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INTRODUCTION

Ischemic hepatitis (IH) is a life-threatening syndrome characterized by 
a rapid, massive and transient rise in the plasma aminotransferase 
level [aspartate aminotransferase (AST) and alanine aminotransferase 
(ALT)] as a result of predisposing conditions, such as cardiac failure, 
sepsis and respiratory failure. In its diagnosis, other causes of higher 

transaminase levels need to be excluded, including acute viral hepatitis, 

metabolic liver diseases and toxic hepatitis.1-3 IH is a frequent cause 

of acute liver injury in intensive care units, with previously reported 

incidences of nearly 2.5%, but it has also been reported in some studies 

that its incidence can be as high as 10% and it results in a mortality 

rate of 56% to 59% depending on the awareness of the clinical picture.4 
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BACKGROUND/AIMS: Ischemic hepatitis (IH), a life-threatening medical disease, requires treatment in the shortest possible time. The present 
study aimed to investigate the clinical significance of the prognostic nutritional index (PNI) for IH.

MATERIALS AND METHODS: We retrospectively analyzed 40 patients admitted to our hospital with a diagnosis of IH. The patients were 
classified into two groups (survivals and non-survivals) and they were compared according to their clinical and laboratory characteristics. PNI 
was calculated as 10 x serum albumin (g/dL) + 0.005 x total lymphocyte count (per mm3). We also used a logistic regression to identify any risk 
factors of in-hospital mortality.

RESULTS: The mean age of the study cohort was 72±12 years. Of the patients, 25 (64.1%) were male, and 21 (52.5%) died during their intensive 
coronary unit stay. The PNI levels were significantly lower in the non-survival group than in the survival group (40.9±6.7 vs 32.9±5.8, p<0.001). 
Multivariate analysis showed that the PNI [odds ratio (OR): 0.98, 95% confidence interval (CI): 0.97-0.99, p≤0.001], glucose (OR: 2.54, 95% CI: 1.64-
4.29, p≤0.001), albumin (OR: 0.93, 95% CI: 0.91-0.996, p≤0.001), red cell distribution width (OR: 0.99, 95% CI: 0.98-0.99, p≤0.001) independently 
predicted in-hospital mortality. 

CONCLUSION: The PNI is an independent predictor of in-hospital mortality in patients with a diagnosis of IH.
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Evidence suggests that the cross-impact between the liver and other 
organ systems is a major factor in the development of IH, but the 
pathophysiologic mechanisms are not fully understood yet. 

The prognostic nutritional index (PNI) is a derivative of the total 
lymphocyte count and serum albumin, reflecting the nutritional and 
inflammatory status of the patients.5 PNI is a prognostic score and it has 
a very close relationship with prognosis in a variety of clinical settings 
including cardiovascular diseases, infectious diseases and cancer.6-11 
In this study, we aimed to investigate the prognostic value of PNI in 
patients with IH.

MATERIALS AND METHODS

Study Population

Between January, 2017 and November, 2019, 52 patients with the 
diagnosis of IH were hospitalized in the intensive care, gastroenterology, 
or cardiology departments of our hospital. The medical records of these 
patients were retrospectively evaluated. Twelve patients were excluded 
from this study; one patient was under the age of 18; two patients were 
diagnosed with cancer and nine patients had missing information in 
their hospital data.

The diagnostic criteria for IH were determined as follows: rapid, 
massive and transient increases in either AST or ALT up to 10 times 
the upper limit of normal, and the presence of predisposing factors 
such as cardiac, circulatory and/or respiratory failures. Additionally, 
some tests were examined in terms of the diagnosis and differential 
diagnosis of IH. Echocardiographic findings including measurements 
of ventricular and valve functions, heart size and pulmonary artery 
pressure were examined for cardiac causes. Liver size and condition, 
vascular structures and flow conditions, and the spleen were evaluated 
by abdominal ultrasonography. When necessary, liver and vascular 
structures were evaluated, pancreatitis was ruled out, and cirrhosis 
symptoms were examined by computed tomography.

Other causes in the differential diagnosis of acute liver enzyme 
elevation, and tests related to toxic, viral and autoimmune hepatitis 
were examined.

-  Information obtained from the patients and their relatives about 
toxins, drugs and/or herbal medicines which cause acute serum 
aminotransferase elevation were considered. When necessary, 
toxicological examinations which could be compatible with the 
clinic were performed.

