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Ischemic Reperfusion Injury After Liver Transplantation: Is 
There a Place for Conservative Management?
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Abstract

Ischemic reperfusion injury (IRI) after liver transplantation is a com-
mon cause of early allograft dysfunction with high mortality. The pur-
pose of this case report series is to highlight an unusual clinical course 
in which complete recovery can occur following the identification of 
severe hepatic IRI post-transplantation and the implications of this 
finding on management strategies in patients with IRI post-transplant. 
Here, we include three cases of severe IRI following liver transplanta-
tion that are putatively resolved without retransplantation or defini-
tive therapeutic intervention. All patients recovered until their final 
follow-up visits to our institution and developed no significant com-
plications from their injury throughout the course of patient care by 
our institution after discharge from the hospital.
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Introduction

End-stage liver disease is a growing cause of mortality world-
wide [1], and liver transplantation is the best practice in pa-
tients with end-stage liver disease and those with hepatic tu-

mors [2]. However, there is a shortage of grafts, and around 
15% of transplant candidates die while awaiting liver trans-
plants [3]. As a result, this increased the use of extended cri-
teria donor organs from older or non-heart-beating donors and 
organs that have been stored for prolonged periods in warm 
and cold temperatures. Moreover, the damage caused by pro-
curement, preservation, and surgery makes these organs more 
prone to ischemic reperfusion injury (IRI).

IRI is a major deadly complication affecting the outcome 
of liver transplantation. IRI causes up to 10% of early organ 
failure, and that can lead to a higher incidence of both acute 
and chronic rejection [4, 5]. Indeed, IRI increases the donor 
organ shortage and could lead to poor early graft function and 
primary nonfunction, which necessitate retransplantation [6]. 
Especially marginal livers have a high susceptibility for IRI 
that often leads to retransplantation, contributing to the acute 
shortage of livers available for transplantation [7, 8].

The pathophysiology of hepatic IRI post-transplant is 
poorly understood, and many factors, such as cellular immune 
activation, cytoprotective functions, and immune regulation, 
are critically involved [9]. IRI has a complex mechanism that 
involves the endogenous production of reactive oxygen spe-
cies, inflammation, and apoptosis. The inflammatory response 
first results in microvascular changes followed by immune ac-
tivation, then necrosis through apoptotic pathways. This pro-
cess will be further complicated if endotoxin or other toxins 
are involved. Epidemiological studies show that early allograft 
dysfunction following liver transplantation is associated with 
significant mortality [10].

Clinically, IRI is usually characterized by significant eleva-
tion of liver enzymes such as aspartate aminotransferase (AST) 
and alanine aminotransferase (ALT) combined with impaired 
liver function, which can be best quantified by observation of 
coagulation parameters such as factor V and thromboplastin 
time (international normalized ratio (INR)). Clinically, the man-
ifestations of severe IRI are often indistinguishable from other 
causes, such as primary graft nonfunction and acute rejection. 
Therefore, a rapid and accurate diagnosis is vital to decide early 
on what clinical strategy should be used. Whenever severe IRI is 
suspected, immediate retransplantation may be required. How-
ever, this strategy may not be the most appropriate since it might 
lead to the rationing of organs and the potential loss of patients 
who could benefit from a period of conservative management. 
Here, we present three cases of severe IRI following liver trans-
plantation with an unexpected clinical course. We discuss these 
cases’ clinical course, management, and outcomes (Table 1).
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Case Reports

Case 1

A 32-year-old woman with a past medical history of cirrhosis 
and biopsy-proven autoimmune hepatitis (AIH) type 1 present-
ed with altered mental status and lower extremities edema. On 
examination, she had ascites, bilateral lower extremity edema, 
and severe asterixis. Initial labs showed acute kidney injury 
with blood urea nitrogen (BUN) at 89 mg/dL and creatinine at 
3.8 mg/dL. Additionally, her INR was 4.0, albumin 2.3 g/dL, 
and elevated liver enzymes of AST at 448 IU/L and ALT at 576 
IU/L. Moreover, the titer for antinuclear antibody (ANA) was 
positive at 1:320. She was diagnosed with acute liver failure 
complicated by severe hepatic encephalopathy and acute kid-
ney injury. This was the third time in 6 months that the patient 
presented with decompensation of her liver cirrhosis. Given the 
progressive nature of her disease, her worsening liver function, 
and her Model for End-stage Liver Disease (MELD) score of 
34, she was listed for liver transplantation. She was included in 
the extracorporeal liver support program with molecular absor-
bent recirculating system (MARS) as a bridging therapy. Three 
weeks later, she received a deceased-donor liver transplant.

