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Abstract
Gastrointestinal ischemia with reperfusion tissue injury contributes to post-cardiac arrest syndrome.We hypothesized that diarrhea is
a symptom of intestinal ischemia/reperfusion injury and investigated whether the occurrence of early diarrhea (�12hours) after
successful cardiopulmonary resuscitation is associated with an unfavorable neurological outcome.
We analyzed data from the Vienna Clinical Cardiac Arrest Registry. Inclusion criteria comprised≥18years of age, a witnessed, non-

traumatic out-of-hospital cardiac arrest, return of spontaneous circulation (ROSC), initial shockable rhythm, and ST-segment
elevation in electrocardiogram after ROSC with consecutive coronary angiography. Patients with diarrhea caused by other factors
(e.g., infections, antibiotic treatment, or chronic diseases) were excluded. The primary endpoint was neurological function between
patients with or without “early diarrhea” (�12hours after ROSC) according to cerebral performance categories.
We included 156 patients between 2005 and 2012. The rate of unfavorable neurologic outcome was higher in patients with early

diarrhea (67% vs 37%). In univariate analysis, the crude odds ratio for unfavorable neurologic outcome was 3.42 (95% confidence
interval, 1.11–10.56, P= .03) for early diarrhea. After multivariate adjustment for traditional prognostication markers the odds ratio of
early diarrhea was 5.90 (95% confidence interval, 1.28–27.06, P= .02).
In conclusion, early diarrhea within 12hours after successful cardiopulmonary resuscitation was associated with an unfavorable

neurological outcome.

Abbreviations: CI= confidence intervals, CPC= cerebral performance category, CPR= cardiopulmonary resuscitation, OHCA=
out-of-hospital cardiac arrest, OR = odds ratio, PCAS = post-cardiac arrest syndrome, ROSC = return of spontaneous circulation.
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1. Introduction

Out-of-hospital cardiac arrest (OHCA) is a global health burden
and the third leading cause of death in Europe. Survival rates
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differ between health care systems, but overall only approxi-
mately 10% of patients survive to hospital discharge.[1,2]

Alongside established prehospital factors linked to improved
outcome, such as early initiation of cardiopulmonary resuscita-
ercial or not-for-profit sectors.
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tion (CPR) or use of automated external defibrillators,[2] there are
also several mechanisms after successful CPR with return of
spontaneous circulation (ROSC) that impact on neurological
outcome. These are summarized as post-cardiac arrest syndrome
(PCAS) and also include tissue injury due to an ischemia
reperfusion phenomenon, a systemic inflammatory response, and
organ dysfunction with circulatory failure.[3–6]

Ischemia-reperfusion injury to the gastrointestinal tract,
possibly with subsequent bacteremia or endotoxemia, may also
contribute to PCAS. Animal models of low-flow shock or cardiac
arrest reported intestinal tissue injury and an impaired
gastrointestinal perfusion, also in the post-resuscitation peri-
od.[7–10] Human data on this topic are scarce. In a multicenter
study in critically ill patients gastrointestinal symptoms in
general, but also the early occurrence of diarrhea, were common
and associated with increased mortality.[11] In a small study in
OHCA patients those with bacteremia (n=12) and diarrhea died
within a few hours of admission.[12] More recently, it has been
shown that patients with increased biomarkers of enterocyte
damage or small bowel mucosal damage after successful CPR
were more likely to have an unfavorable neurological out-
come.[13]

We hypothesized that diarrhea, similarly to ischemic colitis,[14]

was a result of intestinal ischemia during or after cardiac arrest,
and investigated whether diarrhea occurring early after CPR was
associated with an unfavorable neurological outcome.
2. Methods

2.1. Study design

We analyzed data from the Vienna Clinical Cardiac Arrest
Registry. The registry includes prospectively collected data on all
adult cardiac arrest patients, admitted to - and treated at the
Department of Emergency Medicine of the Medical University of
Vienna.
Data acquisition and documentation was conducted in accor-

dance with the Utstein style recommendations for cardiac arrest
related documentation[15] and has recently been described in detail
for our registry.[16] The study complies with the declaration of
Helsinki and was approved by the local Ethics Committee of the
Medical University of Vienna (EK No. 1219/2018).
Early diarrhea was defined as at least 2 liquid stools within the

first 12hours after ROSC, based on nurses’ or physicians’
documentation.[17] We focussed on early diarrhea to exclude
causes other than CPR (e.g., antibiotic treatment).

2.2. Study population

Adults ≥18years of age who suffered a witnessed, non-traumatic
OHCA and had achieved ROSC were eligible. Furthermore, only
patients with an initial shockable rhythm and ST-segment
elevation in the electrocardiogram, who consecutively underwent
coronary angiography, were included. Patients with other
possible causes for diarrhea (e.g., infections, antibiotic treatment,
or chronic diseases) were excluded. In- and exclusion criteria
were chosen to obtain a homogenous population with an obvious
reason for cardiac arrest.