-  Since autoimmune hepatitis can also present with acute hepatitis 
clinic, tests such as anti-nuclear antibodies, anti-smooth muscle 
antibodies, anti-liver-kidney-microsomal, anti-soluble liver antigen, 
globulin profile, anti-neutrophil cytoplasmic antibody, HLA typing 
were performed.

-  Hepatitis A, hepatitis B, hepatitis C, cytomegalovirus and Ebstein-
Barr virus tests were requested in relation to viral hepatitis.

This study was approved by the Ethics Committee for Clinical Research of 
the Ordu University Faculty of Medicine (approval number: 2020/207).

Laboratory Analysis

In the retrospective analysis of the patients’ records, the diagnosis of IH 
was made considering the highest ALT-AST levels detected during their 

hospitalization. Other biochemical and hematological parameters, viral 
markers, infectious diseases, hepatobiliary ultrasound and transthoracic 
echocardiography were also examined to evaluate the reasons which 
may have caused liver enzyme elevation. For each case, the PNI was 
calculated with the following equation; PNI = [10 x albumin (mg/dL)] + 
[0.005 x lymphocyte count (per mm3)].

Statistical Analysis

All statistical analyses were performed with the SPSS 21 software package 
(SPSS Inc., Chicago, Illinois). Quantitative variables with a normal 
distribution are given as mean (± standard deviation), while those 
without a normal distribution are presented as median and minimum-
maximum values. Categorical variables are shown as percentage. The 
normality of the data was determined using the Kolmogorov-Smirnov 
test. The  t-test was used to compare quantitative variables with the 
normal distribution, while the Mann-Whitney U test was employed to 
compare data without normal distribution. The chi-square test was 
performed to compare categorical variables. Independent predictors of 
in-hospital mortality were identified using logistic regression analysis. 
All variables showing significance values of less than 0.10 in the 
univariate analysis were included in the model. Two-tailed p-values of 
less than 0.05 were considered as statistically significant.

RESULTS

The study population included 40 patients with IH. The mean age of the 
study cohort was 72±12 years. Of the patients, 25 (64.1%) were male, 
and 21 (52.5%) died during their stay in the intensive care unit. Heart 
failure was the main factor for the development of IH in 24 patients 
(62%). Sepsis caused IH in eight patients (20%). Four patients (10%) 
developed IH due to hemorrhage and hypovolemia. There was no 
significant difference between the 2 groups in terms of hypoperfusion 
etiologies. The PNI levels were significantly lower in the non-survival 
group compared to the survival group (40.9±6.7 vs 32.9±5.8, p<0.001). 
The clinical characteristics of all patients enrolled in the study are shown 
in Table 1. The multivariate analysis showed that the PNI [odds ratio 
(OR): 0.98, 95% confidence interval (CI): 0.97-0.99,  p≤0.001], glucose 
(OR: 2.54, 95% CI: 1.64-4.29, p≤0.001), albumin (OR: 0.93, 95% CI: 0.91-
0.996, p≤0.001), and red cell distribution width (OR: 0.99, 95% CI: 0.98-
0.99, p≤0.001) independently predicted in-hospital mortality (Table 2).

DISCUSSION

In our study, we determined that the PNI value was significantly lower 
in the non-survival group than in the survival group, and that PNI was a 
predictor for mortality due to IH. 

IH is a serious and uncommon form of hypoxic hepatitis accompanied 
by elevated liver enzymes, and increased lactate dehydrogenase (LDH) 
levels due to life threatening predisposing factors including heart 
failure, respiratory diseases and sepsis. Physicians need to consider 
this diagnosis in unexplained extreme elevations of liver transaminases 
where there are elevations up to 10 times the upper limit of normal, 
especially in the presence of risk factors. As a general rule, transaminitis 
occurs 1 to 3 days after the acute disturbing event and generally 
normalizes 7 to 10 days later. In addition, the ALT to LDH ratio is almost 
always less than 1.5.6

Previous studies have shown that impaired liver function tests are 
common in patients with acute heart failure and they are associated 
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Table 1. Baseline characteristics of the study population at admission

