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ABSTRACT

Background: Hypoxic hepatitis (HH) is commonly seen in critically ill patients, such as those with cardiac shock,
sepsis, and respiratory failure. However, data are limited regarding its impact on the prognosis of patients with
cardiac arrest (CA).

Methods: We conducted a systematic review and meta-analysis of studies from PubMed, EMBASE, and the
Cochrane Library from inception to July 30, 2024. Studies were included if they focused on adult CA patients
with HH compared to controls and had a clear definition of HH (defined as a rapid elevation in liver enzyme
levels > 20 times the upper limit of normal after CA). The primary outcome was all-cause mortality.
Subgroup analyses, sensitivity analyses, and generic inverse variance analyses were conducted.

Results: Six studies with 3,005 adults were included. The median prevalence of HH was 16.3 % (ranging from 7.2
to 24.7 %). Overall, patients with HH had a significantly higher risk of all-cause mortality than those without
(odds ratio [OR] = 3.49; 95 % CI, 2.19-5.57; P < 0.00001). This finding was confirmed in subgroups, sensitivity
analyses, and regression analyses. HH patients were more likely to have a poor neurological outcome (OR = 2.73;
95 % CI, 1.37-5.42; P = 0.004), post-CA shock (OR = 5.77; 95 % CI, 1.76-18.94; P = 0.004), cardiac failure (OR
= 35.84; 95 % CI, 6.02-213.31; P < 0.0001), and higher lactate levels (mean difference [MD] = 4.10 mmol/L;
95 % CI, 2.89-5.31; P < 0.00001). In addition, HH required more continuous renal replacement therapy (OR =
4.19; 95 % CI, 3.02-5.82; P < 0.00001), vasopressor therapy, time to return of spontaneous circulation (MD =
5.0 min; 95 % CI, 3.02-6.97; P < 0.00001) but not mechanical ventilation (OR = 1.40; 95 % CI, 1.00-1.97; P =
0.05).

Conclusions: Hypoxic hepatitis is not a rare complication after CA, and was independently associated with all-
cause mortality. Further prospective, well-designed studies are needed to validate our findings.

Introduction

In a previous meta-analysis, Sandroni et al. reported that acute kidney
injury occurs early in more than 50 % of CA patients and is associated

Despite significant advances in post-cardiac arrest (CA) therapy[1],
the hospital mortality of patients with CA remains high. This is associ-
ated with the post-CA syndrome that develops in patients after ROSC.
The syndrome includes both CA and cardiopulmonary resuscitation-
induced ischemia/reperfusion injury[2]. Clinicians have long been
more concerned about the impact of this injury on the brain and have
taken various measures to avoid neurologic deterioration[3]. Recently,
multi-organ damage occurring after CA has attracted clinical attention.

with increased mortality[4]. Another study has shown that nearly 70 %
of cases may worsen with post-CA shock[5]. However, there is less
literature on liver dysfunction in this setting.

Hypoxic hepatitis (HH), also known as “hypoxic liver injury”,
“ischemic hepatitis” or “shock liver,” is thought to be the result of
decreased systemic blood flow and is a life-threatening complication
commonly reported in ICU patients[6]. As evidenced by a previous meta-
analysis, 78.2 % and 23.4 % of patients with ischemic hepatitis

Abbreviation: ALT, alanine aminotransferase; CA, cardiac arrest; CI, confidence interval; CPR, cardiopulmonary resuscitation; CRRT, continuous renal replacement
therapy; HH, hypoxic hepatitis; ICU, intensive care unit; IQR, interquartile range; MD, mean difference; MV, mechanical ventilation; OR, odds ratio; ROSC, return of

spontaneous circulation; SD, standard deviations; ULN, upper limit of normal.
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experienced induced acute cardiac events, or sepsis, respectively. The
proportion of patients with a documented history of hypotensive events
of any duration was 52.9 %. The overall survival rate of HH patients at
discharge was 51 % (ranging from 23.1 to 85.7 %)[7]. However, this
meta-analysis did not mention CA patients in analyzing etiology,
morbidity, and prognosis. On the other hand, Henrion believed that one
of the diagnostic criteria of HH is a sharp increase in serum amino-
transferase levels to at least 20 times the upper limit of normal (ULN)
[8]. It is uncertain whether this criterion is appropriate for CA patients.

