality
and the requirement for endotracheal intubation with its attendant risks of delirium,
healthcare-associated pneumonia and ICU-acquired weakness. Its role in acute
hypoxaemic respiratory failure (AHRF) is less clear, with some evidence of benefit with
NIV or Continuous Positive Airways Pressure (CPAP) in cardiogenic pulmonary oedema®
and immunocompromised® critically-ill patients. Potential limitations with NIV include
patient compliance, damage to pressure areas and the inability to deliver desired
support due to air leak. Treatment failure with the requirement for emergent tracheal
intubation is a high-risk event.*

NIV may be delivered by a face or nasal mask, mouthpiece or helmet. The helmet is a
clear plastic hood sealed by a soft neck collar. It may allow higher inflation pressures
with less leakage and more comfort than a traditional mask. This trial compared helmet
and facemask delivered NIV in patients meeting ARDS criteria.

Study synopsis

This was a single-centre randomised controlled trial from the medical ICU of the
University of Chicago (USA). Eligible patients met the Berlin criteria for ARDS” and had
received 8 hours of face mask NIV via a Phillips Respironics V60 NIV ventilator. Ethical
approval and individual consent (patient or surrogate) were obtained. Randomisation
was blinded and by computer-generated blocks of 4 to 8 to keep group sizes similar.
Patients randomised to the intervention were fitted with a helmet connected to an ICU
ventilator (Engstrom Carestation, GE medical) delivering Pressure Support or CPAP at an
inspiratory flow rate of >100 |/min. Those allocated to the control group continued
treatment with fFacemask NIV via a Phillips Respironics V60 NIV ventilator

Positive end-expiratory pressure (PEEP), inspiratory pressure and FiO, were titrated in
both groups targeting SpO, 90%, FiO, <0.60, respiratory rate <25/min and decreased
respiratory muscle use. In clinically improving patients NIV support was reduced and
removed if FiO, was <0.5 without PEEP. Endotracheal intubation was suggested at
defined criteria (seizures, Glasgow Coma Scale score <8, Sp0,<88%, pH<7.2, respiratory
rate >35, excessive secretions, device intolerance, vomiting or airway bleeding).
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Thereafter, a lung-protective ventilatory strategy was mandated (6 ml/kg tidal volume,
titrated PEEP, and daily sedation breaks).

The proportion of patients requiring intubation was the primary endpoint; exploratory
secondary outcomes included ventilation-free days, length of hospital stay and 90-day
mortality. The planned enrolment of 206 patients gave 80% power (2 sided a=0.05) to
detect a 20% absolute reduction in the anticipated 50% control group intubation rate.
740 hypoxaemic patients receiving NIV in ICU were screened over 3 years. 657 (89%)
were excluded, 456 as they received NIV for less than the 8 hours required. Other
exclusion criteria included a do-not-intubate order (85 patients); hypercapnic respiratory
failure (40 patients); consent refusal or research staff unavailability (56 patients) and
upper airway obstruction (9 patients).

The pre-specified criteria for primary endpoint efficacy was met at the first planned
analysis of 70 patients. Despite this, the trial continued, only for the Data and Safety
Monitoring Board (DSMB) to later recommended ceasing recruitment due to safety
concerns for the control group. Eighty-three patients had been randomised, 44 to the
helmet group and 39 to face mask group; all patients were included in the analysis.
Baseline characteristics were similar. Median age was 60 years old, 60% were black, 50%
immuno-compromised (transplant or cancer related). Numerically more patients in the
helmet group had a diagnosis of pneumonia (52% vs 36%). Median APACHE Il scores
were similar (25 / 26) and baseline PaO,:FiO, was 118 / 144 mm Hg in the helmet / face
mask groups, respectively.

Post randomisation patients received NIV for a median of 20 hours (helmet) and 26
hours (Face mask). On area-under-curve analysis the helmet group had higher median
PEEP levels (8 vs 5.1 cmH,0; P=0.006); a lower median FiO, (0.5 vs 0.6; P=0.02); and lower
levels of pressure support (8 vs 11.2 cmH,0; P<0.001). Median respiratory rate fell
significantly in the helmet group (24.5 vs 27.7 /min; P<0.001) but not the facemask group
(29.1 vs 28.3 /min; P=0.21).

Endotracheal intubation rate was significantly reduced in the helmet group (primary
outcome, rate 18.2% vs 61.5%, absolute difference 43.3%; 95% Cl, 24.3 to 62.4%;
P<0.001) and remained significant when adjusted for APACHE Il score. Intubation was
most frequently for respiratory reasons in the facemask group (83%) and neurological
reasons in the helmet group (63%). Secondary outcomes also favoured the helmet
group. 90-day mortality was reduced (34.1% vs 56.4%; absolute difference, 22.3%; 95%
Cl 1.4 to 43.3%; P=0.02); there were fewer ventilation days and days in ICU. Hospital
length of stay was not significantly reduced (median 10.1 vs 15.2 days; P=0.16). There
was no difference in adverse event rates: 3 patients in each group developed skin
ulceration and 2 helmets suffered ‘brief deflation’.
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Study critique

This study was the first to directly compare the helmet and facemask interfaces for NIV
and adds significantly to the current knowledge surrounding non-invasive ventilation in
acute respiratory failure. The trial was well conducted with effective group separation
and complete follow-up of those randomised. Only study patients could access the
helmet so any perception of benefit was not a barrier to future recruitment (important
in an unblinded study). Ventilatory strategies were standardised before and after
intubation and the in-depth analyses of respiratory variables gives credence to
proposing a beneficial effect of increased PEEP. However, several factors warrant
consideration.

The helmet was used with a more sophisticated ventilator equipped with a separate
expiratory limb and able to deliver the higher inspiratory flow rates, rapid pressurisation
and sensitive detection of the onset of expiration required. It would have been
preferable to use this ventilator in both groups as it may have contributed to the
preferential delivery of ventilation in the helmet group, who received higher PEEP levels
and lower pressure support (and hence lower driving pressures) and a lower FiO;, all of
which may be advantageous in ARDS.¢

89% of screened patients were excluded, the majority of which because they did not
complete 8 hours of facemask NIV. The high exclusion rate may limit generalisation and
also contributed to slow recruitment - extrapolation suggests 7 years may have been
needed to achieve the planned sample size. There were 6 amended trial protocols
published with markedly different entry criteria to the trial; the first planned to recruit
patients at the time of intubation and extubate the intervention group to helmet-NIV.
Several required the presence of shock which was only present in 21 patients in the final
study. The published results do, however, relate to a more homogenous group of
patients receiving NIV and meeting the Berlin ARDS criteria.

Treating clinicians were necessarily unblinded. There were preset criteria for
endotracheal intubation, but a clinician decision was still required; for example, whether
to intubate or further increase PEEP if hypoxaemic. The helmet group was mainly
intubated for neurological deterioration, which may suggest a late stage of critical
illness or CO; narcosis (CO; levels were unfortunately not reported). The helmet seemed
to facilitate tolerance of higher levels of support, but a primary outcome unsusceptible
to bias (such as meeting preset criteria for treatment failure) may have been preferable.

Recruitment was halted early due to DSMB safety concerns after the publication of a
study suggesting face mask NIV was inferior to high-flow nasal oxygen.” Interim analysis
had shown the primary endpoint was likely to remain significant if the study proceeded.
However, at this stage the ‘headline’ secondary endpoint of reduced 90-day mortality
had a fragility index of 1; i.e. if one more helmet group patient had died significance
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would have been lost.? Halting trials early has been shown to over-estimate treatment
effects and is ethically questionable when the treatment of concern is in common use.’

The primary endpoint of avoidance of endotracheal intubation is not a validated
assurance of improved patient outcome in AHRF; with especial concern regarding
increased mortality in those severely hypoxaemic or requiring intubation after
prolonged NIV.*"®™ Although NIV may well reduce rates of healthcare-associated
infections, delirium and ICU-acquired weakness;'? endotracheal intubation Ffacilitates
secretion clearance and control of tidal volume, offers airway protection and allows a
reduction of cardio-respiratory work through analgesia and sedation. Of note, the
56.4% mortality rate in the face mask group compares poorly with the overall mortality
of 36% in a recent ARDS trial of intubated patients with worse starting PaO.:FiO,."

As this was a single-centre unblinded study with a high exclusion rate, clinically uncertain
primary outcome and fragile mortality endpoint the investigators are correct to state a
multi-centre trial is required to attempt to replicate their findings.

Where this sits in the body of evidence

There is a paucity of modern randomised trials comparing NIV interfaces or testing NIV
against endotracheal intubation in AHRF. In 2013 the Cochrane Collaboration
systematically reviewed 32 randomised controlled trials with 2916 participants
comparing the addition of NIV (including CPAP) to standard medical care in patients with
acute cardiogenic pulmonary oedema.? NIV significantly reduced in-hospital mortality
(RR, 0.66; 95% Cl 0.,48 to 0.89; NNT 14) and endotracheal intubation rate (RR, 0.52; 95%
Cl, 0.36 to 0.75; NNT 8) with no effect on hospital length of stay or rate of myocardial
infarction. The mortality benefit was strongest with CPAP.

Antonelli et al in 1995 randomised 64 patients with AHRF to conventional mechanical
ventilation or face mask NIV." There was no difference in oxygenation or in-hospital
mortality. The study is of limited applicability due to the use of high tidal volumes (10
ml/kg) in the mechanical ventilation group.

Hilbert et al randomised 52 immuno-compromised patients in 1998 to face mask NIV or
oxygen therapy in a single French ICU.? The NIV group had reduced ICU mortality (38% vs
69%; P=0.03) and intubation rate (46% vs 77%; P=0.03). Following publication NIV
became the treatment of choice in this patient group; however, concerns were raised
regarding the high control-group mortality and requirement for intubation at a
Pa0,:FiO; of <85 mm Hg."™

In a multi-centre French/ Belgian follow up study, Lemiale and colleagues randomised
374 immuno-compromised patients with early AHRF to receive oxygen therapy with or
without intermittent NIV." Baseline median PaO::FiO, was 156 mm Hg (NIV group,
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n=191) vs 130 mm Hg (oxygen therapy group, n=183). There was no difference in either
the primary outcome of 28-day mortality (NIV, 24.1% vs oxygen therapy, 27.3%; P=0.47)
or secondary outcomes including intubation rate. High flow nasal oxygen was
extensively used (141 patients, including 44% of the oxygen group) which may have
diluted any NIV treatment effect.

Antonelli et al in 2000 randomised 40 post solid organ transplantation patients with
AHRF to face mask NIV or Venturi mask oxygen.'® Baseline mean PaO.:FiO; ratio was 129
mm Hg in both groups. NIV patients had lower rates of intubation (20% vs 70%;
P=0.002), complications, length of stay and ICU mortality (20% vs 50%; P=0.05). Hospital
mortality did not differ. The authors suggest invasive ventilation may be especially
deleterious in this setting.

Ferrer et al randomised 105 patients in 3 Spanish ICUs with undifferentiated AHRF to
Face mask NIV or Venturi mask oxygen.'” Baseline mean PaO,:FiO, ratio was 102 and 103
mm Hg, respectively. The NIV group had decreased need for endotracheal intubation
(by preset criteria, primary endpoint) (25% vs 52%; P=0.01) and ICU mortality (18 vs 39%;
P=0.028). Cardiogenic pulmonary oedema (29% of patients) was a predictor of NIV
success and survival; meeting ARDS criteria was strongly associated with a poor outcome
on multivariate analysis (14% of cohort, adjusted odds ratio for intubation 28.5; 95% Cl,
3.2 to 250).

In 2006 Demoule et al prospectively evaluated ventilatory practice and outcome in 70
French ICUs over a 3 day period.® 524 patients with AHRF (n=299) or cardiogenic
pulmonary oedema (CPE) / COPD (n=225) were included. Overall, use of NIV was an
independent predictor of survival. 54 out of 90 AHRF NIV patients required intubation
which was an independent predictor of mortality (OR, 3.24; 95% Cl, 1.61 to 6.53).

Correa et al prospectively studied AHRF patients receiving NIV in a Brazilian medical
ICU."® 26/80 (30.6%) ‘failed’ NIV requiring intubation. Logistic regression predictors of
NIV failure were younger age and higher APACHE Il score. NIV failure was associated
with higher ICU mortality (OR 4.64; 95 % Cl, 1.52 to 14.18; P= 0.007) and longer hospital
stay. The NIV success rate was high, possibly due to moderate baseline hypoxia (mean
Pa0,:FiO, > 270 mm Hg).

The use of HFNO (50 |/min) resulted in improved outcomes when compared with face
mask NIV and standard oxygen therapy in 313 ICU patients in a multi-centre French /
Belgian randomised controlled trial.” The odds ratio for unadjusted 90-day mortality was
significantly higher for both NIV (2.50; 95% Cl, 1.31 to 4.78) and standard therapy (OR,
2.01; 95% Cl, 1.01 to 3.99), remaining significant when adjusted for SAPS Il score and
cardiac failure. The primary endpoint of endotracheal intubation (high flow oxygen 38%,
standard therapy 47%, NIV 50%, p=0.18/0.19 by log rank test) was only significant in the
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subgroup with baseline PaO,:FiO; ratio <200 mm Hg. This was the study referenced by
the DSMB when ceasing recruitment to the Helmet-NIV trial.

In a pre-specified secondary analysis the investigators of the descriptive LUNG-SAFE
study analysed data for the 436 patients from 209 ICUs who received non-invasive
ventilation on the first 2 consecutive days they fulfilled Berlin ARDS criteria." No data
was collected on the interface (mask or helmet) used, 28% received CPAP and 72%
pressure-assisted ventilation. The 131 (37.5%) "failed NIV" patients who subsequently
received invasive ventilation had a higher ICU mortality (42.7% vs 10.6%, P<0.001). NIV
patients tended to have lower PEEP levels and higher tidal volumes and respiratory
rates. Whilst crude mortality rates did not differ, Cox regression analysis suggested NIV
was an independent predictor of ICU (but not hospital) mortality (HR 1.45; 95% Cl, 1.16
to 1.81). Propensity matching of individual NIV / invasively ventilated patients
suggested a higher mortality in NIV patients with baseline PaO,:FiO, <150 mm Hg.

p

Should we choose the helmet interface over the facemask interface for non-invasive
ventilation in acute respiratory failure?

Possibly. Whilst awaiting multi-centre studies the helmet device (or high flow nasal
oxygen) could be considered as an alternative to facemask NIV in AHRF. The safety of
NIV in this population in general remains unproven.

<

4
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LIPS-A

Kor D, Carter RE, Park PK, Festic E, Banner-Goodspeed VM, Hinds R, et al. Effect of Aspirin
on Development of ARDS in At-Risk Patients Presenting to the Emergency Department. The
LIPS-A randomised Clinical Trial. JAMA 2016;315(22):2406-2414

Introduction

Acute respiratory distress syndrome is a form of non-cardiogenic pulmonary oedema
secondary to an inflammatory alveolar insult, which may be pulmonary (e.g. pneumonia)
or non-pulmonary (e.g. acute pancreatitis) in origin. It is described by the Berlin
definition," and, as a syndrome, is a binary determination - if the definition is met, the
condition is present, if not, it is absent.

ARDS remains a common problem, with the global LUNGSAFE observational study
reporting 10.4% of ICU patients and 23.4% of mechanically ventilated patients suffering
with this form of respiratory failure.? For countries with less developed healthcare
systems ARDS remains a major problem; data from Rwanda suggest up to 4% of all
hospital admissions may develop this condition.®> Recognition of the syndrome is
generally limited, with just 64% of all cases identified, although this improves with
worsening severity — mild ARDS (51%), moderate ARDS (65%) and severe ARDS (78.5%)
(P<0.001).? In-hospital mortality remains high at 40%, which again increases with
worsening hypoxia - mild ARDS (35%), moderate ARDS (40%) and severe ARDS (46%)
(P<0.001).2

At present, there is no specific therapy which modifies the pathophysiological
mechanisms leading to the clinical state of ARDS. The only successful interventions work
through the avoidance or amelioration of ventilator-induced lung injury, namely early
low tidal volume ventilation, neuromuscular blockade, prone positioning and possibly
extra-corporeal membrane oxygenation, although this remains to be adequately tested.”
Platelet activity is a core component of the inflammatory response in ARDS, contributing
to thromobosis, leukocyte recruitment and activation, neutrophil extracellular trap
formation, vascular permeability and oedema generation. Therefore, anti-platelet
therapy could potentially lessen this process.>

Study synopsis

The LIPS-A trial was a phase IIb multi-centre, blinded, placebo-controlled, parallel group
randomised trial in patients at risk for the development of ARDS.® The trial objective was
to assess whether aspirin reduced the development of ARDS in emergency department
patients at risk for this condition, as determined by a LIPS score >4. The LIPS score is a
validated tool For predicting the onset of ARDS and consists of various predisposing
conditions, risk modifiers, and respiratory physiology variables.’
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Relevant exclusion factors included established ARDS, existing bilateral pulmonary
infiltrates, current anti-platelet therapy and high bleeding risk. Possible confounding
interventions were standardised using the Checklist for Lung Injury Prevention (CLIP),®
including the use of protective ventilation (Vt 6 to 8 ml/kg predicted body weight &
plateau pressure <30 cmH;0), aspiration precautions, infection control, plus fluid (use of
a modified FACCT protocol aiming to minimise fluid overload) and transfusion practice
(haemoglobin level maintained > 70 g/dL, with avoidance of platelet and plasma
transfusions for minimally invasive procedures unless actively bleeding).

Randomisation was performed centrally in a 1:1 ratio using Medidata Balance, a
commercial cloud-based trial management system, with centre stratification.
Participants and investigators were blinded to group allocation. Adult patients were
allocated to either aspirin (325 mg loading dose followed by 81 mg per day, n=195) or
identical placebo (n=195), with the study drug to be administered within 24 hours of
presentation to hospital. The study drug was continued for up to seven days, hospital
discharge or death.

The primary outcome was the development of ARDS, as per the Berlin Definition, within
seven days of hospitalisation. This determination was limited to patients receiving
invasive mechanical ventilation. Secondary outcomes included ventilator-free days to day
28, ICU and hospital lengths of stay, and mortality at 28 days and one year.

One hundred and ninty seven patients per group were required to identify a 10
percentage point decrease in the development of ARDS, from 18% to 8%, at a two-sided
significance level of 10% (which decreased to 9% after interim analyses) and a power of
90%. Two hundred patients per group were recruited to allow for attrition. Secondary
endpoints were considered exploratory as adjustment for multiple testing was not
performed. The initial intention-to-treat primary analysis was changed to a modified
intention-to-treat, allowing for withdrawal of consent and ineligibility. “Go-No-Go”
recommendations for progression to a phase lll trial, dependent on the results of this
phase IIb trial, were also set.

7,673 patients were screened at 16 American academic hospitals between 2012 and
2014, with 400 patients being randomised. The majority of those excluded were already
receiving an anti-platelet agent (42%), unable to consent within 12 hours (18%), had
bilateral pulmonary infiltrates (16%), had suspected bleeding (14%) or were not
“committed to full life support” (9%).

Ten patients were excluded due to withdrawal of consent (n=7) or inclusion criteria not
being met (n=3), leaving 195 in each group. Groups were similar at baseline, with a
typical patient being a 57 year old white male, with suspected sepsis. Approximately
60% had possible pneumonia. 95% of the intervention group received at least one dose
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of aspirin, while 97% of the control group received at least one dose of placebo, with no
difference in the median number of study drug doses between groups. The intervention
was delivered after randomisation at a median time of approximately 12.5 hours in both
groups.

There was no difference in the primary outcome between groups, with ARDS developing
in 10.3% (n=20) of the aspirin group and 8.7% (n=17) of the placebo group (site adjusted
OR, 1.24; 92.6% Cl, 0.67 to 2.31). Similarly, there were no significant differences in any
of the secondary endpoints (aspirin vs placebo), including survival at both 28 days (90%
vs 90%; HR, 1.03; 90% Cl, 0.60 to 1.79; log rank P=0.092) and one year, or adverse events,
including bleeding. Those receiving aspirin were more likely to be admitted to ICU (59%
vs 50%; OR, 1.41; 90% Cl, 1.02 to 1.99; P=0.08).

Study critique

As a large contributor to critical care morbidity and mortality, ARDS continues to attract
attention from the research community. This medium sized randomised controlled trial
failed to identify a beneficial effect from aspirin in patients at risk for ARDS. As a
condition with a high prevalence and associated significant morbidity and mortality,
ARDS is a high value target to critical care researchers. To date, over 150 randomised
controlled trials involving a spectrum of interventions, either prophylactic or theraputic,
have been undertaken.’® Any potential prophylactic therapy would likely be widely
implemented. Presently, only a handful of trials have reported an advantageous effect
on the primary outcome. This finding forces the question as to why researchers have
been so unsuccessful in addressing this condition.

One key point repeatedly overlooked in ARDS trial design is the limited accuracy of the
defined syndrome for the true pathology of diffuse alveolar damage. Across a range of
open lung biopsy®*? and post mortem studies,” ¢ the incidence of diffuse alveolar
damage, in patients identified as having ARDS by either the American-European
Consensus Conference definition or the Berlin definition, is approximately just 50%. This
equates to potentially every second patient in an ARDS trial which attempts to modify
the inflammatory process of alveolar injury not actually having the therapeutic target
present, with a clear implication of a resulting underpowered trial. Those without diffuse
alveolar damage suffer a wide range of unrelated conditions, including pulmonary
embolism, pulmonary haemorrhage, pulmonary fibrosis, lung cancer, chronic obstructive
pulmonary disease and atelectasis.'®

The ARDS trials to date which have identified beneficial (or harmful) interventions have
either investigated ventilator-induced lung injury''® or limited inclusion to more
severely hypoxaemic ARDS patients,” a subgroup with a higher incidence of diffuse
alveolar damage. The implication for ongoing pharmacological trials is clear. Whether
the definition is fit for research purposes is a question some have raised,?*?' but a nettle
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few have grasped.

The power calculation could be described as optimistic, with a stated 55% relative risk
reduction appearing an overly large effect size to achieve. Ultimately, the incidence of
ARDS was numerically higher in the aspirin group, lessening the risk this was an
underpowered trial.

With an ARDS incidence of 8.7% in the control group, rather than the expected 18% as
stated in the power calculation, the recruited population was of a lower risk than
expected. This may have lessen the degree of inflammation present in this cohort and
thus reduced the ability of aspirin to modify it.

The Lung Injury Prediction Score is a limited tool. It was initially developed’ and
subsequently validated®® in different cohorts by the same team of investigators.
Although it has excellent negative predictive values (>97%), it has a poor positive
predictive value and low positive and negative likelihood ratios. Despite a median LIPS
score of 6 in this trial, a value which previously equated to an incidence of ARDS of 15%,
the realised incidence of ARDS was only approximately two-thirds of this.?

The groups did separate with regard to their exposure to aspirin. While the majority of
patients did receive at least one dose of the study drug, the median number of doses
delivered was low, at just four for the aspirin group and five for the placebo group.
Therefore, despite using a dose known to have an anti-inflammatory effect, and which
has been associated with an anti-ARDS effect in observational work, there was no
meaningful difference in levels of inflammatory markers between groups, raising the
question as to whether this dose was sufficient to achieve a biological effect in this
specific cohort. Blood levels were not measured, but as there was no suggestion of
gastrointestinal failure in the cohort, absorption was presumably not an issue. The
intervention was delivered early, within 12 hours of hospitalisation, maximising the
opportunity for a benficial effect, as ARDS typically develops within the First two days of
hospitalisation.

Importantly, confounders such as the delivery of invasive mechanical ventilation and
fluids were standardised across sites and groups, leaving the intervention as the main
difference between groups.

A major problem with the application of any ARDS definition has been the adjudication
of the chest radiograph for the presence of bilateral infiltrates consistent with non-
cardiogenic pulmonary oedema.? The trialists, blinded to the group allocation, followed
a clear, consistent pathway for this determination. With a requirement for invasive
mechanical ventilation, standardised ventilatory settings, and a clear screening process,
including radiographic interpretation, the identification of ARDS was optimised within
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the aforementioned limits of the Berlin Definition. This is clearly important when the
primary outcome is the development of ARDS. Of course, with 50% of patients identified
in this way actually suffering from conditions such as atelectasis and not having diffuse
alveolar damage, the discussion begins to become circular.

Where this sits in the body of evidence

At present there is little evidence to inform the efficacy of aspirin either for the
prevention or treatment of ARDS, with no large randomised controlled trials
undertaken. The clinical studies which have been completed to date are observational,
reporting associations between aspirin therapy and outcome, but which are limited by
residual confounding and are unable to further inform this relationship.

In a single-centre retrospective study including 202 patients with ARDS, aspirin
administration, either pre-hospital or in ICU, was associated with reduced ICU mortality
(OR 0.38;95% Cl, 0.15 to 0.96; P=0.04).%

Kor and colleagues completed a secondary analysis of a cohort study from the USA and
Turkey involving 3,855 consecutive adults admitted to hospital with at least one risk
factor for ARDS. Those receiving aspirin at the time of hospital admission (n=976, 25.3
%) were less likely to develop ARDS than those not receiving aspirin (OR, 0.65; 95% Cl,
0.46 to 0.90; P=0.010).%

In a small, retrospective, two-centre study, Erlich and colleagues analysed data from 161
patients without ARDS at the time of ICU admission, but with a risk Factor for its
development. Pre-hospital aspirin use (n=79, 49%) was associated with a lower incidence
of the development of ARDS (12.7% vs 28.0%; OR, 0.37; 95% Cl, 0.16 to 0.84; P=0.02).%

Mazzeffi and colleagues also completed a retrospective, single-centre study including all
375 patients who had an aortic valve replacement at their institution over a five year
period. 181 patients used an anti-platelet agent routinely. The incidence of ARDS did not
differ between those who did and did not use anti-platelet agents (5.0 vs 6.7%,
respectively; crude OR, 0.725; 99% Cl, 0.229 to 2.289; P=0.47).%”

Wang and colleagues completed a very recent meta-analysis of nine cohort studies
examining the effect of antiplatelet therapy on ARDS and mortality in critically ill
patients. 14,612 patients were included, with 4,765 patients receiving anti-platelet
agents. This therapy was associated with both a reduced incidence of ARDS (OR 0.64;
95% Cl, 0.50 to 0.82; I> = 0%; P <0. 001) and mortality (OR 0.61; 95% Cl, 0.52 to 0.71; I> =
0%; P<0.001), a finding which was consistent across subgroups.?

Al Harbai and colleagues undertook a post hoc analysis?® of two randomised controlled
trials evaluating glycaemic control and nutrition in critical care. Of the 763 patients
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included, 20% (n=154) usually took aspirin. This therapy was not associated with a
reduction in mortality either in ICU (adjusted OR, 1.18; 95 % Cl, 0.69 to 2.02; P=0.55) or in
hospital (adjusted OR, 0.95; 95% Cl, 0.61 to 1.50; P=0.82), but was associated with
increased morbidity, in the form of a higher risk of ICU-acquired severe sepsis (adjusted

OR,

1.70; 95% Cl, 1.08 to 2.70; P=0.02), increased days of mechanical ventilation

(adjusted OR, 2.7; 95% Cl, 0.51 to 4.90; P=0.02) and ICU length of stay (adjusted OR, 2.67,
95% Cl, 0.38 to 4.96; P=0.02).

The STAR trial (NCT02326350), an ongoing single-centre phase Il trial investigating
aspirin in patients with ARDS, will further inform this field.

Should we implement this into our practice?

No, aspirin administration did not reduce the incidence of ARDS in an emergency depart-
ment population at risk for the development of this condition, as identified by the LIPS
score.
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Oxygen-ICU

Girardis M, Busani S, Damiani E, Donati A, Rinaldi L. Effect of Conservative vs Conventional
Oxygen Therapy on Mortality Among Patients in an Intensive Care Unit: The Oxygen-ICU
randomised Clinical Trial. JAMA 2016;316:1583-89

Introduction

Oxygen is a key determinant of cellular metabolism, with energy released by its
oxidation driving ATP production by the mitochondrial electron transport chain. Critical
illness is often characterised by a catastrophic failure of oxygen delivery or utilisation,
the degree of which correlates with outcome.” The administration of additional oxygen
is a core therapy in hospitalised patients, however the degree to which hypoxaemia
should be corrected has become of interest. Molecular oxygen is highly chemically
reactive and directly toxic to most unicellular organisms, reactive oxygen species
produced in in-vivo hyperoxic states are especially so. Insights gained from extreme
altitude physiology have highlighted the survivability of severe hypoxaemia, consistent
with the knowledge that mitochondria function physiologically at a tissue PO, of 1-4
kPA.?

Clinical studies have increasingly demonstrated potential harm from oxygen therapy.
Direct pulmonary toxicity with interstitial fibrosis and atelectasis has been a driver for
developing ventilatory strategies and adjunctive therapies to limit FiO. in ARDS.?
Excessive supplemental oxygen has been associated with worse outcomes in acute
myocardial infarction, stroke and cardiac arrest; challenging the paradigm of “first give
more oxygen”.* This study aimed to test the hypothesis that strictly controlling arterial
oxygenation may lead to improved clinical outcomes in critically ill patients.

Study synopsis

The study was an open-label randomised controlled trial conducted over a 2-year period
in a single Italian ICU. Eligible patients had an expected length of stay of over 72 hours
and no exclusion criteria (pregnancy, age <18 years, readmission, limitation to
treatment, immunosuppression, inclusion in another study, decompensated COPD or a
Pa0,:FiO, <150 mm Hg). Ethical approval and individual consent were obtained;
randomisation was concealed and computerised. The control group received oxygen
therapy with a minimum FiO; of 0.4, targeting a SpO; 97% to 100% and allowing a PaO.
up to 150 mm Hg (20.0 kPa). In the conservative intervention group oxygen was titrated
to maintain the PaO; between 70 to 100 mm Hg (9.3 kPa to 13.3 kPa) or SpO, between
94% to 98%; and discontinued if possible. Management also differed for procedures
such as intubation, suction and hospital transfer; control patients received an FiO, of 1.0
and intervention patients only received supplemental oxygen if SpO, fell below 94%.
Arterial blood gas (ABG) testing beyond a daily sample was dictated by clinical need, the
treating physician decided on other aspects of care. Time-weighted averages were used
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to compare the PaO, and FiO; values between groups.

The primary outcome measure was ICU mortality, assessed in a modified intention-to-
treat (ITT) population comprising those randomised patients with an ICU length of stay
over 72 hours and a daily ABG. Pre-specified secondary outcomes included new organ-
failures, microbiologically confirmed infections and re-operation in surgical patients. All
outcomes were also assessed in a true ITT population. The planned recruitment of 660
patients would have 80% power (2-sided a=0.05) to detect a 6% absolute change from
the predicted 23% ICU mortality in the control group.

The trial was halted early after an earthquake seriously damaged the hospital and
recruitment slowed. At this stage 1045 patients had been screened over a 30-month
period. 565 were excluded: 108 were children; 310 expected to stay <3 days; 52 admitted
with COPD and 13 severe ARDS; 41 had treatment limitations and 17 were neutropaenic.
480 patients were randomised, all received the intervention, but only 434 patients (216
and 218 in the conservative and conventional oxygen groups, respectively) were
included in the modified ITT analysis (35 had <72 hour ICU stay, 9 no daily ABG and 2
withdrew consent.) Baseline characteristics in each group were similar. Median age was
64 years, 57% were male and 62% post-surgery. Median SAPS Il score was 38, 67% were
mechanically ventilated, 32% had shock, 15% renal failure and 20% hepatic failure.

The conventional group received more oxygen and had higher median time-weighted
PaO; values (102 mm Hg (IQR 88 to 116) vs 87 mm Hg (IQR 79 to 97), P <0.001). There
was no statistically significant excess in PaO, values <70 mm Hg with conservative
oxygen therapy (median 1 event (IQR 0 to 2) in both groups. ICU mortality was
significantly lower in the conservative oxygen group (11.6% vs 20.2%; RR, 0.57, 95% ClI,
0.37 to 0.90; P=0.01). Hospital mortality was also reduced. There were significant
(P<0.05) differences in favour of conservative oxygen therapy in 4 of the 13 secondary
outcomes presented (new shock, new liver failure, new bacteraemia and ventilation-free
hours). There was no significant difference in ICU (or hospital) length of stay or
progression of organ failure. Analysing the true ITT population did not significantly
change the results.

Study critique

This is a significant addition to the critical care literature. The improved ICU mortality
seen with conservative oxygen administration could be consistent with current
understanding of critical illness; with little evidence for aggressive over-correction of
physiological derangement;' but had not been demonstrated in an ICU randomised
controlled trial previously. The study was appropriately randomised, had a clear oxygen
administration protocol and achieved a statistically significant separation in both
delivered oxygen and measured PaO, between the two groups. There are, however,
several issues to consider if applying this study to current practice.
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Bedside nurses and clinicians were aware of the group allocation, delivered FiO, and
measured Pa0, values, which could potentially introduce bias but was probably required
for safe care. The ability of time-weighted averages to accurately reflect variations in
PaO. depends on the frequency of ABG sampling which was uncontrolled and
unfortunately not reported; conceivably, the separation in oxygenation between the
groups could well have been under- or over-stated. SpO; is not a reliable alternative as a
indicator of PaO, due to its vulnerability to changes in oxyhaemoglobin dissociation.

The study was halted early after an earthquake significantly disrupted the infrastructure
of the recruiting hospital and it was calculated the study would have taken over 4 years
to complete. An unplanned interim analysis at this stage confirmed a positive result for
the primary endpoint but this was a fragile result - if 3 more patients in the conservative
group had died significance would have been lost. It is notable in this context that 2
patients withdrew consent and were excluded from the analysis. Halting studies early
has been shown to potentially exaggerate the treatment effect of the intervention.®

The decision to analyse primarily by “modifying” the ITT population is questionable.
Patients not remaining for 72 hours in ICU were excluded after randomisation,
reportedly to avoid incomplete data collection. This may have aided the evaluation of
secondary endpoints but would have compromised the primary outcome assessment if
one of the strategies increased early ICU mortality or facilitated early discharge. Of note
this modification was not documented in the original trial protocol (electronic
supplement) and was unnecessary if the study was adequately powered, as the entry
criteria required an expected length of stay over 72 hours. Excluding patients without a
daily ABG could also introduce bias if the higher SpO, values in the conventional group
meant less samples were taken. Reassuringly the authors present the true ITT data in
the electronic supplementary material and there are no important outcome differences.

This was not a study of permissive hypoxia, with the conservative group titrated to
‘normal’ targets (SpO2 94% to 98% and PaO, 70 to 100 mm Hg). Despite statistically
significant separation in oxygenation there was considerable overlap in both target
oxygen saturations (97% to 98% was acceptable in both groups) and in the measured
time-weighted PaO; (shown by an overlap in the reported inter-quartile ranges and
graphically in the supplementary data). Increased group separation may have changed
outcomes.

It could be argued the trial really examined the safety of liberal oxygen administration;
in the conventional arm FiO, was not reduced below 0.4 unless the PaO; exceeded 150
mm Hg (20 kPa); and 100% oxygen given for procedures and transfers. The study
reported the frequency of hypoxic events but did not report the corresponding
frequency of hyperoxia; of note, the highest recorded patient median time-weighted
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Pa0; in the conventional group was 220 mm Hg (29.3 kPa). The excess mortality seen in
this group may be evidence of harm. It is noteworthy that the target PaO, in a recent
trial examining the use of neuromuscular blockers in ARDS was 55 - 80 mm Hg.® Future
trials may examine true permissive hypoxaemia, or at least balance separating
oxygenation between groups whilst avoiding excess hyperoxia.

The patients in the conventional group had numerically higher rates of age, co-
morbidities, organ failures and SAPS Il score which, although individually non-significant,
could conceivably together have impacted on outcome. Lastly, there appear to be two
typographical mistakes in the published manuscript, which imply the conventional group
had more hypoxaemic ABG results and less new infections, which are contradicted by the
given data.

For the above reasons this trial should be replicated in a multi-centre setting with
adequate power to identify a mortality benefit of less magnitude than seen in this pilot
study.

Where this sits in the body of evidence

Two large retrospective cohort studies suggested a potential harmful association
between hyperoxia and ICU outcome.”® These were countered by publications utilising
similar methodologies but applied to the Australian and New Zealand Intensive Care
Society (ANZICS) database.®'® Prospective studies in this area are limited to non-ICU
studies™ a before-and-after ICU trial'* and a pilot multi-centre ICU study reviewed in this
book™.

In 2008 de Jonge et al reviewed data on 36,307 patients admitted between 1999 and
2006 from the Dutch national intensive care registry.” Regression analysis revealed a ‘U’
shaped relationship between Ffirst-24 hour PaO, and in-hospital mortality, which
remained after correction for demographics and SAPS Il score (PaO, =16 kPa associated
with OR for mortality of 1.23; 95% Cl 1.13 to 1.34). Beyond 24 hours a high FiO, (but not
Pa0;) was a predictor of mortality independent of selected potential confounders
including Pa0O,:FiO; ratio and SAPS Il score.

In 2010 the EMShockNet investigators published a retrospective cohort study of 6326
post-cardiac arrest patients admitted to 120 US ICUs from 2001-05.8 Overall survival was
44%, 34% with functional independence. Mortality was significantly higher in the
hyperoxaemia (PaO, =300 mm Hg) group than both the ‘hypoxia’ (PaO, <60 mm Hg or
Pa0,:FiO, <300 mm Hg) group (63% vs 57%, difference 6%, 95% Cl, 3 to 9%; P<0.001);
and than the ‘normoxaemia’ (other PaO; values) group (63% vs 45%, difference 18%;
95% Cl, 14 to 22%; P<0.001). Oxidative stress following reperfusion was the suggested
pathological mechanism. Unfortunately the use of PaO,:FiO, categorised some patients
with impaired oxygen transfer as hypoxic despite a normal or high PaO.. In a subsequent
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publication the same authors described a dose-dependent relationship between the
highest PaO; in the First 24 hours in ICU and in-hospital mortality (6% increase in
mortality per 25 mm Hg increase in Pa0,).'®

In contrast Bellomo et al in 2011 applied the same methodology to the ANZICS ICU
database and found that when corrected for potential confounders, including FiO,,
hyperoxia was not an independent predictor of mortality in 12,108 post non-traumatic
cardiac arrest patients.’ This group also separately analyses patients with true hypoxia
(PaO, < 60mm Hg), which was associated with poor outcomes.

In 2012 Eastwood et al retrospectively extracted first-24 hour oxygenation data from the
ANZICS database for 152,680 patients admitted to Australian and New Zealand ICUs
from 2000 to 2009." Hyperoxia (PaO, >120 mm Hg (16 kPa)) was present in 49.8%. When
adjusted for baseline characteristics and illness severity there was no association
between raised PaO, and in-hospital mortality.

In 2014 the same methodology was used to examine outcomes following cardiac surgery
in 83,060 patients identified from the ANZICS database and admitted between 2003 and
2012." There was no association between first-24 hour hypoxia and ICU mortality when
‘hyperoxic’ patients were compared to ‘nontoxic’; there was a clinically insignificant (0.1
day) difference in ICU and hospital length of stay that was statistically significant.

In 2012 data on 2,463 mechanically ventilated patients with ischaemic stroke (identified
by APACHE Il coding) admitted between 2000 and 2009 was extracted from the ANZICS
database.” Median PaO, was 117 mm Hg (IQR 87 to 196 mm Hg). There was no
association between recorded first-24 hour PaO; levels and clinical outcomes (mortality,
length of stay or discharge home).