2.3. Endpoints

Patients were dichotomized in a “diarrhea” or “no diarrhea”
group according to the above-mentioned criteria. The primary
2

endpoint was neurological function, as defined by the cerebral
performance category (CPC), at 6months after CPR.
Favorable neurological outcome was defined as a CPC 1 (good

neurologic function) or 2 (moderate disability) and unfavorable
neurological outcome was defined as CPC 3–5 (severe disability,
vegetative state, or death) in accordance to the Utstein
recommendations.
Secondary endpoints included mortality at 6months and an

exploratory analysis of factors linked to the occurrence of
diarrhea.
2.4. Statistical analysis

We present categorized data as counts (relative frequency), and
continuous data as median (25–75% interquartile range). We
compared binary variables using the Fisher-exact test and the log-
rank test as applicable, and compared continuous variables using
the Mann–Whitney U test.
We used a binary logistic regression analysis (backward

stepwise elimination approach according to Wald test-statistics
step-by-step) to estimate the effect of diarrhea on the primary
endpoint. The effect was quantified as odds ratio (OR) with 95%
confidence intervals (95% CI).
We selected covariables for the multivariable model based on

both clinical reasoning and previous studies. These variables
included age, sex, no-flow, low-flow, number of shocks,
cumulative epinephrine dose, pH, and blood lactate concentra-
tion. The variables eliminated by the testing procedure were
omitted.
Correlations were calculated by applying the nonparametric

spearman procedure.
For data management and analyses we used MS Excel

(Microsoft Corporation Redmond, WA) and IBM SPSS Statistics
(Version 26, Armonk, NY: IBM Corporation). A 2-sided P
value< .05 was considered statistically significant.
3. Results

During the 2005 to 2012 observation period, 156 OHCA
patients fulfilled the inclusion criteria andwere analyzed. Baseline
characteristics including resuscitation-related parameters accord-
ing to neurological outcome and diarrhea category are presented
in Table 1. Patients with early diarrhea tended to be older, to have
longer low-flow time intervals, and higher blood lactate
concentrations. C-reactive protein levels 6hours after ROSC
did not significantly differ between the groups. As expected,
patients with unfavorable outcome were significantly older
(P= .004) and had longer low-flow intervals (P< .001), lower pH
values (P< .001), and higher lactate levels (P< .001).
3.1. Outcome analysis

More patients with early diarrhea had an unfavorable neurologi-
cal outcome (67% vs 37%, P= .049). In univariate analysis, the
crude OR for unfavorable neurologic outcome was 3.42 (95%
CI, 1.11–10.56, P= .03) for early diarrhea. After multivariate
adjustment for age, sex, no-flow, low-flow, number of shocks,
cumulative epinephrine dose, pH, and lactate the adjusted OR of
early diarrhea was 5.90 (95% CI, 1.28–27.06, P= .02).
Besides the significant differences in neurological outcome for

early diarrhea, there was no significant difference in 6-month



Table 1

Baseline characteristics by outcome group and diarrhea category.

All

Favorable
neurological
outcome

Unfavorable
neurological
outcome

No
diarrhea

Early
diarrhea

n=156 n=94 n=62 n=141 n=15

Age, median (IQR) 55 (49–64) 55 (47–60) 60 (50–68) 55 (49–64) 56 (50–69)
Female, n (%) 29 (19) 19 (20) 10 (16) 26 (18) 3 (20)
No-flow (min), median (IQR) 1 (0–4) 1 (0–3) 2 (1–6) 1 (0–4) 1 (0–3)
Low-flow (min), median (IQR) 27 (18–43) 17 (10–27) 27 (21–36) 20 (13–34) 25 (18–28)
Total dose of epinephrine in mg, median (IQR) 3 (2–5) 2 (1–4) 4 (2–6) 3 (2–5) 4 (1–4)
Number of shocks applied, median (IQR) 3 (2–6) 3 (1–5) 4 (2–6) 3 (2–6) 4 (2–6)
Admission pH, median (IQR) 7.20 (7.09–7.27) 7.22 (7.12–7.30) 7.14 (7.02–7.23) 7.21 (7.09–7.28) 7.14 (7.09–7.21)
Admission lactate (mmol/L), median (IQR) 7.7 (5.2–9.8) 7.1 (4.7–9.1) 9.3 (7.0–12.3) 7.6 (5.1–9.7) 8.1 (6.2–10.2)
WBC count 6h after ROSC (G/L), median (IQR) 16.6 (12.0–21.2) 15.3 (11.9–21.1) 17.6 (12.7–21.6) 16.7 (12.3–21.1) 14.3 (10.2–21.8)
CRP level 6 h after ROSC (mg/dL), median (IQR) 0.4 (0.2–0.8) 0.4 (0.2–0.8) 0.4 (0.2–0.7) 0.4 (0.2–0.8) 0.2 (0.1–0.5)
Early stool

