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Dysnatremia at ICU admission and functional =

outcome of cardiac arrest: insights from four
randomised controlled trials
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Anders M. Grejs®'%, Matti Reinikainen'"'?, Gwenhael Colin*'?, Fabio Silvio Taccone®'*, Amélie Le Gouge'® and
Markus B. Skrifvars'®

Abstract

Purpose To evaluate the potential association between early dysnatremia and 6-month functional outcome
after cardiac arrest.

Methods We pooled data from four randomised clinical trials in post-cardiac-arrest patients admitted to the ICU
with coma after stable return of spontaneous circulation (ROSC). Admission natremia was categorised as normal
(135-145 mmol/L), low, or high. We analysed associations between natremia category and Cerebral Performance
Category (CPC) 1 or 2 at 6 months, with and without adjustment on the modified Cardiac Arrest Hospital Prognosis
Score (MCAHP).

Results We included 1163 patients (581 from HYPERION, 352 from TTH48, 120 from COMACARE, and 110 from Xe-
HYPOTHECA) with a mean age of 63+ 13 years and a predominance of males (72.5%). A cardiac cause was identified
in 63.6% of cases. Median time from collapse to ROSC was 20 [15-29] minutes. Overall, mean natremia on ICU admis-
sionwas 137.5+4.7 mmol/L; 211 (18.6%) and 31 (2.7%) patients had hyponatremia and hypernatremia, respectively.
By univariate analysis, CPC 1 or 2 at 6 months was significantly less common in the group with hyponatremia (50/211
[24%] vs. 363/893 [41%], P=0.001); the mCAHP-adjusted odds ratio was 0.45 (95%Cl 0.26-0.79, p=0.005). The number
of patients with hypernatremia was too small for a meaningful multivariable analysis.

Conclusions Early hyponatremia was common in patients with ROSC after cardiac arrest and was associated
with a poorer 6-month functional outcome. The mechanisms underlying this association remain to be elucidated
in order to determine whether interventions targeting hyponatremia are worth investigating.

Take home message Hyponatremia was present in about a fifth of patients at
ICU admission after cardiac arrest and was associated with a lower probability
of survival with good neurological function at 6 months. Studies of the
complex interactions between hyponatremia and outcome of cardiac arrest
are needed to determine whether interventions targeting physiological
natremia levels might have benefits.

Tweet Hyponatremia after cardiac arrest was associated with poorer 6-month
function. Whether hyponatremia might be a treatment target is unknown.
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Introduction

Secondary insults can substantially worsen the out-
comes of patients admitted to the intensive care unit
(ICU) with brain injury. Studies done over the last
50 years have demonstrated strong associations linking
glycaemic control, body temperature [1], oxygenation,
and disturbances in metabolites and electrolytes to out-
comes of brain injured patients [2]. Several of these fac-
tors have been extensively studied in patients admitted
to the ICU with post-cardiac-arrest brain injury. Nota-
bly, an observational study showing that fever was asso-
ciated with poorer outcomes after cardiac arrest [3]
prompted several randomised controlled trials (RCTs)
of therapeutic hypothermia [4-6]. Also, guidelines
about fever prevention and patient selection for neuro-
protective interventions after cardiac arrest have been
developed [6, 7].

Brain ischaemia and brain oedema are two major
components of secondary brain injuries. As a major
determinant of free-water shifts and intracellular
hydration, natremia strongly influences brain volume.
About a third of ICU patients overall have abnormal
serum sodium levels at admission [8]. Serum sodium
abnormalities are associated with neurological mani-
festations ranging from impaired consciousness to
osmotic demyelination syndrome [9]. Even though car-
diac arrest is a common life- and function-threaten-
ing event, with over 300000 cases annually in Europe
[10], data on potential links between dysnatremia and
cardiac-arrest outcomes are scant. A study compar-
ing intraosseous, arterial, and central venous samples
demonstrated dynamic natremia changes during and
early after cardiac arrest [11]. In a study of 80 patients,
natremia increased from 137 (104—143) mmol/L dur-
ing cardiac arrest to 140 (109-142) immediately after
ROSC [12]. Collecting further information on the rela-
tions between natremia and outcomes of cardiac arrest
might help to determine whether interventions target-
ing dysnatremia hold promise for improving outcomes.