Variables Survivors (n=19) Non-survivors (n=21) p-value

Age (years) 70.4 ±13.1 74.6±11.1 0.27

Glucose (mg/dL) 128.15 (55.67) 187.09 (88.23) 0.17

AST (U/L) 1,155.47 (1652.26) 1,268.90 (1014.62) 0.22

ALT (U/L) 800.78 (786.33) 734.71 (524.99) 0.75

Alkaline phosphatase (U/L) 128.15 (72.04) 157.14 (140.5) 0.64

Total protein (g/dL) 6.22 (0.69) 5.76 (1.22) 0.23

Albumin (g/dL) 3.67 (0.63) 2.82 (0.69) 0.001

Total bilirubin (mg/dL) 2.48 (1.91) 2.18 (1.83) 0.94

Direct bilirubin (mg/dL) 1.43 (1.17) 1.60 (1.59) 0.71

GGT (U/L) 129.23 (154.11) 165.71 (375.71) 0.12

LDH (U/L) 1,011.05 (921.65) 1,102.31 (815.12) 0.75

C-reactive protein (mg/dL) 32.31 (45.4) 24.01 (32.87) 0.50

Urea (mg/dL) 90.15 (44.87) 144.71 (78.32) 0.11

Creatinine (mg/dL) 2.17 (1.52) 3.2 (2.77) 0.27

Hemoglobin, (g/dL) 11.99 (2.23) 10.44 (2.41) 0.43

Hematocrit, (%) 36.6±6.3 32.6±7.4 0.76

White blood cell count (X103/µL) 9.75 (3.08) 15.03 (10.96) 0.26

Lymphocyte (X103/µL) 1.05 (0.45) 1.01 (0.82) 0.35

Neutrophyl (X103/µL) 7.99 (3.11) 13.3 (10.4) 0.38

Platelet (X103/µL) 191.73 (102.87) 154.33 (73.77) 0.19

RDW, (%) 31.6 (17.08) 25.71 (15.33) 0.51

TSH (mU/L) 1.26 (1.84) 0.64 (1.48) 0.25

Troponin T (µg/L) 0.16 (0.27) 0.91 (2.18) 0.13

Creatinine kinase (U/L) 259.27 (447.51) 661.61 (1363.38) 0.45

PH 7.3±0.7 7.2±0.1 0.48

Lactate (mmol/L) 3.16 (1.62) 5.64 (3.81) 0.36

Bicarbonate (mEq/L) 21.2±3.4 19.3±5.82 0.33

PNI 40.9±6.7 32.9±5.8 0.01

Ejection fraction, (%) 40.5±15.7 38.6±13.9 0.76

sPAP (mmHg) 41.8±12.5 51.4±11.3 0.17

Length of stay (days) 8.83 (6.41) 21.57 (25.68) 0.48

Etiology

Heart failure (n, %) 10 (52.6) 14 (66.6)

0.38
Sepsis (n, %) 3 (15.7) 5 (23.3)

Hypovolemia (n, %) 3 (15.7) 1 (4.7)

Other (n, %) 3 (15.7) 1 (4.7)

The differences were regarded as significant when p<0.05.
ALT: alanine aminotransferase, AST: aspartate aminotransferase, GGT: gamma-glutamyl transferase, LDH: lactate dehydrogenase, PNI: prognostic nutritional index, RDW: red cell 
distribution width, sPAP: systolic pulmonary artery pressure, TSH: thyroid-stimulating hormone.

Table 2. Independent predictors of in-hospital mortality in patients with ischemic hepatitis: logistic regression analysis

Variables Univariate OR, 95% CI p-value Multivariate OR, 95% CI  p-value

Glucose 3.12 (1.92-4.54) <0.001 2.54 (1.64-4.29) <0.001

PNI 0.98 (0.97-0.99) <0.001 0.98 (0.97-0.99) <0.001

Albumin 0.92 (0.90-0.94) <0.001 0.93 (0.91-0.96) <0.001

RDW 0.99 (0.98-0.99) <0.001 0.99 (0.98-0.99) <0.001

The results were regarded as significant when p<0.05.
RDW: red cell distribution width, PNI: prognostic nutritional index, OR: odds ratio, CI: confidence interval.
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with an increased risk of mortality, readmission, and in-hospital HF 
worsening.7 In our study, the mean ejection fraction decreased in both 
groups. The ejection fraction was found to be slightly lower in the non-
survival group than in the survival group, but this difference was not 
statistically significant.

Nutritional condition reflects the patients’ health status. Previous studies 
have reported the use of multiple tools in screening for nutritional 
parameters in patients, such as PNI, the geriatric nutritional risk index 
(GNRI) and controlling nutritional status score (CONUT). Numerous 
studies have reported that these parameters are associated with 
adverse outcomes such as heart failure,7 various cancers,12,13 pulmonary 
embolism,14 stroke15 and chronic kidney disease.16

It is difficult to assess the nutritional status of patients. The data 
obtained by examination may differ according to the practitioner, 
or the verbal information obtained from the patients and/or their 
relatives may be misleading. Therefore, we preferred the PNI as a 
more objective nutritional marker. Based on laboratory data, the most 
commonly used nutrition indexes are CONUT, GNRI and PNI. All three 
indexes contain the albumin component. Albumin is a protein with a 
long half-life and it indicates a chronic nutritional status. IH is an acute 
condition. However, we examined the effect of chronic malnutrition on 
acute IH by measuring the PNI of patients at the time of admission. 
Malnutrition is a complex condition involving the depletion of protein 
and energy stores, resulting in a weakened immune defense.