In 2015 the AVOID investigators randomised 638 patients with suspected acute
myocardial infarction (MI) to 8 |/min supplemental oxygen or oxygen only if SpO; fell
below 94%."* The primary analysis was restricted to 441 patients with confirmed ST-
elevation MI. There was a significantly raised mean peak creatinine kinase (but not
troponin-T) in the supplemental oxygen group (RR 1.26, 95% Cl, 1.05 to 1.52, P=0.01).
The supplemental oxygen group also had significantly more dysrhythmias and re-
infarctions within hospital (but not by 6 months) and a larger 6-month infarct size in the
127 patients evaluated for this outcome.

In @ 2014 before-and-after feasibility study in a single Australian ICU 54 mechanically
ventilated adults treated with a conservative oxygen protocol (target SpO, 90% to 92%)
were compared with 51 prior patients treated at clinician discretion.” Whilst separation
was achieved with the conservative group having significantly lower SpO,, PaO, and FiO,
values on time-weighted analysis there was no difference in the chosen primary
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outcome of Pa0,:FiO,. Exploratory secondary outcomes did not suggest harm. The
conventional group had been the subject of a previously published observational cohort

study by the same authors."

In a 2016 multi-centre unblinded pilot study Panwar et al randomised 103 mechanically
ventilated ICU patients to a conservative (SpO. 88 to 92%) or liberal (SpO. =96%)
oxygenation strategy.’” Significant group separation was achieved for mean SpO,, PaO,

and FiO; values measured by area-under-curve analysis (primary endpoints, P<0.001
all). There was an increase in vasopressor dose and arterial desaturations in

for
the

conservative group but no significant differences in any of the other 17 pre-specified

secondary outcomes including length of stay and mortality metrics.

Should we implement this into our practice?
Probably. There seems to be no reason to intentionally target a supra-normal PaO: in

general ICU populations. A large multi-centre randomised controlled trial is needed to
establish whether the mortality benefit seen with normoxia in this study is replicable.
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Introduction

Organ system Failures can develop from a myriad of pathological insults, with variable
contributions from pre-existing disease and host immune responses. Most intensive
care unit (ICU) interventions can be classified as supportive rather than disease-
modifying and are applied generically alongside disease-specific therapies. Much recent
ICU research has focused on identifying benefit or harm within these realms, studying
areas such as mechanical ventilation, fluid administration and renal replacement
therapy." Oxygen therapy is one such area, with prior focus ranging from a pursuit of
maximal tissue oxygen delivery to an awareness of the harmful pulmonary effects of
high inspired oxygen concentrations in ARDS.*

Several large-scale retrospective studies have suggested hyperoxaemia (high PaO,) may
be associated with harm in both specific disease states and generic ICU populations.>®
The Australian and New Zealand Intensive Care Society (ANZICS) trial groups have
published large cohort studies of similar patient groups that have challenged these
results and not associated hyperoxaemia with harm.”" The same group has previously
delivered landmark pragmatic randomised controlled trials examining aspects of
supportive ICU care that have changed international practice.>'' In this study the
ANZICS group randomised patients between a conservative and liberal oxygenation
strategy, designed to be a pilot study to inform a future large-scale trial examining
outcomes from these strategies in the critically ill.

Study synopsis

This randomised controlled trial was conducted between 2013 and 2014 in 4 ICUs in
Australasia and France. Ethical approval and informed patient / surrogate consent were
obtained. Eligible patients were receiving invasive mechanical ventilation (MV) for less
than 24 hours and which was expected to continue for at least 24 hours further.
Exclusion criteria were lack of clinician equipoise, pregnancy or expected imminent
death. Randomisation was computerised and by random block sizes.

The intervention was delivered by the bedside staff titrating the FiO, between 0.21 and
0.80 with a target SpO; of 88% to 92% in the conservative arm and = 96% in the liberal
oxygenation group; continued for the duration of MV unless the FiO, was =0.6 and the
treating physician deemed an altered target necessary. Positive end-expiratory pressure
(PEEP) levels were clinician-decided also. Four-hourly data for oxygenation settings and
parameters were recorded for 7 days.
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As a pilot study there was no formal power calculation and primary endpoints were
based on achieving separation between the groups (difference in SpO;, Sa0,, PaO; and
FiO, by area-under-curve (AUC) analysis over the course of the study). Clinical outcomes
such as mortality, length of stay, change in organ-failure scores and ventilator-free days
were pre-specified secondary endpoints.

104 out of 357 screened patients were enrolled, with 53 and 51 patients randomised to
the conservative and liberal oxygenation groups respectively. Most (120) screened
patients were excluded as they had received >24 hours of MV, with 69 excluded as the
clinician lacked equipoise. One patient later withdrew consent; the remaining 103
patients were included in the intention-to-treat analysis. Baseline characteristics were
similar in the conservative and liberal oxygenation groups: mean age was 62.4 in both;
62% / 65% were male and 75% / 80% medical admissions respectively. Median APACHE
Ill score was non-significantly higher in the conservative group (79.5 vs 70; P=0.06) and
baseline mean Pa0,:FiO, ratios were similar (248 vs 247 mm Hg).

There was statistically significant (P<0.001) separation in all oxygenation parameters
between the groups when measured by AUC analysis over 7 days (primary outcomes).
The conservative oxygenation arm had a mean (95% Cl) SpO. of 93.4% (92.9% to 93.9%);
mean FiO, of 0.26 (0.25 to 0.28) and mean PaO; of 70 mm Hg (68 to 73 mm Hg). The
liberal arm had a mean SpO; of 97% (96.5 to 97.5%); mean FiO, of 0.36 (0.34 to 0.39) and
mean PaO; of 92 mm Hg (89 - 96 mm Hg). The conservative group spent significantly
more time outside the target SpO, range (14% vs 3%; P<0.001, mainly above target) and
had significantly more oxygen desaturation episodes (SpO. <86% for >5 minutes, median
1 per patient vs 0 per patient; P <0.01). The liberal oxygenation group had significantly
more SpO, and PaO, readings in the hyperoxic range: SpO, >98% with FiO, >0.21 22% vs
4% of readings, P<0.001; PaO; >120 mm Hg with FiO; >0.21 13% vs 3% of readings;
P<0.001.

There were no statistically significant effects of the interventions on the measured
clinical secondary outcomes (change in SOFA score or PaO,:FiO; ratio; onset of ARDS;
change in creatinine; days free from ventilation, vasopressors or arrhythmias; ICU or 90-
day mortality; ICU or hospital length of stay). Median vasopressor dose was significantly
less in the liberal oxygenation group (0.04 vs 0.08 ug/kg/min; P=0.009); possibly due to a
vasoconstrictor effect of high tissue oxygen levels, duration of vasopressor use did not
differ. Fluid balance and ventilatory parameters including PEEP, airway pressures, tidal
volumes and minute ventilation also did not differ between the two study arms. No
significant effects were seen on the prespecified subgroup analyses of patients with a
baseline Pa0,:FiO; ratio less than 300 mm Hg or when survivors were compared with
NON-SUrvVivors.
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Study critique

This was a successful pilot study, demonstrating consistent application of the chosen
protocol resulting in clear statistical separation of the oxygenation parameters between
the two groups. Large amounts of detailed longitudinal oxygenation data are presented
in the paper and online supplement that would inform the design of a follow-up study.
The group was able also to collect and present comprehensive information on clinical
outcomes. Despite being multi-centre and international the number of patients
recruited was small and the authors correctly emphasise the risk of over-interpreting the
clinical outcome data as evidence of the safety (or lack of benefit) of a conservative
oxygenation strategy. There are several factors worth considering, especially if
comparing the results of this study to the significant outcome benefit from a
conservative oxygenation strategy found in the Oxygen-ICU trial also published this
year."

This pilot study really compared two controlled oxygenation strategies, with the liberal
oxygenation group having a mean FiO; of 0.36, giving a mean PaO; in the normal range
(92 mm Hg, 12.3 kPa) and a PaO; >120 mm Hg (16kPa) on only 13% of time points during
the Ffirst 7 days. The protocol in this group allowed a reduction in FiO; if the SpO; was >
96%. This is in contrast to the protocol for the Oxygen-ICU study wherein the liberal
oxygenation arm received a FiO; of at least 0.4 unless the PaO, rose above 150 mm Hg
(20 kPa); and is also more conservative than that seen in uncontrolled observational
studies in this field. The frequency of PaO, values above 150mm Hg in the CLOSE study is
unfortunately not presented but was presumably uncommon. It is feasible the CLOSE
protocol achieved statistical group separation without the magnitude of difference
required to show a clinical benefit.

The primary use of SpO,, rather than Pa0,, as a target is consistent with common clinical
practice, but SpO; varies depending on factors that affect the oxygen-haemoglobin
dissociation curve including PaCO; and pH as well as PaO,, and therefore may not reliably
identify hyperoxaemia. PaO; is not an ideal alternative to this however as its accuracy
depends on the frequency of ABG sampling.

There was considerable overlap in SpO; levels between groups, largely due to
conservative group patients either having a SpO, above target without supplemental
oxygen or receiving supplementary oxygen when the trial protocol suggested it was
unnecessary. Both of these may have diminished any treatment effect.

The investigators comment on other potential limitations to their study including the
lack of blinding and Failure to assess delirium rates or ventilatory parameters such as
plateau pressure. The latter are worthy of consideration for Future study but it is
difficult to envision a protocol that can safely blind bedside clinicians to the delivered
oxygen concentration. Similarly, the allowance for clinician decision-making with regards
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to equipoise when screening patients and if clinical circumstances demanded could be
seen as a strength.

As there was no signal of any potential mortality benefit with the intervention the
primary aim of a larger trial with the same methodology may be to more firmly establish
the safety of the conservative oxygen strategy. The manuscript provides workings
explaining that based on subgroup analysis of the CLOSE data an 800 patient study
would be adequately powered to detect a 2.6 day difference in ventilator-free days; a
much larger study would undoubtedly be required if mortality was the chosen endpoint
as any difference is likely to be small.

This highlights the importance of the care given in the non-intervention group to trial
design. Previous single-centre critical care studies have had positive results but been
criticised due to potential excess mortality in the control group;''> and the ANZICS trial
groups have subsequently delivered pragmatic large multi-centre studies which have
established the safety of routine care delivered in high-quality institutions.>" This allows
confidence that potential harm from generic ICU ‘therapies’ is minimised whilst still
allowing for beneficial effects to be looked for in specific patient or disease groups. In
this context, it could be argued that the CLOSE liberal oxygenation strategy delivering
modest hyperoxia is ethically more appropriate for future study than the (possibly
harmful) excess hyperoxia seen in the Oxygen-ICU control arm. Hopefully the planned
ANZICS trial group study aiming to recruit 1,000 patients to conservative or standard
oxygen therapy (ICU-ROX, CTG 1415-04) may give further insights into this crucial area of
ICU care.®

Where this sits in the body of evidence

Two large retrospective cohort studies suggested a potential harmful association
between hyperoxia and ICU outcome.® The ANZICS trials group cohort studies generally
refuted these’" Prospective studies in this area are limited to non-ICU studies,’® a
before-and-after ICU trial” and the Oxygen-ICU trial."

In 2008 de Jonge et al reviewed data on 36,307 patients admitted between 1999 and
2006 from the Dutch national intensive care registry.® Regression analysis revealed a ‘U’
shaped relationship between Ffirst-24 hour PaO, and in-hospital mortality, which
remained after correction For demographics and SAPS Il score (PaO, =16 kPa associated
with OR for mortality of 1.23; 95% Cl, 1.13 to 1.34). Beyond 24 hours a high FiO; (but not
Pa0;) was a predictor of mortality independent of selected potential confounders
including Pa0O,:FiO, ratio and SAPS Il score.

In 2010 the EMShockNet investigators published a retrospective cohort study of 6326
post-cardiac arrest patients admitted to 120 US ICUs from 2001-2005.¢ Overall survival
was 44%, 34% with independent functional status. Mortality was significantly higher in
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the hyperoxaemia (PaO, 2300 mm Hg) group than both the ‘hypoxia’ (PaO, <60 mm Hg or
Pa0,:FiO, <300) group (63% vs 57%, difference 6% (95% Cl 3-9%, P<0.001)); and than the
‘normoxaemia’ (other PaO; values) group (63% vs 45%, difference 18% (95% ClI 14-22%,
P<0.001)). Oxidative stress following reperfusion was the suggested pathological
mechanism. Unfortunately the use of PaO,:FiO, ratios would categorise patients with
impaired oxygen transfer as hypoxic despite a normal or high PaO.. In a subsequent
publication the same authors described a dose-dependent relationship between the
highest PaO; in the First 24 hours in ICU and in-hospital mortality (6% increase in
mortality per 25 mm Hg increase in Pa0,).%

In contrast Bellomo et al in 2011 applied the same methodology to the ANZICS ICU
database and found that when corrected for potential confounders including FiO;
hyperoxia was not an independent predictor of mortality in 12,108 post non-traumatic
cardiac arrest patients.” This group also separately analysed patients with true hypoxia
(Pa0O, < 60mm Hg), which was associated with poor outcomes.

In 2012 Eastwood et al retrospectively extracted first-24 hour oxygenation data from the
ANZICS database for 152,680 patients admitted to Australian and New Zealand ICUs
from 2000 to 2009.8 Hyperoxia (PaO, >120 mm Hg (16 kPa)) was present in 49.8%. When
adjusted for baseline characteristics and illness severity there was no association
between raised PaO; and in-hospital mortality.

In 2014 the same methodology was used to examine outcomes following cardiac surgery
in 83,060 patients identified from the ANZICS database and admitted between 2003 and
2012.° There was no association between first-24 hour hypoxia and ICU mortality when
‘hyperoxic’ patients were compared to ‘normoxic’; there was a clinically insignificant (0.1
day) difference in ICU and hospital length of stay that was statistically significant.

In 2012 data on 2463 mechanically ventilated patients with ischaemic stroke (identified
by APACHE lIl coding) admitted between 2000 and 2009 was extracted from the ANZICS
database.” Median PaO, was 117 mm Hg (IQR 87 to 196 mm Hg). There was no
association between recorded first-24 hour PaO; levels and clinical outcomes (mortality,
length of stay or discharge home).

In 2015 the AVOID investigators randomised 638 patients with suspected acute
myocardial infarction (MI) to 8l/min supplemental oxygen or oxygen only if SpO; fell
below 94%.'® The primary analysis was restricted to 441 patients with confirmed ST-
elevation MI. There was a significantly raised mean peak creatinine kinase (but not
troponin-T) in the supplemental oxygen group (RR 1.26; 95% Cl 1.05 to 1.52; P=0.01). The
supplemental oxygen group also had significantly more dysrhythmias and re-infarctions
within hospital (but not by 6 months) and a larger 6-month infarct size in the 127
patients evaluated for this outcome.
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In a 2014 before-and-after feasibility study in a single Australian ICU 54 mechanically
ventilated adults treated with a conservative oxygen protocol (target SpO, 90% to 92%)
were compared with 51 prior patients treated at clinician discretion.” Whilst separation
was achieved with the conservative group having significantly lower SpO,, PaO; and FiO;
values on time-weighted analysis there was no difference in the chosen primary
outcome of Pa0,:FiO; ratios. Exploratory secondary outcomes did not suggest harm. The
conventional group had been the subject of a previously published observational cohort
study by the same authors.?'

In 2016 the Oxygen-ICU investigators randomised 480 ICU patients to conservative
(Pa0O2 70 to 100 mm Hg, SpO2 94 to 98%) or conventional (Pa02 <150 mm Hg or Sp0O2
>97%) oxygen therapy in a single Italian ICU; 434 were included in a modified intention-
to-treat analysis.™ ICU mortality was significantly lower in the conservative group (11.6%
vs 20.2%; ARR, 0.086; 95% Cl, 0.017 to 0.150; P=0.01). The trial was halted early after an
earthquake disrupted the hospital infrastructure and recruitment slowed.

Should we change to routinely using conservative oxygen for ventilated patients?
No. This was a pilot study of 2 controlled oxygenation strategies and not powered for
clinical outcomes; whilst awaiting further study extremes of oxygenation should
probably not be routine targets in the critically ill.
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DIABOLO

Faisy C, Meziani F, Planquette B, Clavel M, Gacouin A, Bornstain C, et al. Effect
of Acetazolamide vs Placebo on Duration of Invasive Mechanical Ventilation
Among Patients With Chronic Obstructive Pulmonary Disease. A Randomised
Clinical Trial. JAMA 2016;315(5):480-488

Introduction

Chronic obstructive pulmonary disease (COPD) is characterised by irreversible airflow
limitation and caused by both small airway disease and destruction of lung parenchyma.
Exacerbation of COPD is a frequent cause of ICU admission. Patients with this condition
often present a challenge in weaning from mechanical ventilation and can have a
hospital mortality of up to 24%. For those admitted to ICU over the age of 60, mortality
can increase from 30% at hospital discharge to 59% at 1 year.?

Respiratory acidosis and metabolic alkalosis are the most common acid-base
disturbances seen in mechanically ventilated COPD patients. Aside from occurring
secondary to hypercapnoea, metabolic alkalosis can also occur develop for other
reasons, such as steroid use, diuretic use, hypokalaemia and hypophosphataemia.® The
presence of metabolic alkalosis has also been associated with increased morbidity and
mortality.* The carbonic anhydrase inhibitor, acetazolamide, has been used for decades
as a respiratory stimulant in patients with COPD and metabolic alkalosis.® The reduction
in pH associated with the use of acetazolamide in metabolic alkalosis is thought to be
mediated via a reduction in the serum strong ion difference through increased tubular
sodium excretion and chloride retention.®

Although the biochemical effects of acetazolamide are well known, whether these
translate into clinically relevant outcomes is much less clear. Evidence for the use of
acetazolamide in mechanically ventilated COPD patients is confined to two small
retrospective case-control studies.®’” No previous randomised controlled trials have been
published regarding whether or not acetazolamide reduces the duration of mechanical
ventilation in COPD patients requiring invasive mechanical ventilation. As such this trial
is an important addition to the literature.

Study synopsis

DIABOLO was a multi-centre randomised, double-blind, placebo-controlled trial
undertaken in 15 intensive care units in France. The investigators hypothesized that
acetazolamide, in doses of = 1,000 mg/day, would shorten the duration of mechanical
ventilation in critically ill patients with COPD.

Patients with a history of COPD were eligible for enrolment if they were admitted to ICU
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and required invasive mechanical ventilation. Within 24 hours of initiation of invasive
ventilation patients were randomised to receive either 500mg or 1,000 mg (when loop
diuretics were co-prescribed) of acetazolamide twice daily or placebo (10ml of saline),
for a maximum of 28 days. Randomised patients only received study drug if they
developed either a pure or a mixed metabolic alkalosis. Metabolic alkalosis was defined
as serum bicarbonate of more than 26mEgq/L and arterial pH of 7.35 or more.

Randomisation was via computer-generated assignment sequence in a centralized,
blinded fashion. Stratification by centre and for baseline respiratory status of the
patient occurred. The primary end-point was the duration of invasive ventilation. When
calculating the sample size the authors used data from previous preliminary work. 380
patients were required to identify a 15% relative reduction in duration of mechanical
ventilation, from a median (IQR) of 12 (5) days to be enrolled to achieve 80% power at a
2-sided a level of 0.05. Analyses were performed on the intention-to-treat population
and then confirmed on the per-protocol population (defined as the set of patients who
did not perform any protocol violation that may interfere with primary criteria
evaluation).

694 patients were assessed for eligibility. 382 were randomised — 188 to receive
acetazolamide and 194 to the placebo group. One patient in each group was incorrectly
included in randomisation leaving an intention-to-treat population of 380 patients.
28.3% (n=53) of patients in the acetazolamide group and 22.2% (n=43) of patients in the
placebo group did not receive the intervention as randomised, because these patients
either did not develop a metabolic alkalosis or had a temporary contraindication.

The two groups were well matched at baseline for age, sex and severity of illness (SAPS
I and SOFA) scores. Groups were balanced in terms of respiratory status before
hospitalization (26% of patients in each group were on home oxygen therapy). Use of
glucocorticoids and loop diuretics prior to hospitalisation was also well matched
between groups. Laboratory measurements at inclusion showed that serum protein,
creatinine and potassium levels were similar in both groups. The mean pH and serum
bicarbonate (mEg/L), at enrolment did not differ between groups, 7.32 (0.11) vs 7.30
(0.12) and 26.9 (6.9) vs 27.4 (6.6) respectively. The mean PaCO, (mm Hg) was 52.5 (16) vs
55.6 (17) in the acetazolamide vs placebo groups, respectively.

The most common reason for invasive ventilation in both treatment groups was
community-acquired pneumonia, at 44.3% and 43%. More patients in the acetazolamide
group had left ventricular insufficiency as a cause for invasive ventilation 43 (23%) vs 32
(16.6%). Other diagnoses accounted for 27.8% and 22.8% of the reasons for invasive
ventilation in the treatment and control groups, respectively.

Readiness to wean was defined according to the criteria of the Sixth International
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Consensus Conference on Intensive Care Medicine (2005).” Weaning was tailored by the
treating clinician but involved reductions in pressure support or volume assisted
ventilation with progressively longer times on a T-piece. Criteria for extubation and re-
intubation were standardized. Prophylactic use of non-invasive ventilation was
permitted. If patients did not require the reintroduction of invasive ventilation within 48
hours of extubation, the weaning was defined as a success.

The total durations of invasive ventilation were (median/IQR) 136.5 hours (68.7 to 234.7)
in the acetazolamide group vs 163 (86.2 to 242.9) in the placebo group. The between-
group difference of -16.0 hours (95% ClI, -36.5 to 4) did not reach statistical significance.
Secondary outcomes, such as duration of weaning off invasive ventilation, numbers of
spontaneous breathing trials, use of tracheostomy or non-invasive ventilation after
extubation, length of ICU stay and ICU mortality rate did not differ significantly between
groups.

Acetazolamide achieved significantly larger decreases in the median daily serum
bicarbonate (-0.3 mEg/L; IQR, -1 to 0.4 mEg/L vs 0.3 mEqg/L; IQR, -0.2 to 1.3 mEq/L).
Median daily PaO,:FiO; (7.8 mm Hg; IQR, -1.5 to 20.5 mm Hg vs 3.5 mm Hg; IQR, -5.2 to
13.9 mm Hg) was significantly greater in the acetazolamide group compared with
placebo. The number of days with metabolic alkalosis and treatment doses were also
significantly lower in the acetazolamide group, 2 vs 4 days and 2 vs 6 days, respectively.
No significant differences were identified in any post hoc subgroup analysis.

Study critique

Although the theoretical basis for this trial was sound and clear definitions were used
throughout, in attempting to explain the lack of beneficial effect of acetazolamide on
duration of mechanical ventilation seen in this trial, the study population requires
particular discussion.

The patients in this trial were a heterogenous group of predominantly medical patients
with COPD. A significant proportion had left ventricular insufficiency as a cause for
invasive ventilation and many had either unknown or other causes - 33.1% vs 27.5% in
the treatment and control groups, respectively. This was therefore not a study
population of patients admitted with a severe exacerbation of COPD, rather a study of
patients admitted to ICU who also had COPD. A more homogenous COPD study
population, with exacerbation of COPD as the primary reason for intubation, may
arguably have led to differing results.

The mean pH in both groups at baseline indicated an acidaemia as the predominant
metabolic process which was present rather than an alkalaemia. Baseline serum
potassium, protein and renal function was similar between groups. Cumulative Fluid
balance of the groups was not measured. Only 59 out of 187 (31.5%) patients had a pure
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metabolic alkalosis at baseline in the acetazolamide group compared to 50 out of 193
(26%) in the placebo group. The majority of patients in this trial had at best, a mild mixed
metabolic alkalosis. Again this begs the question of whether the correct patient group
from a metabolic point of view, was targeted in this study.

Patients were randomised within 24 hours of invasive ventilation and test treatment was
administered from day 1 in those with metabolic alkalosis. The degree of metabolic
alkalosis in this patient group may have been too mild and perhaps treatment started
too early to elucidate any statistically significant difference between groups. 53 out of
187 (28%) patients in the acetazolamide group and 43 out of 194 (22%) patients in the
placebo group never received any intervention as although they met inclusion criteria
for the study (COPD and mechanical ventilation) they failed to develop the necessary
metabolic alkalosis to receive the study drug. This highlights the relatively benign
eligibility criteria for inclusion in the trial and lends further credence to the argument
that the phenotype of this study population prevented the study question from being
answered.

Post hoc subgroup analyses included those patients ventilated for longer than 96 hours
and those with a pure metabolic alkalosis at baseline. In neither of these patient groups
was the duration of weaning or invasive ventilation shorter in the acetazolamide group
compared to placebo. Acetazolamide had no significant impact on minute ventilation in
this trial. A higher dose of acetazolamide was used in this study compared to previous
uncontrolled studies but the mean change in serum bicarbonate in the treatment group
was very low (-0.3mEg/L) and the mean change in pH in the acetazolamide group was 0.
These laboratory findings suggest perhaps that the dose used was inadequate to create
the biochemical conditions necessary to stimulate the respiratory centres and hence
reduce the duration of mechanical ventilation.

In planning the trial, the investigators estimated a median duration of invasive
ventilation in the placebo group of 12 days. The trial was prospectively powered to
detect a 15% difference in invasive ventilation duration. The observed median duration
of invasive ventilation in both groups was lower than anticipated for statistical power.
The clinically important reduction in duration of invasive ventilation in the acetazolamide
group may therefore not have reached statistical significance due to lack of power.

Where this sits in the body of evidence

In a single-centred, retrospective case-control study, with 1:1 matching, patients were
identified and defined as cases if they had received 500mg acetazolamide and
considered as controls if they had not. 36 patients in each group were matched
according to age, SAPSII score, arterial pH and PaO,:FiO, on admission. Patients who had
received acetazolamide were found to have significantly reduced serum bicarbonate,
PaCO; and pH compared with controls. There were no differences detected for ICU
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length of stay or ICU mortality although the study lacked the necessary power to detect
differences in clinical outcome measures.®

In another single-centred case-control study, 26 intubated COPD patients with a mixed
metabolic alkalosis received a single daily dose of 500mg of acetazolamide. This group
was compared with a historical control group who were matched for age, severity of
illness, serum bicarbonate and arterial pH. Although acetazolamide reduced serum
bicarbonate there was no effect on PaCO; or respiratory parameters in weaning COPD
patients from invasive ventilation.®

In a single-centred randomised, double-blind trial, 40 mechanically ventilated patients,
with COPD or asthma, who also had a metabolic alkalosis (arterial pH > 7.48 and serum
bicarbonate = 26 mEg/L), were randomised to receive either a single intravenous dose of
500mg of acetazolamide or 250mg 6-hourly for a total of 4 doses. Data was collected for
serum bicarbonate, serum potassium, arterial pH, urine chloride and pH for the following
72 hours. Both dosing regimens were found to significantly reduce the serum
bicarbonate concentration. No significant differences were found at any point during
the study between the two dosing regimens for serum bicarbonate, serum potassium or
urine chloride end points. There was no difference between diuretic and non-diuretic
treated patients. No clinically relevant end point was assessed in this study.°

The optimal dosage of acetazolamide in ICU patients is not known. In a single-centre
retrospective observational study Heming et al, used pharmacodynamic modelling and
simulation, to assess the effect of different acetazolamide doses on physiological
respiratory parameters (mode of mechanical ventilation, respiratory rate, tidal volume
and minute ventilation). Only slightly increased minute ventilation without decreased
PaCO; levels were seen in response to doses of 250mg-500mg twice daily. Simulations
indicated that doses of >1,000mg/day would be needed to significantly increase minute
ventilation. Pharmacodynamic modelling and simulation suggests the mechanism of this
increase would be via an increase in respiratory rate rather than tidal volume.!!

The TRAMA Trial (NCT01499485) is another phase Il double-blind, multi-centre,
randomised controlled trial involving Spanish ICUs. This trial will analyse whether
treatment with acetazolamide, of intubated patients suffering from COPD or obesity
hypoventilation syndrome, reduces the duration of mechanical ventilation. Eligible
patients were randomised to receive either 500mg of acetazolamide or placebo. It has
completed recruitment and data collection.?

Should we implement this into our practice?

No. This trial does not support the use of acetazolamide to reduce the duration of
mechanical ventilation in invasively ventilated COPD patients with mild mixed metabolic
alkalosis.
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Rehabilitation in Acute Respiratory Failure

Morris PE, Berry MJ, Files DC, Thompson JC, Hauser J, Floreset L et al.
Standardized Rehabilitation and Hospital Length of Stay Among Patients
With Acute Respiratory Failure A randomised Clinical Trial. JAMA 2016;
315(24):2694-2702

Introduction

Survival after critical illness is associated with physical disability, reduced quality of life
and psychological problems.! This multi-faceted spectrum of sequelae following critical
illness has been termed ‘post intensive care syndrome’.? Patients suffer from extreme
fatigue and muscle weakness which may delay rehabilitation.? Skeletal muscle wasting is
a common complication and is associated with the severity of illness and duration of
mechanical ventilation.** Rehabilitation is a key strategy in the recovery of patients after
critical illness. However, despite improved awareness, our understanding of the
pathophysiology of post intensive care syndrome remains limited.® Hence, the optimum
treatment strategy remains elusive. Early interventions (in the intensive care) aimed at
the prevention of muscle atrophy may improve outcome.”® However early rehabilitation
may not always be practical or even possible. Furthermore, the efficacy of intervention
in the intensive care is not entirely established.® Post intensive care rehabilitation trials
when physiotherapy may be more easily delivered however, have not been able to
conclusively demonstrate improved outcomes.” Rehabilitation after intensive care
discharge may be too late or perhaps the most efficacious intervention has not been
investigated. Current evidence for the timing, duration and method of rehabilitation is
limited. Despite the paucity of evidence, guidelines recommend post critical illness
rehabilitation.’ Therefore further research in this important aspect of care is urgently
required.

Study synopsis

This was a single-centre, assessor blinded randomised trial in a medical intensive care
unit in America. The aim was to investigate the effect of a standardised rehabilitation
program on hospital length of stay after critical care admission for acute respiratory
failure.

All adult patients admitted to the medical intensive with a PaO/FiO; ratio less than 300
mm Hg who required ventilatory support were screened for enrolment. Patients were
excluded if they were immobile or had cognitive impairment prior to admission, had a
body mass index >50 kg/m? had a condition limiting rehabilitation such as
neuromuscular disease, spinal pathology, acute stroke or hip fracture or had been
mechanically ventilated for more than 80 hours or hospital admission greater than seven
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days.

Patients were randomised using a computer generated sequence to either standardised
rehabilitation therapy (SRT) or standard care. The SRT comprised three exercise types:
passive motion, physical therapy and progressive resistance exercises. Passive motion
included Five repetitions of manipulation of the joints of the arms and legs. Physical
therapy included a range of activity including transfers out of bed and to chair, various
sitting and standing balance activities and mobilisation. While resistance exercises
incorporated elastic resistance bands to exercise upper and lower limbs with the aim of
improving functional tasks and activities of daily living. The program was delivered by a
rehabilitation team three times per day while the patient was in hospital. Unconscious
patients received passive motion while co operative patients progressed to physical
therapy and resistance exercises. The usual care group could have physical therapy at the
discretion of the treating physicians.

The primary outcome was hospital length of stay. The research team was not involved in
discharge decisions or planning. Secondary outcomes included measures of physical
function and health related quality of life. Physical function was measured using several
indicators: the Short Performance Physical Battery (SPPB) and muscular strength using a
handgrip and handheld dynamometer. The SPPB derives a score based on a timed four
metre walk, timed performance of five repetitions of a chair to stand test and a standing
balance test. Self reported test consisted of the Functional Performance Inventory' and
the physical functioning scale of the 36- Item Short Form Health Survey (SF-36 PFS)."

Physical measures were obtained at intensive care and hospital discharge and
subsequently at 2,4 and 6 months after enrolment. Health related quality of life was
measured using the SF-36 physical health survey and the mental health survey (SF-36
MHS) component summary scores and Mini-Mental State Examination (MMSE) score.
These were measured at the same time as the physical measurements but only after
discharge. The investigators also recorded days alive, ventilator-free days and days free
from intensive care and hospital up to 28 days.

Over a five year period, 4,804 with respiratory failure were screened, 4,186 were
excluded. The main exclusions were prior immobility (24%), no lung injury (20%),
prolonged admission or ventilation (31%) or moribund state (18%). Of the 618 eligible
patients, 300 were randomised, 84 in the SRT and 81 in the usual care group completed
follow up at six months. Baseline characteristics were similar. Patients were around 56
years of age, 55% were women, with three quarters of white ethnicity. At randomisation,
the mean PaO,/FiO; ratio was 178.6 mm Hg (SD 83.8) and mean CO, was 44.1 mm Hg
(17.2), with almost one in four patients in shock. There was a significant percentage of
patients with chronic lung disease (31%) and perhaps surprisingly almost 20% of
patients had home oxygen.
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In terms of the intervention, the SRT group received passive motion within a median of 1
day (IQR 0-2), physical therapy within a median of 3 days (1-6) and resistive exercise
within a median of 4 days (2-7). While the usual care group received physical therapy
within a median of 7 days (4-10). SRT patients had passive motion on 87.1%, physical
therapy on 54.6% and resistance exercise on 35.7% of study days compared to 11.7% of
study days for physical therapy in the usual care group. For the SRT group, the median
days of delivery of therapy per participant was 8 (5- 14) for passive range of motion, 5 (3-
8) for physical therapy, and 3 (1-5) for progressive resistance exercise. The usual care
group had a median delivery of 1 day (0-8).

Overall there was no difference in the median hospital length of stay, 10 days (6-17) for
the SRT group and 10 days (7-16) for the usual care group (median difference, 0 [95% Cl,
-1.5 to 3], P = 0.41). There was also no difference in length of intensive care stay, days
requiring vasopressors, ventilation or sedative drugs, CAM ICU positive days,
requirement for restraints used or fluid balance. There were no differences in discharge
destination.

In terms of secondary outcomes, there was no difference in the performance based or
self reported physical function at ICU or hospital discharge. At hospital discharge 71% of
the SRT group and 61% of the usual care could perform a four metre walk (p=0.15).There
was no difference in the SPPB, SF-36 PFS and FPI scores at 2 or 4 months. However at 6
months these outcomes were significantly better in the SRT group, SPPB difference 1.1
(0.04-2.1) p=0.04, SF 36 PFS difference 12.2 (3.8-20.7) p=0.001 and FPI difference 0.2
(0.04-0.4) p=0.02. At six months 96% of SRT could perform the 4 metre walk versus 88%
in the usual care (p=0.04). When re-analysed assuming dropouts followed the control
group the only remaining significant difference was for the SF36 PFS. Hand strength and
dynamometer did not differ at any stage. In terms of health related quality of life there
was no difference at any time points.

Post discharge almost half of patients in each group received physiotherapy. At six
months 48.7% ofthe SRT group and 44.7% of the usual care group (P=0.63) were alive
and hospital admission free.

Study critique

As critical incidence and survival increase, the problems associated with critical illness
recovery have become more relevant. Loss of independence after hospital admission is
common and perhaps this functional decline is intensifying the bed crisis reported in
many hospitals, hence interventions to prevent decline or expedite recovery are critically
important.” However, in the early phase of critical care patients are often sedated and
clinical focus is on the restoration and correction of life threatening pathophysiology.
Attention to rehabilitation has perhaps only been addressed in the recovery phase in
intensive care or deferred until ready for ward discharge.® Yet early rehabilitation in the
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intensive care unit has been shown to be practicable and safe.” Furthermore earlier
interventions have shown potential beneficial effects on short term outcome
measures.®’ However, the longer term effects of early interventions have not been
established.” This trial incorporated the elements of a previously successful early
rehabilitation regime™, added a further resistance element and followed the patients
for a longer period of time.

This was a large trial which enrolled 300 patients in total, but the study highlights some
of the major problems of conducting rehabilitation research in critical illness. Firstly only
165 patients completed the study. This was due to a combination of deaths (66 patients),
withdrawals (15 patients) and participants lost to follow up (54 patients). When 45% of
patients do not complete the trial, it is perhaps difficult to draw firm conclusions from
the results. The power calculation attempted to compensate for both mortality and
dropouts however the rates encountered were higher than expected. The authors
conceded that perhaps a mechanism to engage with patients in the outpatient setting
might be required, such as ongoing therapy. Although another trial which continued
rehabilitation for 8 weeks after discharge had almost identical completion rates,
indicating that perhaps such loss of patients is unavoidable.’ Statistical analysis may
somewhat compensate for dropouts, however rehabilitation and exercise in health
requires motivation, perhaps patients who complete these trials are somewhat self
selected. Therefore any treatment effect could be masked by the determination of the
participants to rehabilitate and perform well on the physical testing. While perhaps the
population who fail to complete the trial may have benefited, but they may also require
further help and support and that poor health is the reason for non completion.

Another consideration, when conducting rehabilitation research is the time required to
complete such studies. This trial was a monumental undertaking requiring over 5 years
to completion. After screening over 4,800 patients, only every other eligible patient was
recruited. This again has been recognised as an issue, as obtaining consent regarding
rehabilitation is difficult from next of kin who at the time are preoccupied with survival
rather than exercise regimes.’ The failure to be able to randomise patients may not have
affected the outcome in this trial, however the length of time required may have.
Therapies and standards of care change over time, it is conceivable that the usual care
treatment may have been influenced or that other interventions, such as changes in
sedation regimes or ventilation practice could affect the severity of functional disability.

Finally, the optimal method of functional assessment of patients after critical illness is
not known. Over 250 assessments to measure health related quality of life, physical
function, cognition, and mental health outcomes have been used.'® Therefore
comparison of functional status across trials is difficult. The measures used in this trial
were multiple, and included both measured and self reported assessments. The short
physical performance battery score is a test primarily of lower limb function. The test
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was developed as a predictor of disability in an elderly population in an outpatient
setting."” It has limited validation in the acute setting but has been shown to be
responsive to changes following an exercise-based intervention."” The patient reported
measures were the Functional Performance Inventory (FPI) which is a questionnaire
designed to evaluate functional performance in patients with chronic obstructive
pulmonary disease and the 36 item short form survey which was developed as part of
the Medical Outcomes Study (MOS), a multi-year, multi-site study to explain variations in
patient outcomes in the United States. Neither measure has been specifically validated
for use in the intensive care population.

Accepting that there are difficulties with rehabilitation studies, this was an interesting
trial using multiple physical interventions in an attempt to improve patient function and
there are many positive aspects which enhances our current understanding but also
poses further questions. The enrolment in this study was different to several other
rehabilitation trials which have focused on prolonged ventilation (variably defined from
72 to 120 hours) in the inclusion criteria, on the basis that these patients are potentially
the most functionally impaired.®®'® In this trial patients were recruited on the basis of
acute respiratory failure, this crucially allowed the intervention to commence on a
median of day one, a truly early intervention, targeting patients when muscle atrophy is
just commencing and perhaps early enough to prevent rather than rehabilitate when
dysfunction has already occurred. This is an important difference between this trial and
two other recent trials which failed to show a difference in outcome at six months.*'®
Arguably, this early approach may have recruited patients who would not have
progressed to the levels of dysfunction recorded after prolonged ventilation. However,
the majority of patients were ventilated, and for a median of Four days, and therefore
would have met inclusion criteria for most rehabilitation trials. The SPPB at intensive
care discharge also confirmed that these patients had significant physical impairment.
This impairment occurred despite the early timing of the intervention.