The primary objective of this post hoc study was to
use data from four published RCTs to look for asso-
ciations linking dysnatremia early in the ICU stay to
functional outcome on day 180 after cardiac arrest. The
secondary objective was to determine whether dysna-
tremia was associated with 6-month survival.

Materials and methods

Study design and study settings

We performed a post hoc analysis of data collected pro-
spectively in four published RCTs of neuroprotective
interventions after cardiac arrest: HYPERION (hypo-
thermia at 33 °C [5]), COMACARE (modified Mean
Arterial Pressure, modified arterial CO, and O, levels
[13]), TTH48 (hypothermia for 24 h vs. 48 h [14]), and
Xe-HYPOTHECA (inhaled xenon [15]). Only HYPE-
RION found a significant improvement in neurological
outcome with the trial intervention. These four trials
were chosen because they enrolled similar populations
of patients with sustained ROSC after cardiac arrest
and ICU admission with coma. Also, the process of
care and the inclusion window were similar in the four
trials.

The four trials enrolled 1172 ICU patients in all
between August 2009 and January 2018. For our study,
we included those patients admitted to the ICU alive and
for whom laboratory results were available then evalu-
ated their identified data.

Ethics

The study was approved by the ethics committee of the
French Intensive Care Society (FICS/SRLF 23/036) and
was conducted in compliance with the latest version of
the Declaration of Helsinki and good clinical practice
guidelines. The protocol of each of the four RCTs was
approved by the appropriate ethics committees.

Study population

All patients admitted to the participating centres during
each trial period were screened for eligibility. Inclusion
criteria were age 18 years or older (in the TTH48 trial
up to 80 years) and ICU admission after out-of-hospital
cardiac arrest (OHCA), or in-hospital cardiac arrest in
HYPERION, followed by the return of spontaneous cir-
culation (ROSC) with persistent coma (defined as a Glas-
gow Coma Scale [GCS] score<8). We did not include
data from patients who withdrew consent after initial
inclusion, had randomisation errors, or did not receive
the allocated intervention.

Definition of metabolic disorders

We defined serum sodium levels of 135—145 mmol/L as
normal natremia [16], <135 mmol/L as hyponatremia,
and > 145 mmol/L as hypernatremia. We chose to divide
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the natremia values into three categories to facilitate
interpretation by clinicians and to increase relevance to
any possible future trials comparing targeted normona-
tremia to dysnatremia. We considered the first serum
sodium level obtained after ICU admission.

Osmolality was computed as follows: (natremia-2) + gly-
caemia [17]. Osmolality <275 mOsm/kg defined hypo-
osmolality and > 295 mOsm/kg hyperosmolality.

Data collection

For each patient in each RCT, a dedicated study nurse
or investigator at each participating centre collected the
baseline clinical data and comorbidities; characteris-
tics of the cardiac arrest and resuscitation; clinical and
laboratory features at ICU admission; treatments deliv-
ered in the ICU; ICU length of stay; invasive mechanical
ventilation duration; and vital and functional status at
ICU discharge and hospital discharge and at long-term
follow-up.

Outcome measures
For the present study, the primary outcome was the day-
180 Cerebral Performance Category (CPC) [18]. The
day-180 CPC was the primary outcome in the TTH48
trial and a secondary outcome in the COMACARE and
Xe-HYPOTHECA trials; in HYPERION, the primary
outcome was the CPC on day 90, and the value for day
180 was impute using the last-observation-carried-for-
ward method. A poor outcome was defined as a CPC of
3 (moderately severe disability), 4 (severe disability), or 5
(dead), as recommended in guidelines [19].

The secondary outcome for the present study was
6-month survival.

Statistical analysis

Given the exploratory nature of our analysis, we did not
perform a formal sample size estimation. Categorical var-
iables were described as proportions and continuous var-
iables as mean + SD if normally distributed and as median
[interquartile range] otherwise.

