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Abstract
Context: Liver as an important organ has a vital role in physiological processes in the body. Different causes can disrupt normal function 
of liver. Factors such as hypo-perfusion, hypoxemia, infections and some others can cause hepatic injury and hepatic shock.
Evidence Acquisition: Published research resources from 2002 to May 2015 in some databases (PubMed, Scopus, Index Copernicus, DOAJ, 
EBSCO-CINAHL, Science direct, Cochrane library and Google scholar and Iranian search database like SID and Iranmedex) were investigated 
for the present study.
Results: Different causes can lead to hepatic shock. Most of these causes can be prevented by early resuscitation and treatment of 
underlying factors.
Conclusions: Hepatic shock is detected in ill patients, especially those with hemodynamic disorders. It can be prevented by early 
treatment of underlying disease. There is no definite treatment for hepatic shock and should be managed conservatively. Hepatic shock in 
patients can increase the mortality rate.
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1. Context
Liver acts as the factory of bio-synthetics. It is the place 

of metabolism and clearance and the blood volume res-
ervoir. Liver is the only parenchymal organ with dual 
blood flow, from portal vein and hepatic artery (1).

“Shock liver” otherwise known as ischemic hepatitis is 
believed to be due to reduction in systemic blood flow 
as occurs in shock (2). Hepatocytes hypoperfusion that 
causes liver cell injury is classified as “ischemic hepati-
tis” resulting from hemodynamic instability and inad-
equate blood flow due to reduced hepatic arterial flow 
and/or passive venous congestion (e.g. Heart failure) 
and “hypoxic hepatitis” that  results from hypoxic in-
sults such as respiratory failure (3-8), this condition is 
also termed “hypoxic hepatopathy” (9, 10). Transient ele-
vation in serum hepatic enzymes occurs following a hy-
po-perfusion state termed “shock liver” or “hypoxic hep-
atitis” (4, 10, 11). In most cases, liver dysfunction emerges 
without any noticeable changes in patients’ clinical pro-
file (5, 12-16). Multiple mechanisms can cause hepatic 
shock including hemorrhage, major surgery, respira-
tory failure, infection and persistent shock. Failure of 
microcirculation, systemic inflammatory response and 

adverse effects of treatment in patients in intensive care 
unit are amongst other causes (9, 17). Different grades 
of liver shock vary from mild elevation of serum amino-
transferases and bilirubin levels in septic patients to an 
acute onset of high serum liver enzymes after hemody-
namic shock (9, 18-21). A decrease in albumin and coagu-
lation factors is the pivotal laboratory finding. Although 
these parameters have low sensitivity and specificity, 
they emerge as a result of hepatocellular or bill ducts 
injury and widely used to detect hepatic injury. The in-
cidence of liver dysfunction may be underestimated if 
traditional static measures such as aminotransferase 
or bilirubin only be considered. Dynamic tests such as 
indocyanine green clearance are useful for monitoring 
perfusion and global liver function. Liver function is not 
affected by aging processes (11, 22, 23). Elevation in liver 
enzymes and bilirubin can subside within days or de-
teriorate if persistent hepatic microcirculatory failure 
is present (9). Hypoxic injury to the liver is a reversible 
subclinical condition affecting at least 1% of critically ill 
patients (4, 18). Critically low levels of oxygen for meta-
bolic processes cause hepatocellular dysfunction (4) 
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and is frequently observed in critically ill patients (6, 9) 
and is associated with high mortality and morbidity (6, 
19). Hypoxic hepatitis is detected frequently in intensive 
care units (6, 7). Most cases of hypoxic hepatitis occur 
following cardiac failure, respiratory failure and sep-
tic shock (8, 20, 21, 24, 25). ICU jaundice occurs latter in 
critical ill patients, especially after trauma and sepsis 
and the main relevant factor is conjugated hyperbiliru-
binemia (26). Presence and severity of jaundice are asso-
ciated with increased mortality in non-hepatic ICU dis-
ease (5, 13). Ischemic hepatitis should be in mind in all 
patients with recent systemic hypotension. It should be 
in differential diagnosis of patients with unexplained 
hepatitis (10, 14). After ischemic event of liver, it is es-
sential to maintenance the flow to the liver to prevent 
further hepatic injury. There are some intrinsic factors 
that support this circulation (11, 16). Hepatic ischemia 
and hepatotoxic effects of inflammatory mediators are 
the major etiologic factors for ischemic hepatitis. Mas-
sive blood transfusion, effects of nutritional support 
and drug toxicity may also contribute. The phagocytic 
action of kupffer cells subsides because of liver dys-
function, which permits systemic spread of endotoxins 
and inflammatory mediators able to cause multiorgan 
failure. There is no specific treatment, but early resus-
citation and treatment of underlying causes (such as 
sepsis) and intensive care would likely reduce the inci-
dence and severity of outcomes (17, 26-29). This can be 
achieved by stabilization of circulation parameters and 
cardiac output, control of infection, delicate control of 
mechanical ventilation and controlled administration 
of vasoactive drugs (9, 30-34).