The intervention itself was cleverly planned with initial passive movement when the
patient was unable to co operate and progressive increase in muscle loading as the
patient was able to participate. The trial showed a clear difference in both the timing
and duration of therapy, although a critic might suggest that the usual care had
relatively little physiotherapy that may not reflect usual care in some units.®'® The
apparent failure to prevent disability or improve strength measures at intensive care
discharge may reflect a problem with the Ffrequency, intensity, or duration of
physiotherapy. Excessive muscle work has been described with subsequent overuse
weakness.” Alternatively perhaps the measures used at intensive care discharge are
inappropriate, similar disability has been reported in another early rehabilitation trial
where there also seemed to be a delayed separation between the groups in favour of
the intervention.? Perhaps the early intervention works at an unmeasured level and
subsequently allows more accelerated improvement in function. Accelerated recovery
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has been postulated recently in another rehabilitation trial.’

Ultimately this trial failed to show a benefit of early rehabilitation on length of stay in
intensive care or in hospital which is perhaps not surprising given the short length of
hospital stay (median 10 days). A previous trial did show benefit of an early intervention
in terms of hospital and intensive care stay.” The trial used a similar early intervention
however the population was sicker with higher hospital mortality and generally longer
hospital admissions. Multiple studies®®?° have shown severe disability at intensive care
discharge, with significant improvement prior to hospital discharge and perhaps these
longer admissions allowed enough time for the patients in the intervention group to
improve sufficiently to be discharged earlier. A slight problem with using hospital
discharge as a surrogate of function is that patients are often discharged with disability
and discharge locations vary.?

In this current trial improvement in the intervention group was not shown until 6 months
post intervention. This is a considerably longer period of time than the separation found
in another of early intervention which occurred around two weeks,® to suggest that an
intervention which lasted only 8 days might have a lag time of six months is perhaps
difficult to explain. Two recent trials failed to show a benefit of intensive physiotherapy
on outcomes at six months. *?° The intervention was delivered later perhaps too late in
these trials. A further difference was that both groups of patients in these trials had
more physiotherapy than the control group in the current trial. Perhaps this diluted any
beneficial effect and perhaps a minimum amount of rehabilitation is all that is required
to improve outcomes. It is interesting to note that these trials had discharge to home
rates around 50% while it was over 80% in the current trial. It may be that the
heterogeneity of the populations, interventions, measuring tools and follow up are just
too different to compare current trials. Further work is required to identify those
patients who develop the most disability and therefore have most to gain. Furthermore
the timing, dose and specifics of the ideal intervention is still not known.

Where this sits in the body of evidence

In a prospective cohort study 330 patients ventilated less than 48 hours were assigned
to early mobilisation with physiotherapy (n=165) versus usual care (n=165). More
Protocol patients received at least one physical therapy session than did Usual Care
(80% vs 47%; P >0.001). Protocol patients were out of bed earlier (5 vs 11 days; P<0.001),
and had therapy initiated more frequently in the intensive care unit (91% vs 13%;
P<0.001). For protocol patients, intensive care unit length of stay was 5.5 vs 6.9 days for
Usual Care (P=0.025); hospital length of stay for protocol patients was 11.2 vs 14.5 days
for Usual Care (P=0.006)."

In a two centre randomised control trial 104 adult patients who were ventilated for less
than 72 hours were randomised to early exercise and mobilisation (physical and
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occupational therapy) during periods of daily interruption of sedation (intervention;
n=49) or to daily interruption of sedation with therapy as ordered by the primary care
team (control; n=55). Return to independent functional status at hospital discharge
occurred in 29 (59%) patients in the intervention group compared with 19 (35%) patients
in the control group (OR, 2.7; 95% Cl, 1.2 to -6.1; P=0.02). Patients in the intervention
group had shorter duration of delirium (median, 2.0 days vs 4.0 days; P=0.02), and more
ventilator-free days (23.5 days vs 21.1 days, 95% Cl, 0.0 to 23.8; P=0.05) during the 28-
day follow-up period than did controls.®

In a single-centre, assessor-blinded, randomised controlled trial. 150 participants were
stratified and randomised to receive usual care or intervention if they were in the ICU for
5 days or more. The intervention group received intensive exercises in the ICU, ward and
outpatients for 8 weeks. Physical function was evaluated using the Six-Minute Walk Test
(6MWT) (primary outcome), the Timed Up and Go Test and the Physical Function in ICU
Test. Patient-reported outcomes were measured using the Short Form 36 Health Survey,
version 2 (SF-36v2) and Assessment of Quality of Life (AQoL) Instrument. No significant
differences were found for the primary outcome of 6MWT or any other outcomes at 12
months after ICU discharge.’

In a multi-centre randomised trial in America. 120 patients were randomised to intensive
physiotherapy group or control. The intensive group received 12.4+ 6.5 sessions for a
total of 408 £ 261 minutes compared with only 6.1 + 3.8 sessions for 86 + 63 minutes in
the standard-of-care group (P <0.001 for both analyses). Physical function assessments
were available for 86% of patients at 1 month, for 76% at 3 months, and for 60% at 6
months. In both groups, physical function was reduced yet significantly improved over
time between 1, 3, and 6 months. When we compared the two interventions, there was
no differences in the total CS-PFP-10 scores at all three time points (P =0.73, 0.29, and
0.43, respectively) or in the total CS-PFP-10 score trajectory (P=0.71)."

Should we implement this into our practice?
Possibly not. With no signal of benefit with early mobilisation in this trial, and previous
studies reporting mixed results, the place for early mobilisation is now less clear.
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IPHIVAP investigators of the Australian and New Zealand Intensive Care Society Clinical
Trials Group. Is inhaled prophylactic heparin useful for prevention and management of
pneumonia in ventilated ICU patients? J Crit Care 2016;35:231-9

Introduction

Ventilator-associated pneumonia (VAP) affects 9.3% of mechanically ventilated patients
and is responsible for half of nosocomial infections in ICU." It is associated with an
increase in duration of mechanical ventilation of 9.6 days, ICU stay of 6.1 days and
hospital admission of 11.5 days.? Although it is associated with significant morbidity,
there is conflicting evidence whether VAP increases mortality; studies have reported an
increased risk ratio of mortality of 1.7 to 4.4, whereas others have reported no mortality
increase whatsoever.™ In the United States of America the morbidity associated with
VAP translates to an approximately 40% increase in billed hospital charges.? Indeed, VAP
is used as a surrogate marker for quality of care.*” For all these reasons clinicians apply
care bundles to reduce VAP incidence and researchers seek interventions to decrease
the risk of VAP.®

The definition of VAP published by the National Healthcare Safety Network of the
Centres for Disease Control and Prevention (CDC) assesses patients based on three
domains; systemic evidence of infection, pulmonary signs (including sputum), and chest
radiography changes.* However, the subjective nature of these criteria results in inter-
observer variability and large differences in the rates of VAP being reported from 8% to
28%."

Unfractionated heparin (UFH) results in dose dependant inhibition of streptococcus
pneumoniae and haemophilus influenza growth in vitro and may limit bacterial adhesion
within the respiratory tract.”® It has also be shown to limit neutrophil chemotaxis,
lymphocyte activation and mast cell degranulation.’ Ventilation induces inflammation
and subsequent fibrin deposition within the lung microcirculation and alveolar sacs,
promoting ventilation / perfusion mismatch. This may be ameliorated by nebulised
heparin.®

The anti-inflammatory and antimicrobial properties of heparin have led researchers to
use nebulised UFH in a number of conditions. Heparin reduces changes in airway
conductance in exercise induced asthma.’ Indeed, in a single-centre study, nebulised
heparin increased ventilator-free days.® Retrospective evidence also suggests nebulised
UFH improves respiratory mechanics and oxygenation and reduces re-intubation rates
after smoke inhalation injury, though the quality of this evidence is poor.”""*On the basis
of this evidence, the authors of the IPHIVAP study hypothesised that nebulised heparin
may reduce VAP and ventilator-associated complications in mechanically ventilated
patients.
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Study synopsis

This phase 2, double-blind, randomised controlled trial was designed as a feasibility
study to look at the effects of nebulised UFH on mechanically ventilated patients.
Patients from three university affiliated ICUs were randomised to one of three groups.
The intervention consisted of 5000 units UFH in 2mL nebulised 6 hourly (heparin group).
This was compared to either a placebo of 2 mL 0.9% sodium chloride nebulised 6 hourly
(sodium chloride group) or a usual care group. Clinicians and investigators were blinded
as to which study drug was being nebulised but they were aware of those allocated to
usual care. The usual care group were not permitted to receive nebulised sodium
chloride or heparin but all groups could receive nebulised steroids or bronchodilators.
The intervention was continued until the patient was liberated from invasive mechanical
ventilation for > 48 hours or discharged from ICU.

In this pragmatic trial, elements of care such as ventilation mode, ventilator settings,
nebuliser type, and humidification were not standardised but best practice was
encouraged. Antimicrobial interventions were at the discretion of the treating clinicians
with decisions being made in conjunction with unit policy and antimicrobial results.

Adult patients were eligible if they were expected to be mechanically ventilated for > 48
hours. However, they were required to be recruited and the intervention commenced
within the first 24 hours of ventilation. Therapeutic anticoagulation was a
contraindication to enrolment, though use of heparins for prevention of
thromboembolism or to facilitate renal replacement therapy was permitted. Other
exclusion criteria included contraindications to subcutaneous heparin, moribund state,
treatment limitations, and pregnancy.

The primary end points in relation to VAP were incidence, severity and time to
development. This was assessed using the “Klompas Criteria”, a modification of the
Centres for Disease Control and Prevention (CDC) criteria which allows electronic
screening of patient data to identify new cases of VAP (see “where it sits in the body of
evidence” for details).*

Secondary endpoints included;

- Ventilator Associated Complications (VAC) defined as an increase in PEEP by > 2.5
c¢cmH,0 or FiO; by > 15% for > 2 days after the patient had a achieved stable or falling
PEEP or FiO, for = 2 days.? This was only assessed at the lead site.

- Pneumonia outcomes; clinical resolution, cure, and therapy failure. The definitions of
which were provided in the supplementary material and included assessments of PaO,
/ FiO ratio, temperature, secretions, inflammatory markers and chest X-ray.

- Microbiological outcomes; eradication, persistent infection, pneumonia recurrence
and superinfection. This assessment was based on endotracheal aspirate cultures
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taken on admission and twice weekly thereafter.
- SOFA scores in those who developed VAP or who had pneumonia on admission.

Assuming a VAP rate of 12%, the trial required 277 patients per group to detect a 50%
reduction in the incidence of VAP with a 80% power and a significance level of 0.05. To
account for patient loss, the authors predicted they would need to recruit 914 patients.
These numbers also provided adequate power to detect a reduction in bacterial
colonisation from 80% to 40% using the same power and significance levels. intention-
to-treat analysis was performed. There was stratification for study centre and patient
type (non-operative or post-operative). The trial was terminated early on the grounds of
futility as the observed VAP rate was approximately 6 - 7% in all groups. The authors
estimated that 22,000 patients would be required to detect a 1% reduction in VAP.

A total of 2103 patients were screened with 214 being enrolled, 202 were from a single-
centre. Patients were excluded predominantly for two reasons; contraindications to
subcutaneous heparin (956) and expected to be extubated within 48 hours (514). The
three groups were well balanced with the exception of pneumonia on admission, which
was more common in the sodium chloride group (56%) than the other two groups (both
35%). This is reflected in the higher use of antibiotics in the sodium chloride group (80%)
than in the heparin (61%) and usual care groups (67%), P=0.03. The median Clinical
Pulmonary Infection Score was 7.4 and almost two thirds of patients with pneumonia on
admission had a causative organism identified, with gram negative (22.6%) and
Staphylococcus aureus (16.6%) being the commonest organisms. The median duration of
ventilation was 5.5 days. The overall ICU mortality was 8% despite a mean APACHE I
score of 18.9.

There was no difference in the primary outcome measure of progression to VAP using
the Klompas criteria; Heparin (7%), sodium chloride (6%), usual care (7%), P=1.00.* The
time to onset of VAP did not differ between the three groups (median 7 days, P = 0.35).
When the authors looked at the use of clinical diagnosis, the rate of moderate / high
likelihood VAP was 26% and again did not differ between the three groups (P = 0.85).

There was no difference in the secondary outcome of VAC; heparin (38%), sodium
chloride (28%), usual care (32%), P=0.59. The rates of new bacterial colonisation did not
differ significantly between the three groups ranging from 42% to 49%, P=0.70. There
was no difference in rates of gram positive, gram negative, fungi / yeasts between the
groups.

Study critique

This phase Il study has a number of strengths. The outcome measures chosen in relation
to the development of VAP, VAC and microbiological outcomes have previously been
validated.*® The study was appropriately blinded; the use of two placebo groups (a usual
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care group and a nebulised sodium chloride group) helped take into account the effect
that additional nebulisation may have on the incidence of VAP or VAC. Finally, there
were a number of safety measures to ensure patients did not come to harm from
nebulised UFH.

Rate of resolution of pneumonia was named as a secondary outcome. A potential
confounding variable was introduced by recruiting 42% of patients with pneumonia.
However, patients required resolution of the incident pneumonia, new onset of sepsis
and the identification of a new pathogen before VAP could be diagnosed (personal
correspondence with the author; Robert Boots, Brisbane, Australia). Furthermore,
patients admitted with pneumonia at baseline were no more likely to go on to develop
VAP, this somewhat alleviates concerns regarding this confounding variable.

The criteria chosen to define resolution of pneumonia was taken from a small study of
95 patients with VAP, but no other form of pneumonia.” The presence of two of the
following empirically chosen criteria at 72 hours was felt to represent resolution of VAP;
maximum temperature < 38°C, Pa0O, / FiO; ratio < 250 mm Hg, white cell count < 10,000 x
10°/L, resolution of purulent secretions and < 1 segment with infiltrates on CXR (out of 6
segments). However, only 74.4% of patients had resolution of > 2 of these criteria after
72 hours of appropriate antibiotic therapy and the six criteria did not perform equally.
The implications of this on the IPHIVAP trial are unclear.

One of the secondary outcome measures, VAC, was only assessed at a single site.
However, this was essentially a single-centre study with 202 of the 214 patients being
taken from one unit. There are indicators that this was a high performing unit with an
ICU and hospital mortality of 8% and 16% respectively, despite a mean APACHE Il score
of 18.9. This would have limited the generalisability of any findings, and may have
affected the design of any subsequent phase i trial.

The authors powered the study based on an ambitious 50% relative reduction in
incidence of VAP. The trial was terminated early due to futility, so ultimately it was
underpowered. The results from the primary and secondary outcomes were consistently
negative with no signal of benefit or harm reassuring the reader this probably was Futile.
The authors estimated that 22,000 patients would be needed to detect a 1% reduction
in incidence of VAP from 6% to 5%. The authors were only able to recruit 10% of the
patients screened, on this basis a study screening 220,000 seems highly unlikely even in
the context of an international trial using cluster randomisation. In contrast the
application of ventilator care bundles, which are applicable to many more ICU patients,
can reduce the relative risk of VAP by 45%.°

There was a reasonable biological rationale for the use of nebulised UFH; its
antimicrobial properties may reduce VAP and its potential to improve ventilation /
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perfusion matching and pulmonary compliance may lead to less injurious ventilation and
a reduction in VAC.”" However, closer inspection of the evidence calls into question the
strength of this rationale. UFH showed inhibition of streptococcus pneumoniae and
haemophilus influenza growth in vitro, these two pathogens account typically for
approximately 14% of VAP, though in the IPHIVAP trial they accounted for 22% of VAP
organisms."” However, UFH does not limit growth of acinetobacter baumannii, candida
albicans, klebsiella pneumonia, MRSA or pseudomonas aeruginosa which are responsible
for over half of VAP cases.’

The inhibition of bacterial growth in vitro requires between 2,500 units and 7,500 units
per 200 pL for streptococcus pneumoniae and 7,500 units per 200 pL for haemophilus
influenza.” Studies of nebulised *™technetium-labeled sodium heparin demonstrates
that only 8 + 2% of administered drug reaches the lower respiratory tract.' Even though
it is unclear whether the total dose or concentration is the deciding factor in inhibition of
growth, the dose used in this study falls someway short. Given that only 0.76 * 0.35% of
the nebulised dose reaches the blood stream, the authors could have safely given a
higher dose.” The CHARLI study used a dose of 25,000 units safely in mechanically
ventilated patients.®

There was no standardisation in the type of nebuliser used; higher rates of jet nebuliser
were used in the heparin group, in contrast vibrating sieving mesh nebulisers were more
common in the sodium chloride group. The authors provide no measure of drug delivery
except APTT. This is compounded by the fact that only 74% and 70% of the heparin and
sodium chloride groups respectively received the study drug on > 90% of the study days.

Overall this was an interesting phase Il study, as it was terminated early it was
underpowered. Nebulised UFH has shown some promise by improving respiratory
mechanics in mechanically ventilated patients and in the treatment of smoke inhalation
injury.®"* However, the biological rationale behind its use in prevention of VAP is flawed
and it seems that ventilator care bundles will remain the therapy of choice.®

Where this sits in the body of evidence

The Klompas criteria for diagnosis of VAP was developed in a single-centre study. A
computer algorithm was applied to data from 459 patients and 2540 ventilator days. This
initially identified patients who met defined levels of increased in PEEP or FiO,. Those
identified were further screened for CXR changes, changes in inflammatory markers and
presence of neutrophils in sputum from tracheal aspirate or bronchoalveolar lavage. The
20 patients detected by the electronic method all met CDC criteria (100% positive
predictive value). In the comparator group, clinicians were asked to identify cases of
clinically suspected VAP. The positive predictive value of clinician assessment was just
52%. The completeness of known cases identified by each method was 95% and 81% for
the computer and clinician identified cases respectively (as not all patients were
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screened using the CDC criteria, the term sensitivity could not be used).*

A large study, involving 61 ICUs, the majority of whom used the CDC definition of VAP,
looked at the application of four interventions (peptic ulcer disease prophylaxis, deep
vein thrombosis (DVT) prophylaxis, elevation of the head of the bed and sedation
vacation) as part of a ventilator bundle. Completion of all four components (unless
medically contraindicated) was required for patients to be deemed compliant. The
average decrease in VAP rate was 44.5%. In the 21 units where ventilator bundle
compliance was = 95% the incidence of VAP decreased from 6.6 to 2.7 per 1,000
ventilator days (difference, 3.9;95% Cl, 1.8 to 5.9; P < 0.001).°

In a seminal paper by Drakulovic and colleagues; a single-centre, randomised, controlled
trial of 87 mechanically ventilated patients randomised participants to supine or semi-
recumbent position. 8% of those in the semi-recumbent group developed VAP compared
to 34% in the supine group, P = 0-003. In keeping with the theory that aspiration was the
cause of many cases of VAP, enteral nutrition was an independent risk factor for VAP
(OR, 5.7;1.5t0 22.8; P=0.013)."

A meta-analysis of three trials (n = 337) looking at supine versus semi-recumbent
position (45°) demonstrated the latter reduced the risk of developing VAP (OR=0.47;
95% Cl, 0.27 to 0.82)."

Daily sedation vacations are included in the ventilator care bundle, however the original
trial contained no measure of VAP in it outcome measures.®'® 150 patients were
randomised to sedation with propofol or midazolam infusions with all patients receiving
morphine infusion. Patients were then allocated to receive usual care or a daily sedation
hold. The sedation hold group had a shorter duration of mechanical ventilation; 4.9 days
(IQR, 2.5 to 8.6) vs 7.3 days (IQR, 3.4 to 16.1) (P = 0.004). This translated to a decreased
duration of ICU stay 6.4 days vs 9.9 days (P = 0.02)."

Selective oropharyngeal tract decontamination (SOD) (topical application of tobramycin,
colistin, and amphotericin B) was compared to selective digestive tract decontamination
(SDD) (SOD plus 4days of intravenous cefotaxime) in a cluster randomised, crossover trail
involving 5939 mechanically ventilated adults. There was also a usual care group. There
was no difference in the primary outcome measure of crude 28 day mortality; standard
care, 27.5%; SOD, 26.6%; SDD 26.9%. However, after logistic regression, there was a
decreased risk of mortality in both the SOD group (OR, 0.86; 95% Cl, 0.74 to 0.99) and
SDD group (OR, 0.83; 95% Cl, 0.72 to 0.97). Both SDD and SOD reduced the incidence of
bacteraemia and the rates of resistant bacteria cultured from respiratory tract
specimens.”

In a trial of 934 ICU patients, SDD was compared to standard care. ICU mortality was
lower in patients treated with SDD (15%) than those treated with standard care (23%)
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(relative risk, 0.65; 95% Cl 0.49 to 0-85, P = 0.002). SDD was associated with a reduction
in acquired pseudomonas aeruginosa and gram-negative aerobic bacteria (relative risk
0.61; 95% Cl 0.46 to 0.81). The was no difference in rates of vancomycin-resistant
enterococcus or methicillin-resistant staphylococcus aureus.?

The CHARLI study was a single-centre, randomised controlled trial, in which 50 patients
expected to be ventilated for > 48 hours were randomised to receive nebulised heparin
25,000 units or saline placebo 4-6 times per day. There was no difference in the primary
outcome measure of average daily PaO; / FiO; ratio (194.2 + 62.8 vs 187 * 38.6 mm Hg;
mean difference, 7.2; 95% Cl -22.8 to 37.1, P = 0.6). Among the secondary outcomes, the
heparin group exhibited an increase in ventilator-free days in survivors at day 28 (22.6
4.0 vs 18.0 + 7.1; difference, 4.6; 95% Cl, 0.9 to 8.3; P = 0.02).8

A single-centre, retrospective, case-control study examined adults with bronchoscopy
confirmed smoke inhalation injury. Fourteen cases who were given nebulised UFH, N-
acetylcystine and albuterol were compared to 16 historical controls. During the First
week, mean lung injury score was lower in cases than controls; 0.91 + 0.14 vs 1.79 + 0.41,
P =0.01. The treatment group also had a lower mortality (relative risk, 0.854)."

Should we use nebulised heparin For the prevention of VAP or VAC?
No. There is no benefit from nebulised heparin in prevention of VAP or VAC
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LUNG SAFE

Bellani G, Laffey JG, Pham T, Fan E, Brochard L, Esteban A, et al.
Epidemiology, Patterns of Care, and Mortality For Patients With Acute
Respiratory Distress Syndrome in Intensive Care Units in 50 Countries. JAMA.
2016 Feb 23;315(8):788-800.

Introduction

In 2012, the Acute Respiratory Distress Syndrome (ARDS) definition task Force redefined
ARDS providing an update on the 1994 American-European Consensus Conference
(AECC) definition." The task force presented a conceptual model for ARDS, describing it
as an acute lung injury where inflammation causes increased vascular permeability and
loss of aerated lung tissue resulting in shunt, dead space and decreased lung
compliance. The clinical manifestation of this is hypoxaemia, difficulty with ventilation
and bilateral pulmonary infiltrates.” To diagnose ARDS, patients must fulfil the criteria
of; acute onset respiratory failure (within one week of insult), a PaO,/FIO; ratio < 300
mm Hg, and bilateral opacities on chest imaging all of which is not fully explained by
cardiac failure or fluid overload.’

A number of studies have been conducted into the epidemiology of ARDS using the
AECC definition.>® The incidence of ARDS in mechanically ventilated patients has been
similar worldwide; 16.1% in Europe, 17.8% in America and 19% in Ireland.** However, the
quoted incidence on a population basis ranges from 7.2/100,000 population/year in Spain
to 86.2/100,000 population/year in America.*¢

Previous epidemiological studies have used a process of manual screening, performed by
physicians, nurses or respiratory therapists, to identify cases of ARDS using the AECC
definition.?* This definition has been shown to have moderate sensitivity (0.83, 95% ClI
0.72 to 0.95) but poor specificity (0.51, 95% CI 0.41 to 0.61) in comparison to autopsy
findings of mechanically ventilated patients.’

Given the variation in the global incidence of ARDS and the poor performance of the
AECC definition, a large scale epidemiological study using the revised Berlin definition
was warranted.

Study synopsis

The LUNG SAFE study was an international, multi-centre, prospective cohort study which
set out to assess the epidemiology, clinician recognition and management interventions
used in ARDS. Participating ICUs were recruited through relevant societies and networks
resulting in a convenience sample of ICUs. Patients were enrolled during four
consecutive winter weeks, which were selected by each ICU (February to March 2014 in
the Northern hemisphere and June to August 2014 in the Southern hemisphere).
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In participating ICUs, all patients aged 16 or older who required invasive or non-invasive
mechanical ventilation were enrolled. To identify potential cases of ARDS, patients were
screened daily looking for the presence of acute hypoxic respiratory failure which
required all three of the following criteria; PaO,/FIO, < 300 mm Hg, need for CPAP, EPAP
or PEEP = 5 cmH,O and new pulmonary infiltrates on chest imaging. Once potential
cases were identified, a computer algorithm applied the Berlin Definition to identify true
cases of ARDS. On Day 1 (i.e. the time of diagnosis of ARDS using the computer
algorithm), clinicians were asked if the patient had ARDS. On exit from the study,
clinicians were asked of the patient had ARDS at any point during their ICU stay.
Although clinicians were offered a CXR training module they were not prompted to use
the Berlin Definition.

The primary outcome measure was incidence of ARDS in the ICU. The severity of ARDS
was based on the PaO,/FIO; ratio on the first day of diagnosis. Secondary outcomes
measures included rates of clinician recognition of ARDS, management interventions
used and patient outcomes including mortality. The authors wished to enrol 1000
patients as, assuming a 30% mortality, this would give the 300 deaths needed to carry
out the planned multivariate analysis. The incidence of ARDS was assumed to be 5% of
all ICU admissions, therefore 20,000 patients would need to be enrolled. To achieve this,
the authors targeted recruitment of 500 medium-sized ICUs admitting 50 patients per
month. All P values used were 2-sided, values < 0.05 considered to be statistically
significant.

29,144 patients were admitted to the 459 participating ICUs during the study period,
13,566 received invasive or non-invasive ventilatory support and 12,906 had a complete
dataset. On screening, 4,499 patients had acute hypoxaemic respiratory failure, with
3,022 (67.2%) fulFilling the Berlin Definition of ARDS. The incidence of ARDS was 10.4%
(95% Cl, 10.0% to 10.7%) of all ICU admissions and 23.4% (95% Cl, 21.7% to 25.2%) of all
mechanically ventilated patients. 93.1% of patients who developed ARDS did so on day
one or two of their acute hypoxic respiratory failure. The mean age of ARDS patients was
61.5 years, 62% were male, and 59.4% had pneumonia. The median duration of
mechanical ventilation was 8 days (IQR 4 to 16), the median ICU length of stay was 10
days (IQR 5 to 19) and median hospital length of stay was 17 days (IQR 9 to 32). The ICU
survival was 66.0% (95% Cl, 64.3% to 67.7%) and hospital survival was 60.4% (95% Cl,
58.7% to 62.2%).

To achieve a homogenous population, the authors present data from patients who were
invasively mechanically ventilated who developed ARDS on day one or two (n = 2377).
From this group, data is presented on severity of ARDS, ventilator settings, and patient
outcomes.

Using the Berlin Definition of ARDS severity; 30.0% of cases were mild, 46.6% of cases
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were moderate, and 23.4% of cases were severe. 60.2% of ARDS cases were clinician
recognised; recognition was more likely for severe ARDS 78.5% (95% Cl, 74.8% to 81.8%)
than for mild ARDS 51.3% (95% Cl, 47.5% to 55.0%). At the time of fulfilment of ARDS
criteria only 34.0% was recognised by clinicians pointing towards diagnostic delay.

On the First day of ARDS, 63.7% of the patients received lung protective ventilation
(tidal volume < 8 mL/kg predicted body weight (PBW) and plateau pressure < 30 cmH;0).
35.1% (95% Cl, 33.1% to 37.1%) of patients with ARDS received tidal volumes > 8 mL/kg
PBW. Tidal volumes were lower in patients with physician recognised ARDS (7.5 mL/kg
PBW; 95% Cl, 7.4 to 7.6 mL/kg PBW) compared to those whose ARDS was not recognised
(7.7 mL/kg PBW, 95% Cl, 7.6 to 7.9 mL/kg PBW) (P=0.01). However, after multivariable
analysis of patient and organisational factors, this was no longer statistically significant
(P=0.08).

PEEP was higher in those with physician recognised ARDS compared to those whose
ARDS was not recognised; 8.9 cmH,0 vs 7.5 cmH,0 (P < 0.001). In patients with severe
ARDS, the mean PEEP was 10.1 cmH;0 (95% ClI, 9.8 to 10.4). However, there was no
relationship between PEEP and PaO./FIO; or FiO, but an inverse relationship between
FiO, and SpO.. This suggests hypoxia was managed with increased oxygen not PEEP.

In patients with severe ARDS, prone positioning was used in 16.3% (95% Cl, 13.7% to
19.2%), neuromuscular blockade in 37.8% (95% Cl, 34.1% to 41.2%) and high dose
corticosteroids 23.3% (95% Cl, 20.3% to 26.6%). In comparison to other ARDS severity
categories, patients with severe ARDS were more likely to receive continuous
neuromuscular blockade (P < 0.001), prone position (P < 0.001), recruitment manoeuvres
(P <0.001), ECMO (P < 0.001) and corticosteroids (P < 0.001).

The following hospital mortality rates were observed; mild ARDS, 34.9% (95% Cl, 31.4%
to 38.5%); moderate ARDS, 40.3% (95% Cl, 37.4% to 43.3%); severe ARDS, 46.1% (95%
Cl, 41.9% to 50.4%). Patients who had a driving pressure > 14 ¢cmH,0 had a higher
mortality than those who had a driving pressure of < 14 ¢cmH,0 (P=0.02). However,
driving pressure could only be calculated in the 40.1% of patients who had plateau
pressure reported.

Study critique

This prospective, observational, cohort study has a number of strengths. As a
multinational trial drawing patients from 50 countries and a range of ICU sizes (median
number of beds 13 [IQR 9-20]) it provides data that should be widely generalisable. Data
collection was robust; incomplete patient electronic case report forms were excluded,
data was screened and potentially erroneous data was verified or corrected and no
assumptions were made for missing data. In addition, the data collected allowed ARDS
to be defined in keeping with the new Berlin Definition." The screening of patients for
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ARDS using a computer algorithm also identified many more patients than clinicians.

The greatest criticism of this dataset is that it came from a convenience sample of ICUs
made up of interested parties. The selective nature of this dataset is exemplified by the
fact that 207 of 666 initially interested ICUs either did not enrol any patients or
withdrew voluntarily therefore being excluded from the final analysis. As such, it may
overestimate the clinician recognition of ARDS and how well management strategies for
ARDS were applied. Furthermore, a web-based training package was offered to site
investigators in an effort to improve recognition of ARDS, this intervention potentially
introduced a confounding variable to this observational study.

The use of just four weeks during the “winter” (February and March were selected in the
Northern Hemisphere) may mean that the incidence of ARDS is overestimated or that
ARDS due to seasonal influenza is overrepresented.® Another criticism is the exclusion of
a large number of patients from the analyses of severity, ventilator management and
outcome. These included 436 patients who required non-invasive ventilation initially
(136 of these went on to require invasive mechanical ventilation) and of 209
mechanically ventilated patients who developed ARDS after day two of their acute
hypoxia respiratory failure.

The most striking finding of this study is the failure of implementation of evidence
based ventilatory strategies accompanied with use of adjunctive treatments that are
ineffective or harmful. 35% of patients with ARDS received tidal volumes > 8 mL/kg PBW
and approximately 60% received a tidal volumes > 7 mL/kg PBW. ARDS was consistently
under diagnosed and often diagnosed late. However, physician recognition did little to
improve the management with no statistically significant reduction in tidal volumes. It
could be argued that physician recognition of ARDS should not be a prerequisite or
barrier to lung protective ventilation. Ventilation with 6 ml/kg PBW in patients without
lung injury has been shown to reduce the number of patients who go on to develop
ARDS (P =0.01).°

Although PEEP was statistically higher in patients where ARDS was physician recognised,
the difference may have been of little clinical significance (8.9 cmH,0 versus 7.5 cmH,0
(P < 0.001)). In severe ARDS, PEEP rarely reached levels seen in high PEEP trials.” In
patients on FiO; 1.0, the median PEEP was just 10 cmH,0. Low tidal volume ventilation
and high PEEP in severe ARDS have consistently been shown to reduce mortality, yet
these ventilation strategies were inconsistently applied.”"

In patients with severe ARDS, the use of adjuvant therapies was low, prone positioning
was used in 16.3% and neuromuscular blockade in 37.8%. However, prone positioning
and neuromuscular blockade were used in scores of patients categorised as having mild
or moderate ARDS. These therapies have been shown to benefit patients with a
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PaO,/FiO; of < 150 mm Hg and it is unclear from this study whether they were used
appropriately.'*" ARDS severity was categorised based on the PaO,/FiO; on the first day
of diagnosis. Of the patients who had an initial diagnosis of mild ARDS, 25.8%
progressed to moderate and 4.5% progressed to severe ARDS. Nevertheless, in a
number of cases, patients were managed with ineffective therapies; 7.7% of patients
had inhaled pulmonary vasodilators, 28 patients received high frequency oscillatory
ventilation.

The authors state that the low use of adjunctive therapies (in appropriate patients) such
as neuromuscular blockade may represent doubt among clinicians as to the quality of
evidence. However, three findings go against this; these therapies may have been
applied in the incorrect patient cohort, therapies for which there is evidence of harm
continue to be applied, and lung protective ventilation strategies for which there is an
established body of evidence were not applied. This suggests that there are other
barriers to implementation of appropriate treatments for ARDS.

Despite the minor criticisms of the study above, this paper provides a valuable insight
into the epidemiology and management of ARDS. Worryingly, the 40.0% hospital
mortality seen in this observational study was similar to the 39.8% 180 day mortality
seen in the 12ml/kg control group in the original ARDSnet trial.” This paper emphasises
the need for clinicians to diagnose ARDS promptly and apply ventilatory strategies and
adjunctive therapies appropriately to save lives.

Where this sits in the body of evidence

The ARDSNet group conducted a trial comparing lung protective ventilation (VT 6ml/kg
PBW, Plateau pressure (Pplat) < 30 cmH,0) versus conventional ventilation (VT 12ml/kg
PBW, Pplat < 50 cmH-0). Patients managed with lung protective ventilation had a lower
180 day mortality (31.0%) than those managed with conventional ventilation (39.8%) (P
= 0.007). Lung protective ventilation also resulted in a greater number of ventilator-free
days in the first 28 days after randomisation 12 + 11 vs 10 = 11 (P = 0.007). The major
criticism of this paper related to the large tidal volumes used in the control group.™

A trial of lung protective ventilation in patients without lung injury compared ventilation
with 10 ml/kg PBW (conventional ventilation group) with 6 ml/kg PBW (lung protective
group). 13.5% of the conventional ventilation group went on to develop ARDS compared
to 2.6% in the lung protective group (P=0.01).°

549 patients with ARDS (PaO,:FiO, < 300 mm Hg) were recruited into a trial comparing
high versus low PEEP in addition to lung protective ventilation. Mean PEEP values were
8.3 + 3.2 cmH;0 in the low PEEP group compared to 13.2 + 3.5 cmH.0 in the higher-PEEP
group (P < 0.001). In-hospital mortality was 24.9% and 27.5% respectively (P=0.48)."
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A meta-analysis examining the effect of PEEP on mortality in patients with ARDS found
high PEEP (in conjunction with lung protective ventilation) to be beneficial in patients
with a PaO;:FiO; ratio < 200 mm Hg. The in-hospital mortality was 34.1% in the high PEEP
group vs 39.1% in the low PEEP group (adjusted relative risk, 0.90; 95% Cl, 0.81 to 1.00;
P=0.049). In patients with a Pa0O,:FiO; ratio 200 to 300 mm Hg in hospital mortality was
27.2% in the high PEEP group vs 19.4% in the low PEEP group (adjusted RR, 1.37; 95% ClI,
0.98 to 1.92; P=0.07)."

The PROSEVA study looked at prone positioning for 16 hours per day in patients with
ARDS with a PaO:FiO, of < 150 mm Hg. The 28-day mortality was significantly lower in
the prone group 16.0% vs 32.8% (P < 0.001) (hazard ratio for death, 0.39; 95% Cl 0.25 to
0.63)."

340 patients who required mechanical ventilation for ARDS and had a PaO,:FiO; ratio of
< 150 mm Hg were randomised to receive 48 hours of cisatracurium or placebo. There
was no difference in the crude 90-day mortality; 31.6% in the cisatracurium group
compared to 40.7% in the placebo group (P=0.08). At baseline the PaO,:FiO; ratio was
significantly lower in the cisatracurium group (106 * 36) than the placebo group (115 +
41) (P = 0.03). After adjustment for PaO2:FiO,, Pplat, and Simplified Acute Physiology Il
score, a significantly lower 90 day mortality was seen in the cisatracurium group (Hazard
Ratio, 0.68; 95% Cl, 0.48 to 0.98; P=0.04)."

The use of high frequency oscillatory ventilation (HFOV) was compared to lung
protective ventilation in patients with ARDS and a Pa0O,:FiO, < 200 mm Hg. HFOV was
associated with a higher in hospital mortality (47%) than the control group (35%)
(relative risk of death with HFOV, 1.33; 95% Cl, 1.09 to 1.64; P = 0.005). Vasopressor
requirements were also higher on day one in the HFOV group (P < 0.001). The trial was
terminated after an interim analysis due to the higher mortality seen in the HFOV group,
548 patients had undergone randomisation at this point.™

The effect of steroids in ARDS of > 7 days duration was investigated in a trial which
randomised 180 patients to placebo or methylprednisolone. The dose of
methylprednisolone used was 2 mg/kg PBW loading dose, followed by 0.5 mg/kg PBW 6
hourly for 14 days, then 0.5 mg/Kg PBW 12 hourly, finally a tapering of the dose over 4
days. There was no difference in the primary outcome measure of 60 day mortality;
methylprednisolone group 29.2% (95% Cl, 20.8% to 39.4%) vs placebo group 28.6% (95%
Cl, 20.3% to 38.6%) (P=1.0). However, in patients enrolled > 14 days after the onset of
ARDS, methylprednisolone was associated with a significantly higher mortality (39.3%)
than the placebo (8.8%) (P=0.02)."

Amato and colleagues conducted an analysis of patients previously recruited into ARDS
trials to examine the effect of a number of variables, including driving pressure (AP), on
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survival. Trials examining the effect of tidal volume interventions were used as part of a
derivation cohort, trials into high PEEP were used as a validation cohort. In all patients
(irrespective of treatment allocation), a one standard deviation increase in AP (equating
to 7 cmH,0) measured at day 1 was associated with increased mortality (relative risk,
1.41; 95% Cl, 1.32 to 1.52; P<0.001). When analysing only patients who received lung
protective ventilation; those who had a driving pressure less than or equal to the median
(13 cmH,0) had an improved survival than those with driving pressure > 13 ¢cmH,0
(relative risk, 1.36; 95% Cl, 1.17 to 1.58; P < 0.001). In mediation analysis AP was
responsible for 75% of the treatment benefit seen in the tidal volume trials (P = 0.004)
and 45% of the benefits seen in the PEEP trials (P = 0.001).""

Should we implement the results of this trial into our practice?
N/A. ARDS remains a significant problem worldwide.
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Introduction

Nutrition remains an area of great confusion in the intensive care unit. For years the
mantra was that no patient could starve him- or her-self back to fFitness and aggressive
feeding was required to prevent the catabolism which accompanies critical illness.
However, this runs contrary to our highly conserved natural response to illness -
anorexia. Whether this is simply an inconvenient obstacle to our paradigm of more
feeding, or a warning from nature to obey her signs, remains uncertain. What has
changed is our willingness to challenge the orthodoxy and dogma of the food Ffirst
approach.