To look for associations linking dysnatremia to day-
180 CPC, we performed binary logistic mixed regression
analyses with a random effect on the trial. Multivariable
analysis adjusted on the modified Cardiac Arrest Hos-
pital Prognosis (mCAHP) score [20] was pre-planned.
The mCAHP was introduced in the model as a con-
tinuous variable. This tool is a summary statistic built
to predict brain damage early after cardiac arrest with
ROSC, thereby enabling comparisons of different popula-
tions of patients with cardiac arrest [20-22]. The seven
variables are age, setting of cardiac arrest (public place/
home), initial rhythm (shockable/not shockable), time
from collapse to CPR initiation, time from CPR initiation
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to ROSC, blood pH at ICU admission, and epinephrine
dose (0/1-2 mg/ >3 mg).

A sensitivity analysis was performed by considering
three groups, defined by hypo-osmolality, normal osmo-
lality, and hyperosmolality, respectively, then performing
univariate analyses to look for associations with day-180
CPC before and after adjustment on the mCAHP. Finally,
all analyses were repeated with day-180 survival as the
endpoint.

The CPC in the HYPERION trial [5] was available only
until day 90, instead of day 180 in the three other trials.
For HYPERION, we used the last-observation-carried-
forward method to perform imputation for the day-180
values of the CPC and mortality. However, since this
method assumes stability of values over time (here, from
day 90 to day 180), we also performed a sensitivity analy-
sis using only the data from the three other trials.

All tests were two-sided, and p values <0.05 were con-
sidered significant. The analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC) and R version
3.3.1.

Results

Baseline characteristics

Our analyses included 1163 patients (581 from HYPE-
RION, 352 from TTH48, 120 from COMACARE, and
110 from Xe-HYPOTHECA) (Fig. 1). Data on whether
the outcome was favourable were missing for 28 patients.
Table 1 reports the main baseline features. Males pre-
dominated and two-thirds of patients had a cardiac cause
of arrest. Mean age was 62.9 + 13.2 years.

Overall, the first recorded mean natremia value was
137.5+4.7 mmol/L. Table 2 reports the main features
in the groups with normal natremia (n=893, 78.7%),
hyponatremia (n=211, 18.6%), and hypernatremia
(n=31, 2.7%). Natremia was not available for 27 patients.

Associations with day-180 cerebral performance category
The day-180 CPC was 1 or 2 (defining a favourable out-
come) in 46/581 (7.9%), 225/352 (63.9%), 78/120 (65.0%),
and 72/110 (65.5%) patients in the HYPERION, TTH48,
COMACARE, and Xe-HYPOTHECA trials, respectively
(Table 3). The AUROC for the mCAHP is shown in Addi-
tional file 2: eFigure 1.

By univariate analysis, CPC 1 or 2 on day 180 was
significantly less common in the group with hypona-
tremia than in the group with normal natremia (50/211
vs. 363/893; p=0.001). This association persisted after
adjustment on the mCAHP score (adjusted odds ratio
[aOR], 0.45; 95% confidence interval [95%CI], 0.26—0.79;
p=0.005). Hypernatremia was not significantly asso-
ciated with day-180 CPC, but the number of patients
was very small (CPC 1 or 2, 4/31 vs. 363/893 overall,
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HYPERION
N=584
Withdrawn, N=3

TTM24/48
N=355
Withdrawn, N=2
Did not receive the intervention, N=1

N=581 N=352
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COMACARE XePOHCAS
N=123 N=110
Withdrawn, N=2
Randomisation error, N=1
N=120 N=110

Full C

ohort

N=1163

Favourable functional outcome
N=417/1135 (36.7%)

Fig. 1 Study flowchart

p=0.5) (Fig. 2). Similar results were obtained when
hyponatremia and hypernatremia data from the HYPE-
RION trial were excluded (for hyponatremia: aOR,
0.60 [0.38;0.96]; p=0.03); for hypernatremia: aOR, 0.17
[0.02;1.62]; p=0.12).

Mean osmolality was 287+12 mOsmol-kg™! overall.
Hypo-osmolality and hyperosmolality were found in
80/1163 (10.9%) and 160/1163 (21.9%) patients, respec-
tively. In the group with hypo-osmolality, CPC 1 or 2 on
day 180 was not significantly more common by univariate
analysis than in the group with normal osmolality (OR,
0.64 [0.30-1.39]; p=0.26). This association remained
non-significant after adjustment on the mCAHP score
(aOR, 0.25; 95%CI 0.20-1.47; p=0.23). Hyperosmolal-
ity was not significantly associated with the primary
outcome (OR, 1.10 [0.62-1.96], p=0.73 and aOR, 1.34
[0.66-2.74], p=0.42).

