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                    Abstract
Purpose
Hypoxic hepatitis (HH) is a form of hepatic injury following arterial hypoxemia, ischemia, and passive congestion of the liver. We investigated the incidence and the prognostic implications of HH in the medical intensive care unit (ICU).
Methods
A total of 1,066 consecutive ICU admissions at three medical ICUs of a university hospital were included in this prospective cohort study. All patients were screened prospectively for the presence of HH according to established criteria. Independent risk factors of mortality in this cohort of critically ill patients were identified by a multivariate Poisson regression model.
Results
A total of 118 admissions (11%) had HH during their ICU stay. These patients had different baseline characteristics, longer median ICU stay (8 vs. 6 days, p < 0.001), and decreased ICU survival (43 vs. 83%, p < 0.001). The crude mortality rate ratio of admissions with HH was 4.62 (95% CI 3.63–5.86, p < 0.001). Regression analysis demonstrated strong mortality risk for admissions with HH requiring vasopressor therapy (adjusted rate ratio 4.91; 95% CI 2.51–9.60, p < 0.001), whereas HH was not significantly associated with mortality in admissions without vasopressor therapy (adjusted rate ratio 1.79, 95% CI 0.52–6.23, p = 0.359).
Conclusions
Hypoxic hepatitis (HH) occurs frequently in the medical ICU. The presence of HH is a strong risk factor for mortality in the ICU in patients requiring vasopressor therapy.
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                                    Introduction
Hypoxic hepatitis (HH), also known as shock liver or ischemic hepatitis, is a diffuse hepatic injury following acute arterial hypoxemia, hypoperfusion with consecutive ischemia, and passive congestion of the liver. The disease is usually defined via acute, considerable, and reversible elevation of serum aminotransferase levels in the appropriate clinical setting. The reported incidence of this event ranges between 0.03% in the internal normal ward to 1.5% in the intensive care unit (ICU) [1, 2]. Recently, we reported that high international normalized ratio (INR), presence of septic shock, and high sequential organ failure assessment (SOFA) score were independent predictors of mortality in patients with HH [3]. Although it is reported that hyperbilirubinemia and other abnormal “liver function tests” on ICU admission may have a prognostic impact [4, 5], there are a lack of studies evaluating the influence of specific disease entities of acute hepatic injury—like HH—on outcome in critically ill patients. The main epidemiological data regarding this disease are more than 15 years old [2], or were obtained retrospectively [6] and may therefore not represent the current status of this disease.
Mortality in patients with HH is high, with a reported hospital mortality of about 50% [2]. In contrast to acute liver failure, the reported high mortality rate in patients with HH is usually attributed to the underlying condition that has led to the liver injury. Therefore, HH is considered to represent a complication in a broad spectrum of mainly cardiovascular diseases or sepsis rather than a single organ dysfunction [7]. A specific effect of HH on mortality unrelated to the severity of disease would therefore be surprising. The aim of this study was to examine the incidence of HH and its impact on mortality in patients admitted to three medical ICUs in a university hospital.