The donor was a 44-year-old man with normal liver func-
tion tests who expired due to cerebral hemorrhage following ly-
sis therapy due to thrombosis of the basilar vein. Cold ischemia 
time was 11 h 22 min, and warm ischemia time was 32 min. 
Both donor and recipient were cytomegalovirus (CMV) IgG 
seropositive. Liver transplantation was performed in standard 
technique with the replacement of retrohepatic vena cava. No 
venovenous bypass was used intraoperatively, and there was 
no need for blood transfusions. Intraoperatively, the patient re-
ceived 1,000 mg of methylprednisolone immediately after rep-
erfusion, and the same dose was continued for the next 2 days.

Postoperative immunosuppression, a tacrolimus-sparing 
regimen was used in the setting of her worsening acute kidney 
injury. The first laboratory study 2 h after reperfusion in inten-
sive care unit (ICU) revealed elevated transaminase with AST 
at 1,309 U/L, ALT at 663 U/L, lactate dehydrogenase (LDH) 
2,947 U/L, bilirubin of 3.06 mg/dL and INR 2.56. Creatinine 

was normal at 0.8 mg/dL with 6,000 mL urine production on 
the first day under continuous infusion of 2.5 mg/h furosem-
ide. The patient was extubated 5 h after the operation and has 
been awake since then in regular neurologic status.

About 24 h after liver transplantation, serum biochemistry 
findings increased to AST of 13,160 U/L, ALT of 7,580 U/L, 
LDH of 14,760 U/L, and total bilirubin of 6.13 mg/dL. Coagu-
lation had diminished to INR 3.37, factor V had dropped to 
12%, whereas renal parameters persisted at normal levels. The 
patient’s neurologic status and cardio-pulmonary condition 
were still inconspicuous. Later during the day, anti-thrombin 
III declined to 52%, and 500 IU were replaced. Duplex sonog-
raphy was performed to exclude an occlusion of the portal vein 
or hepatic artery, which revealed normal flow in both vessels, 
including the retrohepatic vena cava.

Concerning the overall clinical findings described above, 
we decided to take a wait-and-see approach instead of con-
sidering retransplantation for severe IRI. Nevertheless, we 
performed close scheme laboratory studies, including liver 
function test, complete metabolic panel, LDH, INR, and lipid 
and coagulation profile to respond to changes in the patient’s 
condition. Transaminases and LDH declined within 24 h after 
the maximum amount reached values of LDH 565 U/L, AST 
4,602 U/L, and ALT 2,584 U/L. The coagulation status stabi-
lized with an INR of 2.66.

On postoperative day 7, bilirubin increased to 13.7 g/dL. 
acute cellular rejection (ACR) was suspected. A liver biopsy 
revealed parenchymal neutrophilic infiltration, hepatocellular 
necrosis, and apoptotic cells. The differential diagnosis at that 
time was ACR versus IRI. Therefore, empiric treatment was 
given with methylprednisolone 500 mg intravenously for 3 
days. Serological parameters kept improving until the patient’s 
discharge on day 18 after transplantation. Given the rapid re-
covery without the need for long-term immunosuppression, 
we believe the diagnosis was most likely to be severe IRI. Fig-
ure 1 shows the trend of ALT postoperatively.

Case 2

A 57-year-old woman with a past medical history of alcoholic-

Table 1.  Comparison Between the Course, Management, and Outcomes of Three Cases of IRI After Liver Transplantation

Variables Case 1 Case 2 Case 3
Age (years) 32 57 43
Cirrhosis etiology AIH type 1 Alcoholic cirrhosis Cryptogenic
The peak of liver injury post-transplant (h) 24 48 24
Peak AST (U/L) 13,160 10,160 20,248
Peak ALT (U/L) 7,580 9,669 4,570
Peak total bilirubin (mg/dL) 13.7 8.7 10.3
Peak INR 3.37 3.2 3.7
Management Supportive with a trial of steroids for 3 days Supportive treatment Supportive treatment
Follow-up 5 years later No complications No complications No complications