Recently, several studies have been published on this topic[9-11].
Therefore, we aimed to conduct a systematic review and meta-analysis
to explore the incidence of HH in survivors after CA and the impact
on the prognosis. We also performed subgroup analyses and sensitivity
analyses to examine potential confounders and test the robustness of our
findings.

Methods

This study protocol has been registered in the International Platform
of Registered Systematic Review and Meta-analysis Protocols database
(INPLASY 202480051). We conducted this study following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses Statement
(PRISMA) checklist[12] (Additional File 1).

Search strategy and data sources

Two authors (J-HS and Y-BG) independently performed a compre-
hensive literature search to identify studies that explored the effect of
HH in patients after CA following ROSC. The search databases included
PubMed, Embase, and the Cochrane Library from their inception dates
until July 30, 2024. We used search strategies by combining medical
subject headings (MeSH) and free text terms: “cardiac arrest,” “heart
arrest,” and “hypoxic hepatitis,” with no language restrictions. Details of
the complete search strategy are summarized in Additional File 2 In
addition, we screened the reference lists of the included studies to avoid
omitting potentially relevant studies.

Inclusion criteria and study selection

Eligible studies were included if they met the following PICOS
criteria: (1) participants: adult patients after ROSC with HH; (2) expo-
sure: HH (defined as a rapid elevation in liver enzyme levels > 20 times
the ULN); (3) comparisons: non-HH patients; (4) outcomes: mortality
and other predefined important outcomes; and (5) study design: cohort,
case-control or randomized controlled design.

We excluded the studies that met the following criteria: (1) studies
that enrolled patients < 18 years old, women of pregnant or breast-
feeding; (2) publications only in the abstract, letters to the editor
without sufficient data, and review article; and (3) studies defined HH as
liver enzyme levels < 20 times the ULN.

Data extraction

The two authors independently extracted relevant data from eligible
articles. The extracted data included the study characteristics (the first
author’s name, publication year), patient characteristics (age, gender,
patient population, disease severity, body mass index), details of the
acupuncture technique procedure, control protocols, and predefined
outcomes.

Outcomes

The primary outcome was all-cause short-term mortality (ie., ICU,
28-day, or hospital mortality, the longest follow-up period was
preferred). Secondary outcomes included important clinical outcomes
(i.e., neurological outcome, ICU or hospital length of stay, duration of
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mechanical ventilation [MV]), severe complications (i.e., shock, heart
failure, infection, time to return of spontaneous circulation [ROSC],
lactate levels, and rearrest) post-CA; and patients with advanced organ
supportive techniques (i.e., renal replacement therapy [RRT], MV, and
vasopressor therapy). Meta-analyses of these predefined outcomes were
implemented only when at least 2 studies included were available.

Quality assessment

The two authors independently assessed the study quality of each
included study using the Newcastle-Ottawa Scale (NOS)[13]. We eval-
uated publication bias by visual inspection funnel plots when at least 10
studies were included in the current meta-analysis. Disagreements were
resolved by thorough discussion and consensus.

Statistical analysis

We combined the results from all relevant studies to estimate the
pooled risk ratios (RRs) with 95 % confidence intervals (CIs) for cate-
gorical variables and mean differences (MDs) with 95 % CIs for
continuous variables as. For studies that reported the median with an
interquartile range (IQR) as the measure of treatment effect, we pre-
sented the mean of the median and the standard deviations (SD) of the
IQR, as described in a previous study|[14]. We used the 12 statistic to test
for heterogeneity, with values of I> < 50 % and I? > 50 % indicating low
and high heterogeneity, respectively. A fixed-effect model was used
when I < 50 %, and a random-effect model was used when ?>50 %,
using the Mantel-Haenszel method[15].