2. Evidence Acquisition
To gather relevant articles we used most reliable evi-

dences about hepatic shock or ischemic hepatitis. At 
first we searched for systematic review articles, clinical 
trials, original articles, books and used reputable inter-
net databases such as PubMed, Scopus, Index Coperni-
cus, DOAJ, EBSCO-CINAHL, Science direct, Cochrane li-
brary and Google scholar and Iranian search database 
like SID and Iranmedex. We used keywords such as hepa-
titis, liver injury, shock, liver function disorder and isch-
emic hepatitis.

Inclusion criteria for this study were all studies about he-
patic dysfunction due to various causes such as hypoxia, 
respiratory disorders, circulation disorders, drugs, trau-
ma and infection. Studies published in other languages 
except English, were excluded from our study. All studies 
were analyzed by authors and their quality assessed; un-
related articles or articles with low quality excluded from 
study (Figure 1). Our study had some weak points; it was 
a simple review article and when we could not access full 
or abstract of some articles, we excluded them from our 
study. Strong point of our study was describing a danger-
ous condition and its causes and treatments.

Primary Search Result: Additional records identified  
192  records other resources: 3 records 

Total search results: 195 records 

Study about liver disease without any 
discussion on hepatic shock: 21 records 

Irrelevant Papers-Excluded by abstract 
And/or full text review: 42 records  

 Irrelevant Papers - Excluded by publish  
in other language (except English or  
Persian): 21 records  

Duplicate records: 13  records  

 Studies that we couldn’t access abstract  
or full text of them: 46 records 

Studies include in qualitative synthesis 
N = 52 

Review                15 
Observational        14 
Randomized Clinical Trial      13  
Case Repor t                        04 
Book           03 
Cohort      02
Systematic Review           01  

Figure 1. Flowchart of Study

3. Results
The main causes of hypoxic hepatitis can be categorized 

as low cardiac output and septic shock, although a multi-
factorial cause was seen in most patients. Complications 
of hypoxic hepatitis are spontaneous hypoglycemia, hep-
atopulmonary syndrome, respiratory insufficiency and 
hyperammonemia (4).

3.1. Hemodynamic Mechanisms
Four different hemodynamic mechanisms responsible 

for hypoxic hepatitis were recognized. In decompensated 
heart failure and acute heart failure, hypoxia of the liver 
is attributed to decreased hepatic blood flow (ischemia) 
because of left sided heart failure and venous congestion 
secondary to right sided heart failure. In chronic respira-
tory failure, liver hypoxia was the result of profound hy-
poxia. In toxic/septic shock, oxygen delivery to the liver 
is normal but oxygen needs are increased. In all cases, a 
shock state was observed in about 50% of cases (5, 27).

3.2. Low Blood Pressure
There are multiple causes of low blood pressure, also 

called hypotension, which can lead to hepatic ischemia 
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including: a) Abnormal heart rhythms, b) Dehydration, 
c) Heart Failure, d) Infection, e) Severe bleeding, f) Blood 
clot in the main artery to the liver (hepatic artery), g) 
Swelling of blood vessels leading to reduced blood flow 
(vasculitis) (25, 34).