Materials and methods
Patients
The study was performed from March 2005 to December 2006 at three medical ICUs of the Medical University of Vienna after approval by the local Ethics Committee of the Medical University of Vienna, Austria. Patients admitted to the ICU were screened prospectively for the presence of HH.
Survival of a patient was assessed by examining the Austrian national death registry, contacting the patient or the attending physician, if necessary.
Data were prospectively entered into the ICU database on a daily basis. Preexisting diseases (cardiomyopathy, liver cirrhosis) were documented according to the medical history.
Liver cirrhosis was defined via histology or by a combination of characteristic clinical (ascites, caput medusae, spider angiomata, etc.), laboratory, and radiological findings (typical morphological changes of the liver, signs of portal hypertension etc., in ultrasonography or computed tomography scanning).
Cardiomyopathy was defined according to well-established criteria [8] and included several etiologies. Diagnosis was established via echocardiography or according to recent reports prior to ICU admission. Diseases contributing to the ICU stay (acute myocardial infarction, cardiopulmonary resuscitation, septic shock) were documented according to clinical findings during the ICU stay.
Hypoxic hepatitis
HH was defined according to well-established criteria [2, 9–12]: (a) clinical setting of cardiac, circulatory, or respiratory failure; (b) dramatic but transient increase in serum aminotransferase activity reaching at least 20-fold the upper limit of normal (normal ranges at the Medical University Hospital of Vienna, serum aspartate transaminase (AST) <35 U/L, serum alanine transaminase (ALT) <45 U/L); (c) exclusion of other putative causes of liver cell necrosis, particular viral or drug-induced hepatitis.
Liver biopsy was not required for the diagnosis of HH, in agreement with other studies showing that a histologic confirmation is unwarranted [2, 9, 11] and even inadvisable when the criteria listed above are met.
Patients were prospectively screened every day for the presence of HH. Every case of HH that occurred during the observation period at one of the three ICUs was included.
Statistical analysis
Data are presented as median and 25–75% interquartile range (IQR) or mean and standard deviation as appropriate. The effects of the independent variables on mortality rate are expressed as mortality rate ratios (RR) and 95% confidence intervals (CI).
For univariable analysis Mann–Whitney U test or chi-squared test were used as appropriate. The primary association tested was the influence of HH on survival with patient admission being the unit of analysis. We calculated stratum-specific rates and calculated Mantel–Haenszel rate ratios with 95% confidence intervals. The Mantel–Haenszel chi-squared test was used to test bivariate adjusted associations. Bivariate effect modification was tested by a chi-squared test.
A multivariable Poisson model was developed to adjust for potential confounders, which were defined a priori. We entered variables into the model if they were associated with survival and with HH, and if they were not considered to be on the causal pathway of the main association from conceptual reasoning. Linear assumptions and first-order interactions were also tested by using the likelihood ratio test. To allow for non-independence of patients with more than one readmission we calculated the presented confidence intervals based on robust standard errors.
As a sensitivity analysis to assess whether the model assumptions regarding readmissions were robust we calculated all data based on the individual patient as the unit of analysis.
We used MS Excel and Stata 8 for data management and calculations. A two-sided p value less 0.05 was generally considered statistically significant.


Results
Patients’ characteristics
The three ICUs had 1,066 admissions during the observation period, of which 118 (11%) fulfilled the criteria of HH. Admissions with HH had a higher simplified acute physiology score (SAPS) 2 (p < 0.001) and SOFA score (p < 0.001), a significant longer stay at the ICU (p < 0.001), and significantly increased ICU mortality (p < 0.001) (Table 1). Twelve admissions (1%) without HH suffering from acute liver failure were treated at the ICUs during the study period. Liver cirrhosis was present in 78 ICU admissions. The underlying cause of cirrhosis was alcohol in 67%, viral hepatitis in 18%, and other causes in 15%. Mean model of end-stage liver disease (MELD) score was 25 ± 8. The Child–Pugh class was A in 3, B in 20, and C in 55 admissions. Admissions with cirrhosis represented 14% of the HH cohort and 6% of the non-HH cohort as illustrated in Table 1.
Table 1 Admissions characteristicsFull size table


                        A total of 758 admissions required vasopressor therapy. The underlying causes necessitating vasopressor therapy are illustrated in the “Appendix”. A total of 758 admissions received norepinephrine. The median dose on ICU admission was 0.2 (IQR 0.1–0.4) μg/kg/min, admissions with HH required a significantly higher norepinephrine dose than admissions without HH [median 0.42 (IQR 0.3–0.79) μg/kg/min vs. 0.18 (0.09–0.34) μg/kg/min, p < 0.001]. Seventy-six admissions received vasopressin additionally. Median vasopressin dose was 0.03 (IQR 0.03–0.07) units/min and did not differ significantly in admissions with [median 0.04 ((IQR 0.03–0.05) units/min] and without HH [median 0.03 (IQR 0.03–0.07) units/min] (p = 0.537). Dopamine was not administered and seven admissions received epinephrine.
Liver function parameters on admission to the ICU differed significantly in admissions with and without HH. Table 2 illustrates the detailed data including peak laboratory data in admissions with HH. The SOFA liver subset score was significantly and linearly associated with HH (p for trend ≤0.0001) in terms of an about 40% increase in the probability of having HH with increase in each unit SOFA liver subset score (OR 1.39, 95% CI 1.19–1.62; p ≤ 0.0001). In detail, the SOFA liver subset score was 0, 1, 2, 3, and 4 points in 645 (68.0%), 126 (13.3%), 123 (13.0%), 22 (2.3%), and 32 (3.4%) admissions without HH and in 52 (44.1%), 29 (24.6%), 26 (22.0%), 3 (2.5%), and 8 (6.8%) admissions with HH, respectively.
Table 2 Laboratory characteristicsFull size table