For the analysis of each predefined outcome, we conducted meta-
analyses of relevant studies. To investigate the potential influencing
factors for the primary outcome, we conducted subgroup analyses by
pooling studies based on (1) Out of hospital CA (OHCA)%: 100 % or <
100 %,; (2) shockable rhythm (SR)%: >50 % or < 50; and (3) Design:
single-center study vs. multi-center study, (4) Mortality: short-term (30-
day, ICU stay, or hospital stay) or long-term (>90-day) mortality; and
(5) location: Europe or non-Europe. To assess the robustness of the re-
sults, sensitivity analyses were performed by sequentially excluding
each study at a time to explore whether an individual study’s particular
result drove the results. For studies using regression analyses to adjust
for the effect of confounders on mortality, we merged mortality esti-
mates with corresponding standard errors by using the generic inverse
variance method in the analysis. The significance level for P values was
set at 0.05. Review Manager software (version 5.4) was used for all
statistical analyses.

Results
Searching results

Following de-duplication, we eliminated 459 records from the 597
found when searching the predefined databases. After screening titles
and abstracts, 444 records were deemed ineligible. Finally, we con-
ducted a full-text review and excluded 6 articles, resulting in 6 retro-
spective studies with 3,005 patients being included in the final analysis
[9-11,16-18]. (Fig. 1).

Study characteristics and quality assessment

Table 1 summarizes the main characteristics of the included studies.
These studies were performed between 2015 and 2024, with sample
sizes ranging from 148 to 1,068. A total of 489 and 2,516 survivals were
analyzed in the HH group and the non-HH groups, respectively. These
studies were conducted in France (n = 2), Korea (n = 2), Belgium (n =
1), and Austria (n = 1). Of these studies, three recruited OHCA patients
[9,16,18], and the remaining three focused on both in-hospital CA
(IHCA) and OHCA patients[10,11,17]. The average incidence of HH in
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Fig. 1. Flow chart of literature selection.
Table 1
Characteristics of the included studies.
Study Country  Design N Age, year  Gender, %  HH definition = HH, N (%)  Short-term mortality = OHCA, % SR, % TTM, %
Champigneulle 2016 [16]  France R, SC 632 60.8 68.8 >20 ULN 72 (11.4) ICU 100 55.6 94.1
Delignette 2024 [9] France R,MC 418 64.0 59.1 >20 ULN 61 (14.6) 28-day 100 73.4 100
Lee 2020 [10] Korea R, SC 365 61.5 69.0 >20 ULN 90 (24.7) Hospital, 30-day 13.2 32.1 NR
Lesu 2018 [17] Belgium R, SC 374 62.0 64.7 >20 ULN 27 (7.2) ICU, hospital 59.4 35.3 88.5
Oh 2015 [18] Korea R, SC 148 54.8 72.0 >20 ULN 20 (13.5) Hospital 100 30.4 79.7
Roedl 2019 [11] Austria P, SC 1068  61.0 72.0 >20 ULN 219 (20.5)  28-day 75 51 62

ALT = alanine transaminase; AST = aspartate transaminase; HH = hypoxic hepatitis; ICU = intensive care unit; N = sample size; NR = not report; OHCA = out of
hospital cardiac arrest; SR = shockable rhythm; TTM = target temperature management.

all included studies was 16.3 % (ranging from 7.2 %-24.7 %). Regarding
the definition of HH, all studies used a rapid elevation in liver enzyme
levels > 20 times the ULN[9-11,16-18].

We evaluated the quality of each included study using the NOS tool
for cohort studies (Additional File 3). Overall, the assessment shows the
study quality ranged from moderate to high quality, with scores ranging
from 7 to 9 on the NOS scale. Five studies were considered high quality
[9-11,16,17], and the remaining one was moderate[18].

Primary outcome

All included studies compared mortality between patients with or
without HH[9-11,16-18]. Among these patients, 489 had HH, and 349
died (71.2 %) compared to 2,516 non-HH patients with 1,296 deaths
(51.5 %). Patients with HH had a significantly higher risk of mortality
than those without (OR = 3.49; 95 % CI, 2.19-5.57; P < 0.00001) with

the heterogeneity of 62 % observed (Fig. 2a).