Associations between natremia and day-180 survival
Additional file 1: Table E1 reports the associations
between natremia and day-180 survival

Discussion

In a cohort obtained by pooling the populations of four
RCTs that tested neuroprotective interventions after car-
diac arrest, natremia early after the ROSC varied widely,
with nearly a fifth of patients having hyponatremia and
only 3% hypernatremia. Hyponatremia was associated
with a lower probability of a favourable functional out-
come on day 180, even after adjustment on potential

confounders assessed using the mCAHP score. Neither
hypo-osmolality nor hyperosmolality was associated with
a favourable functional outcome by day 180, suggesting
that natremia was the relevant factor.

Abnormalities in serum sodium levels adversely affect
pivotal physiological parameters such as intracellular
hydration [23] and increase both morbidity and mortal-
ity [24]. Thus, in the general ICU population, hypona-
tremia and hypernatremia were independently associated
with increased mortality [8]. One of the few studies of
natremia in patients comatose after cardiac arrest and
ROSC had a large sample size of 5160 and found that sur-
vival with a favourable outcome after 1 month was 17.6%,
8.2%, and 5.7% in the groups with normal, low, and high
natremia, respectively [25]. In another retrospective
study, early hypernatremia was associated with a lower
probability of a favourable CPC after 1 year (aOR for
each 1 mmol/L increase, 1.13; 95%CI 1.04—1.23; p=0.004
[26]). In unselected patients admitted to a cardiac ICU,
both hyponatremia and hypernatremia on admission
were associated with higher in-hospital and 5-year mor-
tality rates, both before and after adjustment [27]. How-
ever, these results are merely associations, and whether
the brain injury secondary to cardiac arrest contributes
to cause and/or is worsened by natremia abnormalities
remains to be determined.

Few studies have investigated interventions designed
to modify serum sodium levels after cardiac arrest. In
an RCT, hypertonic saline infusion (7.2% NaCl) dur-
ing resuscitation for OHCA did not affect survival but
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Table 1 Baseline characteristics of the populations in each of the four trials