The past decade in critical care has seen an explosion in reversals of landmark trials' and
an understanding that we need to explore the basics of critical care provision. The need
to feed comes into this category. While clearly all patients require nutrition in the long
term, whether they need it in the short term is unclear. Not only is this need unclear, but
it may be associated with harm. Early feeding in critical illness is associated with reduced
autophagy, a self regulatory process where damaged organelles and proteins, injured
during periods of stress, are cleared.?

Against this backdrop of uncertainty, there have been a large number of high quality
critical care trials in the area of nutrition over the past number of years. Several have
examined the role of parenteral nutrition, although mostly in the adult population.

Study synopsis

PEPaNIC was a tri-centre, randomized, controlled, parallel-group superiority trial
investigating whether withholding supplemental parenteral nutrition for up to a week in
critically ill paediatric patients at risk For malnutrition is clinically superior to early
supplementary parenteral nutrition. Notably, all three centres used early parenteral
nutrition as a standard of care.

Eligibility criteria included admission to the ICU with an expected stay of greater than 24
hours, a medium risk of malnutrition {score of 2 or more on the STRONGkids screening
tool, which ranges from 0 (low risk of malnutrition) to 5 (high risk)} and aged between
term newborn to 17 years. Exclusion criteria included a lack of requirement for
nutritional support, a low risk of malnutrition (STRONGkids < 2), a do-not-resuscitate
order, imminent death, enrolment in another trial, transfer from another PICU/NICU
after a stay of greater than 7 days, ketoacidotic or hyperosmolar coma, inborn error of
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metabolism requiring a specific diet or other requirement for parenteral nutrition.
Randomisation was performed via a central computerised system, in a blinded 1:1
fashion, stratified in permuted blocks of 10 according to age (<1 year or =1 year) and
diagnosis on admission (medical-neurological, medical-other, surgical-cardiac, or
surgical-other), to either early parenteral nutrition (within 24 hours) or late parenteral
nutrition (commenced after 7 days). The dose and constitution of the parenteral nutition
was according to local standards and was not specified. Parenteral nutrition was used to
supplement enteral nutrition with the aim of meeting macronutrient and caloric

targets.

Enteral nutrition was commenced in both groups as per local practice, which included
the provision of intravenous trace elements, minerals, and vitamins, starting from day 2.
The late parenteral nutrition group received intravenous Ffluids (a mixture of 5%
dextrose and 0.9% saline) to match the intake volume of the early parenteral nutrition
group. On the morning of the 8 day, parenteral nutrition was commenced in the late
parenteral group if enteral intake remained below 80% of target caloric feeding,
delivered enterally.

Glycaemic management differed across the three centres. In Leuven, Belgium, insulin
infusions were used in all children to maintain blood glucose concentrations at 2.8 to 4.4
mmol/l in infants <1 year of age and 3.9 to 5.6 mmol/l in children =1 year of age. In
Rotterdam, the Netherlands, blood glucose was maintained at 4.0 to 8.0 mmol/l in all
children, except in the presence of a traumatic brain injury. In Edmonton, Canada,
glycaemic management was similar to standard adult practice, keeping the blood sugar
below 10 mmol/l only. Episodes of hypoglycaemia, defined as being below 2.8 mmol/I,
were treated by substituting 10% dextrose for 5% dextrose until the blood glucose
value stabilised above 4.4 mmol/L.

The two primary endpoints were new ICU-acquired infection and the duration of ICU
dependency, which was the number of days spent in PICU. The primary outcomes were
adjusted for 5 baseline risk factors. Secondary efficacy endpoints included time to
weaning from mechanical ventilation, duration of haemodynamic support, proportion
requiring renal replacement therapy, liver dysfunction and time to discharge alive from
the hospital. Secondary safety endpoints included death in PICU within the first 7 days,
total stays in PICU and hospital, respectively, and hypoglycaemia (< 2.2 mmol/l).

1,440 patients would have 70% power to detect a 5% reduction, from 20% to 15%, of
rates of new infection in the late parenteral nutrition group compared to the early
group, at a two sided 5% significance level. Analysis was on an intention-to-treat basis.

Over a three year period, from June 2012, 7,519 children were screened and 1,440
randomised, 723 to the early group and 717 to the late group. The most common
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reasons for exclusion were a lack of requirement for nutritional support, low risk of
malnutrition, readmissions, enrolment in another trial and transfer in from another unit.
Groups were similar at baseline and are distinguished by the young age of the
participants, with median ages of 1.4 and 1.5 years, in the early and late groups,
respectively. Approximately 38% in both groups had undergone cardiac surgery, 87%
were receiving mechanical ventilation and 38% had an infection.

Energy provision via the enteral route was similar between groups, including protein,
carbohydrate and fat intake, but separated between groups in terms of parenteral
nutrition, with the early group achieving higher rates of feeding. The total nutritional
intake in the first week was greater in the early parenteral nutrition group.

Late parenteral nutrition resulted in a 7.7% absolute reduction in new ICU-acquired
infections (mean+SD; 18.5% vs 10.7%; adjusted OR, 0.48; 95% Cl, 0.35 to 0.6; P<0.001).
The total duration of stay in PICU was also reduced in the late parenteral nutrition group
(9.2%0.8 days vs 6.5+0.4 days; adjusted OR, 1.23; 95% Cl, 1.11 to 1.37; P<0.001). Patients
in the late group also spent less time on the mechanical ventilator (6.4+0.7 days vs
4.4+0.3 days; aOR, 1.19; 1.07 to 1.32; P=0.04), required less renal replacement therapy
(3.6% vs 2.5%; aOR, 0.49; 0.24 to 0.96; P=0.04) and had shorter durations of hospital stay,
both in the index hospital and when combined with a transfering hospital. Rates of
hypoglycaemia were significantly higher in the late group (4.8% vs 9.1%; P=0.001)

Study critique

This large three centre study in three different countries, Belgium, the Netherlands and
Canada, tested whether late supplemental parenteral nutrition was superior to early
supplemental parenteral nutrition in children at medium risk for malnutrition.

PEPaNIC robustly addressed the stated hypothesis, within the confines of the study, and
has high internal validity. The addition of late supplemental parenteral nutrition appears
to have clinical benefits over the early supplementation of parenteral nutrition. Both
primary outcomes were in favour of the late group. The trial methodology was of high
standard, with clear inclusion and exclusion criteria, computer-based randomisation,
excellent separation of the groups with respect to parenteral nutrition and blinded
adjudication of the development of new infection in the ICU. The protocol was published
during the running of the trial.> However, as excellently as this trial may have been
executed, the question of external validity is much less clear.

Although early supplemental parenteral nutrition is standard practice in each of the
three trial centres, to what degree this practice exists outside of these centres is
uncertain. Clearly any patient unable to tolerate enteral nutrition will require parenteral
nutrition, the question becomes one of “when?”. How long should a clinician wait to see
if the patient's gut starts to function again, allowing recommencement of enteral
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feeding. Like two sides of a coin, the question of when to initiate supplementary
parenteral nutrition is intrinsically linked with the question of what degree of nutritional
insufficiency requires supplementation acutely? Therefore, for a patient receiving some
enteral nutrition, does the addition of supplemental parenteral nutrition, allowing closer
to 100% of nutritional targets to be met, improve outcome, or simply subject patients to
risks from iatrogenesis.

In addition to the unique early supplemental parenteral feeding employed by these
three centres, the glycaemic management was also somewhat unusual in two of them.
The very tight glycaemic range of just 2.8 to 4.4 mmol/l in infants <1 year of age and 3.9
to 5.6 mmol/l in children =1 year of age in Leuven seems dramatic. However, these
glycaemic ranges are both evidence-based and associated with benefit over
conventional ranges, when tested in Leuven."” Also, the tolerance of very low glucose
levels in very young children appears strange to those unfamiliar with the management
of critically ill children. Almost 1 in 10 patients in the late group suffered significant
hypoglycaemia (< 2.2 mmol/l). Given the increased mortality seen with hypoglycaemia in
the adult NICE-SUGAR trial,* values of 10% suffering blood glucose values this low
appear worrying. Although the rates of death were small (early group, 6.8% at day 90 vs
late group, 5.3%; aOR, 0.64; 95% Cl, 0.39 to 1.05; P=0.08), and the point estimate is non-
significantly in Favour of the late group, it will be interesting to see if the potential
neuroglycopaenia has developmental effects in the years to come.

Similar to the original Leuven tight glycaemic control study in adults,® a large percentage
of patients, over a third, were recruited from the cardiac surgical setting. Adding this
cohort to a general population of emergency PICU admissions creates a large degree of
heterogeneity. A further problem is that many of these children would not have received
parenteral nutrition in other centres, given the majority were discharged from the ICU
after just a few days. Another issue with the chosen population is the use of the
STRONGKkids malnutrition screening tool, which is unvalidated in critically ill children.
Few children in the study appear to have been genuinely at risk from malnutrition. When
the very young median age is included, then a picture of a unique study forms — unusual
feeding, very tight glycaemic control, young age of patients, heterogenous population at
low risk of malnutrition receiving an intervention not widely used and which the
investigators hypothesise is associated with harm. The external generalisability of this
study would suffer markedly if the results didn't sit so well with other adult trials asking
similar questions.

A final issue related to the methodology of the trial pertains the choice of primary
outcome measures. While the adjudication of the primary outcome of newly acquired
ICU-infection was performed in a blinded manner, readiness for discharge was a
subjective decision made in the knowledge of group assignment."
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Where this sits in the body of evidence

Doig and colleagues asked a similar, but slightly different question, to that posed by
PEPaNIC. They undertook the large multi-centre randomised controlled Early Parenteral
Nutrition study, comparing early with late parenteral nutrition in critically ill adults with
short-term relative contraindications to early enteral nutrition.® 1,372 patients were
randomised across 31 ICUs in Australia and New Zealand. These patients were expected
to stay in the ICU for at least 2 days and unable to be fed enterally. Patients in the early
parenteral nutrition group commenced parenteral feeding at a mean of 44 minutes after
enrolment, while the standard care group commenced feeding, either enteral or
parenteral, at a mean of 2.8 days. Early parenteral nutrition resulted in fewer days of
invasive mechanical ventilation, but had no effect on length of stay in the ICU or
hospital, or mortality at day 60 (22.8% standard care vs 21.5% for early parenteral
feeding).

The EPaNIC trial was almost an adult version of the PEPaNIC trial, comparing early
parenteral supplementation (within 48 hours) with late parenteral supplementation
(after a week) in 4,640 critically ill patients with insufficient enteral nutrition.” Enterally
delivered nutrition was similar between groups, but the late parenteral group received
less parenteral nutrition. Overall, this translated into less total nutrition delivered over
the First week. Patients receiving late parenteral nutrition had a shorter duration of stay
in the ICU (median 3 days vs 4 days; P=0.02) and were more likely to be discharged alive
early from the ICU (HR, 1.06; 95% Cl, 1.00 to 1.13; P=0.04). This group also had less new
infections, lower measures of inflammation and a shorter duration of mechanical
ventilation.

A substudy of the EpaNIC trial sought to determine the effects of an early macronutrient
deficit on muscle wasting and weakness.® Contrary to commonly-held beliefs that early
inadequate nutrition contributes to catabolism and weakness, the late parenteral
nutrition group, who received less total nutrition, had less weakness than the early
parenteral group at first assessment at day 9. (34% vs 43%, absolute difference -9%;
95% Cl, -16 to -1%; P=0.030). Myofibre cross-sectional area and density were lower in
both the early and late parenteral groups in comparison with healthy controls, but the
late group had superior scores to the early group. This was due to more efficient
autophagosome formation and clearance of cellular debris.

The SPN randomised controlled trial was a two-centre study from Switzerland comparing
enteral nutrition alone with enteral nutrition supplemented with parenteral nutrition in
305 critically ill patients achieving less than 60% of their target calorific feed at day 3.°
Groups were similar at baseline and separated well in terms of delivered nutrition over
the next five days, with the combined group achieving 28 kcal/kg/day while the enteral
only group recieved 20 kcal/kg/day. The combined group had less nosocomial infections
between day 8 and 28 (primary outcome), 27% vs 38%; HR, 0.65; 95% Cl, 0.43 to 0.97,
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P=0.034. Other clinical outcomes were similar between group.

EDEN was an open-label, multi-centre, randomised controlled trial evaulating deliberate
underfeeding in patients with ARDS.™ 1,000 patients within 48 hours of the
identification of ARDS were rnadomised to receive either full enteral feeding or trophic
enteral feeding for the first 6 days. Groups were similar at baseline. The amount of
delivered calories differed significantly between groups, 1300 kcal/d vs 400 kcal/d
(P<.001). Full feeding resulted in more vomiting (2.2% vs 1.7%; P=0.05), elevated gastric
residual volumes (4.9% vs 2.2% of feeding days; P<0.001), and constipation (3.1% vs
2.1% of feeding days; P=0.003). There were no significant differences in other clinical
outcomes.

Van den Berghe and colleagues published the first major randomised controlled trial
evaluating the role of tight glycaemic control in critically ill adults, comparing a tight
maintanence of blood sugers 4.4 to 6.1 mmol/l with a more liberal range, starting when
blood glucose exceed 12 mmol/ and targeting a range of 10 and 11.1 mmol/l.> An
intravenous insulin infusion was used to achieve these blood sugar ranges. 1548 patients
were recruited. The mean blood glucose values differed significantly between groups,
5.7+1.1 mmol/l and 8.5+1.8 mmol/l. Tight glycaemic control resulted in a significant
mortality benefit during the ICU stay, 4.6% vs 8.0%; P<0.04), as well as reducing
bloodstream infections, acute kidney injury requiring renal replacement therapy, red cell
transfusions and critical-illnes polyneuropathy. Three aspects of the trial limited external
generalisability — namely, the large percentage of cardiac surgical patients, the
frequency of parenteral nutrition and its single-centre nature. Despite these concerns,
this landmark trial influenced glycaemic control worldwide in a very short space of time.

NICE-SUGAR was a large ANZICS multi-centre randomised controlled trial comparing
tight glycaemic control (4.5 to 6.0 mmol/l) with liberal control (<10 mmol/l) in 6,104
critically ill patients expected to stay in the ICU for at least three days. Tight glycaemic
control resulted in excessive mortality, 27.5% vs 24.9%; OR, 1.14; 95% Cl,* 1.02 to 1.28;
P=0.02). Results were similar for both medical and surgical patients. Rates of
hypoglycaemia were significantly higher in the tight glycaemic control group (6.8% vs
0.5%; P<0.001), which was felt to have been responsible for the mortality excess.

The ChiP trial examined whether critically ill children should receive tight glycaemic
control. 1,369 children in 13 English PICUs were randomised to either tight glycaemic
control (4.0 to 7.0 mmol/l) or conventional glycaemic control (<12.0 mol/l)." Groups
were similar at baseline. 60% had undergone cardiac surgery and almost two-thirds were
aged < 1 year. The tight glycaemic control patents received more insulin and had a lower
blood glucose value. There was no difference in the primary outcome of number of days
alive and free from mechanical ventilation at day 30 (tight glycaemic control group,
23+0.3 days vs conventional group, 23.2+0.3 days; mean difference 0.36; 95% Cl, -0.42 to
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1.14). Tight glycaemic control resulted in more children suffering hypoglycaemia (7.3%
vs. 1.5%; P<0.001).

Vlasselaers and colleagues also examined the question of intensive insulin therapy for
paediatric patients in a randomised controlled trial in 700 critically ill children in Leuven,
Belgium.” Patients in the intensive insulin arm had a target blood glucose
concentrations of 2.8 to 4.4 mmol/L in infants and 3.9 to 5.6 mmol/L in older children,
while the control group was managed with a blood glucose below 12.0 mmol/L. Intensive
insulin therapy resulted in a shorter stay in PICU (5.5 days vs 6.2 days; P=0.017), less
inflammation, as measured with CRP (-9.75 mg/L vs 8.97 mg/L; P=0.007) and mortality
(3% vs 6%; P=0.038). More patients in the intensive insulin group suffered episodes of
hypoglycaemia (25% vs 1%).

Should we routinely use early supplementary parenteral nutrition in children at risk
for malnutrition and able to receive some enteral feeding?
Probably not. It is unclear that full calorific feeding is either necessary or desirable in the
very early stages of critical illness, either in children or adults.
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POP-UP

Selvanderan SP, Summers MJ, Finis ME, Plummer MP, Abdelhamid YA,
Anderson MB et al. Pantoprazole or Placebo for Stress Ulcer Prophylaxis
(POP-UP): randomised Double-Blind Exploratory StudyCrit Care Med 2016;
44(10):1842-1850

Introduction

Clinical practice guidelines recommend gastric acid suppressive agents for prophylaxis
against stress ulceration in mechanically ventilated patients.! As a means to achieving
gastric acid suppression, proton pump inhibitors (PPIs) are ubiquitous within the ICU
environment. The evidence base for stress ulcer prophylaxis (SUP) is based largely on
trials from over 2 decades ago when processes of care in ICU were very different.? More
recent evidence suggests the incidence of stress ulceration in ICU patients is very low at
approximately 1%.3

ICU-acquired infections such as Clostridium difficile and ventilator-associated pneumonia
(VAP) have been associated with the use of PPIs.>* Although there was a vogue for
including PPIs as part of a “ventilator care bundle,” recent guidelines definitively advise
against their use to prevent VAP, suggesting that in patients who receive a combination
of enteral nutrition and PPI, the rates of VAP and mortality may actually be increased.>
With an unconvincing evidence-base and the potential for harm, the therapeutic role of
PPIs in the modern day ICU, where early enteral nutrition is the norm, is now uncertain.
This trial sought evidence of benefit or harm, associated with the use PPIs in an
Australian university-affiliated quaternary ICU within which the provision of PPIs for
mechanically ventilated patients and early enteral nutrition were the standard of care.

Study synopsis

POP-UP was a single-centre randomised, double-blind, placebo-controlled, parallel
group trial carried out in a mixed medical-surgical ICU. Eligible patients were randomised
to receive a once daily dose of either 40mg of pantoprazole in 10ml of 0.9% saline or
placebo (10ml of 0.9% saline). All patients admitted to the ICU who were expected to be
mechanically ventilated for more than 24 hours and who were expected to commence
on enteral feeding within 48 hours were eligible fFor inclusion. Non-intubated patients
were excluded. Patients who were prescribed acid suppressive therapy prior to
admission, those admitted with Gl bleed, known peptic ulcer disease or prescribed a
steroid dose equivalent to greater than 100 mg prednisolone per day were also
excluded.

A power calculation was not carried out. As an exploratory study, every admission was
assessed and all eligible patients at this institution were enrolled over a 12 month

171 Critical Care Reviews
I I I


http://dx.doi.org/10.1097/CCM.0000000000001819
http://dx.doi.org/10.1097/CCM.0000000000001819
http://dx.doi.org/10.1097/CCM.0000000000001819

period. It was hoped the event rate data generated would then inform the design of a
larger future phase Ill study. Analysis was based on the intention-to-treat model.

The hospital pharmacy prepared the study packs and randomised eligible patients in a
1:1 ratio. All medical, nursing and research staff were blinded to group allocation.
Patients received the intervention or control until extubation or for up to 14 days post
randomisation. The three primary outcome measures were clinically significant
gastrointestinal (Gl) bleeding, incidence of ventilator-associated infection or pneumonia
and incidence of Clostidium difficile infection.

Clinically significant Gl bleeding was defined as an overt episode of bleeding
accompanied within 24 hours by a drop in MAP >20mm Hg or a drop in Hb =20 g/L in the
absence of another cause. The need for endoscopy or surgery to arrest the bleeding also
fulfilled the definition. VAP was defined according to the CDC definitions. A clear
protocol was in place for stool sampling and testing for Clostridium difficile.

Secondary outcome measures included the rate of overt Gl bleeding, daily Hb
concentration, transfusion of red cells, time to first dose and number of doses of study
drug received and ventilator-free days at day 28. Coagulation and platelet counts were
recorded at enrolment to categorise the presence of haemostatic dysfunction and data
was also collected on enteral nutrition during the study.

Of 1,632 patients admitted during the study period, 216 (13%) were randomised. 978
(60%) patients were excluded as they were not intubated or expected to extubate in less
than 24 hours. OF 645 patients expected to be mechanically ventilated for more than 24
hours, the most common reasons for exclusion were existing acid suppressive therapy,
steroid therapy, known peptic ulcer disease or active Gl bleed. Consent was withdrawn
for 2 patients, so 214 were included in the intention-to-treat analysis — 106 in the
treatment arm and 108 in the control arm. Two patients were lost to follow-up in the
treatment arm and 3 patients in the control arm.

Groups were well matched at baseline, with an average age of 52, and two-thirds were
male. Approximately 50% in each group were on inotrope/vasopressor infusion. More
patients in the placebo group were immunosuppressed (18.5% vs 5.6%). 69% of
patients included in the study were of a non-operative primary diagnostic group, with
31% admitted to ICU post-operatively. Groups were balanced in terms of post-operative
vs non-operative admissions.

Both groups received a median number of 3 doses of study drug. The first dose was
administered within a median of 16 (15-18) vs 17 (16-19) (P=0.44) hours in the treatment
and control groups, respectively. Over 80% of patients in each group received enteral
nutrition within a median time of 16 hours of initiation of mechanical ventilation.
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Volume of feed delivered and incidence of feed intolerance was well matched between
groups. There were no significant differences between groups in the use of
corticosteroids, antibiotics or inotropes/vasopressors during the study period. The
incidence of haemostatic dysfunction was similar between groups, 37% vs 32%, in
treatment vs control groups, respectively.

There were no recorded episodes of clinically significant Gl bleeding in either group.
Ventilator-associated infective complications or pneumonia occurred in 1.9% (95% Cl, 0.2
to 5.1) and 0.9% (95% Cl, 0.02 to 5.2), and Clostridium difficile infection occurred in 1/106
vs 0/108 in the treatment and control arms, respectively. Nine patients had clinically
overt Gl bleeding during the study period 3/106 (2.8%; 95% Cl 0.6-8.0) vs 6/108 (5.6%;
95% Cl 2.1-11.7) (P=0.5). In eight of these cases the study drug was switched to open-
label pantoprazole but no other intervention was required.

When adjusted for transfusion, daily haemoglobin concentrations did not differ
significantly between groups. Rate of red cell transfusion did not differ, nor was any
significant difference between groups detected in ventilator-free days, length of ICU or
hospital stay or 90 day mortality.

Study critique

This study recruited mechanically ventilated patients at low risk of stress ulceration and
found no evidence of benefit or excess harm associated with the use of PPIs. As this was
an exploratory trial a power calculation was not carried out and all eligible patients were
enrolled over a 12 month period. Thus, it was underpowered to detect clinically
important outcomes. Both interventions were considered standard-of-care in this ICU.
Almost all randomised patients received study drug and 98% completed follow-up which
is reassuring when planning for a large phase lll trial.

Patients received the first dose of study drug in a timely fashion, but a mean number of
just three doses were given in each group. With a mean of 21 ventilator-free days in each
group perhaps patients were not intubated for long enough to expose them to
significant risk of either Gl haemorrhage or VAP. Furthermore, the ability of just a few
doses of PPI to influence the development Clostridium difficile infection is uncertain.

Patients randomised in this trial were commenced on enteral nutrition within 24 hours in
85% of cases. The early implementation of enteral nutrition may itself have reduced the
rate of stress ulceration by exerting a protective influence on gastric mucosa and
thereby offsetting any potential benefits of PPI. Although numbers were small (n=9),
mechanically ventilated patients who were not expected to be enterally fed within 48
hours of admission were excluded.

Only 13% of patients assessed for enrolment into the trial were randomised. This may
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have been as the investigators wished to generate data for the risk/benefit profile of
PPIs in a low risk population. Many patients were excluded because they were not
intubated or expected to be extubated within 24 hours. A significant proportion were
also excluded as they were already receiving or had been exposed to PPIs prior to
admission.

An interesting observational data set, separate from the randomised controlled trial,
may have been to monitor and publish the prescription of PPIs, the rate of ventilator-
associated infective complications, Gl bleeding and Clostridium difficile infection among
those patients in the ICU but excluded from the actual RCT. Although observational, this
data may have provided additional information on association and may have been more
representative of care processes within the ICU in question.

Where this sits in the body of evidence

The association of PPI use and development of Clostridium difficile infection was studied
in a single-centre retrospective analysis of data from 3,286 medical ICU patients in
Germany.* 73% of patients received a PPI during the ICU stay. The rate of Gl bleeding
was low at 0.9%. Univariate analysis showed PPI use was associated with a higher risk of
developing Clostridium difficile, OR 3.5, 95% Cl; 1.87 to 6.55). This was confirmed on
multivariate regression, OR 3.11; 95% Cl; 1.11 to 8.74).

Marik published a meta-analysis of randomised controlled trials comparing histamine
receptor antagonists (H2RA) vs placebo for stress ulcer prophylaxis in ICU patients.® The
primary endpoint was the incidence of significant Gl bleed. Secondary endpoints were
hospital-acquired pneumonia (HAP) and hospital mortality. 17 studies were included.
Only 3 studies, however, included patients with an adequate rate of enteral nutrition.
Stress ulcer prophylaxis with H2RA reduced the rate of clinically significant Gl bleeding.
(OR, 0.47; 95% Cl, 0.29 to 0.36; P<0.002). The benefit in reduction of Gl bleeding was
confined solely to those patients who were not enterally fed. If patients were enterally
fed and received stress ulcer prophylaxis, there was no reduction in Gl bleeding but an
association with increased risk of HAP (OR, 2.81; 95% Cl, 1.2 to 6.56, P=0.02) and
mortality (OR, 1.89; 95% Cl, 1.04 to 3.44; P=0.04).

In an effort to describe the current use of acid suppressants and to ascertain the
prevalence of risk factors for, and prognostic significance of, Gl haemorrhage, Krag et al
performed an international multi-centre inception cohort study over a 7 day period
between December 2013 and April 2014.° 97 ICUs in 11 countries contributed to data
collection from 1,034 patients. 73% of patients were prescribed a gastric acid
suppressant with 573/1034 (55%) receiving a proton pump inhibitor. Clinically significant
Gl bleeding occurred in 2.6% (95% CI 1.6 to 3.6) of cases. After co-variate adjustment,
clinically significant Gl bleeding did not impact the risk of 90-day mortality. This study did
not collect data on harm associated with use of PPIs.
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Another meta-analysis involving 14 trials and 1,720 patients compared PPIs with H2RA in
stress ulcer prophylaxis.” Primary outcome measures were clinically important and overt
upper Gl bleeding. Pneumonia and Clostridium difficile infection were included as
secondary outcomes. No trials in this meta-analysis provided direct data on the influence
of enteral nutrition on Gl bleeding. PPIs did reduce the rate of clinically significant Gl
bleed vs H2RA (RR 0.36; 95% Cl, 0.19 to 0.68; P=0.002). PPIs also reduced the rate of
overt Gl bleed (RR, 0.35; 95% Cl, 0.21 to 0.59; P<0.0001). No difference between PPIs vs
H2RA in nosocomial pneumonia, ICU mortality or ICU length of stay was detected. The
sparsity of data, mixed quality of the included trials and possible risk of publication bias
are all acknowledged in this meta-analysis.

In a retrospective pharmaco-epidemiological cohort study, data from 35,312 ICU patients
mechanically ventilated for over 24 hours, and who received either a H2RA or a PPI for
48 hours or more, was analysed.® Primary outcomes were rates of Gl bleeding,
pneumonia and Clostridium difficile infection coded as secondary diagnoses as per the
ICD-9. 38.1% of patients in this databank received a H2RA and 61.9% a PPI. Rates of Gl
bleed (2.1% v 5.9%; P<0.001), pneumonia (27% v 38.6%; P<0.001) and Clostridium
difficile (2.2% v 3.8%; P<0.001) were lower in the H2RA group compared to PPlIs.

Twenty randomised controlled trials involving 1,971 patients were included in another
meta-analysis of stress ulcer prophylaxis vs placebo or no prophylaxis.® Primary outcome
measures included rate of Gl bleed, HAP and all-cause mortality. There was considerable
heterogeneity among included trials. The quality of evidence from these trials was low,
with a high risk of bias. No difference in mortality, Gl bleeding or HAP was detected
between stress ulcer prophylaxis vs placebo or no prophylaxis.

A retrospective cohort study extracted data from a large Japanese database on stress
ulcer prophylaxis in patients admitted with severe sepsis.!® Data was retrieved on over
70,000 patients from 526 hospitals. Propensity scores were used to create treatment
(stress ulcer prophylaxis) and control groups (placebo or no prophylaxis) which were well
balanced and included 15, 651 patients in each group. No difference in the rate of Gl
bleeding requiring endoscopic intervention, Clostridium difficile or 30 day mortality was
detected. A higher rate of HAP was detected in the SUP group (3.9% v 3.3%) P = 0.012.

We look forward to the results of large phase Il studies currently progressing, which will
further enhance our understanding of this area.'**?

Should we implement this into our practice?
No. We should not change practice on the basis of this exploratory single-centred trial.
We must, however, question the role of PPIs in modern day stress ulcer prophylaxis.
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AKIKI

Gaudry S, Hajage D, Schortgen F, Martin-Lefevre L, Pons B, Boulet E et al.
Initiation Strategies for Renal-Replacement Therapy in the Intensive Care
Unit. N Eng J Med 2016;375:122-133

Introduction

Much of the research in renal replacement therapy (RRT) in critical illness has focused on
the effect of dose on outcome. However, in the absence of life-threatening
complications, there is no consensus on the timing of initiation of RRT in acute kidney
injury (AKIl).> There are multiple, theoretical benefits to early RRT in relation to fluid
balance and metabolic control; indeed, observational studies have suggested early
initiation is beneficial.” In contrast, in a cohort of septic patients, initiation of RRT prior
to the development of renal failure has shown to be potentially detrimental.> The
Artificial Kidney Initiation in Kidney Injury (AKIKI) trial investigated the timing of
initiation of RRT in critically ill patients with established renal injury.

Study synopsis

This multi-centre, randomised controlled trial performed in 31 French ICUs investigated
the effect of an early versus a delayed strategy for the initiation of RRT. Adult patients
admitted to ICU who Ffulfilled criteria for KDIGO stage 3 AKI and required vasopressor
support, mechanical ventilation or both were eligible.® Patients fulfil KDIGO stage 3 if
they meet any one of the following criteria; serum creatinine 3 times baseline, serum
creatinine = 354 pmol/L, urine output < 0.3 ml/kg for > 24 hours or anuria for = 12 hours.
Patients were excluded if they met criteria for immediate dialysis: uraemia (blood urea
nitrogen (BUN) > 40 mmol/L), hyperkalaemia (potassium > 6 mmol/L or > 5.5 mmol/L
after medical treatment), metabolic acidosis (pH < 7.15) or diuretic-resistant pulmonary
oedema.

The early strategy group had RRT commenced within six hours of meeting the inclusion
criteria. The late strategy group only had RRT commenced if they met the criteria for
immediate dialysis (stated above) or were oliguric for 72 hours after randomisation.
There was no blinding of treatment allocation. The method and duration of RRT were at
the discretion of the treating clinicians. Discontinuation of RRT was recommended when
urine output was > 1 L/day (or 2 L/day with diuretics) and mandated when creatinine fell
due to spontaneous diuresis.

The primary outcome measure was survival 60 days after randomisation. Secondary
endpoints included the requirement for RRT, time from randomisation to initiation of
RRT, number of RRT sessions required, RRT dependance at days 28 and 60, days free
from a variety of organ support measures, dialysis catheter free days, SOFA scores on
day three and seven, hospital and intensive care length of stay, nosocomial infections
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and predefined complications related to RRT.

Assuming an estimated 60-day mortality of 55% in ICU patients requiring RRT, a total
sample size of 546 patients was calculated to have 90% power at the 5% significance
level, to detect an absolute difference in mortality of 15% in favour of a delayed
treatment strategy. After taking into account the planned interim analysis, and to allow
for loss to follow-up, a sample sise of 620 patients was required.

In total 5,528 patients with AKI who were ventilator-dependant, inotrope-dependant or
both were screened. 3,430 fulfilled KDIGO stage 3 criteria; 2,583 of these met exclusion
criteria, and 227 eligible patients were missed. Ultimately a total of 620 patients were
randomised; 312 to the early strategy group and 308 to the delayed strategy group.
Baseline characteristics were similar in the two groups; 86% of patients were
mechanically ventilated and 85% required vasopressor support. The majority of patients
(80%) had a diagnosis of sepsis. The mean SOFA score was 10.9 + 3.2 vs 10.8 + 3.1 in the
early and delayed strategy groups, respectively.

In the early strategy group, RRT was commenced within a median of 2 hours after
randomisation and 4.3 hours after meeting KDIGO stage Il criteria. 99% of this group
received RRT. In the delayed strategy group, 51% received RRT at a median time of 57
hours after randomisation. In this group, uraemia (38%) and oliguria/anuria at 72 hours
(38%) were the commonest reasons for dialysis. For those who required RRT in the
delayed strategy group, the median urine output in the 24 hours prior to RRT was 150 ml
(IQR 50 to 600). RRT was initiated at a creatinine of 289 pmol/L vs 471 pmol/L in the
early and delayed strategy groups, respectively. Intermittent hemodialysis was the initial
method of RRT in 55% of patients.

There was no difference in the primary outcome measure of 60-day mortality; 48.5%
(95% Cl, 42.6 to 53.8) vs 49.7% (95% Cl, 43.8 to 55.0) in the early and delayed strategy
groups, respectively (hazard ratio, 1.03; 95% Cl, 0.82 to 1.29; P=0.79). A post hoc
exploratory analysis demonstrated mortality was lowest in the cohort of patients who
did not require RRT in the delayed strategy group (37.1%). However, after adjustment
for baseline Simplified Acute Physiology Score lll, the difference in mortality between
this subgroup and those in the early strategy group was not statistically significant
(P=0.341). Similarly, there was no difference in mortality for those who did require RRT
in the delayed strategy group (61.8%) and the early strategy group (P =0.181).

The delayed strategy group had significantly more days free from RRT at day 28, 19 (IQR
5to 29) vs 17 (IQR 2 to 26), (P<0.001). The overall number of RRT sessions was lower in
the delayed strategy group (943 vs 1,665). The early treatment group had more episodes
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of hypophosphataemia (22% vs 15% P=0.03) and more catheter-related blood stream
infections (10% vs 5%; P=0.03). It is notable that 55% of dialysis lines were in the femoral
vein. There were no significant differences in any other pre-specified secondary
outcomes.

Study critique

AKIKI is currently the largest multi-centre trial investigating the timing of renal
replacement therapy in the critically ill. It has numerous praiseworthy features. In
initiating RRT just 4.3 hours after KDIGO stage 3 was reached in the early strategy group,
it achieved excellent separation between the two groups. The late initiation of RRT in
the delayed strategy group appeared safe; although it resulted in higher rates of
hyperkalaemia and acidosis requiring treatment (both P<0.001), there was no evidence
of serious harm. In interpreting the results if this trial, the selective nature of the patient
cohort must be borne in mind; just 11% of the patients screened were included and
more patients were excluded due to a need for immediate RRT (n = 663) than were
ultimately enrolled in the trial.

The hypothesis of the trial was that a delayed strategy would translate into a reduced
mortality; this is an unusual concept for critical illness. The investigators argue a delayed
strategy would allow for stabilisation before initiation of RRT or avoidance altogether.
RRT can cause loss of amino acids, vitamins, catecholamines and electrolytes
(particularly phosphate which may result in respiratory and cardiac dysfunction).” This
must be balanced against the acidosis, hyperkalaemia and pulmonary oedema seen
when initiation of RRT is delayed. Overall, it is difficult to envisage that avoidance of RRT
in a small cohort of patients could lead to a 15% absolute reduction in mortality. Almost
half of the delayed strategy group did avoid the intervention and any associated
complications.

In contrast to the ELAIN study, which enrolled patients at KDIGO stage 2, this trial
recruited patients with KDIGO stage 3.5 Arguably increases in urea and creatinine are
late signs of renal damage. The creatinine levels at which RRT was initiated (289 vs 471
umol/L in the early and delayed strategy groups, respectively) suggest that this was
ultimately a trial of late compared to even later initiation of RRT.

Again, in contrast to the ELAIN study, neither the dose nor method of RRT was
standardised.” Intermittent haemodialysis was the initial method of RRT in 55% of
patients, with just 30% receiving continuous RRT (CRRT) as their sole method of dialysis.
This does not reflect UK, or many other countries, practice, where CRRT is preferred."
There is conflicting evidence as to the optimal mode of RRT in critically ill patients.
Several small randomised trials have failed to show any differences in mortality or renal
outcomes.’”™ However in two large trials investigating RRT dosing in critically ill
patients, the renal outcomes were significantly better in the trial which used CRRT."? A
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meta-analysis and further observational data support this finding.'®

Failure to standardise the dose of RRT delivered may have introduced a confounding
variable. As no data is presented on dialysis dose per se, we must rely on surrogates. The
authors state the urea levels during RRT reflect adequate dosing (early strategy 13.5
mmol/L vs delayed 20.3 mmol/L). However, the urea observed during RRT in the delayed
strategy group is considerably higher than that seen in the trials which looked at dialysis
dose. In the RENAL trial, for example, RRT was commenced at a urea 22.8 mmol/L in the
low intensity group and fell to 15.9 mmol/L. ? This is in contrast to a urea of 32 * 12
mmol/L prior to RRT in the delayed strategy group. Therefore, direct comparisons are
difficult to make and little inference can be drawn about the dialysis dose delivered and
whether it was adequate in either group.

One potential advantage of early RRT is the control of fluid balance. Excessive positive
fluid balance has been shown to be detrimental in lung injury and in critically ill patients
with renal injury."? Although information is provided on diuresis, no data is provided on
fluid balance. The delayed strategy group received more diuretics prior to RRT but
without Fluid balance the effects of such interventions are not known. This is
disappointing as the urine outputs were closely monitored.

Furthermore, a urine output of > 1,000 mls/day (in the absence of diuretics) was used as
a measure of return of renal function. Using this cut off, the delayed strategy group had
faster return of renal function. However, although urine output is associated with return
of renal function, a more conservative urine output might have been more sensitive.?'??

In summary, whilst trials examining RRT dose have been criticised for not standardising
when dialysis was initiated, the AKIKI trial could equally be criticised for failing to
standardise dose and method of RRT. The absence of data on dialysis dose and fluid
balance is a limitation. Unsurprisingly, in the delayed RRT group only the most severely
ill patients went on to require RRT. In contrast, some patients in the early strategy group
may have been dialysed unnecessarily. Future work should concentrate on better
identifying which patients are likely to go on to require RRT.