Subsequently, we performed subgroup analyses to investigate the
potential heterogeneity sources. As to between-groups mortality ana-
lyses, HH had significantly higher mortality rates in all the subgroups,
including OHCA%, geographic location, study design, and SR% (P
values ranging from 0.01 to < 0.00001 with I? ranging from 0 % to 74 %)
(Table 2). In the sensitivity analysis, excluding any single study did not
significantly change the overall combined OR (all P values < 0.00001
with I? ranging from 47 % to 68 %). In addition, four studies using
multivariate logistic regression analyses were pooled to assess the risk
for mortality. The pooled data showed HH was associated with an
increased risk of mortality (adjusted OR = 2.75, 95 % CI 1.47-5.16, P =
0.002) (Fig. 2b).
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2a

HH Non-HH Odds Ratio Odds Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Champigneulle 2016 62 72 305 560 18.5% 5.18 [2.60, 10.32] =
Delignette 2024 58 61 279 357 10.3% 5.41[1.65, 17.72] -
Lee 2020 65 90 151 275 22.3% 2.14[1.27, 3.59] a
Lesu 2018 24 27 189 347 9.9% 6.69 [1.98, 22.62] -
Oh 2015 15 20 41 128 11.6% 6.37 [2.17,18.71] -
Roedl| 2019 125 219 331 849 27.4% 2.08 [1.54, 2.81] =
Total (95% CI) 489 2516 100.0% 3.49 [2.19, 5.57] . 4
Total events 349 1296 . .

Heterogeneity: Tau? = 0.18; Chi? = 13.21, df = 5 (P = 0.02); I? = 62%

0.001 0.1 1 10 1000

- = <
Test for overall effect: Z = 5.26 (P < 0.00001) Favours [HH] Favours [Non-HH]
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight V. Random, 95% CI 1V, Random, 95% CI
Champigneulle 2016 1.4793 0481 221% 4.39[1.71, 11.27] =
Lee 2020 0.6704 0.3181 30.6% 1.96 [1.05, 3.65] =
Lesu 2018 2.6819 0.8759 10.3% 14.61 [2.63, 81.34]
Roedl 2019 0.5539 0.2069 37.0% 1.74 [1.16, 2.61] =
Total (95% CI) 100.0% 2.75[1.47, 5.16] ‘
1 1 1 ]
Heterogeneity: Tau? = 0.24; Chi? = 8.12, df = 3 (P = 0.04); I> = 63% ! ' ' !
Test fosrJ oveerI effect: Z=3.16 (P = 0.002) ( ) 0.001 01 ! 10 1000
e - Favours [HH] Favours [Non-HH]
Fig. 2. Forest plots of the hypoxia hepatitis on mortality rate in patients following cardiac arrest. HH, hypoxia hepatitis.
Table 2
Subgroup analyses of the effect of hypoxic hepatitis on mortality.
Study characteristics Studies Patient Events in hypoxic hepatitis Events in non-hypoxic hepatitis Odds ratio P p
number number  group group (95 % CI)
All included studies 6 3005 349 of 489 (15.3 %) 1296 of 2516 (30.0 %) 3.49 (2.19, 62 <0.00001
5.57) %
Out of hospital cardiac arrest % 3 1098 135 of 153 (15.5 %) 625 of 1045 (30.5 %) 5.48 (3.26, 0% <0.00001
=100 % 9.23)
Out of hospital cardiac arrest % 3 1907 214 of 336 (14.6 %) 671 of 1471 (27.3 %) 2.35(1.57, 41 <0.0001
<100 % 3.54) %
Shockable rhythm % <50 % 3 887 104 of 137 (9.8 %) 381 of 750 (27.8 %) 3.94 (1.68, 62 0.002
09.25) %
Shockable rhythm % >50 % 3 2118 245 of 352 (20.6 %) 915 of 1766 (32.0 %) 3.49 (1.65, 74 0.001
7.41) %
28-day mortality 3 1851 243 of 3770 (20.6 %) 750 of 3481 (32.0 %) 2.20 (1.71, 23 <0.00001
2.82) %
ICU mortality 2 1006 86 of 99 (20.6 %) 484 of 907 (32.0 %) 5.72 (3.14, 0% <0.00001
10.40)
Hospital mortality 3 887 104 of 137 (20.6 %) 381 of 750 (32.0 %) 3.94 (1.68, 62 0.002
9.25) %
Single-center study 5 2587 291 of 428 (15.1 %) 1017 of 2159 (29.8 %) 3.33 (2.03, 66 <0.00001
5.45) %
Multi-center study 1 418 58 of 61 (14.6 %) 279 of 357 (27.3 %) 5.41 (1.65, - 0.005
17.72)
Europe 3 1424 144 of 160 (7.5 %) 773 of 1264 (23.3 %) 5.49 (3.22, 0% <0.00001
9.38)
Non-Europe 3 1581 205 of 329 (18.1 %) 523 of 1252 (32.5 %) 2.43 (1.58, 48 <0.0001
3.75) %