3.3. Hypoxia
In critically ill patients, especially in intensive care 

units, shock liver has an incidence rate of 10%. This con-
dition is triggered by hypoxic and/or ischemic events, 
most commonly cardiogenic shock and sepsis/severe 
shock. Other risk factors for shock liver for ICU patients 
are chronic liver disease and malignancy, iatrogenic fac-
tors such as TPN, high pressure ventilation, surgical pro-
cedures, drugs and blood transfusion (6, 35). Elevation 
of hepatic enzymes and liver dysfunction is common in 
critically ill patients. It can be detected in more than 50% 
of ICU patients (9, 23). Shock liver can influence the over-
all mortality rate in ICU patients (9). The mortality rate of 
patients with hypoxic hepatitis in cardiac intensive care 
unit is high and associated with ventilator disturbances 
(7, 11, 23, 36, 37). Acute and chronic heart failure are other 
risk factors for hypoxic hepatitis (4). In addition to hypo-
tension, the low flow state secondary to congestive heart 
failure and hypoxia from sepsis or respiratory failure 
and hypoxemia are other causes (10, 24). In critically ill 
patients, therapeutic and surgical procedures can lead 
to liver dysfunction. Risk factors of liver dysfunction in 
these patients are administration of different medica-
tions, blood transfusions, immunosuppression, hemodi-
alysis and parenteral nutrition (38).

3.4. Adults Respiratory Distress Syndrome (ARDS)
Respiratory failure is associated with liver dysfunction. 

In patients with respiratory failure, impaired liver func-
tion is less obvious. While liver dysfunction in critically 
ill patients leads to prolonged duration of ICU stay and 
increased mortality risk (39).

3.5. Metabolic and Intrinsic Factors
In one case report by Szypowska et al. a 10-month old 

boy was admitted to hospital with pH in ABG = 6.8, body 
temperature = 39.9 C and blood sugar = 145 mm/L. Type 
1 diabetes mellitus was diagnosed complicated by DKA 
(Diabetic Ketoacidosis) and otitis media. During the next 
48 hours of treatment, glucose level and acidosis normal-
ized. On the third day, laboratory tests showed a rapid 
increase in AST and ALT levels to 8000 and 6000 IU/L and 
INR = 2.9. A gradual decrease of transaminases level was 
observed on fifth day and during next weeks all liver func-
tion tests normalized. All viral infections and hepatotoxic 
agents were excluded. Diabetic ketoacidosis complicated 
by hypovolemic shock, infection and profound metabol-
ic decompensation may lead to hypoxic hepatopathy in 
infants (22). Panne et al. determined the role of some of 
intrinsic factors such as CO and NO in control of sinusoi-

dal perfusion, mitochondrial function and bile produc-
tion in the isolated perfused rat liver after hemorrhagic 
shock. Their study indicated that endogenous CO pre-
serves sinusoidal perfusion after hemorrhagic shock and 
can limit shock induced liver dysfunction, but in contrast 
to CO, NO has only minor role for the intrinsic control of 
ischemic hepatitis (40). Harbrecht et al. studied the role 
of inhibition of NO synthesis in hepatic injury due to 
decompensated hemorrhagic shock in a rodent model. 
They determined that NO synthesis serves protective role 
in preventing hepatic injury and modulation of the local 
hepatic circulation (41).

3.6. Hemorrhagic Shock
Fu-Chao Liu et al. studied the protective effect of Tropi-

setron on rodent hepatic injury due to trauma-hemor-
rhagic shock. Tropisetron can alleviate organ damage. 
They attempted to show whether P38 MAPK/HO-1 plays 
any role in the tropisetron-mediated effect to reduce he-
patic injury. Rats in traumatic-hemorrhagic shock state 
were studied. They showed that trauma induced hem-
orrhage, increased plasma concentration of aspartate 
aminotransferase (AST) and alanine aminotransferase 
(ALT), hepatic myelotransferase (MPO) activity and so on. 
Troposonin can improve these parameters in rats with 
trauma-hemorrhage (42). Furthermore, Hurt et al. (43) 
studied hemorrhage induced hepatic injury and hypo-
perfusion and the role of direct peritoneal resuscitation 
in injury prevention. Hemorrhagic shock decreases he-
patic blood flow and causes liver injury (focal to sub-mas-
sive necrosis), tissue edema and elevated liver enzymes 
(AST and ALT) in rats with hemorrhagic shock, which 
needs treatment with conventional I.V fluid resuscita-
tion. In the other side, rats with hemorrhagic shock that 
received 30 mL intraperitoneal saline other than conven-
tional resuscitation showed minimal hepatic injury (43).

Champion HR. et al. investigated clinicopathology of 
hepatic dysfunction following shock. They studied 19 
patients with profound hypotensive shock. Immediately 
after shock, there were evidences of hepatic cellular enzy-
matic and microscopic damage. Bilirubin rise and jaun-
dice occur on 8 to 10 days after the shock episode. Then it 
was followed by repair and regeneration of the liver. Re-
covery of hepatic function could be continued or delayed 
by concomitant disease like systemic infection (44).