The present study revealed that the PNI value and serum albumin 
level on admission were independently associated with  mortality. 
PNI is derived from an equation including the albumin value and the 
lymphocyte count. Multivariate analysis revealed that PNI and serum 
albumin were significant predictors of mortality in IH patients. In our 
study, no difference was found between the survival and non-survival 
groups in terms of their lymphocyte levels. The factor making the 
difference between the PNI values   was the albumin levels.

Recent studies have shown that low serum albumin levels, which are 
used as an indicator of nutritional status in clinical practice, predict 
hospitalization and mortality. Various mechanisms may mediate low 
serum albumin levels in IH. Since it is synthesized in hepatocytes, low 
albumin levels indicate impaired liver function. Albumin levels may 
also be altered with inflammation. Proinflammatory cytokines, such as 
interleukin-6 or tumor necrosis factor-alpha, affect albumin synthesis 
in hepatocytes leading to malnutrition.17,18 In addition, inflammatory 
responses accelerate catabolism, resulting in low albumin levels.19 
In critical illnesses, decreased appetite, inadequate intake, and 
malabsorption also lead to low albumin levels.20 

Study Limitations

The limited sample size and retrospective design are the limitations 
of our study. As it was conducted retrospectively, we were not able to 
determine vital signs at admission, treatments and nutritional support 
during hospitalization. The inability to compare the hypoperfusion time 
is an important limitation of our study. Since our study was retrospective, 
we could not obtain data on this subject. However, in a previous study 
of IH, only 51% of the patients had a documented hypotensive event or 
shock state.21 Namely, the hypoferfusion time would be very difficult to 
determine.

CONCLUSION

In conclusion, lower PNI values are independently associated with in-
hospital mortality in IH patients. The PNI may be a useful parameter for 
predicting mortality in IH patients.

MAIN POINTS

-  IH is a serious and uncommon form of hypoxic hepatitis accompanied 
by elevated liver enzymes, and increased LDH levels due to life 
threatening predisposing factors including heart failure, respiratory 
diseases or sepsis.

- The PNI is a prognostic score reflecting immune and inflammatory 
status and it has a very close relationship with the prognosis in a 
variety of clinical settings such as cardiovascular diseases, infectious 
diseases, and cancer.

-  In our study, we found that the PNI value was significantly higher in 
the non-survival group than in the survival group, and also, it was a 
predictor for mortality due to IH. 

ETHICS

Ethics Committee Approval: This study was approved by the Ethics 
Committee for Clinical Research of the Ordu University Faculty of 
Medicine (approval number: 2020/207).

Informed Consent: Retrospective study.

Peer-review: Externally and internally peer-reviewed.

Authorship Contributions

Concept: M.Y., Design: A.V., M.Y., Supervision: Ö.T., Materials: H.M.Ö., 
Data Collection and/or Processing: M.A.A., Analysis and/or Interpretation: 
A.V., Literature Search: Z.Y.G., Writing: A.V., T.A., Critical Review: A.V.

DISCLOSURES

Conflict of Interest: No conflict of interest was declared by the authors.

Financial Disclosure: The author declared that this study had received 
no financial support.

REFERENCES
1. Lightsey JM, Rockey DC. Current concepts in ischemic hepatitis. Curr Opin 

Gastroenterol. 2017; 33(3): 158-63.

2. Henrion J, Schapira M, Luwaert R, Colin L, Delannoy A, Heller FR. Hypoxic 
hepatitis: clinical and hemodynamic study in 142 consecutive cases. 
Medicine (Baltimore). 2003; 82(6): 392-406.

3. Waseem N, Chen PH. Hypoxic hepatitis: a review and clinical update. J Clin 
Transl Hepatol. 2016; 4(3): 263-8.

4. Tapper EB, Sengupta N, Bonder A. The incidence and outcomes of ischemic 
hepatitis: a systematic review with meta-analysis. Am J Med. 2015; 128(12): 
1314-21.