Secondary outcomes

HH significantly higher risks of poor neurological outcome (OR =
2.73; 95 % CI, 1.37-5.42; P = 0.004)[10,11,17,18], post-CA shock (OR
=5.77;95 % CI, 1.76-18.94; P = 0.004)[11,16,17], cardiac failure (OR
= 35.84; 95 % CI, 6.02-213.31; P < 0.0001)[11,16,17], and lactate
levels (MD = 4.10 mmol/L; 95 % CI, 2.89-5.31; P < 0.00001)[11,16,17].
In addition, HH required more CRRT (OR = 4.19; 95 % CI, 3.02-5.82; P
< 0.00001)[10,16,17], time to ROSC (MD 5.0 min; 95 % CI,

3.02-6.97; P < 0.00001)[10,11,16-18] but a nearly significant differ-
ence in mechanical ventilation (OR = 1.40; 95 % CI, 1.00-1.97; P =
0.05)[10,11,17] (Figs. 3-5). In addition, two studies compared the
outcome of vasopressor therapy between the HH and control groups (HH
vs. control: P = 0.081 and P < 0.01, respectively) [10,17].

Discussion

We focused on patients after ROSC who developed HH during post-
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HH
Study or Subgroup _Events Total
Lee 2020 70 90
Lesu 2018 25 27
Oh 2015 20 20
Roedl 2019 143 219
Total (95% CI) 356
Total events 258

Heterogeneity: Tau? = 0.26; Chi? = 8.87, df = 3 (P = 0.03); I> = 66%

Test for overall effect: Z = 2.86 (P = 0.00.

3b

HH
Study or Subgroup Events Total
Champigneulle 2016 64 72
Lesu 2018 25 27
Roed| 2019 160 219
Total (95% CI) 318
Total events 249

Heterogeneity: Tau? = 0.90; Chi? = 14.95, df = 2 (P = 0.0006); I> = 87%
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Test for overall effect: Z = 2.89 (P = 0.004)

3c HH
Study or Subgroup Events Total
Champigneulle 2016 58 72
Lesu 2018 25 27
Roedl 2019 190 219
Total (95% Cl) 318
Total events 273

Heterogeneity: Tau? = 2.26; Chi? = 36.18, df = 2 (P < 0.00001); I? = 94%

Non-HH Odds Ratio Odds Ratio
Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
175 275 36.3% 2.00 [1.15, 3.48] -
201 347 152% 9.08 [2.12, 38.94] "
75 128 5.2% 29.05[1.72, 490.93]
441 849 43.3% 1.74 [1.28, 2.37] =
1599 100.0% 2.73 [1.37, 5.42] <>
892
4 0.001 0.1 1 10 1000
) Favours [HH] Favours [Non-HH]
Non-HH Odds Ratio Odds Ratio
Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
259 560 35.1% 9.30 [4.38, 19.75] L
175 347 25.3% 12.29 [2.87, 52.67] =
456 849 39.6% 2.34 [1.68, 3.24] =
1756 100.0% 5.77 [1.76, 18.94] -
890
0.001 0.1 1 10 1000
Favours [HH] Favours [Non-HH]
Non-HH Odds Ratio Odds Ratio
Events Total Weight M-H, Random, 95% Cl M-H. Random, 95% CI
160 560 35.1% 10.36 [5.62, 19.09] =
83 347 29.4% 39.76 [9.22, 171.41] =
47 849 356% 111.80[68.55, 182.32] -
1756 100.0%  35.84 [6.02, 213.31] ——
290
0.001 0.1 1 10 1000

Test for overall effect: Z = 3.93 (P < 0.0001)

Favours [HH] Favours [Non-HH]

Fig. 3. Forest plots of the hypoxia hepatitis on poor neurological outcome (3a), post-CA shock (3b), and cardiac failure (3c) in patients following cardiac arrest. HH,

hypoxia hepatitis.