3.7. Infection
Liver defense mechanism and metabolic action are 

thought to be affected during sepsis. Early hepatic dys-
function is related to hepatosplanchnic hypo-perfusion 
and occurs in the first hours of sepsis. Liver damage is 
because of high splanchnic oxygen demand and high 
O2 consumption because of hepatic hyper metabolic 
stat during sepsis. Prevention and treatment of sepsis 
induced multi-organ failure is achieved by restoring 
normal micro-vascular circulation. The usefulness of 
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goal-directed therapy on micro-vascular circulation is 
under debt. Some therapies that aim endothelial cells 
and relate to inflammatory and coagulation pathways 
might reduce microcirculatory failure. Stress doses of 
corticosteroids can improve host defense and reduce 
bacterial colonization during endotoxinemia (45). In 
another study Da et al. administered hydrocortisone 
and inhaled NO, which reduced the inflammatory re-
sponse and restored normal liver morphology (46). 
However, there is no definite conclusion about steroid 
treatment in clinical sepsis and septic shock (47, 48). 
In a case report by Dang et al. (49) in the National Insti-
tute of Infectious Disease in Tokyo, a 10-year-old boy was 
reported with three days headache, fever and gastroin-
testinal and urinary bleeding and generalized petechia 
and hepatomegaly. The diagnosis was Dengue shock 
syndrome (DSS). Laboratory findings showed increase 
in hepatic enzymes and bilirubin. Total bilirubin = 6.9, 
direct bilirubin = 3.9, AST = 3507 IU/L, ALT = 2775 IU/L, Pro-
thrombin time 43 seconds (INR = 3.4) and partial throm-
boplastin time 93 seconds. Serum had positive result for 
DENV IgM. In liver ultrasonography, they found totally 
reversed direction of portal venous blood flow away 
from the liver that became bidirectional in following 
days and finally changed to normal flow pattern (49).

3.8. Surgery
Jaundice after surgery is documented in approxi-

mately 1% of postoperative, non-cirrhotic patients and 
subsides in few days. The underlying causes are blood 
transfusion, hematomas, G6PD deficiency, sickle cell 
anemia, infection and Gilbert syndrome. These causes 
only increase unconjugated bilirubin. Increase in con-
jugated bilirubin and transaminases level more than 
5-folds shows hepatocellular injury present in hepatic 
hypoxia, drug induced hepatitis and viral hepatitis (5). 
Einollahi et al. reported non-viral related liver enzymes 
elevation after kidney transplantation. In this study, ALT 
was mostly elevated amongst liver enzymes in kidney 
recipients. Enzymes elevation was especially within 3 
months of transplantation (50). Mohseni et al. (51) stud-
ied the effect of volatile anesthetics in ischemic liver 
injury. The pathophysiology of liver injury in patients 
undergoing anesthesia with halogenated anesthetics 
is due to their metabolism to trifluoroacylated which is 
hepatotoxic. Also the damage can be due to decreased 
cardiac output and total hepatic blood flow when using 
volatile anesthetics (18-20, 48, 51).

3.9. Trauma
Reduction in hepatic blood flow in traumatic patients 

due to hypotension, release of catecholamines, increased 
intra-abdominal pressure, central venous feeding and 
administration of various drugs (specially drugs with 
hepatic metabolism) can lead to liver dysfunction. Trau-
matic patients are at risk of liver dysfunction and usually 

older and are in shock, thus requiring multiple blood 
transfusions (52).

3.10. Treatment
Therapeutic strategies in these patients include infec-

tion control, establishing adequate tissue perfusion, use 
of mechanical ventilation, administration of catechol-
amines and metabolic monitoring. In the recent years, 
Fenoldopam in patients with hemorrhage has been rec-
ommended to maintain blood flow and reduce visceral 
ischemia membranes (directs the blood flow from the 
serousal tissue to visceral mucus). Also in patients with 
heart failure and septic shock, dopamine (due to the va-
soactive effects of it) is administered to maintain blood 
pressure in the normal range. The lower doses of dobuta-
mine to maintain mucosal perfusion and hepatic blood 
flow are administered. Reduced oxygen consumption by 
the organ during the administration of dopamine has 
been reported in patients with severe hepatic failure. 
Also, higher than normal doses of steroids may reduce 
the need for norepinephrine in hypotensive patients 
with liver failure. All mentioned items have no effects 
on patient’s survival, but can keep patient’s life to find a 
transplant liver. The use of multiple therapeutic agents 
such as N-acetyl cysteine, albumin, hemodialysis and Mo-
lecular Adsorbents Recirculating System (MARS) are pre-
sented as advanced therapies, but the only definite treat-
ment of these patients is liver transplant (5).