All Hyperion TTM24/48 Comacare Xenon

(n=1163) (n=581) (n=352) (n=120) (n=110)
Male, n (%) 843 (72.5) 373 (64.2) 292 (82.9) 98 (81.7) 80 (72.7)
Age, years, mean +=5SD 629+13.2 65.7+13.7 603£11.8 59.6£13.0 599+11.2
Height, cm, mean+SD 1725+10.2 168.1+£9.0 177.7+82 176.4+89 1734+13.1
Weight, kg, mean+SD 823+189 793+20.1 858+16.2 844+16.7 84.8+£20.6
Body Mass Index, kg»mz, mean+SD 280+11.2 282+70 272+46 27.1+50 30.5+306
Glasgow Coma Scale score, median [Q1-Q3] 3.0[3.0-3.0] 3.0[3.0-3.0] - 3.0[3.0-3.0] 3.0[3.0-3.0]
Cardiac cause of arrest, n (%) 740 (63.6) 158 (27.2) 352 (100.0) 120 (100.0) 110(100.0)
Shockable rhythm, n (%) 542 (46.6) 0(0.0) 312 (88.6) 120 (100.0) 110 (100.0)
Chronic heart disease, n (%) 522 (44.9) 342 (58.9) 18 (5.1) 86 (71.7) 76 (69.1)
Chronic pulmonary disease, n (%) 250 (21.5) 204 (35.1) 24 (6.8) 8(6.7) 14(12.7)
Bystander witnessed cardiac arrest, n (%) 1100/1162 (94.7) 547/580 (94.3) 323(91.8) 120 (100.0) 110 (100.0)
Bystander performed CPR, n (%) 875/1161 (754) 407/579 (74.4) 293 (83.2) 98 (81.7) 77 (70.0)
Location at cardiac arrest
Place of residence, n (%) 601 (51.7) 295 (50.8) 192 (54.5) 60 (50.0) 54 (49.1)
Public place, n (%) 402 (34.6) 127 (21.9) 160 (45.5) 60 (50.0) 55 (50.0)
Hospital, n (%) 160 (13.8) 159 (27.4) 0(0.0) 0(0.0) 1(0.9)
Body temperature, °C, mean+SD 352+14 354+15 349+1.1 - 351+1.2
SAPSII, median [Q1-Q3] 71.0 [58.0-82.0] 73.5[63.0-84.5] - - 52.0[42.0-60.0]
No-flow duration, minutes, median [Q1-Q3] 0.0 [0.0-5.0] 2.0[0.0-5.0] 0.0 [0.0-1.0] - 0.0 [0.0-5.0]
Low-flow duration, minutes, median [Q1-Q3] 18.0[12.0-26.0] 16.0[10.0-25.0] 20.0[15.0-27.0] - 19.0 [14.0-26.0]
Time to ROSC, median [Q1-Q3] 20.0[15.0-29.0] 20.0[12.0-30.0] 21.0[15.0-28.0] 21.0[16.0-26.0] 21.0[16.0-27.0]
Epinephrine injection performed, n (%) 828/1043 (79.4) 535(92.1) 222 (63.1) - 71 (64.5)
Epinephrine dose, mg, median [Q1-Q3] 2.0[1.0-4.0] 3.0[2.0-5.0] 0.0 [0.0-2.0] - 1.0[0.0-2.2]
Amiodarone injection, n (%) 251/1043 (24.1) 53(9.1) 145 (41.2) - 53(482)
Bicarbonate injection n (%) 59/1043 (5.7) 49 (8.4) 6(1.7) - 4(3.6)
Amines, n (%) 467/811 (57.6) 339(58.3) - 58 (48.3) 70 (63.6)
Successful angioplasty, n (%) 265/1161 (22.8) 40 (6.9) 145/350 (41.4) 46 (38.3) 34 (30.9)
Coronarography, n (%) 600 (51.6) 148 (25.5) 291 (82.7) 70 (58.3) 91 (82.7)
Admission pH, median [Q1-Q3] 73[7.2-7.3] 72[7.1-7.3] 73[7.2-7.3] 731[7.3-74] 73[7.2-74]
Lactates, mmol/L, median [Q1-Q3] 36[1.9-7.0] 6.1[3.2-9.7] 26[14-50] 2.1[1.3-34] 24[14-3.6]
Serum creatinine, umol/L, median [Q1-Q3] 101.0 [80.0-133.0] 112.0 [85.0-153.5] 99.0 [82.0-121.0] 85.0 [73.0-103.0] 88.0[76.0-111.0]
Blood glucose, mmol/L, mean+SD 123+6.8 13.1+6.3 - 10.7+39 10.7+10.1
PaCO,, mmHg, mean+SD 458+14.0 477x175 457£95 40.6+8.1 424+88
PaO,, mmHg, mean+5D 1705+£1153 195.6+1369 1454+82.1 129.0+£56.0 170.3+£106.2
NSE on day 2, ng/mL, median [Q1-Q3] 24.0[17.8-36.8] 47.0[18.8-172.3] - 21.2[13.8-33.1] 23.9[19.6-30.0]
NSE on day 3, ng/mL, median [Q1-Q3] 21.3[14.9-45.0] 43.3[17.3-199.7] - 16.7 [12.2-26.0] 21.8[17.0-34.3]
Natremia, mmol/L, mean +SD 1375+4.7 1375+57 137737 1369+3.2 137.7+£34
Normonatremia, n (%) 893 (78.7) 408 (72.9) 295 (85.5) 95 (79.2) 95 (86.4)
Hyponatremia, n (%) 211(18.6) 125 (22.3) 46 (13.3) 25(20.8) 15(13.6)
Hypernatremia, n (%) 312.7) 27 (4.8) 4(1.2) 0(0.0) 0(0.0)
Potassium, mmol/L, mean+SD 43+10 45+1.1 41+0.7 42+0.8 41+0.7
Urea, mmol/L, mean+SD 87+74 9.7+69 82+95 6.5+25 73+43
Normo-osmolality, n (%) 490 (67.1) 299 (59.0) - 96 (84.2) 95(87.2)
Hypo-osmolality, n (%) 80 (10.9) 65 (12.8) - 9(7.9) 6 (5.5)
Hyperosmolality, n (%) 160 (21.9) 143 (28.2) - 9(7.9) 8(7.3)

mMCAHP score, median [Q1-Q3]