4a
HH Non-HH Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Champigneulle 2016 46 72 160 560 40.1% 4.42 [2.64,7.40] -
Lee 2020 54 920 83 275 49.9% 3.47 [2.12, 5.69] oLy
Lesu 2018 14 27 47 347 10.0% 6.87 [3.04, 15.53] -
Total (95% CI) 189 1182 100.0% 4.19 [3.02, 5.82] 2
Total events 114 290 . . . .
Heterogeneity: Chi? =2.02, df =2 (P = 0.36); P =1% ! ' ! !
Test for overall effect: Z = 8.55 (P < 0.00001) 0.002 Favgijrs [HH] ! FavourlO[Non-HH] 500
4b HH Non-HH Odds Ratio Odds Ratio

Study or Subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI

Lee 2020 82 90 232 275 171% 1.90 [0.86, 4.21] I

Lesu 2018 27 27 347 347 Not estimable

Roedl 2019 179 219 658 849 82.9% 1.30[0.89, 1.90]

Total (95% CI) 336 1471 100.0% 1.40 [1.00, 1.97]

Total events 288 1237

Heterogeneity: Chiz = 0.72, df = 1 (P = 0.40); I = 0% o.=002 0? ] I 1=o 5(‘)0

Test for overall effect: Z=1.94 (P = 0.05)

Favours [HH] Favours [non-HH]

Fig. 4. Forest plots of the effects of hypoxia hepatitis on CRRT (4a) and mechanical ventilation (4b) in patients following cardiac arrest. HH, hypoxia hepatitis.
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5a

HH Non-HH
Study or Subgroup Mean SD Total Mean SD Total Weight
Champigneulle 2016 84 56 72 3.1 31 560 33.2%
Lesu 2018 82 53 27 49 24 347 21.7%
Roedl 2019 10.3 53 219 6.7 45 849 451%
Total (95% ClI) 318 1756 100.0%

Heterogeneity: Tau? = 0.69; Chi? = 5.23, df =2 (P = 0.07); I = 62%
Test for overall effect: Z = 6.66 (P < 0.00001)

5b

HH Non-HH
Study or Subgroup Mean SD Total Mean SD Total Weight
Champigneulle 2016 25 17 72 20 13.3 560 23.4%
Lee 2020 35 244 90 30 20 275 12.6%
Lesu 2018 21 111 27 15 13.3 347 20.0%
Oh 2015 25 13.1 20 22 13.7 128 10.1%
Roedl 2019 20 241 219 15 17 849 33.9%
Total (95% CI) 428 2159 100.0%

Heterogeneity: Chi? = 0.60, df =4 (P = 0.96); I? = 0%
Test for overall effect: Z = 4.96 (P < 0.00001)
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Mean Difference Mean Difference

IV, Random, 95% CI IV, Random, 95% CI
5.30 [3.98, 6.62] -
3.30[1.28, 5.32] -
3.60 [2.84, 4.36] L
4.10 [2.89, 5.31] L 2
-20 -10 0 10 20
Favours [HH] Favours [Non-HH]
Mean Difference Mean Difference
IV, Fixed, 95% ClI IV, Fixed, 95% ClI
5.00[0.92, 9.08] —
5.00 [-0.57, 10.57] I
6.00[1.59, 10.41] —
3.00 [-3.21,9.21] N e —
5.00 [1.61, 8.39] —
5.00 [3.02, 6.97] <&
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Favours [HH] Favours [Non-HH]

Fig. 5. Forest plots of the effects of hypoxia hepatitis on lactate levels (5a) and time to ROSC (5b) in patients following cardiac arrest. HH, hypoxia hepatitis.

CA treatment. The pooled results from six studies of 3,005 patients
showed that patients with HH tended to have a higher risk of all-cause
mortality, with mortality rates ranging from 7.2 % to 24.7 %
[9-11,16-18]. Specifically, HH significantly increased the risk of mor-
tality in CA survival (OR = 3.49, P < 0.00001). Further subgroup,
sensitivity analyses, and generic inverse variance analyses confirmed
this finding. HH was associated with a significantly higher risk of poor
neurological outcome, post-CA shock, cardiac failure, and higher lactate
levels and required more CRRT and vasopressor therapy.