4. Conclusions
Liver as an important organ in the body has a vital role 

in physiological processes. Liver function such as other or-
gans is dependent on blood circulation and preparing the 
hepatic cells needs. Hepatic shock is also known as shock 
liver, ischemic hepatopathy or hypoxic hepatitis, which all 
have the same pathophysiology causing hepatic ischemia 
or hypoxia. Shock liver is characterized by elevation of he-
patic enzymes either transient or persistent because of he-
patic cellular injury. This rise in hepatic enzymes is subtle 
most of the times, but researches have shown some cases 
with high enzyme levels. It is detected frequently in criti-
cally ill patients, especially ICU patients. There is no specif-
ic treatment for hepatic shock, but it should be in mind in 
all ill patients and can be prevented by early resuscitation 
and treatment of underlying causes.

Footnote
Authors’ Contributions:Study concept and design: 

Seyed Moayed Alavian and Hassan Soleimanpour; draft-
ing of the manuscript: Saeid Safari, Farzad Rahmani and 
Arezu Nejabatian.

References
1.       Eipel C, Abshagen K, Vollmar B. Regulation of hepatic blood flow: 

the hepatic arterial buffer response revisited. World J Gastroen-



Soleimanpour H et al.

5Hepat Mon. 2015;15(10):e27063

tero. 2010;16(48):6046.
2.       Seeto RK, Fenn B, Rockey DC. Ischemic hepatitis: clinical presen-

tation and pathogenesis. Am J Med. 2000;109(2):109–13. [PubMed: 
10967151]

3.       Emmanuel A, Inns S. Ischemic/Hypoxic Hepititis. Lecture Notes: 
Gastroenterology and Hepatology. Oxford: Willey-Blackwell; 2002. 
pp. 1024–100.

4.       Fuhrmann V, Jager B, Zubkova A, Drolz A. Hypoxic hepatitis - 
epidemiology, pathophysiology and clinical management. Wien 
Klin Wochenschr. 2010;122(5-6):129–39. doi: 10.1007/s00508-010-
1357-6. [PubMed: 20361374]

5.       Soultati A, Dourakis SP. Liver dysfunction in the intensive care 
unit. Ann Gastroenterol. 2007;18(1):35–45.

6.       Drolz A, Horvatits T, Roedl K, Fuhrmann V. [Shock liver and chole-
static liver in critically ill patients]. Med Klin Intensivmed Notfmed. 
2014;109(4):228–34. doi: 10.1007/s00063-013-0320-5. [PubMed: 
24770888]

7.       Chavez-Tapia NC, Balderas-Garces BV, Meza-Meneses P, Herrera-
Gomar M, Garcia-Lopez S, Gonzalez-Chon O, et al. Hypoxic hepa-
titis in cardiac intensive care unit: a study of cardiovascular 
risk factors, clinical course, and outcomes. Ther Clin Risk Manag. 
2014;10:139–45. doi: 10.2147/TCRM.S59312. [PubMed: 24600229]

8.       Deng W, Farricielli L. Hypoxic hepatitis and acute liver failure 
in a patient with newly onset atrial fibrillation and diltiazem 
infusion. BMJ Case Rep. 2013;2013. doi: 10.1136/bcr-2013-200573. 
[PubMed: 24042208]

9.       Strassburg CP. Gastrointestinal disorders of the critically ill. 
Shock liver. Best Pract Res Clin Gastroenterol. 2003;17(3):369–81. 
[PubMed: 12763502]

10.       Birrer R, Takuda Y, Takara T. Hypoxic hepatopathy: pathophysiol-
ogy and prognosis. Intern Med. 2007;46(14):1063–70. [PubMed: 
17634701]

11.       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. doi: 
10.1097/01.md.0000101573.54295.bd. [PubMed: 14663289]