90.8 [73.1-106.5]

100.9 [88.8-112.5]

70.7 [54.5-84.2]

71.2[57.6-85.2]

CPR: cardiopulmonary resuscitation; SAPSII: Simplified Acute Physiology Score version Il; ROSC: return of spontaneous circulation; PaO,: partial pressure of oxygen in
arterial blood; PaCO,: partial pressure of carbon dioxide in arterial blood; NSE: neuron-specific enolase; mCAHP: modified Cardiac Arrest Hospital Prognosis
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Table 2 Baseline characteristics according to natremia category
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Normonatremia

Hyponatremia

Hypernatemia

(n=893) (n=211) (n=31)
Males, n (%) 651 (72.9) 156 (73.9) 19(61.3)
Age, years, mean=5D 62.9+132 63.2+12.2 60.1+183
Height, cm, mean+SD 1729+10.5 172.1+£88 168.4+10.2
Weight, Kg, mean+SD 833+189 80.0£182 752+229
Body Mass Index, Kg»m2, mean+SD 282+123 273+6.0 273+79
Glasgow Coma Scale score at enrolment, median [Q1-Q3] 3.0[3.0-3.0] 3.0[3.0-3.0] 3.0[3.0-3.0]
Cardiac cause of arrest, n (%) 596 (66.7) 121 (57.3) 8(25.8)
Shockable rhythm, n (%) 452 (50.6) 80 (37.9) 4(12.9)
Chronic heart disease, n (%) 390 (43.7) 112 (53.1) 12 (38.7)
Chronic pulmonary disease, n (%) 168 (18.8) 70 (33.2) 7(226)
Bystander witnessed cardiac arrest, n (%) 848 (95.0) 195 (92.9) 29 (93.5)
Bystander performed CPR, n (%) 674 (75.6) 149 (71.0) 26 (83.9)
Location at cardiac arrest
Place of residence, n (%) 478 (53.5) 102 (48.3) 8(25.8)
Public place, n (%) 315(35.3) 68 (32.2) 10(32.3)
Hospital, n (%) 100(11.2) 41 (194) 13(41.9)
Body temperature, °C, mean+SD 352+13 352415 352+1.7
SAPSII, mean+SD 69.0+17.7 722+175 780+£14.0
No-flow duration minutes, median [Q1-Q3] 0.0 [0.0-5.0] 0.0[0.0-5.0] 0.5[0.0-5.0]
Low-flow duration minutes, median [Q1-Q3] 18.0[12.0-26.0] 18.0 [10.0-25.0] 21.0[10.0-32.0]
Time to ROSC, minutes, median [Q1-Q3] 20.0[15.0-28.0] 21.0[15.0-30.0] 20.5[11.0-39.0]
Epinephrine injection performed, n (%) 618 (77.4) 157 (84.4) 29(935)
Epinephrine dose, mg, median [Q1-Q3] 2.0[0.0-4.0] 2.0[1.0-4.0] 4.0 [2.0-6.0]
Amiodarone injection, n (%) 216 (27.1) 32(17.2) 2(6.5)
Bicarbonate injection, n (%) 40 (5.0) 9 (4.8) 8(25.8)
Vasopressor at inclusion n (%) 336 (56.2) 97 (58.8) 22 (81.5)
ST-elevation myocardial infarction n (%) 365 (41.7) 66 (32.2) 5(17.9)
Coronary angiography, n (%) 480 (53.8) 104 (49.3) 4(12.9)
Successful angioplasty, n (%) 215(24.1) 42 (19.9) 2(6.5)
Admission pH, median [Q1-Q3] 7.31[7.2-7.3] 731[7.2-73] 7.21[7.0-73]
Lactates, mmol/L, median [Q1-Q3] 34[1.8-6.7] 39[1.9-7.2] 94 [4.8-14.6]
Serum creatinine, umol/L, median [Q1-Q3] 100.0 [80.0-129.0] 103.0 [78.0-143.0] 137.0 [86.0-183.0]
Blood glucose, mmol/L, mean +SD 119454 13.9+10.2 11.9+80
PaCO,, mmHg, mean+SD 458+ 13.1 45.1+16.9 50.1£19.0
PaO,, mmHg, mean+5D 169.3+113.8 17171172 2024+140.8
NSE on day 2, ng/mL, median [Q1-Q3] 239[18.0-358] 24.0[17.4-35.0] 63.4[9.0-90.2]
NSE on day 3, ng/mL, median [Q1-Q3] 20.9[14.7-44.0] 21.7 [15.4-48.5] 26.9[5.9-33.9]
Potassium, mmol/L, mean+SD 42409 47+1.1 47+15
Urea, mmol/L, mean+SD 84+6.1 9.7+109 113+89
Normo-osmolality, n (%) 414 (75.5) 75 (484) 1(3.7)
Hypo-osmolality, n (%) 2(04) 78 (50.3) 0(0.0)
Hyperosmolality, n (%) 132 (24.1) 2(1.3) 26 (96.3)