5. Çınar T, Hayıroğlu Mİ, Çiçek V, Kılıç Ş, Asal S, Yavuz S, et al. Is prognostic 
nutritional index a predictive marker for estimating all-cause in-hospital 
mortality in COVID-19 patients with cardiovascular risk factors? Heart Lung. 
2021; 50(2): 307-12.

6. Keskin M, Hayiroglu MI, Keskin T, Kaya A, Tatlısu MA, Altay S, et al. A novel and 
useful predictive indicator of prognosis in ST-segment elevation myocardial 



Vural et al. Prognostic Nutritional Index in Ischemic Hepatitis Cyprus J Med Sci 2022;7(5):628-632

632

infarction, the prognostic nutritional index. Nutr Metab Cardiovasc Dis. 
2017; 27(5): 438-46. 

7. Cheng YL, Sung SH, Cheng HM, Hsu PF, Guo CY, Yu WC, et al. Prognostic 
nutritional index and the risk of mortality in patients with acute heart 
failure. J Am Heart Assoc. 2017; 6(6): e004876.

8. Peng J, Zhang R, Zhao Y, Wu X, Chen G, Wan D, et al. Prognostic value of 
preoperative prognostic nutritional index and its associations with systemic 
inflammatory response markers in patients with stage III colon cancer. Chin 
J Cancer. 2017; 36(1): 96.

9. Sun KY, Xu JB, Chen SL, Yuan YJ, Wu H, Peng JJ, et al. Novel immunological and 
nutritional-based prognostic index for gastric cancer. World J Gastroenterol. 
2015; 21(19): 5961-71.

10. Wu SJ, Lin YX, Ye H, Li FY, Xiong XZ, Cheng NS. Lymphocyte to monocyte 
ratio and prognostic nutritional index predict survival outcomes of 
hepatitis B virus-associated hepatocellular carcinoma patients after curative 
hepatectomy. J Surg Oncol. 2016; 114(2): 202-10.

11. He ZQ, Ke C, Al-Nahari F, Duan H, Guo CC, Wang Y, et al. Low preoperative 
prognostic nutritional index predicts poor survival in patients with newly 
diagnosed high-grade gliomas. J Neurooncol. 2017; 132(2): 239-47.

12. Hong S, Zhou T, Fang W, Xue C, Hu Z, Qin T, et al. The prognostic nutritional 
index (PNI) predicts overall survival of small-cell lung cancer patients. 
Tumour Biol. 2015; 36(5): 3389-97.

13. Xie H, Tang S, Wei L, Gan J. Geriatric nutritional risk index as a predictor 
of complications and long-term outcomes in patients with gastrointestinal 
malignancy: a systematic review and meta-analysis. Cancer Cell Int. 2020; 
20(1): 530.

14. Hayıroğlu Mİ, Keskin M, Keskin T, Uzun AO, Altay S, Kaya A, et al. A novel 
independent survival predictor in pulmonary embolism: prognostic 
nutritional index. Clin Appl Thromb Hemost. 2018; 24(4): 633-9.

15. Cai ZM, Wu YZ, Chen HM, Feng RQ, Liao CW, Ye SL, et al. Being at risk of 
malnutrition predicts poor outcomes at 3 months in acute ischemic stroke 
patients. Eur J Clin Nutr. 2020; 74(5): 796-805.

16. Lin TY, Hung SC. Geriatric nutritional risk index is associated with unique 
health conditions and clinical outcomes in chronic kidney disease patients. 
Nutrients. 2019; 11(11): 2769.

17. Vavrova L, Rychlikova J, Mrackova M, Novakova O, Zak A, Novak, F. Increased 
inflammatory markers with altered antioxidant status persist after clinical 
recovery from severe sepsis: a correlation with low HDL cholesterol and 
albumin. Clin Exp Med. 2016; 16(4): 557-69.

18. Peters SJ, Vanhaecke T, Papeleu P, Rogiers V, Haagsman HP, van Norren K. 
Co-culture of primary rat hepatocytes with rat liver epithelial cells enhances 
interleukin-6-induced acute-phase protein response. Cell Tissue Res. 2010; 
340(3): 451-7.

19. Guigoz Y, Lauque S, Vellas BJ. Identifying the elderly at risk for malnutrition. 
The Mini Nutritional Assessment. Clin Geriatr Med. 2002; 18(4): 737-57.

20. Norman K, Pichard C, Lochs H, Pirlich M. Prognostic impact of disease-
related malnutrition. Clin Nutr. 2008;27(1): 5-15.

21. Birrer R, Takuda Y, Takara T. Hypoxic hepatopathy: pathophysiology and 
prognosis. Intern Med. 2007; 46(14): 1063-70.