12.       Kwok W, Clemens MG. Rho-kinase activation contributes 
to Lps-induced impairment of endothelial nitric oxide syn-
thase activation by endothelin-1 in cultured hepatic sinusoi-
dal endothelial cells. Shock. 2014;42(6):554–61. doi: 10.1097/
SHK.0000000000000252. [PubMed: 25243430]

13.       Baveja R, Kresge N, Ashburn JH, Keller S, Yokoyama Y, Sonin N, 
et al. Potentiated hepatic microcirculatory response to endo-
thelin-1 during polymicrobial sepsis. Shock. 2002;18(5):415–22. 
[PubMed: 12412619]

14.       Targher G, Byrne CD. Circulating Markers of Liver Function and 
Cardiovascular Disease Risk. Arterioscler Thromb Vasc Biol. 2015.  
doi: 10.1161/ATVBAHA.115.305235. [PubMed: 25977566]

15.       Memis D, Inal MT, Sut N. The effects of levosimendan vs dobuta-
mine added to dopamine on liver functions assessed with non-
invasive liver function monitoring in patients with septic shock. 
J Crit Care. 2012;27(3):318 e1–6. doi: 10.1016/j.jcrc.2011.06.008. 
[PubMed: 21855289]

16.       Matsushima H, Soyama A, Takatsuki M, Hidaka M, Muraoka I, 
Kuroki T, et al. The outcomes of patients with severe hyperbili-
rubinemia following living donor liver transplantation. Dig Dis 
Sci. 2013;58(5):1410–4. doi: 10.1007/s10620-012-2519-3. [PubMed: 
23314852]

17.       Wei H, Wu H, Yu W, Yan X, Zhang X. Shenfu decoction as adjuvant 
therapy for improving quality of life and hepatic dysfunction in 
patients with symptomatic chronic heart failure. J Ethnophar-
macol. 2015;169:347–55. doi: 10.1016/j.jep.2015.04.016. [PubMed: 
25937255]

18.       Haddad JJ. Discordant tissue-specific expression of SAPK/MAPK(JNK)-
related cofactors in hypoxia and hypoxia/reoxygenation in a model 
of anoxia-tolerance. Protein Pept Lett. 2007;14(4):373–80. [PubMed: 
17504095]

19.       Vincent JL. Organ dysfunction in patients with severe sep-
sis. Surg Infect (Larchmt). 2006;7 Suppl 2:S69–72. doi: 10.1089/
sur.2006.7.s2-69. [PubMed: 16895511]

20.       Guilbert T, Odin C, Le Grand Y, Gailhouste L, Turlin B, Ezan F, et 
al. A robust collagen scoring method for human liver fibrosis 

by second harmonic microscopy. Opt Express. 2010;18(25):25794–
807. doi: 10.1364/OE.18.025794. [PubMed: 21164924]

21.       National Heart L, Blood Institute ACTN, Truwit JD, Bernard 
GR, Steingrub J, Matthay MA, et al. Rosuvastatin for sepsis-
associated acute respiratory distress syndrome. N Engl J Med. 
2014;370(23):2191–200. doi: 10.1056/NEJMoa1401520. [PubMed: 
24835849]

22.       Szypowska A, Skorka A, Pankowska E. Acute hypoxic hepatopa-
thy: diabetic ketoacidosis complication in an infant newly diag-
nosed with type 1 diabetes mellitus. Pediatr Endocrinol Diabetes 
Metab. 2008;14(4):249–51. [PubMed: 19239794]

23.       Du LY, Tang H. Treatment of HCV patients before and after re-
nal transplantation. Hepat Mon. 2011;11(11):880–6. doi: 10.5812/
kowsar.1735143X.712. [PubMed: 22308151]

24.       Hauser SC. Vascular diseases of the gastrointestinal tract. In: 
Goldman L, Schafer AI, editors. Cecil Medicine. 24th ed. Philadel-
phia, Pa: Saunders Elsevier; 2011.