Where this sits in the body of evidence

The ELAIN trial was a single-centre study involving 231 critically ill patients with KDIGO
AKI stage 2 (creatinine > 2 times baseline or urinary output < 0.5 mL/kg/h for >12 hours)
and a plasma NGAL level > 150 ng/mL. Patients were randomised to early RRT
(commenced within 8 hours of KDIGO stage 2) or delayed RRT (commenced within 12
hours of KDIGO stage 3). All 112 patients in the early group and 108 / 119 patients in the
delayed group underwent RRT. The median time to initiation was 6 hours for the early
group and 25.5 hours for the delayed group. 90 day mortality was 39.3% in the early
group compared with 54.7% in the delayed group, (absolute risk reduction, -15.4%; 95%
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Cl, -28.1% to —-2.6%; P=0.03). The early group also had a shorter median duration of RRT
(9 days vs 25 days), shorter duration of mechanical ventilation (125.5 hrs vs 181 hrs), and
shorter hospital length of stay (51 days vs 82 days). Recovery of kidney function without
the need for dialysis was also more common in the early RRT group (53.6% vs 38.7%)."°

In an observational study over 8 years in a level one trauma centre, 100 adult trauma
patients treated with RRT were characterized as "early" or "late" starters, based upon
whether the urea was less than or greater than 21 mmol/L, prior to CRRT initiation. The
mean urea in the early and late group was 15.2 vs 33.7 mmol/L, respectively (P < 0.0001).
Survival was significantly higher among early starters compared to late starters (39.0%
vs 20.0%, respectively; P = 0.041).%

In a prospective, multi-centre, observational study conducted in 54 ICUs in 23 countries,
1,238 patients who received RRT were stratified into "early" and "late" starters based on
urea, creatinine or time from ICU admission. There was no difference in crude or
covariate-adjusted mortality between those who commenced RRT at a urea of < 24
mmol/L vs > 24 mmol/L. When stratified by creatinine, late RRT (commence at creatinine
> 309 pmol/L) was associated with lower crude and covariate-adjusted mortality.
However, RRT commenced > 5 days after ICU admission was associated with greater
crude and covariate-adjusted mortality.*

In a small multi-centre observational study, 98 patients who required RRT after
abdominal surgery according to local indications were divided into early dialysis (sRIFLE-
0 or Risk) and late dialysis (SRIFLE -Injury or Failure) groups. The overall mortality was
58.2%. Late dialysis was an independent risk factor for in-hospital mortality (hazard
ratio, 1.846; P =0.027).**

A substudy of the Finnish Acute Kidney Injury study looked at 2,901 patients with AKI.
The 239 patients who required RRT were classified as classic (one or more conventional
indications, n=134) and pre-emptive (no conventional indications, n=105). Crude 90-day
mortality was 48.5% vs 29.5% for the classic and pre-emptive groups, respectively.
Classic RRT was associated with a higher risk for mortality (adjusted odds ratio, 2.05;
95% Cl, 1.03 to 4.09).

In a randomised, controlled trial, 106 ventilated patients were allocated to early high-
volume haemofiltration (72 - 96 L per 24 hrs), early low-volume haemofiltration (24 -36 L
per 24 hrs), or late low-volume haemofiltration (24 - 36 L per 24 hrs). Early initiation was
within 12 hours of oliguria (< 30 ml/h for six hours) and a creatinine clearance < 20
mls/min. Late initiation was after the development of a traditional indication for RRT.
There was no difference in survival at day 28 or renal recovery in any of the groups.?
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Should we routinely start early renal replacement therapy in thos with acute kidney
injury?

Possibly not. The evidence remains unclear and further evidence is needed on the
initiation of RRT in critical illness.
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ELAIN

Zarbock A, Kellum JA, Schmidt C, Van Aken H, Wempe C, Pavenstadt H et al.
Effect of Early vs Delayed Initiation of Renal Replacement Therapy on
Mortality in Critically Ill Patients With Acute Kidney Injury. The ELAIN
randomised Clinical Trial. JAMA 2016;315(20):2190-2199

Introduction

Acute kidney injury is common in critical illness. It affects up to 60% of intensive care
patients, is associated with a mortality of around 25% and, as the severity of acute
kidney injury increases, there is a stepwise increase in mortality.! Renal replacement
therapy (RRT) is frequently used in the management of acute kidney injury in association
with multi-organ failure.? However, our understanding of the complexity of renal
replacement in the context of critical illness is lacking. Hence the optimal approach to
renal replacement therapy is unclear. One such aspect of the treatment that remains
controversial is when to initiate therapy. A recent survey identified a multitude of
indications in current practice.’ International guidelines are definitive on initiation in the
presence of life-threatening indications, but are less clear when to commence in their
absence.*

Early initiation may allow better control of Ffluid balance, acidosis and metabolic
derangements. Some observational studies have indeed suggested earlier initiation is
associated with better outcomes.>® Renal replacement is not without risk and possible
complications include haemodynamic instability, metabolic derangements and
complications of anticoagulation. Consistent with this, observational data has suggested
an increased risk of harm with early interventions.?'® Prior to this year, although there
have been some randomised trials investigating early versus delayed initiation of RRT,
these trials have used different indications for the initiation of therapy and have lacked
power to demonstrate an outcome benefit."""® Subsequently, the larger AKIKI trial,
which failed to show an outcome benefit from early initiation, was published.” The
ELAIN trial uses a different early indication for renal replacement and is therefore
another important piece in the RRT puzzle.

Study Synopsis

The ELAIN trial was a single-centre, non-blinded, parallel-group randomised trial
conducted in a university hospital in Germany. The aim of the study was to investigate
the effect of an early versus delayed strategy for the initiation of RRT in the critically ill
with acute kidney injury.
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Adult intensive care patients with either severe sepsis, requirement for vasopressor
support, refractory pulmonary oedema, or progression of non-renal sequential organ
failure score, who fulfilled criteria for KDIGO' stage two acute renal injury (>2 times
baseline creatinine or urinary output <0.5 mL/kg/h for 12 hours) and had an elevated
plasma neutrophil gelatinase—associated lipocalin (NGAL) (>150 ng/mL) were eligible for
recruitment. Patients were excluded if they had pre-existing renal failure (GFR <30
ml/min), previous RRT, obstructive renal disease or an intrinsic renal pathology such a
glomerulonephritis. Pregnancy, HIV, hepatorenal and neutropenic haematological
malignancy patients were also excluded.

Randomisation was performed in a 1:1 ratio using a computerised system with
stratification based on cardiovascular SOFA score severity and oliguria. The early
intervention group had RRT commenced within eight hours of meeting the inclusion
criteria, while the late group had therapy commenced within 12 hours of KDIGO stage 3
renal injury (urine output <0.3 mL/kg/h for =224 h and/or >3 fold increase in serum
creatinine level compared with baseline or serum creatinine of =354 pmol/L with an
acute increase of 44 pmol/L). RRT was also commenced in the delayed group for
absolute indications defined as severe uraemia, hyperkalaemia with ECG changes,
hypermagnesaemia, oliguria (<200 ml for 12 hours), anuria or organ oedema despite
diuretics. The intervention was standardised in terms of mode (venovenous
hemodiafiltration), replacement Ffluids, blood flow and anticoagulation. Therapy was
discontinued with return of urine output (>400 ml/day or >2,100 ml with diuretics) and a
creatinine clearance above 20 ml/min. Alternative therapies were allowed if, after 7 days,
renal support was still required.

The primary outcome was mortality 90 days after after randomisation. Secondary
outcomes included: 28- and 60-day mortality, ICU and hospital length of stay, organ
dysfunction, defined using daily SOFA scores, recovery of renal function and ongoing
need for renal support and serum inflammatory markers. Based on an expected 90-day
mortality rate of 55% in the control group with delayed initiation of RRT, 230 patients in
total were required to achieve 80% power at the 5% significance level to detect an 18%
reduction in 90-day mortality. Analysis was performed on an intention-to-treat principle.

A total of 604 patients with KDIGO stage 2 renal injury were screened, with 231 patients
randomised (112 in the early CRRT versus 119 in the delayed group). The majority of
patients excluded either did not meet the additional inclusion criteria (66%) or had
treatment limitations (26%). Of the 231 patients randomised the majority were either
post cardiac (47%) or abdominal surgery (34%). At randomisation baseline creatinine and
urine outputs were similar in the groups but there were some baseline differences;
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there were more men in the early group (69.6% vs 57.1%), while the delayed group were
older (65.7 vs 68.2 years), had higher rates of diabetes (15.2% vs 23.5%), chronic kidney
disease (37.8% vs 44.8%) and cardiac arrhythmias (33.0% vs 44.5%). There was a non-
significant difference in baseline NGAL levels (early group 618.5 vs delayed group 490.0
ng/ml). Both groups had significant organ dysfunction as indicated by SOFA (early 15.6
vs delayed 16.0) and APACHE 2 scores (early 30.6 vs delayed 32.7).

All patients in the early group received RRT, while 11 patients in the delayed group did
not receive the intervention (6 patients did not progress to stage 3 kidney injury, while 5
patients had protocol violations). The early group received RRT within a median of 6.0
hours (IQR 4.0 to 7.0) from randomisation while the delayed group had therapy after a
median of 25.5 hours (IQR 18.8 to 40.3); between-group difference, -21.0 hours; 95% Cl,
-24.0 to -18.0; P < 0.001. In the delayed group 18 patients received the intervention
before stage 3 kidney injury due to an absolute indication.

There was a significant difference in the primary outcome with a reduced 90-day
mortality in the early group, 44 of 112 patients (39.3%) compared to 65 of 119 patients
(54.7%) in the delayed group; 95% Cl, 0.45 to 0.97; P=0.03. There was no significant
difference in mortality at 28 days (30.4% early vs 48% delayed, P=0.11) or 60 days (38.4%
early vs 50.4% delayed, P=0.07). The median duration of RRT was reduced in the early
group, 9 days (IQR 4 to 44) vs 25 days (IQR 7 to >90; 95% Cl, 0.48 to 1.00; P=0.04), as was
the median length of mechanical ventilation, 125.5 hours (IQR 41 to 203) vs 181.0 hours
(IQR 65 to 413); P=0.002. Despite reduced duration of mechanical ventilation and renal
support, there was no difference in the median duration of intensive care stay 19 days
(IQR 9 to 29) in the early group vs 22 days (IQR 12 to 36) in the delayed group, (95% Cl,
0.61 to 1.19; P = 0.33). Duration of hospital stay was however reduced in the early
intervention group 51 days (IQR 31 to 74) vs 82 days (IQR 67 to >90); (95% Cl, 0.22 to
0.52; P<0.001). At 90 days, there was no difference in requirements for RRT, 13.4% for
the early group vs 15.1% for the delayed group.

Study critique

RRT is a complex intervention with multiple aspects of the therapy that could potentially
impact on patient outcomes. One such aspect is timing of therapy; traditionally renal
replacement was initiated when complications of renal failure were encountered.
However, rather than simply a supportive measure in renal failure, evidence has
accumulated that earlier intervention may have a therapeutic benefit, at least in terms
of attenuating renal injury and accelerating renal recovery.' The premise of the ELAIN
trial was these potential benefits could impact on mortality in a surgical population of
critically ill patients.

188 Critical Care Reviews
I I I



The ELAIN trial was a well conducted trial and is currently one of the largest
investigating timing of RRT in critical illness. Despite this, with a modest 231 patients
from a single-centre, this trial is susceptible to over estimation of treatment effect and
false positive findings.” ELAIN demonstrated a statistically significant difference for the
primary outcome, suggesting early RRT was beneficial. The power calculation was based
on an 18% absolute risk reduction in mortality, which seems improbable for any
intervention in critical care. The statistical weakness is further highlighted by the
fragility index of just three patients.

The investigators successfully enrolled an adequate number of patients based on the
power calculation. The patients recruited were critically unwell surgical patients. There
were a large number of exclusions based on the strict recruitment criteria. Patients with
previous renal disease or intrinsic renal disease were excluded. Of the 604 patients who
did meet renal injury inclusion criteria, a further 373 were excluded mainly due to the
absence of sepsis, inotropes or fluid overload. However there were minimal patients
who met the inclusion criteria who were not recruited. The study should therefore be
interpreted in the context of this highly selected population.

The ELAIN trial enrolled patients at KDIGO stage two renal injury. This may not reflect
contemporary critical care where practice® and current recommendations® would
suggest RRT is based on the patient’s overall condition. In the context of a trial, the
KIDGO definitions are validated markers of risk. Initially the use of KDIGO definitions
seems a robust comparable measure of renal function. Yet using creatinine and urinary
output may raise some issues. Both urea and creatinine are surrogate measures for
glomerular filtration rate and are affected by multiple patient related factors, while
urinary output not only reflects renal function but also Fluid status and is highly
influenced by diuretic use in the critically ill patient. Perhaps creatinine clearance might
have been a more comparable measure of renal injury. Furthermore, substantial kidney
injury may occur before elevations in serum creatinine. In this study, the early
intervention group had a median creatinine of 168 pmol/L and urea of 13.7 mmol/L,
indicating that the intervention was certainly initiated early in the context of therapy for
life threatening complications of renal failure. Arguably in terms of nephron damage this
may already reflect substantial damage, a truly early intervention may require a
different measure of renal injury. The trial did incorporate a biomarker, NGAL in the
inclusion criteria. All patients had to have a serum NGAL >150 ng/mL, levels above which
have been identified as a good indicator for subsequent requirement for RRT."”” NGAL
exists in different molecular forms, is synthesised in bone marrow and stored in
neutrophils. Expression also occurs in several non-haematopoietic tissues, such as colon,
trachea, lung and kidney epithelium.” As plasma NGAL levels are affected by chronic
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renal disease and critical illness, the value of NGAL in predicting renal injury has been
questioned.” In this trial NGAL was used to ensure recruited patients would
subsequently require renal replacement and therefore avoid unnecessary interventions.
As only three patients were excluded on the basis of the NGAL results it is questionable
if this added value to the overall study. Furthermore the control group received renal
support at KDIGO stage three renal injury, the same stage as the intervention group in
the AKIKI trial, a trial in which 49% of patients did not subsequently require RRT.

The intervention in the ELAIN trial was continuous venovenous hemodiafiltration. Pre-
filter replacement fluid was delivered with a ratio of 1:1 with dialysate. The effluent flow
prescribed at 30 ml/kg/hr and citrate used for anti-coagulation. Delivery was monitored
and strictly adhered to in both groups. There was less than 24 hours between
commencing the intervention in the two groups. At initiation, there were significant
differences in the serum urea (13.7 vs 16.9 mmol/L), creatinine (168 vs 212 pmol/L) and
urine output (445 vs 270 ml) but the potassium and bicarbonate levels were similar. Fluid
balance was not different in the two groups. In the context of critical illness it is hard to
imagine how these modest clinical differences and delay of around 21 hours in therapy
resulted in such a dramatic effect on mortality. It is further perplexing that the
intervention effect only became apparent after 90 days, as mortality up to that point
was not significantly different. The investigators postulate that reduced inflammatory
mediators may have been responsible for the reduction in mortality. Indeed, some pro-
inflammatory mediators (IL-6, IL-8) were significantly reduced. However, there was no
difference in several other pro-inflammatory mediators. Although a reduction in
potentially damaging inflammation seems like a plausible explanation, this may not be
supported by current evidence. Firstly, inflammatory mediators vary widely in patients
with sepsis,”® and secondly, standard filtration or dialysis membranes have only limited
effectiveness in removing cytokines.?’ Finally, increased dose of therapy should perhaps
impact on outcomes. While one large trial?®> in septic patients did show a benefit of
increased dose, two large trials did not.?*?* These studies used more traditional initiation
criteria and hence it may be a case of timing. Perhaps if early initiation is important, as
this trial suggests, then dosing will also have to be re-examined.

Where this sits in the body of evidence
Although the majority of large renal replacement trials have focused on dose rather than
initiation of therapy, there are some trials looking at this important aspect of RRT.

In an observational study over 8 years in a level one trauma centre, 100 adult trauma
patients treated with RRT were characterized as "early" or "late" starters, based upon
whether the blood urea nitrogen (BUN) was less than or greater than 21 mmol/L, prior to
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CRRT initiation. The mean urea of the early and delayed group was 15.2 and 33.7
mmol/L, respectively (P<0.0001). Survival rate was significantly increased among early
starters compared to late starters (39.0 vs 20. 0 %, respectively, P=0.041).%

In a prospective multi-centre observational study conducted at 54 intensive care units in
23 countries, 1,238 patients were stratified into "early" and "late" by median urea and
creatinine levels. Timing was also categorized into early (<2 days), delayed (2 to 5 days),
and late (>5 days). RRT by serum urea (<24mmol vs >24mmol) showed no significant
difference in crude or covariate-adjusted mortality. When stratified by creatinine (<309
umol/L vs >309 umol/L), late RRT was associated with lower crude and covariate-
adjusted mortality. For timing relative to ICU admission, late RRT was associated with
greater crude and covariate-adjusted mortality.®

In a small multi-centre, observational study 98 patients after abdominal surgery who
required RRT according to local indications were were divided into early dialysis (sRIFLE-
0 or Risk) and late dialysis (LD, sRIFLE -Injury or Failure) groups. Fifty-seven patients
(58.2%) died. Late dialysis (HR, 1.846; P=0.027) was an independent risk factor for in-
hospital mortality.®

In a prospective observational study with 234 patients, RRT was initiated 1 day (0 to 4)
after ICU admission. Median creatinine was 331 ymol/L (IQR 225 to 446 pymol/L), urea
22.9 mmol/L (13.9 to 32.9 mmol/L), and 76.9% of patients were classed as having RIFLE-
Failure acute kidney injury. In adjusted analysis, mortality at renal replacement initiation
was associated with creatinine <332 pmol/L (OR, 2.8; 95% ClI, 1.5 to 5.4), change in urea
from admission >8.9 mmol/L (OR, 1.8; 95% ClI, 1.0 to 3.4), urine output <82 mL/24 hours
(OR 3.0; 95% ClI, 1.4 to 6.5), fluid balance >3.0 L/24 hours (OR 2.3; 95% Cl, 1.2 to 4.5),
percentage of fluid overload >5% (OR 2.3; 95% Cl, 1.2 to 4.7), 3 or more failing organs
(OR 4.5;95% Cl, 1.2 to 4.2), Sequential Organ Failure Assessment score >14 (OR 2.3; 95%
Cl, 1.3 to 4.3), and start 4 days or more after admission (OR 4.3; 95% Cl, 1.9 to 9.5).
Mortality was higher as factors accumulated.’

In a substudy of the Finnish Acute Kidney Injury study, 2,901 patients, patients were
classified as pre-emptive (no conventional indications) and classic (one or more
indications) RRT recipients. Of 239 patients treated with RRT, 134 fulfilled at least one
conventional indication. Crude 90-day mortality of 134 patients with classic indications
was 48.5% versus 29.5% for the 105 patients with pre-emptive therapy. Classic RRT was
associated with a higher risk for mortality (adjusted odds ratio, 2.05; 95% Cl, 1.03 to
4.09).8
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In a randomised, controlled, two centre trial, a total of 106 ventilated severely ill mainly
post surgery patients were randomised to early high-volume haemofiltration (72 to 96 L
per 24 hours), early low-volume haemofiltration (24 to 36 L per 24 hours), or late low-
volume haemofiltration (24 to 36 L per 24 hours). Early initiation was within 12 hours of
oliguria (<30 ml/hour for six hours) and a creatinine clearance <20 ml/min. In the late
group therapy was commenced after development of a traditional indication for renal
therapy. There was no difference in survival at day 28 or renal recovery in any of the
groups.”

In a single-centre trial, 206 patients with acute kidney injury were randomised to early
dialysis when serum urea nitrogen and/or creatinine levels increased to 25 mmol/L and
618 umol/L, respectively, whereas the control group received dialysis as per the renal
team. Mean serum urea and creatinine levels were significantly higher in the control
group. In-hospital mortality was 20.5% and 12.2% in the intervention and control groups,
respectively (RR, 1.67; 95% Cl, 0.88 to 3.17; P=0.2).%

In a multi-centre, open-label pilot trial of critically ill adults with severe acute kidney
injury defined as oliguria (<6 ml/kg for 12 hours), elevated creatinine (x2 baseline) and
plasma NGAL >400 ng/ml, 101 patients were randomised to accelerated (12 hours or less
from eligibility) or standard RRT initiation. Median serum creatinine and urine output at
enrolment were 268 pmol/l and 356 ml per 24 hours, respectively. In the accelerated
arm, all patients commenced RRT and 45/48 did so within 12 hours from eligibility
(median 7.4 hours). In the standard arm, 33 patients started RRT at a median of 31.6
hours from eligibility, of which 19 did not receive RRT. Mortality was 38% in the
accelerated and 37% in the standard arm.™

In this multi-centre randomised trial 620 patients were randomised to early RRT,
commenced at KDIGO stage three renal injury, or delayed therapy initiated for severe
hyperkalemia, metabolic acidosis, pulmonary edema, blood urea nitrogen level higher
than 40 mmol/L, or oliguria for more than 72 hours. Mortality at day 60 did not differ
significantly between the early and delayed strategies (48.5% vs 49.7%; P=0.79). A total
of 151 patients (49%) in the delayed-strategy group did not receive renal-replacement
therapy. The rate of catheter-related bloodstream infections was higher in the early-
strategy group than in the delayed-strategy group (10% vs 5%, P =0.03). Diuresis, a
marker of improved kidney function, occurred earlier in the delayed-strategy group
(P<0.001)."
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Should we routinely start early renal replacement therapy in thos with acute kidney
injury?

Possibly not. The evidence remains unclear and further evidence is needed on the
initiation of RRT in critical illness.
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IRONMAN

Litton E, Baker S, Erber W, Farmer S, Ferrier J, French C et al. Intravenous iron
or placebo for anaemia in intensive care: the IRONMAN multi-centre
randomised blinded trial. A randomised trial of IV iron in critical illness.
Intensive Care Med 2016;42(11):1715-1722

Introduction

Anaemia is extremely common in the ICU, with 97% of patients becoming anaemic by
day 8 of admission.” Epidemiological studies demonstrate an association between
anaemia in critical illness and poor outcome.??* Although many critically ill patients can
tolerate a restrictive transfusion strategy without adverse effects, anaemia is still the
main indication in ICU for transfusion, which may itself be hazardous.**

The aetiology of anaemia of critical illness is in part due to upregulation of hepcidin, an
iron regulatory protein, reducing duodenal absorption of, and blocking macrophage
release, of iron. This disrupts heme biosynthesis and leads to iron-restricted
erythropoiesis.’

The use of IV iron to treat anaemia in the ICU has been poorly studied to date but meta-
analyses in the non-critically ill population suggests it may have the potential to improve
haemoglobin (Hb) concentration and reduce the need for allogeneic blood transfusion.®
Conversely, iron is essential for bacterial proliferation and it has been hypothesized that
the iron deficiency associated with inflammation may serve as a host protective
mechanism." Exogenous use of supplemental iron in the critically ill could, theoretically,
increase the risk of bacterial infection. This trial sought to evaluate the efficacy and
safety of IV iron in a critical care setting.

Study synopsis

This phase 2 multi-centre, blinded, randomised controlled trial was designed to assess if
IV iron reduced the need for allogeneic blood transfusion and increased Hb
concentration in ICU patients. Four ICUs in Perth, Australia, recruited adult patients
admitted to ICU with an anticipated length of stay > 24 hours and with a Hb of < 100 g/L
at any time in the preceding 24 hours. Recruitment was possible for up to 48 hours post-
admission. Those with a transferrin saturation (TSAT) > 50%, and/or a ferritin level of >
1200 ng/ml, were excluded, as were patients with suspected or confirmed infection.
Online permuted block randomisation, stratified by centre, was used to assign patients
in a 1:1 ratio to either IV iron (500mg of ferric carboxymaltose in 100ml of 0.9% saline) or
placebo (100ml of 0.9% saline). Four days after receiving study drug, if patients still met
the laboratory inclusion criteria above, they could receive a repeat dose. Patients were
assessed daily - if they continued to meet the inclusion criteria redosing was permitted
until a maximum of 4 doses had been given.
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The responsible treating clinician had control over all other aspects of patient
management. None of the included study centres had a red cell transfusion policy. The
primary outcome was the number of units of red cells transfused per patient between
randomisation and hospital discharge. Secondary outcomes included Hb at hospital
discharge and the proportion of patients who received a red cell transfusion. Adverse
events and infection rates were also recorded.

The power calculation was based on an estimate from a prior observational study of a
mean of 4 red cell transfusions in eligible patients. 140 patients were needed in order to
detect a difference in the mean number of red cell transfusions of 1 unit between
groups, with 80% power at the 5% significance level. Analyses were by intention-to-
treat.

330 patients were assessed for eligibility. Most patients (28%) were excluded on the
basis of high ferritin or TSAT levels. 24 of the 330 were excluded on the basis of
suspected or confirmed infection (7%). 70 patients were enrolled in each group.
Patients were well matched in terms of age, sex, APACHE Il and SOFA score. Surgical
admissions accounted for 87% (n=61) and 86% (n=60) of patients in the treatment and
control groups, respectively. Cardiothoracic surgery (43%) and trauma (36%) accounted
for the greatest number of reasons for admission in the treatment group and control
groups, respectively. Two-thirds of patients in each group were mechanically ventilated
and 70% were on vasoactive infusions at randomisation. More patients in the control
group had received a red cell transfusion prior to randomisation, 26% vs 19%, but the
median (IQR) number of units transfused prior to randomisation was low 1.5 (0-4). All
patients received the assigned treatment and all were followed up to hospital discharge.

17 patients in the IV iron and 26 patients in the control group received repeat dosing of
study drug. 10 patients received open-label IV iron (7 in the IV iron group and 3 in the
control group), almost all on the ward after ICU discharge. There was no difference in
the primary outcome of median number of red cell transfusions per patient in treatment
vs control groups, 1 unit (0 to 2) vs 1 unit (0 to 3); P=0.53, incident rate ratio (IRR), 0.71;
95% Cl, 0.43 to 1.18, P=0.19]. Although fewer red cells were transfused in the IV iron
group compared with the control group, 97 v 136, this did not reach statistical
significance. Adjustment for predefined baseline covariates, and using a per-protocol
analysis, again demonstrated no significant between-group differences. Similarly, no
significant difference was detected in the primary outcome for pre-defined subgroups
of patients with TSAT < 20% and ferritin < 200 ng/ml.

The median Hb at hospital discharge was higher in the IV iron group than the control
group, 107 g/L (97 to 115) vs 100 g/L (89 to 111), (P=0.02). Length of stay and mortality
rates in ICU and in-hospital were similar between groups. Infection rates were also
similar. There were four serious adverse events in each group (2 DVT ansd 2 PEs each)
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Study critique

This study aimed to contribute to the evidence base within the crucial area of
transfusion practices in intensive care medicine. There are a number of potential
explanations as to why no difference in the primary outcome was found.

Is the attempted restoration of iron stores in critically ill patients with evidence of iron
deficiency overly simplistic and too linear as a therapeutic strategy? The erythropoietic
response in critical illness, how it is modulated and influenced is an important subject
that is enormously complex but not yet fully understood.

The transfusion of red cells in this study was not normally distributed. Results were
presented in terms of median (IQR) rather than mean (SD) as initially planned. The power
calculation relied on four transfusions in eligible patients, but the mean number of
transfused units was much lower at 1.9 in the control group. Thus, the trial was
underpowered to detect the 1 unit reduction in transfusion from a baseline of 4 that it
had anticipated thus, raising the possibility of a type Il error. On the basis of IRONMAN it
is estimated that a future trial would need 1,572 patients to detect a mean change in
red cell transfusion of 0.5 units at 80% power (a=0.05).

The dosing of the drug, timing of first dose and duration of treatment may all have been
insufficient to influence the primary outcome. Patients were permitted a maximum of 4
doses of study drug. The majority of patients (97) in this study received only 1 dose of
study drug, with 38 patients receiving 2 doses, 5 patients receiving 3 doses and no
patient receiving 4 doses. It is unclear if one dose can be expected to influence
transfusion practices.

This was a study predominantly of surgical patients in ICU. 43% of the treatment group
were admitted after cardiothoracic surgery. This particular surgical subgroup is likely to
have undergone pre-operative optimization during which some of them may have been
prescribed a course of oral or IV iron to optimize Hb. This may have influenced post-
operative transfusion practices. Intra-operative blood conservation e.g. cell salvage, is
not mentioned. In a study of transfusion practices in predominantly surgical ICU
patients, the use of intra-operative cell salvage may have had a greater influence over
post-operative transfusion of red cells than IV iron.

Although most patients were mechanically ventilated and on a vasoactive infusion at
randomisation, the mean APACHE Il score in the treatment and control groups was low
at 12.2 (5.7) v 13.8 (6.1), respectively. The in-hospital mortality of 10% also indicates a
relatively well cohort of ICU patients and suggests the results of this study are not
generalizable to the overall ICU population. Septic patients were excluded.

Future studies will need to identify ICU patients who are at highest risk of blood
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transfusion e.g. by utilising a lower Hb trigger for inclusion and a longer length of ICU
stay. The participating units in this trial did not have red cell transfusion protocols or
triggers. Transfusion was left to the discretion of the treating clinician. With a mean Hb
prior to transfusion, of 76 g/L and 75 g/L, in the treatment and control groups,
respectively, it would appear that a more restrictive transfusion policy perhaps with a
trigger of 70 g/L could have been adopted. A lower transfusion trigger may be a more
effective strategy at reducing red cell transfusion than IV iron.

Where this sits in the body of evidence

In an attempt to investigate the effect of IV iron therapy on critically ill trauma patients,
Pieracci et al randomised patients to either IV iron (iron sucrose 100mg three times per
week for up to 2 weeks) or placebo.” This single-blinded, multi-centre, randomised
controlled study was carried out in 4 trauma centres in the US and included 150 patients.
The Hb threshold for inclusion in this trial was 12 g/dL and patients needed to have a
predicted ICU length of stay of > 5 days. 57 (38%) patients received all 6 doses of study
drug. Although IRONMAN used a higher dose of iron and had a lower Hb trigger for
inclusion (10 g/dL), this study examined a more homogenous patient group with higher
APACHE Il scores, median 23.1 (5 to 41) v 20.9 (0 to 40), in treatment and control groups,
respectively. No difference in Hb concentration, transferrin saturation or requirement
for red cell transfusion was detected between groups.

The CRIT study was a prospective, multi-centre observational study, aiming to ascertain
the incidence of anaemia and red cell transfusion in ICUs across the US.? 284 ICUs in 213
hospitals contributed to the data set on 4,892 patients. By 48 hours post admission 70%
of patients had a Hb < 12 g/dL. A Hb of < 9g/dL was an independent predictor of
increased mortality. 44% of patients received at least 1 red cell transfusion during their
ICU stay with the number of transfusions independently associated with a longer length-
of-stay in ICU and hospital and a higher mortality.

A European prospective, multi-centre observational study, collected data over a two
week period on patterns of blood sampling, anaemia and red cell transfusion across 146
Western European ICUs.? 1,136 patients contributed to the blood sampling and 3,534
patients to the anaemia and red cell transfusion data sets, respectively. A mean (SD)
volume of blood of 41.1 (39.7) ml was venesected in a 24 hour period. Sicker patients
tended to have greater frequency of blood sampling. 29% of patients had a Hb < 10g/dL
on admission. 37% of patients received a blood transfusion. Transfusion was associated
with a higher ICU and hospital mortality.

A systematic review (75 studies) and meta-analysis (72 studies) of randomised controlled
trials investigated the safety and efficacy of IV iron in a range of clinical settings. IV iron
did increase Hb concentration (standardized mean difference 6.5 g/dL (95% Cl, 5.1 g/dL
to 7.9 g/dL) and reduced the risk of red cell transfusion, risk ratio 0.74 (95% Cl, 0.62 to
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0.88). A significantly increased risk of infection was associated with the use of IV iron,
relative risk 1.33 (95% Cl, 1.10 to -1.64). There was significant heterogeneity between
studies with different IV iron preparations and doses used. Furthermore, there was a
paucity of studies included which had been carried out in the critical care environment.®

The use of erythropoietin (EPO) in the preceeding 3 months was an exclusion criterion
for RONMAN. In a multi-centre, prospective, randomised, placebo-controlled trial, 1,460
patients from a mixed medical-surgical ICU background, were randomised to receive
either EPO or placebo. The aim was to assess if the use of EPO reduced the percentage
of patients requiring red cell transfusions and/or increased Hb concentration. 40,000
units of EPO or placebo was given weekly for three weeks and patients followed up for
140 days. No difference in the number of red cell transfusions or of percentage of
patients transfused was detected. At day 29, Hb concentration was higher in the EPO
group compared with placebo (1.6 + 2 g/dL vs 1.2 + 1.8 g/dL), P<0.001. The EPO group
had a higher rate of thrombosis than placebo (HR, 1.41, 95% Cl, 1.06 to 1.86).2

Should we routinely use erythropoietin as a blood transfusion sparing therapy?
No. At present there is no evidence for the use of IV iron to reduce red cell transfusion in
the ICU patient.
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Introduction

Sepsis remains a major cause of morbidity and mortality, and vast consumer of
healthcare resources. In the USA, its incidence is 300 per 100 000 of the population,’ and
had an annual cost of 24 billion dollars a decade ago.? Mortality rises as sepsis worsens,
from approximately 25% with severe sepsis to 50% with septic shock.’

As one quarter of cases of severe sepsis occur outside the ICU, early recognition has the
potential to dramatically improve outcome and healthcare utilisation. With no biomarker
yet available For the identification of infection, clinical sepsis research proceeds in
populations with suspected or proven infection. A vital part of this work is the
recognition of infection-related physiological perturbation at the earliest oportunity.

The Ffirst sepsis definition (Sepsis 1)* was produced in 1991 and updated in 2001 (Sepsis
2.* These definitions were largely inflammation-based, with Sepsis 1 founded upon the
requirement of two of four systemic inflammatory response syndrome (SIRS) criteria and
Sepsis 2 adding clinical and laboratory parameters for the recognition of inadequate
organ perfusion. Over the following 15 years, numerous advances have been made in the
pathobiology of this syndrome, combined with a gradually falling mortality rate.’

Amongst the advances has been the realisation that SIRS both lacks sufficient specificity
for the identification of sepsis and misses one-in-eight patients with likely infection in
the ICU.” Clinical trials enrolling patients with presumed sepsis, using SIRS as an inclusion
criterion, risk significant heterogeneity and resulting null results. Uninfected patients
meeting SIRS criteria may be subjected to unnecessary, potential harmful antibiotics and
suffer delayed diagnosis of the true illness. Similarly, septic patients may not meet the
necessary SIRS criteria yet have significant infection and be misdiagnosed and
mistreated. To address these issues, an updated definition (Sepsis 3) was formulated.

Study synopsis
There were 4 steps in the formulation of the new SEPSIS 3.0 definition:®
1. the creation of the task force
2. a systematic review of the literature, to identify clinical criteria currently used to
identify sepsis and inform a delphi process
3. adelphi process, to achieve consensus on new sepsis and septic shock definitions,
plus clinical criteria to identify them
4. validation of the new sepsis definitions using three electronic databases
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The European Society of Intensive Care Medicine and the Society of Critical Care
Medicine each nominated a co-chair to convene a task force to update the definitions of
sepsis and septic shock. In January 2014, the two co-chairs invited 17 specialists in
critical care, infectious disease, surgery, and respiratory medicine, predominantly from
North America and Europe, and one from Australia, who had expertise in sepsis
epidemiology, clinical trials and translational science, to join the group. Although the
task Force was funded by the two societies, it maintained autonomy, and was
independent of industry involvement. Over a one year period, up to January 2015, the
task Force met four times and also corresponded by email.

The systematic review sought to identify clinical criteria currently used to identify sepsis
and septic shock and determine whether these differing criteria were associated with
varying outcomes. MEDLINE was searched using search terms, MeSH headings and the
term “sepsis”, “septic shock” and “epidemiology”. Results were limited to observational
studies in adults, reported in English between January 1992 and December 2015.
Randomised controlled trials were excluded, due to limitations with generalisability, as
were patient- or pathogen-specific studies and before-and-after trials. Forty-four studies
reporting septic-shock specific mortality were included. Study data was extracted for use

in the Delphi process.

The Delphi process consisted of three face-to-face meetings and three rounds of
questionnaires, in addition to ongoing email correspondence. The results of the
systematic reviews were made available to all task force members. The three rounds of
questionnaires took place in August, November and January. These sequentially
addressed the components of the definitions, key terms and predictive ability, and
agreement on the final consitution of the new definitions. A 65% agreement was
required to accept items discussed in this process, with items scoring below this
dismissed or rediscussed to achieve a unified opinion.

From a heterogenous set of 44 studies, the septic shock-associated crude mortality was
46.5% (95% Cl, 42.7% to 50.3%) The Delphi process established three variables,
hypotension, serum lactate level, and vasopressor therapy, to test in electronic health
records. Six combinations of these variables were tested in the Surviving Sepsis
Campaign database (2005 to 2010; n = 28 150), with the highest mortality (42.3%; 95%
Cl, 41.2 to 43.3%) being in a group fluid resuscitated yet still requiring vasopressors to
maintain a mean arterial blood pressure = 65 mm Hg and being hyperlactaemic (> 2
mmol/L ). These results were then externally validated in two further electronic health
records, the University of Pittsburgh Medical Center (2010 to 2012; n = 1,309,025), and
Kaiser Permanente Northern California (2009 to 2013; n = 1,847,165).
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Sepsis Sepsis is defined as life-threatening organ dysfunction caused
by a dysregulated host response to infection

Septic Shock Septic shock is a subset of sepsis in which underlying
circulatory and cellular/metabolic abnormalities are profound
enough to substantially increase mortality

Table 3: The 2015 definitions of sepsis and septic shock

Sepsis Suspected or documented infection and an acute increase of >2
SOFA points
Septic Shock Sepsis and vasopressor therapy needed to elevate MAP =65 mm

Hg and lactate >2 mmol/L (18 mg/dL) despite adequate fluid
resuscitation

Table 4: The clinical criteria used to recognise sepsis and septic shock

The definitions of sepsis and septic shock were separated from the clinical criteria used
to identify them. Without a specific biomarker for infection, the identification of sepsis
remains the recognition of organ dysfunction in the setting of known or presumed
infection. The best fit For the recognition of organ dysfunction came from an increase in
the SOFA score (sequential organ failure assement) of at least 2 points. Outside of an
ICU, a modified quick SOFA score (qSOFA) could be undertaken, which provides a screen
for organ dysfunction without advanced diagnostics, such as plasma lactate levels. The
term “severe sepsis” is now deemed redundant and the SIRS criteria removed.

In Setting of Known or
Presumed Infection

o — g, —
i I i

Three Components Six Components Four Critieria

1. Respiratory Rate = 22/min 1. Glasgow Coma Scale Score 1. Sepsis

2. Atered Mental Status 2. Mean Arterial Blood Pressure 2. Vasopressor therapy to

3. Systolic Blood Pressure < 100 mmHg 3. Vasopressor Requirement elevate MAP 265 mm Hg
4. Serum Creatinine or Urinary Output 3. Lactate >2 mmol/L (18 mg/dL)
5. Bilirubin 4. Adequate fluid resuscitation

6. Platelet Count

Diagram 1: The operationalisation of sepsis
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Once the work of the task force was complete, their recommendations and findings
were disseminated to major international societies and bodies for endorsement.

Study critique

The process of updating the 2001 Sepsis 2 definition* was a large undertaking
completed in a methodical fFashion by a group of globally renowned experts. By using a
systematic review to determine the current sepsis landscape and incorporate the latest
changes in sepsis pathobiology, a Delphi process to agree which variables to test, and
constructive and external validative modeling in existing large electronic databases,
sepsis 3.0 could improve on the known limitations of the SIRS-based Sepsis 2 definition
from 15 years ago. This updated definition will provide an enhanced framework for
ongoing research in the field. In due course, as our understanding of sepsis progresses,
these guidelines will be updated again. However, at present, few publications in 2016
have generated as much controversy as this group of papers.>"°

Despite being a major achievement, a landmark, and difficult, project such as this is not
without its issues. The biggest remains the inability of any clinical criteria to determine
whether infection is present. Arguably, Sepsis 2, which detected physiological
perturbations, has been superceded by a more specific organ dysfunction recognition
tool. Both models recognise physiological disturbance, but neither help clarify whether
infection is the cause. In addition, the sensitivity of SIRS appears to have been traded for
the specificity of gSOFA/SOFA. This could become a problem when used as an early
warning system, as an increased specificity could equate to more accurate identification
of a sicker cohort of patients, sicker because they are identified later, and thus have a
worse outcome. Early identification, where therapy may be most efficacous, may be lost
by waiting for the signs of organ dysfunction to develop.