Prevalence

Our results show that the mean prevalence of HH in post-CA patients
is 16.3 %, with considerable variation between the included studies. To
understand the prevalence of HH, we need to pay attention to the
following points. First, the included studies followed the Henrion
criteria for HH[8]. That is, a clinical diagnosis of HH is made if a per-
son’s serum aminotransferases are at least 20 times the ULN and they
have signs of heart, respiratory, or circulatory failure, and other etiol-
ogies of acute hepatocellular necrosis have been ruled out. Thus, the
differences in HH prevalence may be due to the threshold of AST/ALT
used to define it. In a previous study of 94 patients with OHCA, Nam
et al. found that HH occurred in 35 patients (37.2 %)[19]. This is in line
with this author’s definition of HH as an increase in serum amino-
transferase levels reaching at least eight times the upper limit of normal.

Second, more people post-CA have HH than in other critical pop-
ulations. Under the same Henrion criteria definition, HH was observed
more frequently in post-CA patients than those with severe COVID-19
[20], respiratory failure[21], cardiac shock[22], and acute myocardial
infarction[23]. In another study comprising 1,066 critically ill patients,
118 patients developed HH (defined as > 10 times the ULN), of whom 35
(30 %) were CA patients[24]. The high incidence of HH in CA may be
related to the hepatic supply mechanism|[25]. Specifically, although the
liver is protected against ischemia by a dual blood supply through the
hepatic artery and portal venous system[25], this unique dual blood
supply does not work during CA. Thus, CA may represent the greatest
risk factor for HH among many critical diseases.

Third, the six studies included in this study were retrospective in
design[9-11,16-18], which may have resulted in the missing of some

patients with HH. In a prospective study, Whitehead et al. reported that
more than one-third of all cases with markedly elevated aminotrans-
ferase levels were unrecognized by the treating physician[26]. More-
over, ALl and AST have different half-lives, with varying degrees of
recovery following a peak[27]. Thus, the selection of varying time
points and transaminases may potentially affect the diagnosis of HH and,
subsequently, the discrepancies in morbidity observed across studies.

Mortality

In the present study, an early mortality rate of 71 % was observed in
the HH patients, with a fluctuating range of 57 % to 95 %. For example,
in a study evaluating the etiology, clinical features, and prognosis of HH
(defined as a > 10 times the ULN) in the ICU, shock (48 %), cardiac
arrest (25 %), and hypoxia (13 %) were the most common causes of HH
[6]. However, patients with CA and HH had a markedly elevated mor-
tality rate (72.7 %) compared to the other three categories (38.8 %-52.6
%)[6]. Ischemia-reperfusion after CA leads to the apoptosis of hepato-
cytes and sinusoidal endothelial cells[28]. Furthermore, prolonged
hypoxia generates intracellular reactive oxygen species, as well as
xanthine oxidase, and mitochondria, which leads to intracellular
oxidative stress[29]. This is why CA has a worse prognosis. On the other
hand, given the liver’s pivotal role in regulating many essential meta-
bolic, homeostatic, and host defense processes, any dysfunction may
have a detrimental impact on the prognosis[30]. As shown in our study,
post-CA patients with HH may favor shock, hyperlactatemia, cardio-
vascular dysfunction, poor neurological prognosis, and increased mor-
tality[9-11,16-18].

Our results suggest HH defined as transaminase elevations > 20
times the ULN may serve as a reliable independent risk factor of prog-
nosis for CA patients in terms of liver. Interestingly, the hepatic sub-
component of the Sequential Organ Failure Assessment (SOFA) score is
based only on elevated bilirubin levels and may not serve as a robust
marker of CA-induced liver injury. As shown in one study, the severity of
liver failure as evaluated by the highest hepatic SOFA score within the
initial 72-hour period following CA was not related to mortality[31]. In
addition, the onset of cholestatic liver dysfunction and jaundice in
critically ill patients is usually delayed following their admission to the
ICU[8]. Similarly, bilirubin levels between the HH and non-HH groups
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in the three included studies were not significantly different in the first
few days after CA[9,10,17]. In addition, there was mildly elevated
bilirubin (median from 8.5 to 16.8 umol/L)[9,10,17].