                        Univariate and bivariate analysis
Admissions’ characteristics are illustrated in Table 1.
Median time of follow-up was 195 days (IQR 25–326 days) in the total cohort. Median survival differed significantly in admissions with HH versus admissions without HH (14 days vs. 219 days, p < 0.001). The overall 30- and 60-day mortality rates were 308 (29%) and 335 (31%), respectively, and differed significantly between admission with and without HH (30- and 60-day mortality rates were 63 and 66% in patients with HH versus 25 and 27% in patients without HH, p ≤ 0.001). The figure in the “Appendix” illustrates the Kaplan–Meier curve of survival. The crude mortality rate ratio in admissions with HH was 4.62 (95% CI 3.63–5.86, p < 0.001).
The bivariate analysis examining the effect of HH in several strata on mortality is illustrated in Table 3. The presence of HH was significantly associated with increased mortality in all examined strata except in admissions that did not require vasopressor therapy. Several factors acted as effect modifiers (see Table 3, p value for heterogeneity). Note that the presence of liver cirrhosis was not an effect modifier in the bivariate analysis.
Table 3 Bivariate analysis (effect of hypoxic hepatitis on mortality including diverse strata)Full size table


                        Multivariate analysis
We entered age, sex, SAPS 2 score, liver cirrhosis, cardiomyopathy, and renal replacement therapy as potential confounders of the association between mortality and HH into the model. As a consequence of vasopressor therapy acting as an effect modifier without being a potential confounder we built separate multivariable models for patients with and without vasopressor therapy. HH was a major independent risk factor for mortality (RR 4.91, 95% CI 2.51–9.60, p < 0.001) in admissions requiring vasopressor therapy. In contrast, HH was not significantly associated with mortality in admissions without vasopressor therapy (RR 1.79, 95% CI 0.52–6.23, p = 0.359). Age, SAPS 2 score, and sex were independent predictors for mortality in admissions not requiring vasopressor therapy during the ICU stay. Aside from HH, the presence of cardiomyopathy, presence of cirrhosis, necessity of renal replacement therapy, age, and a high SAPS 2 score were significant risk factors for mortality in admissions with vasopressor therapy. Table 4 presents the full Poisson models.
Table 4 Multivariable Poisson regression model for risk factors of mortalityFull size table


                        Sensitivity analysis using individual patient as the unit of analysis yielded virtually identical results.