The age old predicament for a definition of any syndrome is its lack of specificity due to
the absence of a gold standard test for the presence of the condition. The criteria
described by the Berlin ARDS definition encompasses a vast range of conditions, 50% of
which are without the pathognomic histological feature of diffuse alveolar damage."
Imprecise definitions lead to heterogenous cohorts being recruited into trials and
subsequent findings of no difference for any therapeutic intervention. It is unsurprising
the major advances in ARDS relate to mitigation or avoidance of ventilator-induced lung
injury, rather than any ARDS-related biological target. Therapeutic advances in sepsis
have similarly proven difficult to make, with just one positive,' although controversial,
breakthrough subsequently reversed through a number of randomised controlled trials
failing to replicate the original findings, even in the sickest patients.

Whilst the variables identified by the Delphi process were examined in 6 different
combinations in the Surviving Sepsis Campaign database, this database itself suffers
from the limitations of identifying true infection-related organ dysfunction. The
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subsequent database validations are vulnerable to the same problem. One commentator
has described the retrospective database validation technique as being “non sequitur,
having used a sophisticated retrospective analysis to demonstrate that the presence of
organ dysfunction, as detected by a SOFA score, optimises the combined sensitivity and

specificity for life-threatening organ dysfunction”.”

The use of big data also suffers another limitation — they are largely American & German
based, despite the majority of sepsis worldwide being in the developing world, and
especially sub-saharan Africa. The development of gSOFA allows a simple screen for the
recognition of organ dysfunction, with most healthcare systems having a blood pressure
monitor of some variety. In addition to it's geographical restraint in terms of validation,
of the 19 task force members, none were from low and middle income countries, where
the mortality from sepsis remains appreciably higher.™

Despite utilising a systematic approach and validating the operationalisation of the
definitions in large eletronic databases, this work has not been universally welcomed.
Several national bodies have declined to endorse the use of qSOFA / SOFA for the
identification of sepsis; in the UK, the Royal College of Emergency Medicine, NICE and
the UK Sepsis Trust do not recommend the use of qSOFA at this time, while several
major American bodies also fail to do so, including the American College of Emergency
Physicians,’ the Infectious Disease Society of America and various Emergency Medicine
bodies. Low and Middle Income Countries have also expressed disappointment with this
definition.” SIRS-based sepsis screening has long been taught and is deeply embedded
in many healthcare systems. Changing to gSOFA-based screening will require large scale
educational campaigns and uptake of this new construct, a move not helped by the lack
of a clear advantage with the newer model, given most working clinically are
comfortable with the older model.

Regardless of intellectual feelings towards Sepsis 3, the task Force has worked diligently
to progress the care we deliver to patients with infection-related organ dysfunction. The
need to embrace uncertainity in an uncertain world, allied with doing the best with what
we have, appears a logical conclusion.™

Where this sits in the body of evidence

Sepsis 2, based on the presence of two or more SIRS criteria, is a sensitive, but not
specific tool for the identification of sepsis, or more accurately, the presence of
physiological disturbance in the likely setting of infection. In an evaluation of the SOAP
study, including all 3147 new admissions to 198 ICUs across 24 European countries in a
two week period in May 2002, 93% of patients met two SIRS criteria at least once during
their ICU stay, while 87% met two critieria at the time of their admission. As the number
of SIRS criteria increased, so too did morbidity and mortality.'®
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Kaukonien and colleagues retrospectively reviewed data Ffrom 1,171,797 patients
admitted to 172 Australian or New Zealand intensive care units between 2000 and 2013
and found 109,663 had infection and organ failure. In this group, 13,278 patients (12.1%)
had SIRS-negative sepsis. Mortality increased with the addition of each SIRS criterion
(odds ratio, 1.13; 95% Cl, 1.11 to 1.15; P<0.001) without any increase in risk at a
threshold of two SIRS criteria.”

Cherpek and colleagues competed a single centre retrospective review, evaluating all
30,677 patients with suspected infection in the emergency department or wards from
2008 to 2016. The test characteristics of gSOFA were compared with SIRS, MEWS
(modified early warning system) and NEWS (national early warning system). Based on
the cut-off values for each model, the combined mortality & ICU transfer sensitivity and
specificity was calculated. The accuracy for the prediction of mortality was determined
using the highest non-ICU scores recorded. The combined outcome was reached 12
hours earlier in patients with SIRS =2 than qSOFA =2 (17 vs 5 hours)."’

Test Characteristics
Mortality & ICU Transfer Mortality
sensitivity specificity AUC 95% ClI
SIRS 22 91% 13% SIRS 0.65 0.63to 0.66
qSOFA 22 54% 67% qSOFA 0.69 0.67 to 0.70
MEWS =5 59% 70% MEWS 0.73 0.71t0 0.74
NEWS >8 67% 66% NEWS 0.77 0.76 to 0.79

Table 5: Test characteristics of SIRS, QSOFA, MEWS and NEWS"’

P
/

" Should we change to qSOFA / SOFA for the recognition of sepsis? ‘
This may depend on setting. Few ICU clinicians base their determination of the presence
or absence of sepsis on SIRS criteria. As such, this definition will make little difference.
SOFA and antimicrobial data will be captured in most electronic patient care systems
allowing epidemiological data to be collected. Outside the ICU, low and middle income
countries fear a lack of sensitivity with gqSOFA, while those in better resourced
healthcare systems need to implement this in a consistent, systematic and rigorous

- manner. Individual uptake of the definition within an institution may lead to care of

\ . varying quality. |

/ g
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LeoPARDS

Gordon AC, Perkins GD, Singer M, McAuley DF, Orme RML, Santhakumaran et
al. Levosimendan for the Prevention of Acute Organ DysFfunction in Sepsis. N
Engl J Med 2016;375:1638-1648

Introduction

In a retrospective analysis of 101,064 patients from the ANZICS database, from 2000 to
2012, the prevalence of severe sepsis or septic shock on admission to the ICU was 9.7%."
Despite a falling mortality associated with severe sepsis and septic shock over this time
period, the 2012 fatality rate remains high at 18.4%. In the USA, 230,000 people suffer
from septic shock annually and 40,000 die.?

Catecholamines are widely used for the preservation of arterial blood pressure in the
setting of septic shock, with noradrenaline the most commonly used agent in recent
large, multi-centre randomised controlled trials.? However, catecholaminergic therapy is
not without risk and carries the possiblity of tachycardia, increased myocardial and
whole body engery expenditure, insulin resistance, hyperglycaemia, splanchnic and
digital ischaemia, as well as various pro-infectious mechanisms including facilitating iron
transfer from lactoferrin and transferrin to bacteria.* The search for a non-
catecholaminergic agent for use in septic shock has lead to both vasopressin, a
vasopressor peptide secreted by the posterior pituitary, and levosimendan, a novel
calium-sensitising inodilator. In addition to improving myocardial contractility without
increasing myocardial energy demand, levosimendan has numerous extra-cardiac
effects, including being anti-inflammatory, anti-apoptotic, anti-vasospastic, improving
gut perfusion, and limiting ischaemia-reperfusion injury. These actions have been
suggested to protect the brain, spinal cord, heart, lung, diaphragm, liver, kidney and gut.’

Study synopsis

LeoPARDS was a UK multi-centre, double-blind, parallel group, randomised controlled
trial examining whether levosimendan reduced the severity of organ failure in adults
with early septic shock. The trial was funded by the National Institute for Health
Research and Tenax Therapeutics, sponsored by Imperial College London and the study
drugs were provided free of charge by Orion Pharma. None of these entities had input
into the design, conduct, analysis or reporting of the trial.

Adults with septic shock, despite adequate fluid resuscitation and requiring vasopressor
support for at least 4 hours, were eligible for enrolment. Exclusion critieria were
vasopressor support for greater than 24 hours, pre-existing dialysis dependence, Child-
Pugh class C liver impairment, mechanical ventricular obstruction, treatment limitations,
severe obesity (>135 kg), pregnancy, receipt of levosimendan within 30 days, allergy to
levosimendan or enrolment in another investigational trial with 30 days. Randomisation
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was performed via a web-based system with patients assigned in a 1:1 fashion to
levosimendan or placebo groups, in variable block sizes of 4 and 6, stratified for centre.
Study drugs were identically presented.

Patients received a continuous infusion of levosimendan or placebo for 24 hours. in
addition to standard therapy. The study drug was commenced at 0.1 pg/kg/min and
increased after 2 to 4 hours to 0.1 pg/kg/min for the remainder of a 24 hour period, after
which the infusion was stopped. If rate limiting side effects, such as hypotension or
tachcardia (>130 bpm), occurred the infusion was decreased in a specified manner and
could ultimately be stopped. Both groups were managed as per local clinical practice and
based on the surviving sepsis campaign guidelines. Dobutamine was recommended as
first choice inotrope and vasopressors were to be administered at the lowest possible
dose.

The primary outcome was the mean daily SOFA (sequential organ failure assessment)
score, excluding the neurological component, while the patient was in ICU and up to a
maximum of 28 days. Secondary outcomes included individual SOFA components,
catecholamine-free days, ventilator-free days, time to weaning from mechanical
ventilation, the proportion of patients with a major acute kidney event, duration of renal
replacement therapy, lengths of stay in ICU and hospital, and mortality at various
endpoints. Five hundred patients were required to detect a between group difference of
0.5 points in the mean SOFA score with a power of 90% at the 5% significance level and
assuming a standard deviation of 1.5 points. Allowing for a 3% consent withdrawal rate,
the target sample size was 516 patients. Analysis of the primary outcome was on an
unadjusted intention-to-treat basis.

2,382 patients were screened and 516 patients were recruited over a 24 month period
from January 2014 to December 2015, with 259 assigned to levosimendand and 257 to
placebo. The most common exclusion criteria were being outside the 24 hour inclusion
period (n=714) and treatment limitations (n=352). One patient in the levosimendan
witdrew consent and was not included in the analysis. Groups awere similar at baseline,
with both having median APACHE Il scores of 25 and SOFA score of 10. 56% were male,
93% were Causcasian and the median ages were 67 (levosimendan) and 69 (placebo).
Almost all patients were receiving a noradrenaline infusion at recruitment, at median
doses of 0.29 (levosimendan) and 0.27 (placebo) pyg/kg/min, resulting in mean arterial
pressures of 74 and 73 mm Hg, respectively. Small numbers of patients were also
receiving adrenaline, vasopressin or dobutamine infusions. The median time from
commencement of a vasopressor to trial recruitment was 16 hours.

At 24 hours, levosimendan administration resulted in a lower blood pressure, higher
heart rate and greater noradrenaline requirement. There was no difference in fluid
administration, stroke volume, cardiac index or lactate levels (table 6). Levosimendan
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was discontinued more often due to hypotension or tachycardia (13.5% vs 7.7%).

There was no statistically significant difference in the primary outcome, the mean (SD)
SOFA score recorded in ICU {levosimendan 6.68 (3.96) vs placebo 6.06 (3.89); mean
difference, 0.61; 95% Cl, -0.07 to 1.29; P = 0.053}. In an analysis of SOFA components
independent of each other, the levosimendan group had a higher cardiovascular
component score (mean difference, 0.25; 95% Cl, 0.04 to 0.46; P=0.01). There was no
difference in 28 day mortality (levosimendan 34.5% vs placebo 30.9%; mean difference,
3.6% ; 95% Cl, -4.5 to 11.7; P=0.43). Those receiving levosimendan were less likely to
have weaned from mechanical ventilation at 28 days (hazard ratio, 0.77; 95% Cl, 0.60 to
0.97; P=0.03). There were more adverse events in the levosimendan group (32 vs 23),
with supraventricular tachcardia being more common with the intervention.

Levosimendan Placebo Difference (95% ci)
MAP (mm Hg) 73 (11) 78 (12) -5 (-7 to -3)
Heart Rate (bpm) 102 (22) 89 (19) 13 (9 to 16)

Noradrenaline (ug/kg/min) | 0.28 (0.14, 0.46) 0.18 (0.07,0.33) | 0.10(0.06 to 0.15)
Fluid Administered my 1847 (272,2518) | 1718 (1176, 2540) | 129 (-140 to 304)

Lactate (mmol/L) 1.4(1.1,2.1) 1.7 (1.1, 2.2) -0.3 (-0.4, 0.0)
Stroke Volume (my 63 (49, 83) 72 (61, 83) -9 (-18, 0)
Cardiac Index (L/min/m?) 3.5(1.4) 3.3(1.0) 0.2 (-0.2, 06)

Table 6: Circulatory variables in LeoPARDS

Mean arterial pressure, heart rate, stroke volume and cardiac index reported as mean (SD); noradrenaline,
fluid administered and lactate reported as median (IQR).

Study critique

Despite a plethora of preclinical and small phase Il trials demonstrating beneficial
mortality and cardiac effects of levosimendan in sepsis,® in this robust randomised
controlled trial in critically ill patients, levosimendan not only failed to show evidence of
inotropy, but resulted in worse circulatory SOFA scores and a longer duration of
mechanical ventilation. How could such an unexpected result occur?

The population was appropriately identified, being high risk with a 30.9% control group
mortality and, received the intervention sufficiently early, within 20 hours of the
requirement for vasopressor support. Although the target dose of levosimendan was
similar to that of previous trials, aiming for 0.2 pg/kg/min, given the more robust nature
of LeoPARDS, this may have been the First trial to identify possible toxicity in a critically
ill septic population. With more patients in the levosimendan group discontinuing the
study drug due to adverse haemodynamic effects, and no signal of increased inotropy
with a supposed inotropic agent, the pharmacodynamics of this drug in critically ill septic
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patients may need to be revised. Although more patients in the control group received
dobutamine, potentially lessening any inotropic difference, the total number was less
than 10%. Similarly, there was no outcome difference in patients with the lowest cardiac
index. Unfortunately, echocardiographic measurements of cardiac function were not
undertaken, somewhat limiting the interpretation of the cardiovascular effects. The
exact nature of the likely toxicity of levosimendan in critically ill patients with sepsis is
uncertain, but could possibly be related to calcium handeling, elevated myocardial
energy demand related to tachycardia or excessive venodilation.

The primary aim of LeoPARDS was to assess the effect of levosimendan on organ
dysfunction in patients with septic shock. Thus, the focus was not limited to its inotropic
actions but also included its extra-cardiac effects. Disappointingly, there was no signal of
benefit in any SOFA component or other organ-specific endpoint.

A 2015 meta-analysis of 7 trials investigating levosimendan in sepsis reported a strong
beneficial effect on mortality (47% vs 61%; RR, 0.79; 95% Cl, 0.63 to 0.98).” This effect
was lost in sensitivity analyses excluding studies at high risk of bias. As ever with meta
analyses, detailed consideration of the included studies is required to draw valid
comparisons. These trials were all small, with an average of just 35 patients each, mostly
single-centre, and largely compared levosimendan with dobutamine, rather than
placebo. Of course, this questions the comparative effect of dobutamine versus placebo
in the management of sepsis. A larger general meta-analysis including cardiac surgical
trials, was also published in 2015.% In a review of sepsis trials alone, there was also a
suggestion of a mortality benefit with levosimendan, which again was lost when analysis
was limited to trials at low risk of bias (RR 0.83, adjusted 95% Cl, 0.48 to 1.55).
Interestingly, a review of 25 meta analyses, including over 6000 patients, suggested that
levosimendan did show clear signs of benefit. An alternative view of this article is that
we need less meta analyses of small trials and more large, robust, multi-centre
randomised controlled trials.’

Levosimendan increased heart rate and decreased blood pressure despite a higher
noradrenaline dose, with signals of a lower stroke volume. However, the cardiac index
was higher, due to the tachycardic effects of this drug. This increase in cardiac index was
also seen in previous studies examining this variable. There is a school of thought
dichotomising cardiac index/output into adequate and inadequate, rather than based on
any numerical value. As such, the artificial elevation of cardiac index through a
chronotropic effect runs counter to the contemporary issue of whether 3 blockade
induced slowing of heart rate is beneficial in septic shock.™

One of the few weak points of LeoPARDS is its choice of primary outcome, mean SOFA
score. This is disappointing given the otherwise excellent design and conduct of the trial.
As a strong pragmatic trial, the results of LeoPARDS are generalisable to any population
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of patients with septic shock meeting the inclusion and exclusion critieria and managed
in a similar healthcare system. Based on LeoPARDS, levosimendan currently has no role
in the treatment of sepsis. Whether it has a role in septic patients with myocardial
dysfunction requires a further trial, although it is questionable if equipoise still exists.
The place of levosimendan in the management of non-septic myocardial dysfunction is
not adressed by this trial, with trials ongoing in both cardiac surgery and cardiology.’

Where this sits in the body of evidence

A second, smaller randomised controlled trial evaluating levosimendan was also
published in 2016, comparing this agent with dobutamine in 38 patients with Fluid
resuscitated septic cardiomyopathy and an ejection fraction of <45%. Patients received
24 hour infusions of either levosimendan at 0.2 pg/kg/min or dobutamine at 5
ug/kg/min. Despite superior mechanical cardiac values and lower values of biochemical
markers of myocardial injury, there were no between group differences in patient
centred outcomes, including days on mechanical ventilation, length of stay in ICU and
hospital, or 28-day mortality (levosimendan 31.6% vs dobutamine 36.8%; P=0.732)"

Zangrillo and colleagues meta analysed seven small randomised controlled trials,
including 246 patients with severe sepsis or septic shock, comparing levosimendan with
control. Levosimendan was associated with improved mortality, a lower blood lactate
level, higher cardiac index, greater fluid loading, and unchanged mean arterial pressure
and noradrenaline dosing.’

Morelli and colleagues completed a small, single-centred, open label, randomised
controlled trial comparing esmolol with placebo in 154 tachycardiac patients with septic
shock requiring noradrenaline. Esmolol was titrated to achieve a heart rate between 80
and 94 bpm, while the control group remained tachycardiac with a heart rate of
approximately 105 bpm. 49.4% of patients treated with esmolol, and 40.3% of control
patients, received rescue levosimendan (P =0.39). 3 blockade resulted in a higher stroke
vlume, reduced requirement for noradrenaline and lower. 28 day mortality (49.4% vs
80.5%; P<.001).

Whether inotropy should be used in acute decompensated heart failure remains to be
proven. A pre-LeoPARDS meta-analysis including 28,280 patients from 177 randomised
controlled trials recently examined the effects of inotropes and vasopressors on
mortality.”> Reviewing 24 trials of acute heart failure, there was no difference in
mortality (inotrope/vasopressor 13.5% vs control 11.6%; RR with control 0.91; 95% ClI,
0.78 to 1.07; P=0.26). Results were similar considering all inotropic agents (22.4% vs
22.2% mortality, respectively; RR 0.97; 95% Cl, 0.93 to 1.10; P=0.18). Interestingly,
levosimendan was the only inotrope to show a beneficial effect on mortality. The data at
present continue to largely fail to demonstrate efficacy from inotropic agents in this
setting. LeoPARDS is consistent with this theme.
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Should we use levosimendan in septic shock?
No, in the absence of compelling new data, levosimendan has no role in the general
management of patients with septic shock.
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VANISH

Gordon AC, Mason AJ, Thirunavukkarasu N, Perkins GD, Cecconi M, Cepkova
M, et al. Effect of Early Vasopressin vs noradrenaline on Kidney Failure in
Patients With Septic Shock: The VANISH randomised Clinical Trial. JAMA.
2016;316(5):509-18.

Introduction

The role of vasopressin infusion in the management of septic shock has yet to be Ffully
elucidated. The 2012 surviving sepsis guidelines provide ungraded recommendations
that vasopressin can be used at a dose of 0.03 U/min in the setting of refractory
hypotension despite noradrenaline treatment or as a catecholamine sparing agent, but
recommends vasopressin should not be used as the initial vasopressor of choice.” These
guidelines reflect conventional thinking on the physiology of endogenous vasopressin in
shock. Vasopressin levels may be elevated in the early phase of shock and fall with
increased duration of shock, ultimately resulting in a vasopressin deficient state.??
Plasma vasopressin levels are corrected by vasopressin infusions, reinforcing that
patients are in a deficient state rather than demonstrating increased vasopressin
catabolism.?*

These findings have prompted investigations into the role of vasopressin in septic shock.
The biggest trial to date has been the VASST study which compared vasopressin with
noradrenaline.* Findings from this trial have generated hypotheses about how
vasopressin may benefit patients in septic shock. An a priori subgroup analysis found
patients with less severe shock had a lower mortality when treated with vasopressin,
while post hoc analysis demonstrated a trend towards less renal failure. In addition,
vasopressin was associated reduced mortality when steroids were administered in
conjunction with vasopressin.*® The VANISH trial investigated the effect of early
vasopressin on renal outcomes and also the effect of vasopressin and steroids on
mortality.

Study synopsis

This trial hypothesised the use of high dose vasopressin in patients with early septic
shock would improve a number of renal outcomes when compared to the use of
noradrenaline. To assess the interaction between steroids and vasopressin, a 2x2
factorial design was chosen for this randomised, double-blind trial.

VANISH was conducted in 18 UK ICUs. Patients aged 16 years or over were eligible if they
had sepsis requiring vasopressor support. Patients had to be recruited within 6 hours of
onset of shock. Sepsis was defined as a known or suspected infection with > 2 of the
SIRS criteria being fulfilled. Patients were required to have received adequate fluid
resuscitation, although no minimum volume was set. Exclusion criteria included previous
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catecholamine use during the ICU stay, steroid dependance, end stage renal Failure,
vascular pathology such as mesenteric ischaemia or Raynaud’s phenomenon or a lack of
commitment to full treatment.

Due to the 2x2 Factorial nature of the trial design, patients could be randomly assigned
to one of four treatment groups; vasopressin and placebo, vasopressin and steroids,
noradrenaline and placebo or noradrenaline and steroids. Randomisation was conducted
using block sizes of 4 or 8 and was stratified based on treatment centre.

The first therapeutic component consisted of either vasopressin titrated to a maximum
of 0.06 U/min or noradrenaline titrated to a maximum of 12 pg/min with a target mean
arterial pressure (MAP) of 65 to 75 mm Hg. Patients could receive open label
catecholamines as the study drug was commenced, up to a maximum of six hours. As the
patient improved open label catecholamines were weaned first. In instances of recurrent
hypotension occurring in the first 24 hours after cessation of the study drug, it was
recommenced. Beyond 24 hours, open label catecholamines were used.

Only once vasopressin or noradrenaline infusions were at maximal doses was the second
drug added (i.e. hydrocortisone or placebo). Patients then received either
hydrocortisone 50 mg 6 hourly or identical placebo for five days. The dose was reduced
over six days until it was stopped. Once this second drug was given additional open label
catecholamines could be used if the target MAP was not achieved.

Kidney Failure-free days, defined as the number of days with a Acute Kidney Injury
Network (AKIN) score of less than 3 in the first 28 days was the primary outcome
measure. This was reported in two ways to reflect the competing risk of death: (1) the
proportion of patients who survived to day 28 and who never developed AKIN stage 3
kidney failure and (2) the median number of days alive and free from kidney Failure for
those that developed kidney Ffailure, died or both. Secondary outcomes included
duration of kidney failure, rates of renal replacement therapy (RRT), organ failure free
days and mortality.

Assuming a 30% to 50% incidence of AKIN stage 3 kidney injury, and allowing for
attrition, 412 patients were required to detect a 20% to 25% relative reduction in the
primary outcome measure with a 80% power at the 5% significance level. A modified
intention-to-treat analysis was used. As not all patients would progress to receive either
placebo or hydrocortisone, as-treated and per-protocol analyses were used. In the as-
treated analysis, patients who did not require the second study drug were grouped with
patients who had received placebo. Those who crossed over between groups, for
example due to open table use of hydrocortisone or vasopressin, were reallocated. The
per-protocol analysis excluded all those who had not received the allocated study drug
as intended. Regression analysis was used to test for interaction between vasopressin
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and hydrocortisone.

A total of 2,213 patients were screened and 1,792 patients were excluded, the majority
(1,236 patients) as they Ffell outside the 6 hour recruitment window. A total of 421
patients were randomised. Analysis is presented for 408 patients (7 were excluded prior
to administration of the study drug as they had met exclusion criteria, a further 5
patients withdrew consent and one patient consented but subsequently refused
ongoing participation).

The groups were well balanced at baseline, with a typical patient being a Caucasian male
in their mid 60s. The median APACHE Il score was 24 and 58% of patients required
mechanical ventilation at the time of enrolment. The median serum creatinine was 1.38
mg/dL (122 pmol/L), at baseline, with 21% of patients meeting AKIN stage 3 kidney
failure criteria. The median time from onset of shock to initiation of study drug was 3.5
hours.

At baseline, 76% of patients were receiving open label noradrenaline at a median dose
of 0.16 pg/kg/min. The median volume of fluids administered prior to initiation of the
study drug was 1,134 mL, and was similar across all groups. The mean volume of fluid
administered from randomisation to the end of the first calendar day was 2,889 + 3,813
mL vs 2,805 * 2,455, in the vasopressin and noradrenaline groups, respectively. There
was no significant difference in the volume of fluid administered or total fluid balance in
any of the first seven days when either vasopressin was compared to noradrenaline or
hydrocortisone was compared to placebo. On day one, the total dose of noradrenaline
(both study drug and open label) was approximately 0.3 pg/kg/min in the noradrenaline
group and 0.15 pg/kg/min in the vasopressin group. The total dose of noradrenaline was
similar during the first seven days in the vasopressin and noradrenaline groups. The
lowest MAP in the vasopressin and noradrenaline groups from days 1 to 7 ranged from
approximately 60 mm Hg to 70 mm Hg.

There was no difference in the proportion of patients who survived to day 28 and who
never developed AKIN stage 3 kidney failure; 57.0% in the vasopressin group compared
to 59.2% in the noradrenaline group (absolute difference, -2.3%; 95% Cl,-13.0% to
8.5%; P=0.88). There was no difference in the median number of days alive and free from
kidney failure fFor those that developed kidney failure, died or both; median 9 days (IQR 1
to 24) in the vasopressin group compared to 13 (IQR 1 to 25) in the noradrenaline group
(absolute difference, -4 days; 95% Cl, -11 to 5).

The use of RRT was lower in the vasopressin group compared to the noradrenaline
group; 25.4% vs 35.3% (OR, 0.40; 95% Cl, 0.20 to 0.73). 28 day mortality rates were
similar between the two groups; vasopressin (30.9%) and noradrenaline (27.5%)
(absolute difference, 3.4%; 95% Cl, -5.4% to 12.3%). Vasopressin and noradrenaline
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shared a similar safety profile.

The as-treated (n=408) and per-protocol analysis (n=294) demonstrated hydrocortisone
resulted in no differences in renal failure, need for RRT or mortality. No interaction
between vasopressin and hydrocortisone was found in relation to 28 day mortality
(P=0.98).

Study critique

This large trial involving 408 patients was well conducted and has furthered our
knowledge in the role of vasopressin in the management of early septic shock. VANISH
has many strengths. Patients were randomised and had their study drug commenced on
average 3.5 hours after the onset of shock. This compares similarly to the 2.5 hours
taken to recruit patients into the ProMISE trial investigating early, goal-directed
therapy.’

Post hoc analysis of the VASST trial suggested an interaction between vasopressin and
hydrocortisone resulted in a reduction in 28 day mortality.® The manner of
administration of hydrocortisone in this trial is likely to reflect current clinical practice
and surviving sepsis guidelines, with administration only when vasopressors were used
at higher doses (vasopressin and noradrenaline at 0.06 U/min and 12 pg/min,
respectively).” To account for some patients not receiving steroids, an as-treated and
per-protocol analysis were performed, reinforcing the strength of trial design.

Some minor points warrant discussion in relation to the renal outcomes used. The choice
of kidney failure-free days was defined using two measures (described above). Although
the definition of the primary outcome measure is complex, it is difficult to see how an
alternative primary outcome measure would have been better. For example, use of RRT
would also suffered from the challenges of competing risk of death and RRT is not
initiated or delivered in a consistent way between clinicians.® It appears appropriate the
trial design factored the competing risk of death as the mortality rate in the vasopressin
group was 30.9%. Furthermore, the use of AKIN criteria provides an objective measure
of renal dysfunction.®'°

The post hoc analysis from the VASST study demonstrated patients in the “risk” category
of the RIFLE criteria were those deriving benefit from vasopressin; less went on to
develop “failure” or “loss” levels of kidney injury.>'" There was no benefit seen in
patients without kidney injury.” In the VANISH trial all patients with septic shock who
required vasopressors were recruited, not just those who Ffulfilled the “risk” criteria.
Therefore, a subtly different group was studied. However, as smaller studies have also
demonstrated beneficial effects of vasopressin on renal indices it seems reasonable to
have recruited patients with early sepsis who are inherently predisposed to renal
dysfunction.'®"®
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The primary outcome measure was kidney failure-free days in the Ffirst 28 days, as
defined as AKIN stage 3. The post hoc analysis of the VASST trial demonstrated a
reduction in the number of patients who progressed to fulfill the RIFLE criteria For
“failure” or “loss”.> For patients to meet the definition of “loss”, they are required to
have > 4 weeks of renal dysfunction (table 7)."" It is notable, however, this post hoc
analysis only followed patients for 28 days.® Therefore, despite the 28 day follow up and
move to AKIN criteria, the primary outcome measure in the VANISH trial would still
measure the same level of renal dysfunction as the post hoc analysis of the VASST
study.>*"

RIFLE criteria™ AKIN criteria®

Risk 1
* Increase in serum creatinine x 1.5 or * Increase in serum creatinine x 1.5 to 2-
« GFR*decrease >25% or fold or
« UO* < 0.5 ml/kg/hour x 6 hours e Increase in serum creatinine = 0.3 mg/dl

(26.4 pmol/l) or
e UO<0.5ml/kg/hour for > 6 hours

Injury 2
* Increase in serum creatinine x 2 or * Increase in serum creatinine x 2 to 3-
* GFRdecrease > 50% or fold or
«  UO <0.5 ml/kg/hour x 12 hours e« UO<0.5ml/kg/hour for > 12 hours
Failure 3
* Increase in serum creatinine x 3 or * Increase in serum creatinine to > 3-fold
* GFRdecrease > 75% or or
« Serum creatinine = 4.0 mg/dl (350| * Serum creatinine > 4.0 mg/dl (354
pmol/l) with an acute rise > 0.5 mg/dl umol/l) with an acute rise > 0.5 mg/dl
(44 pmol/l) or (44 pmol/l) or
«  UO < 0.3 ml/kg/hour x 24 hours or * UO < 0.3 ml/kg/hour for 24 hours or
e anuria x 12 hours * anuriax 12 hours
Loss N/A
e complete loss of kidney function > 4
weeks
End-stage N/A

» End-stage kidney disease > 3 months

Table 7: Comparison of RIFLE and AKIN criteria
#glomerular filtration rate, * Urine output

Despite similar rates of AKIN stage 3 renal dysfunction, the rate of RRT was less in the
vasopressin group. As the implementation of RRT was at the discretion of the treating
clinicians, there could be a number of potential explanations for this. Vasopressin use is
associated with improved urine output and lower creatinine.’ In addition, vasopressin
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has a noradrenaline sparing effect, and patients in the noradrenaline group may have
been placed on RRT in an effort to reduce catecholamine doses. The investigators
postulate this reduction in RRT may represent a patient-centred outcome; however, the
duration of RRT in both groups was very short {3 (IQR 2 to 7) days in the vasopressin
group and 3 (IQR 2 to 8) days in the noradrenaline group}.

Overall, this was an excellent trial which has answered many of the questions the VASST
trial generated regarding vasopressin use in sepsis. The subtle differences in the patient
cohort studied and renal outcome measured are important to consider.

Where this sits in the body of evidence

A small study compared 19 patients with septic shock to 12 patients with cardiogenic
shock, all of whom were catecholamine-dependant. The mean systolic arterial pressure
and cardiac output were 98 mm Hg and 6.8 L/min compared with 99 mm Hg and 3.5
L/min in the septic shock and cardiogenic shock groups, respectively. The mean plasma
vasopressin level was 3.1 + 1.0 pg/mL in the septic shock group compared to 22.7 + 2.2
pg/mL in the cardiogenic shock group (P<0.001). The addition of vasopressin to the
septic shock group resulted in an increase in the mean systolic blood pressure from 92
mm Hg to 146 mm Hg (P<0.001) and an increase in the systemic vascular resistance from
644 to 1187 dyne.s/cm5 (P<0.001).3

The VASST trial was the first study to look at the effects of vasopressin on mortality. This
multi-centre, randomised, double-blind trial enrolled patients with septic shock (with
shock being defined as a requirement for at least 5 pg/min of noradrenaline despite
adequate fluid resuscitation) and at least one new organ dysfunction. Patients were
randomised to receive either fixed dose vasopressin at 0.03 U/min or noradrenaline at 15
hug/min. Open label vasopressors were titrated to achieve a target MAP of 65 - 75 mm
Hg. This study recruited the desired number of patients with 778 patients included in the
final analysis. However, the observed mortality of 39.3% in the noradrenaline group was
considerably less than the 60% predicted mortality. There was no difference in the
primary endpoint of 28 day mortality (adjusted odds ratio, 0.88; 95% Cl, 0.62 to 1.26; P =
0.26). There was no difference in 90 day mortality or rates of organ dysfunction.*

A priori subgroup analysis of patients within the VASST trial demonstrated those
suffering from less severe shock (requiring 5-14 yg/min noradrenaline) had improved 28
day mortality when treated with vasopressin (relative risk, 0.75; 95% Cl, 0.55 to 1.01;
P=0.05). This benefit remained at 90 days (P=0.04). However, the test for interaction
between allocation to vasopressin and less severe shock was not significant (P=0.10).
There was no difference in mortality between vasopressin and noradrenaline treatment
groups in those suffering from severe shock (requiring = 15 pg/min noradrenaline).*

Post hoc analysis of patients from the VASST trial looked at the effects of vasopressin on
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renal outcomes. Of the 778 patients in the original trial, 106 fell into the RIFLE “risk”
category. Over the 28 day study period, 20.8% (n=11) of those treated with vasopressin
went on to develop “failure” or “loss”, compared to 39.6% (n = 21) in the noradrenaline
group (P=0.03). The number of patients who required RRT was also lower in the
vasopressin group (P=0.02). Due to multiple testing performed in this study, a P-value of
0.01 was considered statistically significant.’

Another post hoc analysis of data from the VASST trial examined the interaction
between steroids and vasopressin. In patients with septic shock treated with steroids,
those who received vasopressin (n=296) had a 28 day mortality rate of 35.9% compared
44.7% in those who received noradrenaline (n=293) (P=0.03). In the group of patients
who did not require steroids, vasopressin (n=101) was associated with a higher mortality,
33.7%, compared to those those who received noradrenaline (n=89), 21.3%, (P=0.06).
There was a significant interaction between steroids and vasopressin (P=0.008).¢

A randomised controlled trial compared two doses of 40 units of vasopressin with two
doses of 1 mg of adrenaline in 1,186 patients with out-of-hospital cardiac arrest. There
was no difference between vasopressin and adrenaline in the primary endpoint of
survival-to-hospital admission in patients with ventricular fibrillation (46.2% vs 43.0%;
P=0.48) or pulseless electrical activity (33.7% vs 30.5%; P=0.65). However, in those with
asystole, 29.0% of those treated with vasopressin survived to hospital admission,
compared to 20.3% of those treated with adrenaline (P=0.02)."

Should we routinely consider vasopressin for the management of septic shock?
Possibly. Both VASST and VANISH point towards some benefit in renal outcomes with
vasopressin, with no indication of harm.
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CLASSIC

Hjortrup PB, Haase N, Bundgaard H, Thomsen SL, Winding R, Pettild V, et al.
Restricting volumes of resuscitation Fluid in adults with septic shock after
initial management: the CLASSIC randomised, parallel-group, multi-centre
Feasibility trial. Intensive Care Med 2016;42(11):1695-1705

Introduction

Intravenous fluid therapy traces its origins back to the cholera epidemics of the early
19t century, when Dr Latta famously recorded the restorative effects of Fluid
resuscitation in Edinburgh in 1832." 200 years ago the volume to be administered was
titrated against the strength of the pulse and clinical state of the patient. However, with
the increasing recognition of the harms associated with Fluid overload, and a lack of
sensitivity of any clinical method to accurately determine volaemic status, this has
proven less acceptable today.

Modern fluid research is a curious field, where attention has focused on the intricacies of
which fluids to give, how much to give and how to trigger starting and stopping
administration, but with little deliberation of the paradigm of whether we should
actually give any fluid in the first place. Despite two centuries of fluid therapy, the
biology of this intervention remains largely unknown.?2 Whether patients not in fluid
losing states should receive fluids is now being seriously questioned.? Only 50% of
critically ill patients are fluid responsive, whereby stroke volume increases with a fluid
bolus.? In addition, administered crystalloids largely leave the intravascular space within
60 minutes,* with any circulatory effect also being short lived.> The colloid fallacy had
been convincingly challenged with both clinical trial data and an improved
understanding of microvascular fluid dynamics. Whether we should administer fluids to
shocked patients without fluid losing states has never been formally investigated.

The best evidence for the effectiveness of fluid therapy in sepsis comes from the FEAST
trial, comparing fluid resuscitation with saline or albumin with no Ffluid therapy in
critically ill Africian children.® There was a clear mortality benefit with the avoidance of
fluid therapy. However, the unique population studied deserves comment — most
patients were very young and suffering from malaria, where IV fluid could potentially
lower haematocrit further, and the study was undertaken in a resource-poor
environment. Despite this, FEAST is a fascinating study which serves as a clear impetus
for urgent research in this area.

The other major area of relevance to this discussion is the early goal-directed therapy
field. The Ffirst major trial was a small single-centre study from Detroit, by Emanuelle
Rivers in 2001, demonstrating a large mortality benefit with the use of early goal-
directed therapy, as guided by a central venous catheter capable of directly measuring
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central venous oxygenation (ScvO,).” The interventions applied included the use of
liberal fluids, dobutamine, red cell transfusion, and sedation with mechanical ventilation
if the ScvO2 remained low. Widely heralded and promoted, despite being a single-centre
study without replication, and consisting of numerous goals which themselves were not
evidence-based, this study influenced practice over the next several years.

In 2014/15, three follow up trials to the original goal-directed study found no difference
between contemporary usual care and the more resource-intensive early goal-directed
therapy in septic shock. 810 Of note, patients in the usual care groups received much
lower amounts of fluid than those in the control arm of the original Rivers trial,
confirming a move away from liberal fluid use in modern sepsis resuscitation. Against
this background, the CLASSIC trial'® from Scandinavia, sought to determine if a fluid
resuscitation volume trial was feasible in critically ill patients with septic shock.

Study synopsis

The CLASSIC trial was an investigator-initiated phase Il, multi-centre, stratified, parallel
group randomised trial comparing restrictive fluid resuscitation with standard care in
adults with septic shock. Eligible patients were those with septic shock, in the ICU,
having received at least 30 ml/kg of fluid within the past 6 hours and requiring
noradrenaline to maintain the circulation . Exclusion criteria included renal replacement
therapy, hyperkalaemia, plasma creatinine > 350 pmol/L, severe hypoxaemia, life-
threatening bleeding, acute burn injury, lack of commitment to full life support and
absence of consent.