mCAHP score, median [Q1-Q3]

906 [71.2-106.8]

914179.0-105.5]

96.0 [84.3-109.3]

CPR: cardiopulmonary resuscitation; SAPSII: Simplified Acute Physiology Score version Il; ROSC: return of spontaneous circulation; PaO,: partial pressure of oxygen in
arterial blood; PaCO,: partial pressure of carbon dioxide in arterial blood; NSE: neuron-specific enolase; mCAHP: modified Cardiac Arrest Hospital Prognosis
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Table 3 Favourable neurological prognosis according to natremia and to osmolality in each of the four trials
3a. Crude analysis of favourable neurological prognosis according to natremia category and trial
Favourable neurological All HYPERION TTM24/48* COMACARE XENON
prognosis on day 180, n (%) (n=417/1135) (n=46/560) (n=221/345) (n=78/120) (n=72/110)
Normonatremia 363/893 (40.7) 40/408 (9.8) 198/295 (67.1) 63/95 (66.3) 62/95 (65.3)
Hyponatremia 50/211 (23.7) 3/125 (2.4) 22/46 (47.8) 15/25 (60.0) 10/15 (66.7)
Hypernatremia 4/31(12.9) 3/27 (11.1) 1/4(25.0) 0/0 (0.0) 0/0 (0.0)
3b. Crude analysis of favourable neurological prognosis according to osmolality category and trial
Favourable neurological All HYPERION TTM24/48* COMACARE XENON (n=72/109)
prognosis on day 180, n (%) (n=188/730) (n=42/507) (n=-) (n=74/114)
Normo-osmolality 151/490 (30.8) 24/299 (8.1) - 62/96 (64.6) 65/95 (684)
Hypo-osmolality 12/80 (15.0) 3/65 (4.6) - 6/9 (66.7) 3/6 (50.0)
Hyperosmolality 25/160 (15.6) 15/143 (10.5) - 6/9 (66.7) 4/8 (50.0)
*Data not available
no. of CPC 1-2/ total no. (%) Odds Ratio [95% CI]
Crude analysis
Normonatremia 363/893 (40.7) 1
Hyponatremia 50/211 (23.7) [ 0.51 [0.34, 0.76]
Hypernatremia 4/31 (12.9) = 0.65[0.19, 2.23]
Adjusted analysis on mCAHP score
Normonatremia 1
Hyponatremia —.-— 0.45[0.26, 0.79]
Hypernatremia - = 0.94 [0.26, 3.46]
[ I I I I 1
-4 -2 0 2 4 6

Fig. 2 Forest plot of the association between a favourable neurological outcome and the natremia category

induced a small yet significant increase in the pro-
portion of patients whose CPC was 1 or 2 at hospital
discharge (OR, 2.9; 95%CI 1.004—8.5) [28]. The interven-
tion significantly increased serum sodium to a mean of
162+36 mmol/L, but this effect was short-lived, with
near-normal levels at ICU admission in the hospital. That
hypernatremia was not associated with the functional
outcome in our study might indicate either that hyper-
natremia early after cardiac arrest does not have adverse
effects or that hypernatremia is merely a marker for other
physiological variables or comorbidities. A matched-
pair study indicated that the same strategy significantly
increased the proportion of patients who achieved
ROSC (OR, 2.19; 95%CI 1.6-3.0). However, in an RCT