∗
, n (%) 21 (13) 11 (12) 10 (16) 6 (4) 15 (100)

Early diarrhea, n (%) 15 (10) 5 (5) 10 (16) 0 (0) 15 (100)
CPC 1/2 at 6 months, n (%) 94 (60) 94 (100) 0 (0) 89 (63) 5 (33)
Mortality at 6 months, n (%) 48 (31) 0 (0) 48 (77) 41 (29) 7 (47)

Favorable neurological outcome was defined as cerebral performance category 1 to 2, unfavorable neurological outcome as cerebral performance category 3 to 5.
CPC= cerebral performance category, CRP=C-reactive protein, IQR= interquartile range, ROSC= return of spontaneous circulation, SD= standard deviation, WBC=white blood cell.
∗
Defined as stool regardless of consistency within 12hours after ROSC.
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mortality (29% no diarrhea vs 47% early diarrhea group,
P= .24).
3.2. Exploratory analysis

We analyzed various parameters between patients with or
without diarrhea in an exploratory manner, but found no
differences regarding age, no- and low-flow intervals, inflamma-
tory biomarkers, pH values, or lactate levels.
4. Discussion

The main finding of this analysis is that patients who developed
diarrhea within 12hours after ROSC were more likely to have an
unfavorable neurological outcome.
Gastrointestinal dysfunction caused by transient hypoperfu-

sion or ischemia may contribute to PCAS and thus impact on
neurological outcome. Diarrhea is an unspecific symptom of
gastrointestinal dysfunction, but is easy to assess, and by applying
strict in- and exclusion criteria we tried to exclude causes other
than resuscitation itself. Our results support data from a small
study (n=33) in which all patients with diarrhea and bacteremia
(n=12) after CPR died within hours after admission.[12] Notably,
our analysis only focussed on diarrhea and not on bacteremia.
Nonetheless, two thirds of patients with early diarrhea had an
unfavorable neurologic outcome and 47% died. Although the
observed difference in mortality was remarkable, statistical
significance was not met, most likely due to the limited sample
size in the diarrhea group (n=15). Plasma citrulline and intestinal
fatty acid–binding protein, both biomarkers of enterocyte mass
and damage, were associated with poor neurological outcome
after CPR.[13] Moreover, cardiac arrest patients with high levels
of endotoxins, which are most likely of intestinal origin, were
more likely to have an unfavorable outcome.[18] These results
indicate an important role for the gastrointestinal system in the
post-resuscitation period and may also offer opportunities for
therapeutic interventions.
3

Our hypothesis was based on the assumption that diarrhea
after resuscitation, in the absence of other causes, serves as a
surrogate of intestinal injury due to transient ischemia.
Interestingly, low-flow intervals were only slightly longer (25
minutes vs 20minutes) in patients with diarrhea. However, the
individual constitution of OHCA patients differs substantially,
and in addition to quality and duration of CPR other factors,
such as stenosed mesenteric arteries or resistance to ischemic
events, need to be considered. In that context, it may not be
surprising that we missed the association between resuscitation
intervals and the occurrence of diarrhea. Somewhat surprisingly,
we did not observe an association between diarrhea and systemic
inflammation, as assessed by C-reactive protein levels and
leukocyte counts during the first 24hours. Although similar
results were reported in animal studies,[8] one could assume that
tissue injury and consecutive endotoxemia induce an inflamma-
tory response.
Based on our data, the occurrence of diarrhea soon after CPR

may be regarded as a negative prognostic sign. However, further
studies are warranted to better understand underlying patho-
physiological mechanisms.
5. Limitations

The limitations of this study consist of its observational nature,
limited sample size, and single center design. Strict eligibility
criteria were chosen to exclude other possible causes of diarrhea.
Due to the highly selected patient cohort, however, the
generalizability of our study findings is limited. We included
only adult cardiac arrest survivors with ST-segment elevation
myocardial infarction who underwent coronary angiography.
Although the hypothesized mechanism of our observation should
theoretically apply to other causes of cardiac arrest as well,
because it is based on the duration of intestinal ischemia, our data
do not allow such a generalization. Finally, the study hypothesis
was based on the assumption that diarrhea is a sign of tissue
damage as a consequence of transient ischemia. Further data to

http://www.md-journal.com
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support this hypothesis (biomarkers, radiologic, or histologic
analyses) were beyond the scope of this work.
6. Conclusions

Early diarrheawithin 12hours of successfulCPR is associatedwith
unfavorable neurological outcome in the included population.
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