A mean arterial pressure (MAP) of 65 mm Hg was maintained in both groups with
noradrenaline, with the indications for fluid resuscitation differing. The restrictive group
could receive fluid boluses of 250 to 500 ml if they were hyperlactaemic (> 4 mmol/L) ,
had a MAP less than 50 mm Hg, mottling below the kneecap, or were oliguric in the First
2 hours after randomisation (urinary output < 0.1 mL/kg/hr). This could be repeated if
hypoperfusion persisted. The standard care group could receive repeated fluid therapy
as long as haemodynamic measures continued to improve. Isotonic crystalloid solution ,
either 0.9% saline or Ringer’s solution, was used for fluid resuscitation, with colloid
therapy not permitted.

The primary outcome measure was the total volume of resuscitation fluid within the First
5 days after randomisation. Secondary outcome measures included total Fluid
administered and total Fluid balance, at both day 5 within ICU and for total ICU stay,
number of patients with fluid violations and rates of serious adverse reactions.
Exploratory outcomes included various patient-centered outcomes such as death,
duration free from organ-support, ischaemic events and kidney injury.

Based on data from the 6S study,'? 151 patents were required to demonstrate a 1.7 L
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between group difference in fluid resuscitation volumes at day 5, with 80% power at the
5% significance level. An intention-to-treat analysis was used, with adjustment for sites
recruiting less than 10 patients. As a second outcome, the amount of resuscitation fluid
given after randomisation during the entire ICU stay, was changed to a co-primary
outcome after the collection of all data, and before analyses was undertaken, the
primary outcomes were corrected for multiple testing. Per-protocol sensitivity analyses
were also undertaken.

In 9 ICUs in Denmark and Finland, 203 patients were screened and 153 randomised in a
1:1 fashion to each group. Allocation was performed via a centralised, web-based system
in permuted blocks of 2 to 4, stratified for centre, with the study statistician blinded to
group assignment. Two patients withdrew consent, leaving 76 patients in the restrictive
group and 75 in the standard care group.

The groups were largely similar, having a typical ICU study demographic profile of being
male (65%), and approximately 70 years of age. Most patients had either a respiratory or
abdominal source of sepsis, which were unevenly distributed between groups. Slightly
more patients came from operating theatres (~37%) or general wards (~37% ), than the
emergency department (~23%). Equal numbers of patients received mechanical
ventilation (56%). More patients in the restrictive group had acute kidney injury at
baseline (51% vs 38%). The restrictive group received a median of 4,200 ml (IQR, 3,461 to
6,700) and the standard group 4,790 ml (3,232 to 6,847) at study entry.

Patients underwent randomisation within a median of 4.5 (2.0 to 8.5) hours, in the
restrictive group and 4.0 (1.5 to 6.5) hours in the standard care group, of admission to
ICU, with both groups having been in hospital for a median of 1 day. SOFA scores were
similar at 10, and median lactate values were also comparable (restrictive 3.0 mmol/L vs
standard group 2.5 mmol/L).

The co-primary outcomes were achieved, with a between group difference of 1.2 L (95
% Cl, -2.0 to -0.4; P < 0.001) for the ICU-delivered resuscitation volume at day 5and 1.4 L
(95% Cl, 2.4 to 0.4; P < 0.001) for the total ICU stay. These finding were consistent across
sensitivity analyses. There was no difference in total fluid volume at day 5 or for the ICU
stay. Although one third of the restrictive fluid group had a protocol violation, there was
no difference in serious adverse events. Similiarly, there was no difference in the
exploratory endpoints, including death at 90 days (restrictive group 33% vs standard
care 41%; OR, 0.71, 95% Cl, 0.36 to 1.40; P=0.31), ischaemic events (4% vs 12%; OR, 0.32,
95% Cl,0.08 to 1.27; P=0.11) and worsening of acute kidney injury (37% vs 54%; OR, 0.46,
0.23 to 0.92; P=0.03).

Study critique
Despite being a phase Il trial, the CLASSIC trial is the first to produce prospective,
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randomised data on the age old question of how much fluid should we give our patients
with haemodynamic compromise. The study has many positive features, which bodes
well For the phase Il trial.

The question is not only pertinent, but has been narrowed to post initial resuscitation
fluid volumes, avoiding a heterogenous data capture. The volume administered during
the prior resuscitation phase were comparable to volumes administered at 6 hours in all
four of the early goal-directed therapy studies. Two recent prominent studies comparing
fluid resuscitation in the ICU with a starch or saline,'2'3 had similar times to
randomisation and total volume administered at the end of the ICU stay. Day 5 values
were not an endpoint in either of these trials.

The criteria required for the administration of Further resuscitation fluid were specified
and severe, which had the effect of identifying a population with genuine circulatory
disturbance and increased the likelihood of recognising a signal, should one exist. The
prior fluid resuscitation studies in ICU left the requirement for fluid to the judgement of
the treating physician, which was appropriate as they were studies of fluid type rather
than volume.

The power calculation was based on data from the 6S trial, work which the group had
previously undertaken, meaning the data was specific for the population they intended
to study.

As with any critical care study, there were a number of protocol violations, which largely
reflects the complexity of running such a trial and should help inform the design of the
phase lIl trial. A clear confounder would have been the use of colloids, given their
slightly increased, although short-lived, plasma expanding volumes. As they are no
longer recommended for use in the critically ill, it was not surprising that no synthetic
colloid was administered in the study; however, over 20% of each group received
albumin. Some caveats to mention include the use of a protocolised standard care group,
rather than genuine “wildtype” standard care, the exclusion of patients requiring renal
replacement therapy, and the lack of microbiological data, a criticism common of most
sepsis trials.

Where this sits in the body of evidence

Maitland et al performed a stratified (severe hypotension or not), multi-centre,
randomised control trial, in a resource-limited setting in sub-Saharan Africa, comparing a
fluid bolus (20 to 40 ml of 5% albumin or 0.9% saline) with no fluid bolus at admission to
hospital in 3,141 children with febrile illness and impaired perfusion.® They found fluid
bolus therapy was associated with a higher mortality at 48 hours (albumin 10.6%, saline
10.5%, no bolus 7.3%; relative risk bolus therapy versus no bolus 1.45, 95% Cl, 1.13 to
1.86, P=0.003), and 28 days (12.2%, 12.0% & 8.7%, respectively; RR bolus therapy versus
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no bolus p=0.004), with similar incidences of pulmonary oedema, increased intra-cranial
pressure (2.6%, 2.2% versus 1.7% P=0.17), and neurological sequela in the three groups
(P=0.92).

Rivers and colleagues randomly assigned 263 patients with severe sepsis or septic shock
to six hours of early goal-directed therapy, guided by ScvO2 monitoring, or standard care
in the emergency department prior to ICU admission.” The interventions included fluids,
vasoactive agents, red cells, and sedation with invasive mechanical ventilation. Patients
in the early goal-directed therapy group received significantly more fluid within the first
6 hours (4,981%2,984 vs 3,499+2,438 ml; P<0.001), less fluid between hours 7 and 72
(8,625+5,162 vs 10,602%+6,216 ml; P=0.01), with no overall difference at 72 hours
(13,443+6,390 vs 13,358+7,729 ml). Early goal-directed therapy resulted in a large in-
hospital mortality benefit (30.5% vs 46.5%; RR 0.58, 95% Cl, 0.38 to 0.87; P=0.009), an
effect which was maintained at 28 and 60 days.

The ProCESS trial was the first of three contemporary studies examining early goal-
directed therapy in septic shock.® 1,341 patients were randomised to protocol-based
EGDT (n=439), protocol-based standard therapy (n=446) or usual care (n=456). The
groups separated significantly with regard to fluids (2.8 | vs 3.3 | vs 2.3 |, respectively;
P=<0.001). There was no difference in the primary outcome of 60 day mortality;
protocol-based EGDT 21.0%, protocol-based standard therapy 18.2% and usual care
18.9%, or mortality at 90 days or 1 year.

The second trial in this triumvirate of studies was the ANZICS ARISE trial, comparing
EGDT with usual care in 1,600 patients with early septic shock.® Again, patients in the
EGDT received more interventions within the Ffirst 6 hours: fluids (1,964+1415 ml vs
1,71321401 ml), vasopressors (66.6% vs 57.8%), red-cell transfusions (13.6% vs 7.0%),
and dobutamine (15.4% vs 2.6%) (P<0.001 for all comparisons). There was no difference
in the primary outcome of day 90 mortality (18.6% vs 18.8%,; difference -0.3%, 95% Cl
-4.1 to 3.6; P=0.90) or other patient-centered outcomes.

The third modern EGDT was the UK ProMiSe trial in 1,260 patients with early septic
shock. As before, the EGDT group (n=630) received more interventions, including total
fluids, EGDT group 2,000 ml (1,150 to 3,000) vs 1,784 ml (1,075 to 2,775), within the First
6 hours.’® Although there was no difference in the primary outcome of 90 day mortality
(EGDT group 29.5% vs usual care 29.2%; RR, 1.01; 95% Cl, 0.85 to 1.20; P=0.90), several
secondary outcomes were significantly worse with EGDT, including mean SOFA score at 6
hours (6.4+3.8 vs 5.6+3.8), proportion requiring advanced circulatory support (37% vs
30.9%) and length of ICU stay (2.6 vs 2.2). The probability that EGDT was cost-effective
was less than 20%.

Despite three recent high-quality RCTs demonstrating no benefit with EGDT, a host of
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meta analyses published from 2015 onwards, each including between 5 and 10 RCTs,
reported widely differing results, ranging from harm to benefit.’4-8

The Fluids and Catheters Treatment Trials (FACTT) compared a conservative with liberal
fluid strategy in 1,000 patients with acute lung injury.’ Haemodynamic management
was achieved with a complex protocol. Depending on several variables (central venous
pressure or pulmonary artery wedge pressure, urinary output and mean arterial
pressure), various interventions including Ffluids, diuretics, or dobutamine, were
administered to achieve target goals. At day 7, the conservative group achieved a net
neutral fluid balance (-136+491 ml) in comparison with a net + 6,992+502 ml balance in
the liberal arm. There was no statistically significant difference in the primary outcome
of mortality at day 60 (conservative group 25.5% vs liberal group 28.4%; 95% Cl, -2.6 to
8.4%, P=0.30), although there were more ventilator-free days with the conservative
approach (14.6%0.5 vs 12.1£0.5; P=<0.001). In a very small follow-up study including just
10% of the original cohort, the conservative approach was associated with more
neuropyschological complications.2°

/On the basis of this trial, should we restrict the volume of Fluid given to patents \
with septic shock who have already received fluid resuscitation?
No. This is a pilot trial which is not powered for patient-centered outcomes. The findings
of the subsequent phase Il trial are eagerly awaited. For those already practicing re-
strictive fluid therapy, this study supports this approach, but is not definitive enough to

change practice.
A /
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EMPIRICUS

Timsit JF, Azoulay E, Schwebel C, Charles PE, Cornet M, Souweine B, et al.
Empirical Micafungin Treatment and Survival Without Invasive Fungal
Infection in Adults With ICU-Acquired Sepsis, Candida Colonization, and
Multiple Organ Failure The EMPIRICUS randomised Controlled Trial. JAMA
2016;316(15):1555-1564

Introduction

Candida infections are amongst the most common causes of nosocomial blood stream
infections, with up to two-thirds of all episodes of candidaemia occurring in the intensive
care unit.! Critical care patients with candida bloodstream infections have prolonged
intensive care and hospital length of stay.? Furthermore mortality associated with
invasive candida infections maybe be as high as 30% to 50%.** Prompt treatment and
source control improves outcomes.*> However, therapy may be delayed because of the
relative insensitivity of blood cultures and the time needed for blood cultures to yield
growth.” Although other diagnostic tests are available, their use in routine practice is
limited. As a result empiric prophylaxis of anti-fungals in selected patients has been
investigated in both surgical and general intensive care populations.®"" However
although results for prophylaxis in surgical patients is promising,®® the results in the
general critical care population are less encouraging.”” Nevertheless, a recent meta-
analysis suggested that prophylaxis may be beneficial although the quality of the
evidence was generally poor.'? Prophylaxis in selected critically ill patients is also
recommended in international guidelines.” Therefore, further evidence on this
potentially lifesaving intervention is important. The EMPIRICUS trial investigated the
effect of micafungin in a selected critical care population.

Study synopsis

This was a multi-centre, randomised double-blind trial performed in 19 intensive care
units in France. The aim was to compare a 14 day empirical course of micafungin with
placebo on the 28 day survival without invasive fungal infection in critically ill patients
with suspected invasive candidiasis.

Adult patients who were mechanically ventilated for at least 5 days, with one or more
other organ failure, and new intensive care-acquired sepsis of unknown origin, who had
previously broad spectrum antibiotic cover for more than four days in the previous week,
had an arterial or central line insitu and had candida species colonisation at one or more
sites, were eligible for enrolment. Patients were excluded if they were neutropenic
(neutrophils <500/mm?), had a previous bone marrow or solid organ transplant, had
ongoing immunosuppressant therapy or had been treated in the previous seven days
with an echinocandin at any stage or any other anti-fungal for more than 3 days.
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Randomisation was performed via a web based programme produced an independent
statistician. Patients were randomised to either micafungin 100 mg for 14 days or
placebo. The study drug was prepared by research pharmacists in opaque bags to
maintain blinding. After randomisation patients had blood cultures performed prior to
administration of the study drug. Fundoscopy, echocardiography and sampling of
potential infected sites for the diagnosis of invasive fungal infection was also
performed. If a subsequent invasive candidiasis was diagnosed or another anti-fungal
treatment was commenced then the study drug was withdrawn and anti-fungal
treatment administered (as per the treating physicians). The patient remained blinded
and was included in the modified intention-to-treat analysis.

The primary end point was 28 day survival free of proven invasive fungal infection using
a modification of the European Organization for Research and Treatment of
Cancer/Invasive Fungal Infections Cooperative Group and the National Institute of
Allergy and Infectious Study Group definitions.” Secondary end points included new
proven invasive fungal infections, survival at 28 and 90 days, anti-fungal-free survival,
ventilator-associated pneumonia rates, SOFA score progression and serum levels of (1-
3)-B-D-glucan. There were, a number of secondary analysis planned in pre defined
subgroups thought to be at increased risk of fungal infections; medical vs surgical, low vs
high SOFA score, low vs high (1-3)-B-D-glucan level, low vs high colonization index,
Candida score <3 vs =3.

There were several issues to consider when undertaking the power calculation. These
included mortality in the population, the mortality in treated candiaemia, the incidence
of invasive candidaemia and the sensitivity of diagnostic tests. To detect a difference of
18% in the primary endpoint with an 80% power at a 0.05 significance level, 235 patients
were required. This would result in an increase from 37% of patients free from proven
infection in the placebo group to 55% in the micafungin group. It was decided that 260
patients were needed to account for attrition. All patients who received at least one
dose of study drug were included in the analysis on an intention-to-treat basis.

518 patients were screened. Of the 258 excluded, 65% did not meet the eligibility
criteria, a further 13% were in another study and another 11% had consent problems.
Ultimately, 130 patients were randomised to each group. The characteristics in each
group were similar, although the micafungin group had proportionally more diabetic
patients (34% versus 20%) while the placebo group had more chronic respiratory
conditions (26% versus 16%). A typical patient was around 64 years of age, with a
median SOFA score of 8 (6 to 11). Patients were mainly medical with acute respiratory
failure (40%) and or sepsis (34%). 20% of patients were from cardiac surgery. 56% of
patients required inotropes, 33% required dialysis and a quarter were on parenteral
nutrition. Only 9% of patients were receiving steroids. Median ICU stay was 10 days (7-
16).

235 Critical Care Reviews
I I I



Overall 87 patients (68%) in the micafungin group vs 74 patients (60.2%) in the placebo
group were alive and free from invasive fungal infection at day 28 (HR, 1.35; 95%Cl, 0.87
to 2.08; P=0.18). There were no significant differences in the pre-defined subgroup
analyses or when the 12 patients who had invasive fungal infections diagnosed at
inclusion were removed. For the secondary outcomes, 12% of the placebo group and 3%
of the micafungin group, developed at least 1 new proven invasive fungal infection
(P=0.008). Despite this, there were no differences in 28 day survival (70% placebo vs
70% micafungin; P=0.95) or 90 day survival (55% placebo vs 56% micafungin; P=0.90).
There were no other significant differences in any other outcome measures. Micafungin
was well tolerated with minimal adverse effects in comparison to the placebo.

Study critique

Invasive fungal infections (IFls) are a frequent complication of critically illness. Critical
illness is associated with a host of risk factors predisposing to fungal infections including
Candida colonization, severity of illness, exposure to broad spectrum antibiotics, recent
major surgery, particularly abdominal surgery, necrotizing pancreatitis, dialysis,
parenteral nutrition, corticosteroids, and the use of central venous lines."” Proven
diagnosis of fungal infections requires either histology or culture which can take time
and delay treatment." As delayed therapy is associated with worsening outcomes,* it is
perhaps not surprising that attention has focused on risk factor identification and
administration of anti-fungal before microbiological diagnosis.'

Administration of anti-fungal therapy prior to the definitive microbiological evidence of
fungal infection constitutes an untargeted approach. Within this untargeted approach
there also exist several different administration strategies. The European Society of
Clinical Microbiology and Infectious Diseases (ESCMID) has recently provided definitions,
classifying them into prophylactic, pre-emptive and empiric treatments. They defined
prophylaxis as administration in a patient with no evidence of a fungal infection but at
risk, pre-emptive as evidence of candidiasis without proof of invasive infection and
empiric or fever based where patients have evidence of infection and risk factors, is
febrile but with no microbiological diagnosis. These definitions are important as they
represent very different patient situations. The Empiricus study therefore is an
investigation of empiric treatment.

This trial represents one of the largest investigating the effect of empirical anti-fungal
treatment. There are many aspects of this trial that contribute to the quality of the
research. The trial was multi-centre and performed across both university-affiliated and
non-university hospitals, which adds to the external validity. The central randomisation
process was stratified by centre, lessening the influence of any one unit. The study drug
was adequately blinded, it was delivered to the majority of patients (there were only 9
patients who did not receive the study drug) and there were no discontinuations. There
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was no ambiguity in the primary outcome measure, unlike some previous trials which
have included proven and probable infections. Empiricus used only proven infections.”'
The investigators also used an independent adjudication committee for all cases of
possible candidiasis before unblinding. These measures reduced the possibility of bias.
Data collection was thorough and there were no patients lost to follow-up. Finally, the
investigators collated large amount of data related to risk for candidaemia. A
subsequent analysis questioned the usefulness of surveillance of candida colonisation.
This could have major implications for practice.

There have been multiple trials investigating anti-fungal treatment prior to the actual
diagnosis of an infection. The premise of this untargeted treatment is to either prevent
infection or treat early when infection is suspected and therefore reduce mortality, as in
this trial. The hypothesis of these interventions is surely different. Untargeted anti-
fungal trials have been the subject of previous meta-analysis with the results analysed
together, but this strategy is suboptimal.”® The primary outcome is often the
development of proven or probable fungal infection, which is appropriate in a trial of
prophylaxis but in a trial of empirical therapy where infection is somewhat suspected a
more robust patient outcome measure is required, such as mortality. The hypothesis in
the Empiricus trial was that micafungin would increase the proportion of patients
surviving and free of proven fungal infection. It failed to show this. The results did show
some of these critically unwell patients who were suspected of having candida infection
had positive initial cultures; therefore, they had early treatment. Adittionally,
micafungin seemed to reduce the number of diagnoses of further candida infections,
although this could also be delayed diagnosis, as diagnostic tests have poor sensitivity.
However, it is hard to draw firm conclusions from any of these observations as the trial
was not large enough to detect a mortality difference in the patients who had candida
from the beginning or those who subsequently developed an infection.

It is clear that patient selection is important in any trial. The prevalence of candida
infection in the general intensive care population in still relatively low (0.5%),* therefore,
patient selection for anti-fungal therapy is critical. Clearly, the higher the prevalence of a
condition in a population, the higher the probability of establishing if a treatment effect
exists. The Empiricus trial selected patients with new sepsis who had been in the ICU for
a relatively prolonged time, were colonised with candida, ventilated with one other
organ dysfunction, had a central or arterial line and had had broad spectrum antibiotics.
This is an exclusive group of patients and perhaps explains the 2.5 year recruitment
period. The inclusion criteria have been associated with increased risk of Ffungal
infection, although a slight criticism is that the patient could have either a central line or
arterial line when the risk appears to be correlated with a central venous lines.’
Furthermore, over three quarters of patients had a Candida score’ greater than three
and 80% had a colonisation index'® greater than >0.5, indicating these patient were at
higher risk of invasive Candida infections. Yet, the overall rate of infection at 28 days was
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around 11%. This was higher than the event rate predicted in the micafungin group and
lower than that expected in the placebo, but overall was not greatly different from the
event rate expected. Perhaps a population with higher risk, might be worth studying in
greater detail.

Several other authors have suggested that better risk prediction is required.”” As such,
the investigators also measured (1-3)-B-D-glucan levels. B-D-glucan is a cell wall
constituent of Candida and several other fungal species. B-D-glucan levels in intensive
care patients have been found to be higher in those with invasive candidaemia than in
those without and its detection precedes a microbiologic diagnosis by several days.''*'®
False positives results can be problematic, with elevated levels found in bacteremis,
some antibiotics administration, hemodialysis, transfusion of albumin or
immunoglobulin amongst others and crucially, fungal colonisation,’ factors which are all
associated with intensive care patients. Nevertheless, a meta anlaysis' has suggested [-
D-glucan is useful and it is recommended in the diagnosis of probable infections.™
Interestingly, in this study B-D-glucan levels were elevated in both micafungin and
placebo groups. The levels were unaffected by micafungin therapy. When outcomes
were analysed for patients with elevated B-D-glucan levels there was no difference in
outcome, suggesting in this population the use of B-D-glucan was not able to guide
therapy. In fact, none of the predefined risk factors were associated with better
outcomes, although patients with elevated SOFA scores (>8) had a non-significant trend
towards better outcome with micafungin therapy.

While the Empiricus trial did not show a benefit of empirical therapy, this is consistent
with empirical therapy in two other trials in mixed intensive care patients using
fluconazole and caspofungin.”’ There are a few considerations before abandoning
empirical treatment on the basis of this trial. Although there was consideration in the
design of the trial, the actual diagnosis of invasive fungal infections was based on proven
infections. This heavily relies on blood cultures, the overall sensitivity of which for
diagnosing invasive candidiasis is roughly 50%.%° In the presence of a candidaemia, blood
cultures should be positive, however, negative results can occur in the presence of low-
level candidemia, intermittent candidemia, or in deep-seated candidiasis.” There is a
likelihood that when using proven infections, some diagnosis will be missed. The
protocol did not specify the diagnostic procedures to follow for fungal infections. Nor
did the protocol state how to manage central lines, which have strongly correlated with
infections. Guidelines recommend removal in the case of proven infection.” Another
confounding factor was the higher incidence of diabetic patients in the micafungin
group, which potentially could increase the risk of fungal infections.

This is a complex area to research; power calculations are difficult as risk is generally low
and factors for predicting increased risk are generally inadequate and diagnostics are
not entirely reliable. Despite limited quality evidence, guidelines' generally recommend
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therpy in suspected cases, perhaps due to the dire consequences of delayed treatment.
Future studies are needed in prophylactic, pre-emptive, and empiric situations.

Where this sits in the body of evidence

In a multi-centre, blinded randomised controlled trial in the USA, 270 intensive care
patients with fever despite administration of broad-spectrum antibiotics, a central line
in-situ and an APACHE 2 score > 16 were randomised to either intravenous fluconazole,
800 mg daily, or placebo for 2 weeks. The primary outcome was a composite of
resolution of fever, absence of invasive fungal infection, absence of toxicity, and no
treatment with additional anti-fungal therapy. Only 36% of fluconazole recipients and
38% of placebo recipients had a successful outcome at 28 days (RR, 0.95; 95% Cl, 0.69 to
1.32; P=0.78). Invasive candidiasis occurred in 5% of fluconazole recipients and 9% of
placebo recipients (RR, 0.57; 95% Cl, 0.22 to 1.49).°

In a multi-centre, randomised, double-blind, placebo-controlled trial of caspofungin
prophylaxis versus placebo, 222 adults who were in the ICU for at least 3 days, were
ventilated, received antibiotics, had a central line, and had 1 additional risk factor
(parenteral nutrition, dialysis, surgery, pancreatitis, systemic steroids, or other
immunosuppressants) were recruited. The primary endpoint was the incidence of proven
or probable invasive candidiasis. The incidence of proven/probable invasive candidiasis in
the placebo and caspofungin arms was 16.7% and 9.8%, respectively, for prophylaxis (P
=0.14). There were no significant differences in the secondary endpoints of mortality,
anti-fungal use, or length of stay.™

In a prospective, randomised, double-blind, placebo-controlled trial in a mixed intensive
care unit at a university hospital, 204 patients ventilated for at least 48 hours and who
had an expectation to remain ventilated for an additional 72 hours, and who were
receiving selective digestive decontamination were randomised to fluconazole 100 mg
daily (n=103) or placebo (n=101). Candida infections occurred less frequently in the
fluconazole group (5.8%) than in the placebo group (16%; rate ratio 0.35; 95% Cl, 0.11 to
0.94) P=0.02. Crude in-hospital mortality was similar in the two groups (39% fluconazole
vs 41% placebo)."

In a prospective, randomised, placebo-controlled trial in a tertiary care surgical intensive
care unit. 260 critically ill surgical patients with a length of ICU stay of at least 3 days
were randomly assigned to receive either enteral fluconazole 400 mg daily or placebo.
The primary end point was the time to occurrence of fungal infection during the surgical
ICU stay. After adjusting for APACHE Ill score, days to First dose, and fungal colonisation
at enrolment, the risk of fungal infection was reduced by 55% in the fluconazole group
(rRR 0.45; 95% Cl, 0.21 to 0.98). There was no difference in mortality.’

In a double blind multi-centre randomised trial, 241 patients requiring surgery for intra-
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abdominal infection were randomised to preemptive anti-fungal with micafungin (100
mg/d) or placebo. 124 patients received placebo and 117 micafungin. The mean (SD)
duration of study drug exposure was 8.3 (6.9) days for placebo and 7.7 (6.8) days for
micafungin. The incidence of invasive candida infection was 8.9% for placebo and 11.1%
for micafungin (difference, 2.24%; 95% Cl, -5.52 to 10.20). There was no difference
between the arms in median time to infection."’

In a randomised, prospective, double-blind, placebo-controlled study in two critical care
units, 49 patients with recurrent intra-abdominal perforations were randomised to
intravenous fluconazole (400 mg per day) or placebo. The primary study end points were
the frequency of, and time to, intra-abdominal Candida infections. Candida was isolated
from surveillance cultures during prophylaxis in 15% of the patients in the fluconazole
group and in 62% of the patients in the placebo group (RR 0.25; 95% Cl, 0.07 to 0.96;
P=0.04). Candida peritonitis occurred in one of 23 patients (4%) who received
fluconazole and in seven of 20 patients (35%) who received placebo (RR, 0.12; 95% ClI,,
0.02 to 0.93;P=0.02).°

N

Should we use empirical micafungin in critically ill patients with ICU-acquired sepsis,
candida colonisation and multi-organ Failure?
EMPIRICUS fails to support the role of empirical anti-fungal therapy with micafungin in

this population. Current practice should continue to follow local and international
guidelines pending the inclusion of this trial’s results in updated versions.

4
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SISPCT

Bloos F, Trips E, Nierhaus A, Briegel J, Heyland DK, Jaschinski U, et al. Effect
of Sodium Selenite Administration and Procalcitonin-Guided Therapy on
Mortality in Patients With Severe Sepsis or Septic Shock: A randomised
Clinical Trial. JAMA Intern Med 2016;17(9):1266-76

Introduction

Depleted selenium levels are seen in a variety of conditions, such as systemic
inflammatory response syndrome (SIRS), sepsis, trauma and in the post-operative period.
Low selenium levels are associated with an increase in ICU mortality.” Selenium
possesses antioxidant properties through selenoenzymes, it enhances glutathione
peroxidase activity and improves iodine and thyroid metabolism.? However, in acute
sepsis, selenium may have a transient pro-oxidant effect.? The evidence supporting
selenium replacement in ICU is of poor quality, with larger, better quality trials often
demonstrating no benefit.?*

Procalcitonin, the precursor of calcitonin, is a biomarker that correlates closely with
bacterial infection and outperforms other tests such as C-reactive protein and white
blood cell count demonstrating better sensitivity and specificity.®’ Procalcitonin levels >
1.0 ng/mL correlate with the presence of severe sepsis or septic shock and are predictive
of all cause 28 day mortality.® However, evidence surrounding the clinical utility of
procalcitonin guided therapy in critical care is conflicting.®® In a study where
procalcitonin was used to guide antimicrobial escalation, the treatment group had
greater use of broad spectrum antibiotics with no mortality benefit but a greater need
for mechanical ventilation and an increased length of ICU stay.® In contrast, the use of
procalcitonin to guide cessation of antimicrobials has been shown to reduce antibiotic
usage with either a reduction or no effect on mortality.>™

Study synopsis

This multi-centre, randomised, placebo controlled trial examined the effect of sodium
selenite replacement and procalcitonin-guided antimicrobial therapy in severe sepsis or
septic shock. The authors hypothesised both these interventions would reduce 28 day
mortality. It was assumed there was no interaction between these interventions
therefore a 2 x 2 factorial design was chosen.

Patients aged > 18 years were recruited from 33 ICUs in Germany between 2009 and
2013. Patients were eligible within the first 24 hours of onset of severe sepsis (defined
as SIRS due to infection plus acute organ dysfunction) or septic shock (defined as sepsis
plus systolic blood pressure < 90 mm Hg or mean blood pressure < 70 mm Hg or the
need for vasopressor therapy). There were a number of exclusions, including
immunocompromised patients and those with infection where guidelines recommended
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prolonged courses of antimicrobials. Randomisation was conducted on a 1:1:1:1 basis
and was stratified for centre, sex and sepsis severity.

Patients were randomised to receive intravenous sodium selenite (1,000 pg loading
dose, followed by 1,000 pg/d) or 0.9% saline placebo until ICU discharge or 21 days. This
component of the trial was blinded. In the procalcitonin component of the trial,
procalcitonin was measured on days 0, 1, 4, 7, 10, and 14. Day 0 or day 1 results were
taken as a baseline value. On day 4 no change in antimicrobials was recommended if the
procalcitonin level had fallen by > 50%, failing this there was a recommendation to
optimise or change antimicrobials or achieve source control. On days 7,10 and 14
procalcitonin levels < 1 ng/mL or a drop of > 50% resulted in a recommendation to stop
antimicrobials. If neither of these points were met there was a recommendation to
optimise or change antimicrobials or achieve source control. Treating clinicians were
allowed to overrule the recommendations. In the non-procalcitonin group antimicrobial
choices were at the discretion of treating clinicians. This component of the trial was not
blinded.

The primary endpoint was 28 day mortality. The study sought to detect a 10% absolute
difference in 28 day mortality with a significance level of 0.05 and a 90% power.
Assuming a 40% mortality in the standard treatment group (placebo with no
procalcitonin guidance) and a 15% drop out rate 1,180 patients were needed in total.

8,174 patients were screened, 1,180 patients were enrolled and 1,089 patients were
included in the final analysis. 87.0% of patients had septic shock. The mean APACHE II
score was 24.2. There was a significant interaction between the two study groups. In the
group of patients who did not receive procalcitonin guidance; those randomised to
receive sodium selenite had a higher 28 day mortality (33.3%) than those randomised to
placebo (22.9%) (P = 0.008). After adjustment for baseline imbalances this remained
statistically significant (P = 0.03). As there was no relationship between selenium levels
and procalcitonin levels the authors regarded this interaction as a chance finding and
continued with the factorial analysis as planned.

There was no difference in the 28 day mortality in those treated with selenium (28.3%;
95% Cl, 24.5% to 32.3%) or placebo (25.5%; 95% Cl, 21.8% to 29.4%) (P = 0.30). There
was no difference in 28 day mortality between the procalcitonin guided therapy group
(25.6%; 95% Cl, 22.0% to 29.5%) and standard care group (28.2%; 95% Cl, 24.4% to
32.2%) (P = 0.34). There was no difference in 28 day mortality in the a priori subgroup
analysis in either arm of the trial.

Procalcitonin guided therapy resulted in a 4.5% reduction in antibiotic exposure per
1,000 ICU days (P = 0.02). There was no difference in time to first change of antimicrobial
therapy, frequency of procedures to achieve source control, costs of antimicrobial
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therapy, or development of multi drug resistant pathogens. In the procalcitonin-guided
therapy group the rate of protocol violation was 21.0%. By day 7, adherence to the
protocol was 40.9% with clinicians justifying non-adherence due to fever, WCC changes
and microbiological results. Clinicians overruled recommendations to stop antimicrobials
in 50.4% of the cases. There was no difference between any of the four groups in 90 day
mortality, SOFA scores, ICU or hospital length of stay, ventilator or vasopressor free
days. Though selenium was associated with fewer renal replacement therapy days.

Study critique

This study comes from the SepNet group who were also responsible for the VISEP trial,
another 2 x 2 factorial study in severe sepsis.”” The 2 x 2 factorial design attempts to
answer two seemingly unrelated questions. There was, however, a significant interaction
between the two components of the trial but in demonstrating the lack of relationship
between selenium levels and procalcitonin, the authors were able to alleviate concerns
in this regard. The main paper and supplementary material quote in excess of 170 P
values, it is unsurprising that some of these reached statistical significance. It should also
be noted that due to a lower than predicted mortality, the study is slightly
underpowered.

One of the most interesting aspects of this paper is the lack of impact that procalcitonin
had on antimicrobial prescribing. Although procalcitonin guidance resulted in a
statistically significant reduction in antibiotic exposure it may not have been clinically
relevant (862 per 1000 ICU days in the control group compared with 823 in the
procalcitonin guided therapy group). The authors attribute the negative trial outcome to
the lack of difference in time to change of antimicrobials, total duration of
antimicrobials, diagnostic procedures and source control. Clinicians failure to follow
recommendations based on the procalcitonin results may be responsible for much of
this. By day 7, only 40.9% of patients were following the protocol. On day 7, of the 174
cases where the protocol was not followed, 151 cases did not stop antimicrobials when
recommended to do so by the procalcitonin algorithm. In the PASS trial the authors
achieved an 82.1% adherence to their procalcitonin based algorithm using daily
telephone calls to clinicians but crucially this was a trial pertaining to antimicrobial
escalation not stopping.® This raises the question was there equipoise for deescalation
of antimicrobials in this trial.

The authors argue that clinicians were reluctant to change or stop antimicrobials in this
group of patients (87.0% had septic shock) based on a sole biomarker. The stopping rules
used may have contributed to this. Procalcitonin levels < 0.5 ng/mL or a drop of > 50%
resulted in a recommendation to stop antimicrobials. In the SAPS trial a Ffall in
procalcitonin levels of > 80% from their peak value or an absolute procalcitonin level of
0.5 ng/mL resulted in a recommendation to stop antibiotics. Moreover, this was in a
population where only 18.5% had septic shock. This resulted in a significant decrease in
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antimicrobial use and a reduction in 28 day and one year mortality.® The PRORATA trial
used identical stopping criteria.™

This failure to follow the algorithm was compounded by the high protocol violation rate
in the procalcitonin component of the trial. There was no difference in the rate of source
control between the two groups (41.0% overall) or the rate of procedures for detection
of source of sepsis (89.5%). The 28 day mortality in this trial was comparable to that seen
in the PROMISE trial which examined early goal direct therapy in septic shock.” This
suggests that patients as a whole were managed well, though the open nature of the
study in relation to procalcitonin may have resulted in contamination between the two
groups.

Ultimately this becomes a trial of selenium in septic shock (with a small number of
patients included with severe sepsis). This component of the trial was well conducted. It
was blinded, the patients recruited had a deficit in plasma selenium and the authors
achieved good internal validity demonstrating excellent separation between plasma
selenium levels of the two groups from the time of the first bolus until day 14. Previous
studies have been criticised for inadequate dosing of selenium, inadequate duration of
infusion and recruiting patients who had normal plasma selenium levels.? This paper
addresses these issues. There was two potential confounding variables that may have
diluted the treatment effect of selenium; the use of sodium selenium was 11.4% prior to
trial enrolment and the use of other anti-oxidants was high (41.5% of patients received
N-acetylcysteine). However, these confounding variables were evenly distributed across
all Four groups and therefore should not have impacted on trial outcomes.

In light of the limitations highlighted above, very few conclusions can be drawn in
relation to the use of procalcitonin in severe sepsis or septic shock. There is a growing
body of evidence that demonstrates that lack of benefit from selenium.

Where this sits in the body of evidence

The PASS trial randomised 1,200 ICU patients to receive standard care or daily
procalcitonin levels with an associated antimicrobial escalation algorithm. Antimicrobials
were up escalated if a procalcitonin was > 1.0 ng/mL or had not decreased by > 10% from
the previous day. There was no difference in the primary endpoint of 28 day mortality;
31.5% in the procalcitonin arm versus 32.0% in the standard care arm. Patients in the
procalcitonin group had an increased ICU length of stay (P=0.004) and higher rate of
mechanical ventilation. The protocol resulted in an increase in the use of
Piperacillin/tazobactam (P<0.001) and Cefuroxime (P<0.001) with no effect on the use of
Meropenem (P=0.23) and a reduction in the use of Ciprofloxacin (P<0.001).8

The SAPS trial was a prospective, multi-centre, randomised, controlled, trial involving
1,546 critically ill patients who had received their first dose of antibiotics in the last 24
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hours. This study compared procalcitonin guided discontinuation of antimicrobials with
standard care. Clinicians were advised to stop antimicrobials if procalcitonin decreased
by 80% of its peak or an absolute value of < 0.5 ng/mL. Only 18.5% of this study
population had septic shock. Procalcitonin guided therapy resulted in a reduction in the
antibiotic daily defined doses (absolute difference, 2.69; 95% Cl, 1.26 to 4,12; P<0.0001)
and duration of antimicrobial treatment; 5 days vs 7 days (absolute difference, 1.22; 95%
Cl 0.65 to 1.78; P<0.0001). There was also a reduction in the secondary endpoint of 28
day mortality (20.5% vs 25%; P=0.0122), this persisted up to one year (P=0.0188). There
was no difference in the need for repeated course of antibiotics (P=0.67).°

The PRORATA study was multi-centre, randomised, open-label trial of 621 ICU patients.
In this trial, procalcitonin levels were used to guide starting and stopping of antibiotics in
comparison to standard care. The primary end points were 28 and 60 day mortality (non-
inferiority) and days without antibiotics (superiority). There was no difference in
mortality between the two groups at 28 days (procalcitonin group, 21.2% vs standard
care group, 20.4%,; absolute difference, 0.8%; 90% Cl, — 4.6 to 6.2) and 60 days (30.0% vs
26.1%; absolute difference, 3.8%, 90% Cl — 2.1 to 9.7). Procalcitonin guided therapy
resulted in significantly more days without antibiotics in the first 28 days (14.3 days vs
11.6 days; absolute difference, 2.7 days; 95% Cl, 1.4 to 4.1; P<0.0001)."

In an observational study plasma selenium levels were measured in 134 consecutive ICU
patients. The mean plasma selenium level was low 0.68 * 0.23 pmol/L. There was a weak
negative correlation between plasma selenium and APACHE Il (r* = 0.11, P<0.0001) and
SAPS Il (r? = 0.09, P<0.001). Patients with a plasma selenium level of < 0.7 ymol/L had a
mortality of 25% compared to 7% in those with a plasma selenium level of > 0.7 (P<
0.01). This group also were 3.5 times more likely to develop a complication whilst in ICU."