25.       Temiz MZ, Yuruk E, Teberik K, Akbas BK, Piroglu MD, Oztorun HS, 
et al. Ischemic hepatitis after percutaneous nephrolitotomy: A 
case report. Int J Surg Case Rep. 2014;5(12):1258–60. doi: 10.1016/j.
ijscr.2014.10.087. [PubMed: 25437690]

26.       Camara-Lemarroy CR. Remote ischemic preconditioning as treat-
ment for non-ischemic gastrointestinal disorders: beyond isch-
emia-reperfusion injury. World J Gastroenterol. 2014;20(13):3572–
81. doi: 10.3748/wjg.v20.i13.3572. [PubMed: 24707140]

27.       Li C, Li YS, Xu M, Wen SH, Yao X, Wu Y, et al. Limb remote isch-
emic preconditioning for intestinal and pulmonary pro-
tection during elective open infrarenal abdominal aortic 
aneurysm repair: a randomized controlled trial. Anesthesiol-
ogy. 2013;118(4):842–52. doi: 10.1097/ALN.0b013e3182850da5. 
[PubMed: 23353795]

28.       Soleimanpour H, Safari S, Rahmani F, Jafari Rouhi A, Alavian SM. 
Intravenous hypnotic regimens in patients with liver disease; 
a review article. Anesth Pain Med. 2015;5(1):e23923. doi: 10.5812/
aapm.23923. [PubMed: 25793176]

29.       Khongphatthanayothin A, Mahayosnond A, Poovorawan Y. Possi-
ble cause of liver failure in patient with dengue shock syndrome. 
Emerg Infect Dis. 2013;19(7):1161–3. doi: 10.3201/eid1907.121820. 
[PubMed: 23763890]

30.       Hsu JT, Chen TH, Chiang KC, Kuo CJ, Lin CJ, Yeh TS. Role of p38 
MAPK pathway in 17beta-estradiol-mediated attenuation of 
hemorrhagic shock-induced hepatic injury. J Appl Physiol (1985). 
2015;118(2):187–92. doi: 10.1152/japplphysiol.00464.2014. [PubMed: 
25593217]

31.       Tanaka M, Tanaka K, Masaki Y, Miyazaki M, Kato M, Kotoh K, et al. 
Intrahepatic microcirculatory disorder, parenchymal hypoxia 
and NOX4 upregulation result in zonal differences in hepatocyte 
apoptosis following lipopolysaccharide- and D-galactosamine-
induced acute liver failure in rats. Int J Mol Med. 2014;33(2):254–
62. doi: 10.3892/ijmm.2013.1573. [PubMed: 24317376]

32.       Knight B, Matthews VB, Akhurst B, Croager EJ, Klinken E, Abra-
ham LJ, et al. Liver inflammation and cytokine production, but 
not acute phase protein synthesis, accompany the adult liver 
progenitor (oval) cell response to chronic liver injury. Immunol 
Cell Biol. 2005;83(4):364–74. doi: 10.1111/j.1440-1711.2005.01346.x. 
[PubMed: 16033531]

33.       Duong HT, Dong Z, Su L, Boyer C, George J, Davis TP, et al. The 
use of nanoparticles to deliver nitric oxide to hepatic stellate 
cells for treating liver fibrosis and portal hypertension. Small. 
2015;11(19):2291–304. doi: 10.1002/smll.201402870. [PubMed: 
25641921]

34.       Luo B, Liu L, Tang L, Zhang J, Ling Y, Fallon MB. ET-1 and TNF-alpha 
in HPS: analysis in prehepatic portal hypertension and biliary 
and nonbiliary cirrhosis in rats. Am J Physiol Gastrointest Liver 
Physiol. 2004;286(2):G294–303. doi: 10.1152/ajpgi.00298.2003. 
[PubMed: 14715521]

35.       Chen CF, Wang D, Leu FJ, Chen HI. The protective role of nitric 
oxide and nitric oxide synthases in whole-body hyperthermia-in-
duced hepatic injury in rats. Int J Hyperthermia. 2012;28(5):421–30. 
doi: 10.3109/02656736.2012.677928. [PubMed: 22690838]

36.       Rostami Z, Nourbala MH, Alavian SM, Bieraghdar F, Jahani Y, 
Einollahi B. The impact of Hepatitis C virus infection on kidney 



Soleimanpour H et al.