On the other hand, acute liver failure (ALF) is commonly diagnosed
by measuring the elevation of the INR up to 1.5 times the ULN or the
elevation of bilirubin. However, patients with CA and HH had signifi-
cantly higher mortality (89 % versus 51 % versus 45 %, respectively)
and adverse neurologic outcomes (93 % versus 60 % versus 59 %,
respectively) compared with those with ALF without HH or those
without ALF or HH[17]. In addition, in a study of HH defined by an 8-
fold ULN of aminotransferase, there was no statistical difference in
mortality between CA patients in the HH and non-HH groups (P =
0.363)[19].

Factors associated with occurrences of HH

The findings of our secondary outcomes indicate that post-CA pa-
tients with HH had elevated lactate levels, prolonged recovery of ROSC,
and a higher incidence of shock and heart failure. These findings indi-
cate the potential for significant liver damage due to ischemia/reper-
fusion injury. Moreover, these patients require more robust organ
function support, including the administration of vasoactive drugs, MV,
and CRRT. These discrepancies may also be regarded as indicators of the
severity or a manifestation of the degree of systemic inflammatory
response, ischemia, and hypoxia leading to HH. Therefore, these in-
dicators may serve as potential independent predictors of HH
development.

Several of the included studies examined the factors associated with
the development of HH and found that the time to ROSC[11], shockable
rhythm[19], CRRT[10,17,19], male gender[19], heart failure[11], and
lactate level[17] could potentially predict the occurrence of HH after
CA. The presence of these indicators can help identify those post-CA
patients who require more accurate hemodynamic monitoring and/or
optimization of supportive care to minimize further severe liver injury.

Strength and limitations

Our study has several strengths. First, this study is the first meta-
analysis to evaluate the impact of HH on the prognosis of post-CA pa-
tients. Our findings are consistent with those of previous studies on other
patient populations, including patients with respiratory failure, cardio-
genic shock, and sepsis[7], which emphasize the adverse clinical out-
comes of HH. Thus, our study adds a new evidence population. Second,
we comprehensively assessed the mortality in patients with HH after CA,
including mortality between HH and non-HH patients and the linear
relationship between HH and mortality. third, we performed subgroup
and sensitivity analyses based on different potentially influential factors,
and the results were reliable. In addition, we explored several secondary
clinical outcomes, which support the robustness of our primary
outcome.

Our meta-analysis has several limitations. First, the study design
precludes us from establishing whether there is a causal relationship
between the occurrence of HH and mortality, as well as each of the
important clinical outcomes. Second, only studies of HH following CA,
defined by transaminase elevations > 20 times the ULN, were included
in the analysis. However, a previous meta-analysis suggested that pa-
tients with various heterogeneous severe HH defined by 8 times or 10
times the ULN had mortality rates of approximately 49 % and 52 %,
which were comparable to the mortality rate of non-HH in the present
meta-analysis (52 %)[6,7]. Third, the unequal distribution of different
underlying diseases in the included studies may also impact the prog-
nosis. We intended to perform subgroup analyses to explore studies
based on this diversity but were constrained by an insufficient quantity
of data. Fourth, Fourthly, the incidence of HH may be underestimated.
There was considerable variation in the time the included studies
defined HH patients (48 h after CA to ICU discharge). Therefore, some of
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the included studies may have missed the high-risk group for early death
after cardiac arrest, especially in studies that defined HH in the short
term (i.e., 1-3 days) after CA. Finally, although predefined subgroup
analyses were conducted, the subgroup results should be interpreted
with caution due to the limited number of patients.

Conclusion

In conclusion, our results demonstrate that HH significantly
increased mortality in post-CA patients. Moreover, HH is associated with
higher lactate levels, longer ROSC time, higher risk of shock, heart
failure, poor neurological outcome, and requires more organ function
support. It is important to acknowledge the study’s limitations,
including its study design and the potential for bias, which may have
contributed to the relatively low certainty of our findings. However,
these results are meaningful because they help to identify, early detect
and optimize corresponding treatment strategies to reduce the risk of
this high-mortality disease. Therefore, well-designed research in this
area is necessary.
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