A meta-analysis was conducted looking at selenium (at doses = 100 pyg/day) compared to
placebo in patients with SIRS, sepsis and septic shock. A total of 792 patients from 9
trials were included. Only two papers were at low risk of bias, overall the quality of
evidence was assessed to be low. Selenium was associated with a reduced mortality (OR,
0.73; 95% Cl, 0.54 to 0.98; P=0.03). There was no impact on ICU length of stay (mean
difference, 2.03; 95% Cl, -0.51 to 4.56; P=0.12). The two papers with low risk of bias
demonstrated no difference in mortality.>*

502 adult ICU / HDU patients requiring parenteral nutrition were randomised to receive
parenteral glutamine (20.2 g/day), selenium (500 pg/day), or both. The primary
endpoints were new infection and mortality. Selenium did not increase the rate of new
infection (OR, 0.81; 95% Cl, 0.57 to 1.15), except in those who had > 5 days of selenium
(OR, 0.53; 95% ClI, 0.30 to 0.93). There was no effect on six month mortality (OR, 0.89;
95% Cl, 0.62 to 1.29).2
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60 patients with SIRS or sepsis were randomised to receive high dose selenium (4,000 pg
on day 1, followed by 9 days of 1,000 ug/day) or placebo. There was no difference in time
to vasopressor withdrawal (P = 0.713), duration of mechanical ventilation (P = 0.762) or
mortality at 7, 14, 28 and 180 days and 1 year after randomisation.*

In a 2 x 2 factorial trial, 1,223 patients requiring mechanical ventilation and with at least
two organ failures were randomised to receive placebo, glutamine, antioxidants or both.
Antioxidants included selenium, zinc, beta carotene, vitamin E and vitamin C. Due to the
interim-analysis plan, a P value of less than 0.044 was set. Glutamine supplementation
was associated with an increased 28 mortality, though this did not reach statistical
significance (32.4% vs 27.2%; adjusted OR, 1.28; 95% Cl, 1.00 to 1.64; P = 0.05). In
hospital mortality (P=0.02) and 60 day mortality (P=0.02) were both significantly higher
in those treated with glutamine. There was no difference in 28 day mortality between
those who received antioxidants (30.8%) and those who received placebo (28.8%)
(adjusted OR, 1.09; 95% Cl, 0.86 to 1.40; P=0.48).°

Should we implement this into our practice?

There is currently no strong evidence to support the use of selenium. The role of
procalcitonin in relation to antimicrobial commencement and cessation requires further
research.
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Protein C Zymogen

Pappalardo F, Crivellari M, Di Prima A, Agracheva N, Celinska-Spodar M et al
Protein C zymogen in severe sepsis: a double-blinded, placebo-controlled,
randomised study. Intensive Care Med 2016; 42(11):1706-1714

Introduction

Significant efforts have been made to elucidate the complex interactions of the cellular
and humoural components of the inflammatory, coagulation and immunomodulatory
cascades that characterise the host response to severe sepsis. To date,
pharmacotherapies based on candidate molecules derived from this have been
disappointing.”? The most established in clinical practice was Activated Protein C (APC,
drotrecogin alfa (activated), marketed by Eli Lilly as Xigris®); an endogenous anti-
thrombotic compound with anti-inflammatory and fibrinolytic properties with the
potential to ameliorate the microvascular thrombosis seen in sepsis-related
disseminated intravascular coagulation (DIC). An initial survival benefit seen with its use
in septic patients led to widespread use and advocacy, albeit with concern about
bleeding risk and doubt about the significance of benefit. A more recent multi-centre
trial was unable to replicate the prior positive result and the drug was withdrawn
worldwide.?

It is possible the well-documented bleeding risk with APC is sufficient to negate an
otherwise clinically useful effect. The native Protein C zymogen (PCZ) is inert until
activated by endothelial receptors and thrombin-thrombomodulin complexes; the
consumption of which gives a biologically plausible self-limitation of the amount of APC
in circulation and hence bleeding risk.” Haematologists use PCZ as replacement therapy
in congenital or acquired deficiency syndromes, treating venous thrombosis or purpura
fulminans, where it seems both safe and effective. It has been used off-license in both
paediatric and adult patients with severe sepsis (and presumed consumptive PCZ
deficiency) with data limited to case reports or series.’

Study synopsis

This study is the First to test PCZ in a randomised controlled trial (RCT) in adults with
severe sepsis or septic shock. Adult patients were screened at a single Italian ICU over a
2-year period; institutional ethical approval and individual patient or surrogate consent
were secured. To be eligible patients required a sepsis diagnosis alongside an additional
component suggesting a high mortality risk - Extracorporeal membrane oxygenation
(ECMO); disseminated intravascular coagulopathy (DIC); >2 organ failures or APACHE Il
score >25. Randomisation was by computer-generated block and delivered in sealed
envelopes. PCZ or matching volume saline placebo was infused over 72 hours (50 IU/kg
bolus followed by 3 IU/kg/hr).
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The chosen primary endpoint was a composite of mortality or ongoing ICU stay at 30
days. Multiple secondary outcomes included length of stay variables, bleeding or
thrombotic complications and effects on laboratory data. The desired 80% power at 0.05
significance level to detect the anticipated 33% absolute decrease in the treatment
group primary endpoint rate (50% vs 75%) required the enrolment of 116 patients. No
interim analysis was planned. All analyses were by intention-to-treat, they? (or Fisher's
exact) test was used for categorical data including the primary endpoint. The Italian
Ministry of Health funded the study.

The study was stopped early by the Italian Medicines agency due to a high overall
mortality rate; at this stage 54 eligible patients had been identified over a 2-year period.
16 were excluded (5 declined, 11 were entered into a different study). 38 patients were
randomised, 18 to placebo and 20 to PCZ, of whom 1 patient later withdrew consent.
Mean age was 65, 73% were male and 97% white. Twenty post-operative (13 of which
cardiac surgery) were included. Patients were randomised after a median of 3.5 / 2 days
(placebo / PCZ) in ICU, but within a median of 1.5 hours of meeting inclusion criteria in
both groups.

Severity of illness was high: mean APACHE Il score was 25 / 25 and mean SAPS Il score
63 / 60 in the placebo / PCZ groups. 32 (86%) were ventilated; 35 (95%) received
vasoactive agents; 12 (32%) patients had an intra-aortic balloon pump (IABP) and veno-
venous ECMO was used in 3 placebo and 7 PCZ patients (27% overall). Antiplatelet and
anticoagulant use was common, with unfractionated heparin (8 placebo, 5 PCZ) the
commonest and a total of 15 other drug uses recorded across all patients. Patients were
coagulopathic at baseline, 8 meeting DIC criteria and a mean platelet count of 97 x10%/1
and mean INR of 1.9 in the PCZ group. There were no significant between-group
differences in any baseline characteristic except for a higher C-reactive protein in the
placebo group (mean 319 vs 195 in PCZ group). Protein C Zymogen infusion was
interrupted in 7 patients (4 died, 2 left ICU, 1 error) and given for a mean +SD of 61 +17
hours (placebo 61 +17 hours). There were no documented adverse reactions.

There was no difference in the primary endpoint (prolonged ICU / death rate was 79% in
the PCZ group and 67% in placebo, p=0.4). ICU and hospital mortality was significantly
higher with PCZ but not significantly different at 30 or 90 days (ICU PCZ /placebo
mortality 79% vs 39%, P=0.020; day 90 mortality 79% vs 50%, P=0.091). Kaplan-Meier
analysis confirmed a significantly increased survival time in the placebo group (P=0.035)
and PCZ infusion was a significant predictor of ICU mortality on multivariate logistic
regression analysis (OR, 5.0; 95% Cl, 1.45 to 17.3; P=0.011). There were no significant
differences in any of the 17 other secondary outcomes or laboratory coagulation tests,
12 patients were transfused in each group.
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Study critique

This study has strengths, aiming to use a RCT to establish an evidence base for an
expensive drug that was increasingly being used off-license in sepsis. There was
biological plausibility and supportive paediatric and adult case series.® Randomisation
was concealed, study drug administration was effectively blinded and follow up was
complete with 90-day mortality data available for all patients. However, commentary
pieces published since the worldwide withdrawal of APC have suggested that future
sepsis research should aim to redress past failings in the area, many of which are
pertinent to this paper.’?

Patient selection in sepsis trials is difficult due to the diverse clinical and
pathophysiological entities that comprise the syndrome. Systemic inflammatory
response syndrome (SIRS) criteria and common laboratory tests (WCC, CRP) are non-
specific especially in a population with established critical illness. Investigation of >100
biomarkers has failed to identify those with the necessary sensitivity, specificity and
predictive value to specify a homogenous trial population.” Microbiological culture
results are frequently delayed or negative in patients with a clinical diagnosis of severe
sepsis.’

In future trials the use of direct bacterial genetic probes and the newer Sepsis-3
definitions may help. A large study population rigorously meeting the internationally
agreed sepsis criteria where differences may even out may best serve trials of generic
supportive therapies. In a small trial testing a specific endogenous mediator such as PCZ
it may have been preferable to target a discrete clinical population such as those with
septicaemia and purpura fulminans where the pathophysiology may be more
convergent. This was the setting of much of the previous paediatric use of PCZ.¢

Unfortunately the population in this study was extremely heterogeneous with many
admitted to ICU for non-septic reasons such as cardiac failure. There was a median of 3
days before the chosen sepsis criteria were met and the patient could be randomised,
suggesting if infection was present at all it was likely to be predominantly hospital-
acquired secondary infection at an early stage; and the identified high risk of death may
not have been ameliorable to a sepsis-targeted intervention. The microbiological data
supplied shows that 28 (76%) had a positive culture, but these were diverse in site and
organism, for example, 16 (43%) had fungi isolated, which may reflect colonisation as
opposed to infection.

Over half of the patients were receiving mechanical cardiorespiratory support with 12
(32%) having an IABP in situ at enrolment, and 10 (27%) receiving veno-venous ECMO. As
well as suggesting possible refractory cardiac or respiratory failure these therapies
often require full systemic anticoagulation (unless the patient is already severely
coagulopathic), which may conceivably interact with the anticoagulant action of PCZ and
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increase bleeding risk. This also limits the applicability of the study to populations not
requiring these therapies.

Study recruitment was halted early despite the chosen primary endpoint not being
significantly disadvantageous in the intervention group and there being no planned
interim analysis time point. The given reason was a high overall mortality but this was
not markedly different to that predicted by the SAPS Il (score 61, expected mortality
71%, observed 30 day mortality 54%). There was a statistically significant difference in
ICU mortality but the low patient numbers mean this was a fragile result and if 2 fewer
patients had died in the PCZ arm significance would have been lost (it is notable in this
context that one PCZ patient withdrew consent and was excluded from the analysis).®
Also of note mortality was significantly increased at geographically determined time
points (in-ICU and in-hospital) but not at 30 or 90 days.

The use of a composite primary endpoint is questionable, especially the combination of
two metrics (30-day mortality with 30-day ICU stay) which are not of equal clinical
importance. In this study mortality comprised 58% of the primary outcome events in the
control group and 87% in the PCZ group. Composite outcomes are inherently
susceptible to bias, either by having components that are partly clinician determined
(such as ICU discharge date) or by potentially including variables post hoc to achieve
statistical significance.’ If the intervention was hoped to impact on ICU length of stay
then a better primary outcome in this small trial may have been ICU-free days or
ventilator-free days, with mortality as a secondary endpoint.

In this study there were no identified adverse reactions, bleeding or thrombosis events
with PCZ, which might have suggested a mechanism of harm and that the observed
mortality risk was more likely to be causal. Supplementary data supplied showed that
PCZ seemed to have little effect on any laboratory marker of coagulation, which was in
contrast to that seen in non-randomised studies (some of which used a higher dose).”
Simulation of possible trial outcomes if recruitment continued suggested a significantly
beneficial effect of PCZ was highly unlikely, but completed “negative” trials can reveal
important data on safety and suggest areas for future study. The anticipated 33%
relative (25% absolute) reduction in the primary endpoint was optimistic and a negative
study would not have excluded a smaller clinically relevant benefit. Finally measuring
PCZ levels at baseline, during and following infusion could have aided understanding of
these results and informed future studies.

In summary this trial showed no benefit of PCZ in a small heterogeneous group of
critically ill patients at a high risk of death, but does not advance knowledge of its use
beyond this.
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Where this sits in the body of evidence

There are no other significant published RCTs investigating PCZ. The relevant literature
includes those studying APC (all sponsored by Eli-Lilly) and case series.

In 2001 the PROWESS study group published the results of randomising 1690 patients
with severe sepsis (SIRS criteria and organ failure) to 96 hours of 24 pg/kg/hr of APC or
placebo.” The trial was stopped early for efficacy. 28-day mortality was reduced in the
APC group (24.7% vs 30.8%; ARR, 6.1%, 95% Cl, 1.9 to 10.4%; P=0.005). Bleeding was
non-significantly higher in the APC group (3.5% vs 2.0%; P=0.06).

In 2005 the ADDRESS study group randomised 2650 patients with less severe sepsis
(SIRS criteria and APACHE Il <25 or single organ Failure) to 96 hours of 24 pg/kg/hr of
APC or placebo.” The study was stopped early for futility, with no difference in the
primary outcome of 28-day mortality (APC, 18.5% vs placebo 17.0%; RR, 1.08; 95% Cl,
0.92 to 1.28; P=0.34). Serious bleeding events were more common with APC by day 28
(3.9% vs 2.2%, P=0.01).

In 2007 the RESOLVE study group published the results of randomising 477 children with
severe sepsis (SIRS with cardiovascular and respiratory failure) to 96 hours of 24
ug/kg/hr of APC or placebo.” Median age was 2.5 years, 32% were <1 year old. The study
was stopped early for futility. There was no difference in the primary endpoint (time to
organ failure resolution) or mortality (28-day mortality 17.2% (APC) vs 17.2% (placebo),
P=0.93). The numerical increase in CNS bleeding events with APC at day 28 (11 vs 5) was
not statistically significant.

In a 2012 European Medicines Agency mandated follow-up study the PROWESS-SHOCK
study group randomised 1697 patients with septic shock (SIRS, vasopressors and
hypoperfusion) to 96 hours of 24 pg/kg/hr of APC or placebo."” There was no difference
in the primary outcome of 28-day mortality (26.4% with APC vs 24.2% with placebo; RR,
1.09; 95% Cl, 0.92 to 1.28; P=0.31). Non-serious bleeding events were significantly
increased in the APC group (8.6% vs 4.8%; RR 1.8; 95% Cl, 1.23 to 2.61; P=0.002) but
serious or CNS bleeding was not different. Eli-Lilly withdrew APC from worldwide
markets following this publication.

In @ 2003 Dutch phase 2 dose-finding study de Kleign et al randomised 40 children with
meningococcal septic shock and purport fulminans to placebo or 3 different doses of
PCZ (200, 400 or 6001U/kg 6-hourly for 3 days then 12-hourly for 4 days).’ Median age
was 2.3 years. Plasma PCZ and APC levels increased with active drug in a dose-
dependent manner; there was a corresponding fall in plasma d-dimer levels. There was
one minor bleeding event. 5 of the 7 deaths in the APC arms were in the 150 IU/Kg group
with a lower mortality than predicted by Rotterdam score in the 50 and 100 IU/kg arms.
A phase 3 trial was suggested.
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In a poster presentation published as an abstract Morelli et al randomly assigned 36
septic patents to 72 hours of PCZ (3 IU/kg/hr) or standard treatment.”™ There was no
effect seen of PCZ on microcirculatory flow.

In 2007 Barrato et al described 20 patient with severe sepsis and clinical
contraindications to APC who were given PCZ (3 IU/kg/hr For 72 hours, adjusted to
maintain plasma PC activity at 70-120% normal levels) in a pilot study.? Baseline PCZ
activity was 34.5 + 9.1%, PCZ infusion normalised levels within 48 hours. SOFA scores,
lactate levels and DIC score fell during the study period, 28-day mortality was 35%.
There were no noted bleeding complications despite risk Ffactors such as
thrombocytopaenia, major surgery and anticoagulant drugs, the investigator suggested
evaluation of PCZ in those unable to receive APC.

In 2012 Crivellari et al published a prospective case series of 23 adult patients with
severe sepsis and contraindications to APC who were given PCZ infusions (50 IU/kg bolus
then 3 1U/kg/hr for 72 hours).’® 18 (78%) were post cardiac surgery. Plasma PCZ levels
were normalised by the infusion, no bleeding events were reported. Observed mortality
(30%) was less than the given expected 53%, although the chosen method for predicting
mortality was not stated and it was acknowledged that post-operative / post cardiac
bypass SIRS may have confounded the diagnosis of sepsis in the population. The same
authors had published a case series comprising 9 of the post-cardiac surgical patients
included in this study in 2009."

In 2013 Landoni et al in a systematic review assessed 1,577 potential titles and selected
28 which related to the use of PCZ in 340 septic patients (232 children, 108 adults)
without congenital deficiency.> 26 studies were case series with the largest comprising
94 paediatric patients with purpura fulminans and 12 studies comprising less than 5
patients. The 2 RCTs included are described above. Overall mortality was 20.6%. Most
studies reported improved markers of inflammation and/or coagulation and mortality
less than expected for the severity of disease. Bleeding complications were described in
3 patients.

Should we use Protein C zymogen in sepsis?
No. This therapy should not be used outside of the setting of a clinical trial.
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SMOOTH

Schmidt K, Worrack S, Von Korff M, Davydow D, Brunkhorst F, Ehlert U et al.
Effect of a Primary Care Management Intervention on Mental Health-Related
Quality of Life Among Survivors of Sepsis — A Randomised Clinical Trial. JAMA
2016;315(24):2703-2711

Introduction

Surviving sepsis is associated with a greater than 3-fold increase in the prevalence of
cognitive impairment and functional limitation which persists for years after the
precipitating episode.” The public health implications and healthcare costs of sepsis, and
its sequelae, are enormous —in 2011 over $20 billion was spent in the US alone.?

The reduction in health-related quality of life and increased burden on family members
and caregivers is becoming ever more apparent.? In the years 1999 to 2008 3-year
survivorship from sepsis, in those aged over 65, increased by an estimated 119%. 17% of
survivors were estimated to be suffering moderate-to-severe cognitive impairment and
75% were estimated to require help with at least 1 activity of daily living.? Many of the
issues from which survivors of sepsis struggle will only become apparent to the primary
care physician (PCP) who looks after the patient in the community setting. Specific
interventions for this patient group have not been developed within the primary care
setting. Furthermore, educational support for the primary care physician and the
community healthcare team is an area which has been to date unexplored.

Study synopsis

The primary hypothesis in this trial was that a primary-care based intervention would
improve mental-health related quality of life among survivors of sepsis compared with
usual care.

The intervention consisted of three core components;
e Case management focusing on proactive patient symptom monitoring
e Clinical decision support for the PCP
» Training for both patients and PCPs in evidence-based care

Adult patients who had suffered severe sepsis or septic shock were recruited from 20
ICUs in 9 study centres across Germany. Clinical diagnosis of sepsis was made by the
treating intensivists according to internationally recognised definitions. Baseline
interviews were carried out with patients within 1 month of ICU discharge. Patients with
severe cognitive impairment, as determined by the Telephone Interview of Cognitive
Status (score <27), were excluded. Once eligibility of the patient was confirmed, the
study invited each patient’'s PCP to participate. Randomisation was stratified by ICU
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centre and performed by computer-generated random permutated blocks (size range 2
to 6).

Three experienced ICU nurses were trained as outpatient case managers during an 8
hour workshop. Case managers met with patients for the first time a median of 8 days
post-ICU discharge (IQR 2 to 20). The First meeting focused on educating the patient on
sepsis sequelae using a Sepsis Help Book. Patients were then telephone interviewed
monthly for 6 months then once every 3 months for the last 6 months of the trial.
Validated screening tools were used to monitor patients symptoms as well as patient
self-management behaviours such as physical activity and individual self-management
goals.

A consulting physician, with a background in primary and ICU care, supervised and
received reports from each case manager. Consulting physicians also provided clinical
decision support to PCPs using a structured written report using a traffic light system -
red “requires immediate intervention,” amber “consider intervention” and green
“acceptable clinical status.” Evidence-based sepsis aftercare training was provided for
the PCP, on an individual basis, by the consulting physician utilizing a Sepsis PCP manual.

The intervention was deemed to have high integrity if both patients and PCPs received
training and the patient was monitored > 5 times. The control group received usual care
from PCPs without any additional information or monitoring.

The primary outcome was change in mental health-related quality of life between ICU
discharge and 6 months after ICU discharge as assessed by the Mental Component
Summary (MCS) score of the 36-item Short Form Health Survey (SF-36 [range 0-100;
higher scores indicate lower levels of impairment]). A total of 31 secondary outcomes
relating to patient health and process of care were identified and derived at 6 and 12
months post-ICU discharge. Data was analysed according to the Intention-To-Treat (ITT)
principle.

An initial sample size of 287 was required to detect a difference of 5 points or more in
the mean MCS score at 6 months (power 90%, a = 0.05). Of 682 patients screened, 361
patients met inclusion criteria. 80.6% (n=291) of patients were recruited - 148 patients
to the intervention group and 143 patients to the control group. Both groups were well
matched at baseline with a mean (SD) MCS score close to that of the background German
population 49 (12.5).

95.8% (n=294) PCPs were willing to participate in the trial. 22.7% (n=66) of patients were
lost to follow-up at 6 months with an additional 6.2% at 12 months. 70.3% (n=104) of
patients were deemed to have received high integrity intervention (experiencing all 3
intervention components). 87.8% (n=130) of patients received training from case
managers and 84.5% (n=125) of PCPs received training from a consulting physician. Most
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cases of incomplete intervention were due to death of the patient.

The mean change in MCS score did not differ significantly between groups - 3.79 (95% Cl,
1.05 to 6.54) vs 1.64 (95% Cl, 1.22 to 4.51) in intervention vs control groups, respectively
(P=0.28). 63 secondary outcomes were analysed at 6 and 12 months. At 6 months,
hypothesis generating secondary outcome effects were seen in the intervention group
only in functional outcomes, with the intervention group having better physical
functioning, less physical disability and fewer ADL impairments than those receiving
usual care. At 12 months those in the intervention group had potentially fewer sleep
impairments.

Study critique

This is the First large scale randomised, controlled trial of an intervention aimed at
improving outcomes of sepsis survivors in the primary care setting. Schmidt and
colleagues have demonstrated it is possible to set up and complete a trial, with a high
degree of integrity and relatively low dropout rate in this setting. Why was no effect on
MCS demonstrated? The baseline mental health-related quality of life of this cohort was
similar to that of the general German population thus the capacity for the intervention
to improve the MCS score may have been limited. Patients with more severe cognitive
dysfunction were excluded in this study but perhaps the patients with cognitive
dysfunction post-ICU are the very people who should be targeted by post-ICU
interventions. By targeting a group of patients with more severe cognitive or
psychological sequelae as a result of the ICU admission a difference in mental health-
related quality of life may become more demonstrable. The heterogeneity of the patient
population and the variety of physical, psychological and social problems post-sepsis
patients suffer may have impacted on the ability of this intervention to provide
meaningful quantitative outcomes. Future studies may need to focus on a more specific
intervention on specific patient subgroups and/or sepsis sequelae.

Process data from the control group indicates that usual post-sepsis primary care in
Germany has a high intensity. Perhaps the intervention failed to improve on an already
highly organized and proactive primary care approach. The control group were also
subject to telephone calls from the case managers in order to collect fFollow-up data. This
may have modified behaviour in the control group (Hawthorne effect) thereby leading to
an underestimation of the intervention effects. Was the correct primary outcome
measure chosen? One of the challenges facing investigators is actually selecting the
correct primary outcome measure as more than 250 instruments to measure health-
related quality of life, physical function, cognition and mental health outcomes are
available.” This clearly demonstrates the complexity of the post-ICU experience and the
uncertainty over how to record quantitatively that experience.

NICE guidelines recommend regular assessment and individualized rehabilitation
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programs from the time of ICU admission until 2 to 3 months post-ICU discharge. Less
than 30% of UK Trusts provide a formal post-ICU rehabilitation service.® In the
PRaCTICAL study discussed below a third of patients required onward medical specialist
referral with a Further third requiring onward psychological referral. ICU doctors were
involved in the care of approximately 50% of patients at the follow-up clinics. The need
for multidisciplinary input post-ICU appears to be present but quantitative evidence for
the efficacy of interventions aimed at improving physical, cognitive and emotional
wellbeing remains lacking at present. Perhaps more qualitative outcomes are required.
How to design and deliver effective multidisciplinary interventions for these complex
patients will continue to be the subject of intense research in the coming years.

Where this sits in the body of evidence

The PRaCTICaL study was a pragmatic, non-blinded, multi-centre randomised controlled
trial in which the clinical and cost effectiveness of nurse led follow-up clinics was
studied.” The intervention consisted of a manual based self-directed physical
rehabilitation programme during which patients monitored their own compliance and
progress. Nurse led clinics were held at 3 months and 9 months after ICU discharge.
More than 90% of participants had the main elements of the intervention delivered. Of
the 286 patients recruited 192 completed follow-up at 1 year. Health related quality of
life did not differ between groups at 12 months. Follow-up clinics were significantly
more expensive than standard care — mean cost £7,126 vs £4,810 for intervention vs
control respectively.

In order to assess the role of early physical and occupational therapy on functional
recovery 104 mechanically ventilated patients were randomised to early exercise and
mobilization during daily sedation breaks or to sedation break and standard care as
directed by the treating physician.? The primary endpoint was the number of patients
returning to independent functional status at hospital discharge. Return to independent
functional status was significantly greater in the treatment group vs control group; 59%
vs 35%; OR, 2.7; 95% Cl 1.2 to 6.1; P=0.02.

Walsh et al completed a parallel-group randomised clinical trial of 240 patients
discharged from ICU in 2 Scottish hospitals.” Both intervention and control groups
received physiotherapy and occupational therapy alongside speech and language
therapy. The intervention group had a dedicated rehabilitation practitioner which lead to
a 2 to 3 fold increase in the frequency of the exercise and mobility therapies, used
individualized goal-setting and provided greater illness-specific information. The primary
outcome measure was the Rivermead Mobility Index (RMI) at 3 months (range 0-15 with
higher scores indicating greater mobility). At 3 months no significant difference in RMI
between groups was detected (mean difference -0.2; 95% Cl, -1.3 to 0.9; P=.71).

In an effort to assess the impact of a physical rehabilitation programme on the
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functional recovery of ICU patients, patients were randomised to a home-based, graded
individualized endurance and strength training programme supported by an illustrated
exercise manual.” The intervention (n=97) group undertook an 8 week programme
focusing on strength training and walking, with 3 physical trainer home visits at weeks 1,
3 and 6. The control group (n=98) received usual community based care. Participants in
both groups were assessed in-home at weeks 1, 8 and 26. Both groups showed similar
improvements in SF-36 physical function score (primary outcome) and 6-minute walk test
at 8 weeks which persisted at 26 weeks.

In a single-centre, assessor-blinded randomised controlled trial patients were
randomised to usual care or to intensive exercises in ICU, on the ward and in the
outpatient setting for 8 weeks should they be discharged from hospital." 150
participants were assessed at ICU admission, recruitment, hospital discharge and at 3, 6
and 12 months. The primary outcome measure was the 6 minute walk (6MWT) test at 12
months. Although the intervention group had significantly lower 6MWT scores at ICU
discharge, there was no significant difference in 6MWT at any other time point during
follow-up, including at 12 months.

In order to evaluate the effectiveness of a rehabilitation program following critical
illness to aid physical and psychological recovery, Jones et al carried out a randomised
controlled trial at 3 hospitals.” Control patients were followed up on the ward, had
three telephone calls at home and were invited to attend clinic at 8 weeks and 6 months
post-discharge. The intervention group had the above but in addition they received a 6
week self-help rehabilitation manual. The intervention group had significantly better
results on the SF-36 physical function scores at 8 weeks and 6 months(P=0.006). There
was also a trend towards lower rate of depression at 6 months in the intervention group
(12% vs 25%).

A Cochrane Review published in 2015" concluded that the small number of randomised
controlled trials, the heterogeneity of the interventions and primary outcome measures
used mean that the effects of exercise programmes on rehabilitation following ICU
admission are still unknown.

Should we implement this into our practice?
No. This study does not support the implementation of a primary care management
intervention to improve mental health-related quality of life among sepsis survivors.
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MARS

Van Vught L, Klein Kouwenberg P, Spitoni C, Scicluna B, Wiewel M, Horn J et
al. Incidence, Risk Factors and Attributable Mortality of Secondary Infections
in the Intensive Care Unit After Admission for Sepsis. JAMA 2016;315(14):
1469-1479

Introduction

ICU-acquired infection is estimated to affect up to 20% of patients admitted to
European ICUs." In addition to an increase in morbidity and mortality, length of stay in
both ICU and hospital are increased, resulting in an increased cost of care. Environmental
factors such as the presence of an endotracheal tube or central venous catheter can
predispose to the development of ICU-acquired infection but it has also been recognised
that septic patients may undergo down-regulation of the immune response resulting in
immunosuppression. This immunosuppression may also contribute to the development
of secondary infection.? Epidemiological trials are necessary to improve our knowledge
of the incidence and risk factors for ICU-acquired infection. Identification of candidate
genetic risk factors for the molecular pathophysiological mechanisms of sepsis and
secondary infection may also help to develop future immunomodulatory treatment
options for this patient subgroup.

Study synopsis

This prospective, observational association study had three main objectives - to
determine in septic patients admitted to the ICU the incidence, risk factors and
attributable mortality of ICU-acquired infection. Attributable mortality was defined as
the fraction of mortality that can be prevented by elimination of the risk factor i.e.
acquired infection. The incidence, clinical risk factors and attributable mortality for ICU-
acquired infection in non-septic patients admitted to the ICU was also assessed.

This study was funded as part of the Molecular Diagnosis and Risk Stratification (MARS)
project. All patients admitted to 2 tertiary mixed ICUs in The Netherlands between
January 2011 and July 2013 and who stayed in ICU for 48 hours or more were eligible for
inclusion.

The primary outcome measure was the first occurrence of an ICU-acquired infection. This
was defined as any new-onset infection for which a new antibiotic regime was
commenced, provided this was at least 48 hours after ICU admission. The likelihood of
infection was classified as possible, probable or definite using international consensus
definitions.> The most likely causative microorganism was classified according to all
microbiology results. Clinical risk fFactors for ICU-acquired infection were identified using
a multivariable competing risk model. This model provides two measures of association;
cause specific hazard ratio (HR) - an estimate of the direct effect of an exposure of
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interest (e.g. severity of disease) on a particular outcome (ICU-acquired infection), and
the sub-distribution HR - describes the risk of the development of an ICU-acquired
infection while accounting for competing events e.g. death, discharge from ICU.

421 patients with a sepsis-related admission to ICU had whole blood taken within 24
hours of admission for genetic profiling. A small number of septic patients (n=28) also
had paired samples taken at the onset of an ICU-acquired infection (n=19) and at the
onset of a non-infectious ICU complication (9). 42 healthy controls had blood samples
taken for genetic analysis and comparison. The purpose of this genetic analysis was to
ascertain if the host response to the initial sepsis event differed between those septic
patients who developed ICU-acquired infection and those who did not.

Due to baseline differences between groups (medical admissions accounted for 77% vs
48% in septic vs non-septic admissions respectively) septic and non-septic admissions
were not compared directly with each other. Instead patients with sepsis on admission
who developed a secondary infection were compared with septic patients on admission
who did not develop an ICU-acquired infection.

Of 6,994 admissions screened, 3,269 were excluded as they stayed less than 48 hours in
the ICU. 85 admissions (69 patients) were excluded as infection was diagnosed between
24 and 48 hours. The final cohort included 3640 admissions of which 1719 (1504
patients) (47.2%), had a sepsis-related diagnosis on admission. The primary outcome
measure, the incidence of ICU-acquired infection, occurred in 13.5% of all sepsis related
admissions (n=232) and 15.1% of all non-sepsis related admissions (n=291).

Baseline exposure to selective decontamination of the digestive tract (SDD), common
practice in The Netherlands, did not differ significantly between septic patients who did
and did not develop an ICU-acquired infection, 69.8% vs 67.7% respectively. Septic
patients who developed ICU-acquired infection were more severely ill, with higher
APACHE IV scores (90 [IQR 72-107] vs 79 [IQR 4-9]) (P<0.001), higher SOFA scores (8 [IQR
6-11] vs 7 [IQR 4-9]) (P<0.001) and a higher incidence of shock (104 patients [44.8%] vs
479 patients [32.2%]) (P<0.001). A significantly greater proportion of those that
developed an ICU-acquired infection had received steroids prior to the secondary
infectious event (70.7% vs 55.7%, P=0.001). 99.1% of septic patients who developed an
ICU-acquired infection were mechanically ventilated and 93.5% had a central venous
catheter before the diagnosis of secondary infection was made.

Independent risk factors for ICU-acquired infection were respiratory insufficiency as a
co-morbid condition (sub-distribution HR 1.44; 95% Cl, 1.05 to 2.99), use of a central
venous catheter (sub-distribution HR 2.63; 95% Cl, 1.53 to 4.53) and mechanical
ventilation (sub-distribution HR 6.22; 95% ClI, 1.54 to 25.17). Septic patients who
developed an ICU-acquired infection had a longer length of ICU stay (22 days IQR, 15 to
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33 v 5 days IQR, 3-9, P<0.001) and a higher mortality at day 60, 88 patients (44.2%) vs
381 patients (29.1%), P<0.001), than those septic patients who did not develop an ICU-
acquired infection.

The most common ICU-acquired infections, in those admitted with sepsis, were catheter-
related blood stream infection (n=88, 26.3%), pneumonia (n=85, 25.4%) and abdominal
infection (n=53, 15.9%). Gram-positive bacteria accounted for 45.2% (n=151), gram-
negative bacteria 26.6% (n= 89) and fungi 9.6% (n= 32) of ICU-acquired infection in this
group.

There was no difference in admission gene expression profiles between those septic
patients who did and did not develop ICU-acquired infection. A difference in admission
gene expression profile was present, however, compared to healthy controls. Common
pro and anti-inflammatory pathways were overexpressed e.g. toll-like receptors,
interleukin 1(I1L-1), IL-6, IL-8 and IL-10.

15.1% (n=291) of all non-infectious related admissions to ICU were complicated by an
ICU-acquired infection. Pneumonia was the most common acquired infection (117
patients, 48.4%). Gram positive and gram negative infections were identified as the
causative organism in equal proportions 33.9% v 33.3%, respectively. There was an
association between the development of ICU-acquired infection and a higher APACHE 1V,
a higher SOFA score and shock on admission. Non-infectious related admissions who
developed an ICU-acquired infection were also exposed to steroids more often than
their counterparts who did not develop an ICU-acquired infection 134 (46%) v 516
(31.3%), P<0.001.

The population attributable mortality fraction of ICU-acquired infection in non-septic
admissions was 21.1% (95% Cl 0.6%-41.7%) by day 60 compared with 10.9% (95% ClI
0.9%-20.6%) by day 60 in patients admitted with sepsis who developed an ICU-acquired
infection. When baseline differences are taken into account together with competing
risks over time, such as discharge or death, this represents an absolute increase in
mortality by day 60 in each group of 2.8% and 2% respectively.

Study critique

This study is to be commended as it is the largest genetic analysis of ICU patients in
whom the incidence and features of secondary infection have been researched. As such,
it is an important contribution to the literature.

Although internationally recognised definitions were used to identify the likelihood of
infection, sepsis and septic shock it must be acknowledged that sepsis is a syndrome, for
which there is no single diagnostic test. The early definition of sepsis used in this trial
was very non-specific requiring only a suspicion of infection and at least 1 additional
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parameter outlined in the 2001 guidelines.* The definition of sepsis has recently been
updated and future research in this field will use the 2015 definition perhaps increasing
the confidence with which we can identify septic patients.®

The invading pathogen in this study was unknown in 24.5% of cases. Biomarkers were
not used in this study, but their development may potentially allow increased confidence
in the identification of acquired infection. It is likely they will play a central role in future
research in this field.® Meticulous clinical phenotyping of patients took place in this study
and recognition of the differences in baseline characteristics between septic and non-
septic admissions obviated any direct comparisons between these two groups.

Potential confounding variables must be acknowledged e.g genetic expression profiles
could be influenced by the specific invading pathogen, by treatment with various drugs
and the effect of other organ support modalities. Given the study was carried out in
Northern Europe with a low rate of multi-drug resistant pathogens the results may not
be generalisable to other less developed countries.” Catheter-related blood stream
infection and ventilator associated pneumonia were among the most common ICU-
acquired infections with incidences of 4.7% (n=74) and 3.5% (n=54) respectively. The
compliance of the 2 units in the study to central line and ventilator bundles of care
within their respective institutions is not mentioned.

Another major confounding factor to consider is that during part of this study, both ICUs
were involved in a cluster-randomised crossover trial on the effects of SDD (given during
70% of the study) and selective oropharyngeal decontamination(SOD) (given during
30% of the study). Outside the period of this particular study patients received SDD, the
standard of care in The Netherlands. Could the host inflammatory response have been
influenced by the use of SDD as much as sepsis itself? The results of this study are
therefore not applicable to places where SDD is not in widespread use.

The numbers involved in genetic analysis in this study are too small to propose any
genetic association. Future studies in this area will require huge databases of hundreds
of thousands of patients if we are to untangle and make sense of the vast array of
genetic associations which may influence the host response to sepsis.

This study suggests whilst secondary infections are relatively common in ICU,
immunosuppression and secondary infection acquired in the ICU is only responsible for a
modest contribution to mortality in septic patients, although the wide confidence
intervals for the population attributable mortality in both septic and non-septic
admissions must be acknowledged.

Where this sits in the body of evidence
In order to determine the prevalence and risk factors of ICU-acquired infection in
European ICUs, the EPIC study was completed. 1,417 ICUs in 17 countries contributed
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data on 10,038 patient case reports. 2,064 patients (20.6%) had ICU-acquired infection
during the 24-hour study period. Pneumonia accounted for >50% of ICU-acquired
infection. Severity of illness, length of stay and presence of invasive adjuncts
(mechanical ventilation, central venous catheters, urinary catheterisation) were
associated with the development of ICU-acquired infection. During a six week follow-up
period 1,560 patients (16.8%) died.?

The EPIC Il trial collected epidemiological data from 1,265 ICUs in 75 countries.® This
single day point-prevalence study in 2007 indicated that 51% of the 13,796 patients
analysed, were infected at that time. Severity of illness and length of stay were again
related to the infection rate. Infected patients had an ICU mortality rate of 25.3% v 11%
and hospital mortality rate of 33.1% v 15%, compared with non-infected patients. EPICII
did not sub-classify infection as community acquired, hospital acquired, ICU acquired as
the original EPIC study did.

In order to identify genetic variants that influence survival from sepsis, a genome wide
association study of adult white patients admitted to the ICU with sepsis secondary to
pneumonia was completed.® The most significant association with 28-day survival was
noted to be a single nucleotide polymorphism (SNP) on chromosome 5 in an intron of
the FER gene. The FER gene codes for a non-receptor protein tyrosine kinase. It is
involved in the regulation of the actin cytoskeleton, chemotaxis, cell adhesion, migration
and invasion.

GenOSept is a European collaboration which aims to delineate the genetic influences on
the host response and outcomes in sepsis. Data was collected from patients from 102
centres in 17 countries across Europe. An epidemiological survey of those patients
admitted with community-acquired pneumonia included 1,166 patients Ffrom
GenOSept.'® Mortality rate was 27% at 6 months and independent risk factors for death
included APACHE Il score (HR,1.03, Cl 1.01 to 1.05), bilateral infiltrat