Hepat Mon. 2015;15(10):e270636

transplantation outcomes: A systematic review of 18 observa-
tional studies: The impact of HCV on renal transplantation. 
Hepat Mon. 2011;11(4):247–54. [PubMed: 22087151]

37.       Einollahi B. Therapy for HBV Infection in Hemodialysis Patients: 
Is it Possible? Hepat Mon. 2012;12(3):153–7. doi: 10.5812/hepat-
mon.834. [PubMed: 22550522]

38.       Kumpf VJ. Parenteral nutrition-associated liver disease in 
adult and pediatric patients. Nutr Clin Pract. 2006;21(3):279–90. 
[PubMed: 16772545]

39.       Soreide E, Harboe S, Sondenaa K. Severe ARDS may cause right 
heart failure with extreme hepatomegaly but without hepatic 
failure. Acta Anaesthesiol Scand. 2002;46(7):906–7. [PubMed: 
12139550]

40.       Pannen BH, Kohler N, Hole B, Bauer M, Clemens MG, Geiger KK. 
Protective role of endogenous carbon monoxide in hepatic 
microcirculatory dysfunction after hemorrhagic shock in rats. 
J Clin Invest. 1998;102(6):1220–8. doi: 10.1172/JCI3428. [PubMed: 
9739056]

41.       Harbrecht BG, Wu B, Watkins SC, Billiar TR, Peitzman AB. Inhibi-
tion of nitric oxide synthesis during severe shock but not after 
resuscitation increases hepatic injury and neutrophil accumu-
lation in hemorrhaged rats. Shock. 1997;8(6):415–21. [PubMed: 
9421854]

42.       Liu FC, Yu HP, Hwang TL, Tsai YF. Protective effect of tropisetron 
on rodent hepatic injury after trauma-hemorrhagic shock 
through P38 MAPK-dependent hemeoxygenase-1 expression. 
PLoS One. 2012;7(12):e53203. doi: 10.1371/journal.pone.0053203. 
[PubMed: 23285267]

43.       Hurt RT, Zakaria el R, Matheson IPJ, Cobb ME, Parker JR, Garrison 
RN. Hemorrhage-Induced Hepatic Injury and Hypoperfusion 
can be Prevented by Direct Peritoneal Resuscitation. J Gastroin-
test Surg. 2009;13(4):587-94. [PubMed: 19184613]

44.       Champion HR, Jones RT, Trump BF, Decker R, Wilson S, Miginski 

M, et al. A clinicopathologic study of hepatic dysfunction fol-
lowing shock. Surg Gynecol Obstet. 1976;142(5):657–63. [PubMed: 
1265605]

45.       Heller AR, Heller SC, Borkenstein A, Stehr SN, Koch T. Modulation 
of host defense by hydrocortisone in stress doses during endotox-
emia. Intensive Care Med. 2003;29(9):1456–63. doi: 10.1007/s00134-
003-1831-y. [PubMed: 12879235]

46.       Da J, Chen L, Hedenstierna G. Nitric oxide up-regulates the glu-
cocorticoid receptor and blunts the inflammatory reaction in 
porcine endotoxin sepsis. Crit Care Med. 2007;35(1):26–32. doi: 
10.1097/01.CCM.0000250319.91575.BB. [PubMed: 17095945]

47.       Sharshar T, Blanchard A, Paillard M, Raphael JC, Gajdos P, Annane 
D. Circulating vasopressin levels in septic shock. Crit Care Med. 
2003;31(6):1752–8. doi: 10.1097/01.CCM.0000063046.82359.4A. 
[PubMed: 12794416]

48.       Spapen H. Liver perfusion in sepsis, septic shock, and multior-
gan failure. Anat Rec (Hoboken). 2008;291(6):714–20. doi: 10.1002/
ar.20646. [PubMed: 18484618]

49.       Dang CN, Ohdachi SD, Nguyen NX, Pham TD, Boldbaatar B, Sa-
toh H. Possible cause of liver failure in patient with dengue 
shock syndrome. Emerg Infect Dis. 2013;19(7):1161–3. doi: 10.3201/
eid1907.121820. [PubMed: 23763890]

50.       Einollahi B, Ghadian A, Ghamar-Chehreh E, Alavian SM. Non-
viral related liver enzymes elevation after kidney transplanta-
tion. Hepat Mon. 2014;14(2):e9036. doi: 10.5812/hepatmon.9036. 
[PubMed: 24693313]

51.       Mohseni M, Safari S, Alavian SM. Volatile anesthetics in ischemic 
liver injury: enemy or friend? Hepat Mon. 2014;14(6):e19880.  doi: 
10.5812/hepatmon.19880. [PubMed: 24976844]

52.       Bechstein WO, Dette K, Wullstein C, Golling M. [Intensive care 
treatment of post-traumatic liver failure]. Kongressbd Dtsch Ges 
Chir Kongr. 2002;119:405–9. [PubMed: 12704898]