in patients with traumatic brain injury, a continuous
infusion of 20% hypertonic saline failed to improve the
day-180 functional outcome [29]. RCTs in patients with
post-cardiac-arrest brain injury face major obstacles:
no reproducible and effective triage tool is available, the
multiple interventions used for resuscitation may affect
serum sodium levels, any possible added benefits from
altering serum sodium levels may be small and there-
fore difficult to detect compared to the combined effects
of all the other treatments used, and the use of placebos
in patients with cardiac arrest raises ethical concerns
[30]. Although not recommended in current guidelines
outside specific situations, bicarbonate infusion during
resuscitation is often used in North America and may act
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in part via effects on serum sodium levels and not only
on metabolic acidosis [31]. In a swine model, hypertonic
sodium lactate infusion during or after cardiac-arrest
resuscitation increased natremia and plasma osmolar-
ity, improved haemodynamics, and decreased the brain
injury marker glial fibrillary acid protein in plasma [32].
The intravenous fluids frequently injected after the ROSC
to prevent or treat post-resuscitation shock also affect
natremia [33]. In an RCT in 11 052 patients, including
486 with traumatic brain injury, a balanced solution was
compared to 0.9% saline (containing about 10% more
sodium) [34]. The day-90 mortality rate was slightly but
significantly higher in the balanced-solution group (aOR,
1.48; 95%CI 1.03-2.12; p=0.02) In a post hoc analysis of
data from the SMART trial in unselected ICU patients,
outcomes were compared in the subgroups with trau-
matic brain injury (698 given balanced crystalloid and
665 given 0.9% saline) [35]. Day-30 mortality was not sig-
nificantly higher in the balanced-crystalloid group (aOR,
1.03; 95%CI 0.60-1.75; p=0.913), although the risk of
either in-hospital death or discharge to another medi-
cal facility was significantly increased (aOR, 1.38; 95%CIl
1.02-1.86; p=0.04). In addition to intravenous fluid
administration, other interventions also affect serum
sodium levels. Thus, therapeutic hypothermia at 33 °C is
associated with a mild increase in natremia [36]. Finally,
in patients with dysnatremia, the speed of natremia
correction, and not only the natremia abnormalities
themselves, may affect outcomes. Thus, rapid natremia
correction was historically associated with osmotic
demyelination syndrome in unselected patients admitted
to the hospital with hyponatremia, although rapid cor-
rection was also associated with better survival in ICU
patients [9, 16].

A major limitation of our study is the retrospective
design. Although the data were collected prospectively
for RCTs, we cannot assess causality links. Moreover, the
primary outcome for the current study (day-180 CPC 1
or 2) was the primary outcome in only one of the four
trials; it was a secondary outcome in two trials and, for
the remaining trial, the primary outcome was the day-90
CPC, which we extrapolated to day 180 for the present
study. Second, we did not collect data on dysnatremia
correction but, instead, considered only dysnatremia
on ICU admission. As indicated above, whether and
how rapidly dysnatremia is corrected may affect out-
comes. Third, the causes of dysnatremia may also affect
outcomes. Thus, some causes of cardiac arrest, as well
as comorbidities and chronic treatments common in
patients with cardiac arrest, may cause dysnatremia. Also,
natremia may be modified by the treatments used for
resuscitation and by post-cardiac arrest brain injury. The
links between dysnatremia and outcomes are therefore
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difficult to elucidate. Whether dysnatremia and its cor-
rection influence outcomes could only be determined
by RCTs. Fourth, the RCTs whose data we used tested
different interventions, which may have interacted with
any potential effects of dysnatremia. Finally, we handled
natremia as a categorical variable and not as a continu-
ous variable. However, categorising natremia as normal
or abnormal may be more relevant to bedside care.

Conclusions

Amongst ICU patients who remain comatose after car-
diac arrest followed by ROSC, about a fifth had hypona-
tremia at ICU admission, whereas hypernatremia was far
less common. Hyponatremia was associated with a lower
probability of a favourable functional outcome on day
180, even in the adjusted analysis. Further RCTs assessing
the effect on outcomes of interventions aimed at modify-
ing natremia in patients with ROSC and persistent coma
after cardiac arrest are warranted.
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