AIH: autoimmune hepatitis; AST: aspartate aminotransferase; ALT: alanine aminotransferase; INR: international normalized ratio.
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associated cirrhosis and no history of hepatitis B, C, or meta-
bolic liver diseases presented with altered mentation, drowsi-
ness, and asterixis. On physical exam, her vitals were within 
normal limits, and the exam was pertinent for a disoriented 
patient with asterixis, consistent with hepatic encephalopathy. 
Alcohol levels were 0.0%. Labs showed creatinine of 3.2 mg/
dL, INR of 3.3, AST of 320 IU/L, ALT of 378 IU/L, alkaline 
phosphatase (ALP) of 65, and total bilirubin of 2.5 mg/dL. Her 
liver biopsy showed cirrhosis without malignancy, confirming 
the alcoholic-associated cirrhosis diagnosis. Soon after admis-
sion, her mental status deteriorated, and she was mechanically 
ventilated. Additionally, her INR worsened from 2.1 on ac-
cess to 4.3. Therefore, for emergency liver transplantation, she 
was included in the extracorporeal liver support program with 
MARS.

The donor was a 59-year-old female with an anoxic brain 
injury resulting in brain death. Cold and warm ischemia time 
was 8 h and 47 min, respectively. Liver transplantation was 
performed in standard technique with retrohepatic vena cava 
replacement. No venovenous bypass was used intraopera-
tively, and there was no need for blood transfusions. The graft 
was reperfused well, and no biopsies were taken. Intravenous 
methylprednisolone (500 mg) was administered intraopera-
tive, and postoperatively the patient received induction with 
tacrolimus (2 mg) twice daily.

The first laboratory study 2 h after reperfusion in ICU re-
vealed elevated transaminase with AST of 3,365 U/L, ALT of 
2,808 U/L, LDH of 1,836 U/L, total bilirubin of 2.1 mg/dL, 
creatinine of 0.93 mg/dL, and an INR of 1.1. The patient was 
extubated 12 h after the operation and has been awake since 
then in regular neurologic status.

Ultrasonography with Doppler revealed a patent hepatic 
artery and portal vein, as well as patent hepatic veins. Her 
clinical status improved, and our clinical approach was only 
observation and repeated investigation.

Two days after the operation, serum AST surged to 10,160 
U/L, serum ALT 9,669 U/L, and ammonia was elevated at 115 

µg/dL. A repeated liver function test 1 week after the operation 
showed AST 115 U/L and ALT 579 U/L and kept improving 
after that. However, the renal function test was normal, and the 
neurological status was unremarkable. The patient was man-
aged conservatively for severe IRI.

Three weeks after the operation, liver function normalized 
with serum AST of 42 U/L, serum ALT of 47 U/L, and INR 
1.0. Figure 1 shows the trend of ALT postoperatively.

Case 3

The patient is a 43-year-old male with a history of cryptogenic 
cirrhosis who underwent a deceased-donor liver transplanta-
tion. The donor was a 42-year-old male who suffered an in-
tracranial injury following a motor vehicle collision. During 
procurement, the liver was found well perfused with no focal 
injuries and macroscopic evidence of steatosis.

The recipient underwent uncomplicated conventional liv-
er transplantation without using a venovenous bypass. There 
were no periods of hypoxia or severe hypotension during 
transplantation. The cold ischemic time of the graft was 9 h 
and 40 min, while the warm ischemic time was 42 min. The 
graft was reperfused well, and no biopsies were taken. Intra-
venous methylprednisolone (500 mg) was administered intra-
operatively, and postoperatively the patient received induction 
with tacrolimus (3 mg).

The first laboratory study 2 h after reperfusion in ICU 
revealed elevated transaminase with AST 17,778 U/L, ALT 
4,113 U/L, LDH 6,204 U/L, bilirubin 4.6 mg/dL, and INR 1.3. 
Creatinine was normal at 0.63 mg/dL with 750 mL urine pro-
duction on the first day under continuous infusion of 2 mg/h 
furosemide. The patient was extubated 24 h after the operation 
and has been awake since then in regular neurologic status.

Ultrasonography with Doppler revealed a patent hepatic 
artery and portal vein, as well as patent hepatic veins. His clini-
cal status improved, and our clinical approach was only obser-

Figure 1. The trend of ALT in the cases. ALT: alanine aminotransferase.
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vation and repeated investigation.
One day after the transplantation, serum AST surged to 

20,248 U/L, serum ALT 4,570 U/L, and ammonia was elevated 
at 185 µg/dL. One week later, a repeated liver function test 
showed AST 58 U/L and ALT 91 U/L and kept improving after 
that. However, the renal function test was normal, and the neu-
rological status was unremarkable. The patient was managed 
conservatively for severe IRI.