Discussion
We prospectively investigated the incidence of HH and its impact on mortality in three medical ICUs of a university hospital. HH was found in 11% of ICU admissions and was a strong independent predictor of overall mortality in patients requiring vasopressor therapy.
Our data demonstrate a surprisingly high incidence of HH in the ICU in comparison to previous literature. This may be explained by several reasons. First, most of the previous studies were performed retrospectively and patients with HH may have been missed [6, 13]. Accordingly, Whitehead et al. [14] reported in a prospective study that more than one-third of all cases of notably raised aminotransferase levels were not noticed by the attending physician. Second, several previous studies were performed in the 1980s and 1990s [2, 11]. There are several reasons to suggest that HH may nowadays be more common: the increasing age and comorbidities of the patients [15], and the increasing number of sepsis, severity of disease, and organ failure [16–18]. Therefore, the incidence of HH may have also increased over time.
According to our experience, HH is by far the most frequent cause of acute liver injury in the medical ICU: only 12 (1%) admissions with acute liver failure were treated during the observation period in contrast to 118 (11%) admissions with HH. This in concordance with previous laboratory studies that identified HH as the most common cause of notably raised aminotransferase levels in hospitals [14, 19]. In summary, our data indicate that critical care physicians should be aware of this severe disease as they will be frequently confronted with HH in their daily practice.
Previous reports suggested that mortality in patients with HH is frequently attributed to the underlying condition that has led to the liver injury [6, 7, 20]. However, this seems to be only true in patients not requiring vasopressor therapy according to our experience. HH per se is a strong independent risk factor for mortality in critically ill patients requiring vasopressor therapy. Consequently, HH should be recognized as a major independent prognostic factor in hemodynamically unstable ICU patients with shock state.
HH constitutes a heterogeneous condition and we found three significant interactions on the effect of HH on mortality, indicating that the main effect varies across several groups. There are several ways of dealing with interactions, and we have chosen two methods in this report. For the clinically most unambiguous variable “vasopressor therapy” we present a separate model each for patients with vasopressor and for patients without vasopressor. For the other two interacting variables “cardiomyopathy” and “renal replacement therapy” we presented interaction effects along with the usual effects within those two models, because otherwise we would have ended up with eight different models. However, exposed risk can still be readily calculated by multiplying the interaction effects with other effects as appropriate in plain multivariable models.
Why does HH have such a central prognostic role in patients receiving vasopressor therapy? The principal response of the hepatic vascular bed to catecholamines is vasoconstriction [21, 22]. Norepinephrine and epinephrine divert blood flow away from the mesenteric circulation and decrease microcirculatory blood flow in the gastrointestinal tract despite increased perfusion pressure and increased systemic blood flow in experimental sepsis [23]. These may be a consequence of impaired hepatic blood flow regulation and prolongation of vasopressor effects due to reduced hepatocyte metabolism [24]. Furthermore, experimental data suggest that catecholamines may deteriorate hepatocellular function by induction of an inflammatory response syndrome [25]. Whether vasopressor therapy may aggravate the hepatic damage and impede recovery of the acutely injured liver in patients with HH should be clarified by future studies. On the other hand, hepatic impairment can also trigger progression of organ dysfunction per se [26]. HH can be associated with hepatopulmonary syndrome and can aggravate hypoxemia [20]. Experimental acute ischemia reperfusion injury may contribute to acute myocardial damage, acute lung, and kidney injury [27–29]. Furthermore, the liver seems to modulate the systemic inflammatory response syndrome via synthesis and release of acute-phase proteins and cytokines [30, 31]. Thus, several causalities may explain the strong prognostic impact of HH, especially in patients requiring vasopressor therapy.
What are the implications of this study? On the one hand, clinicians should be aware of the prognostic importance of HH. They should try to recognize the occurrence of HH as early as possible. As aminotransferase levels usually rise 12–24 h after the initiating event that has led to the acute liver injury, several methods may help to detect acute hepatic injury earlier [7, 26]. Indocyanine green plasma disappearance rate (ICG-PDR) is a method of assessing the liver function in acute and chronic liver injury. ICG-PDR illustrates the current hepatic function without delay. Therefore it seems to be a useful diagnostic method in critically ill patients [26]. However, there are still a lack of clinical data proving this assumption. Apart from its diagnostic properties, ICG-PDR may be useful in monitoring the course of the disease. Furthermore, it is a good predictor of survival in critically ill patients and may be a helpful prognostic tool in patients with HH [26, 32, 33]. Other methods like the MEGX test or assessment of hepatic blood flow by galactose clearance may be useful alternatives [34, 35]. Several authors could demonstrate a significant reduction of hepatic blood flow in patients with HH following heart failure [6, 35]. In cases of HH, physicians should try to stabilize the hepatic function as early as possible to avoid possible complications of the hepatic injury which may worsen multiorgan failure [3, 26]. As no specific therapies improving the hepatic function in patients with HH are currently established, the main effort of clinicians should focus on identifying and reversing the basic HH-causing disease. On the other hand, researchers should draw their attention to therapeutic options in ameliorating the hepatic injury in patients with HH. Low-dose dopamine may impede the development of hypoxic liver injury [36]. However, dopamine was not used in our cohort. Substances influencing the renin angiotensin system may provide possible options as indicated by experimental ischemia reperfusion models [37, 38]. There is also evidence that nitrite may mediate cytoprotection in hepatic ischemia reperfusion injury [39, 40]. However, to date there are a lack of interventional studies in patients with HH.
Interestingly, we could not observe any difference on HH-related mortality between admissions with and without liver cirrhosis. This may be a consequence of the small number of admissions with cirrhosis and HH in our study. Future studies should investigate the impact of HH in patients with cirrhosis in larger cohorts.
There are limitations of our study. First, several subgroups are present in our population. This heterogeneity ends up in some strata in which hardly any interference can be made (Table 3). Second, the study was performed at three medical ICUs of a university hospital. Accordingly, the conclusions drawn form this study might not necessarily be generalized to surgical wards or tertiary care hospital wards. However, there seems to be no major potential for observer bias, as the risk factor classification was independent of the outcome. Furthermore, classification of mortality is a robust outcome parameter even in cases of unblinded assessment.
In conclusion, HH occurred in 11% of all admissions to three medical ICUs of a university hospital. More than half of the patients with HH died at the ICU. HH is a strong independent risk factor for mortality in critically ill patients requiring vasopressor therapy. The high incidence and the strong prognostic impact on ICU survival should encourage research to recognize the occurrence of HH as early as possible, to evaluate therapeutic options in HH, and to ameliorate the course of HH.
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Fig. 1
Cumulative survival rate of 118 admissions with hypoxic hepatitis and 948 admissions without hypoxic hepatitis. Survival was significantly higher in patients without hypoxic hepatitis (log rank test)
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                           Table 5 Main underlying admission diagnosis stratified according to the presence or absence of vasopressor therapyFull size table
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