On follow-up, 3 weeks later, liver function normalized 
with serum AST of 15 U/L, serum ALT of 9 U/L, and INR 1.0. 
Figure 1 shows the trend of ALT postoperatively.

Table 2 and Figure 1 compare the trend of both AST and 
ALT for 21 days post-transplant. All three patients were fol-
lowed for at least 5 years after performing the liver transplan-
tation without any complications in relation to the early-oc-
curred reperfusion injury.

Discussion

Liver graft failure following liver transplantation is often 
caused by IRI (Fig. 2) [11, 12]. Several strategies, like opti-
mizing the preservation solution, minimizing ischemia time, 
and avoiding grafts with severe steatosis, have been developed 
to diminish this injury [8, 13]. Furthermore, a better under-
standing of the underlying molecular mechanisms of IRI led 

to the development of chemical strategies for its prevention. 
Various methods have been used so far to manage IRI [14]. 
These include the noninvasive and more advanced approaches 
encompassing several types of liver conditioning and machine 
perfusion [15, 16].

Animal experiments with glutathione (GSH) as antioxi-
dant therapy and atrial natriuretic peptide (ANP) to reduce re-
active oxygen species (ROS)-related injury showed promising 
results [17, 18]. However, these therapies failed to improve the 
overall clinical outcome of liver transplantation. Other strate-
gies to shorten ischemic times and improve organ allocation 
pathways, like ischemic preconditioning, are currently under 
clinical investigation [19, 20].

One important differential diagnosis of IRI is primary he-
patic nonfunction, which in most cases requires consideration 
for retransplantation. This is important as we show that even 
in severe IRI, the resolution does not necessitate retransplanta-
tion and only requires supportive measures. Given the lack of 
reliable biomarkers, it is difficult to truly differentiate between 
primary nonfunction and graft injury secondary to IRI. As far 
as we know, beyond clinical judgment, there are no established 
algorithms for this decision in the reported literature. Further 
research is necessary to establish reliable biomarkers, predic-
tors, or algorithms for differentiating primary nonfunction and 
IRI.

Upon diagnosis, the outcome of IRI after liver transplanta-
tion is usually poor without retransplantation. Furthermore, the 
available strategies to avoid and treat IRI, despite constantly 
improving, are still lacking a gold standard method [21]. In-
terestingly, these three cases described in this article serve as 
an example of an unusual course of IRI following liver trans-
plantation, given that all of them improved with supportive 
measures alone. Although liver function test following liver 
transplantation is commonly accepted as indicators of post-
transplant liver injury, these cases show that the absolute 
level of transaminases is an insufficient parameter to assess 
the functional outcome of a dysfunctional graft. Moreover, 
these cases highlight the importance of taking into account 
other parameters, such as the clinical picture and radiological 
findings, before determining the outcome of IRI following a 
liver transplant. Even in severe IRI following liver transplanta-
tion, a more observant strategy is justified in cases with stable 
hemodynamic status, unimpaired renal function, absence of 
severe signs of neurologic disturbance, and mild coagulation 
disorders.

Table 2.  The Course of AST and ALT for 21 Days After Liver Transplantation

Postoperative day
Case 1 Case 2 Case 3

AST (U/L) ALT (U/L) AST (U/L) ALT (U/L) AST (U/L) ALT (U/L)
0 1,309 663 3,365 2,808 17,778 4,113
1 13,160 7,580 3,978 3,413 20,248 4,570
2 4,602 2,584 10,160 6,996 7,166 2,236
7 90 61 71 398 58 86
21 27 15 42 47 39 23

AST: aspartate aminotransferase; ALT: alanine aminotransferase.

Figure 2. Liver during reperfusion phase of liver transplantation. Blue 
spots on liver surface indicate areas with impaired perfusion.
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Conclusions

IRI is a major cause of early liver graft failure after transplan-
tation, presenting nonspecific signs and symptoms. An unu-
sual clinical course such as the one described in these cases 
highlights that a patient who recovers from severe IRI Liver 
transplant requires close observation before deciding to re-
transplant the patient in case they could potentially improve 
without retransplantation. Future studies are necessary to es-
tablish a definitive diagnosis by providing reliable biomark-
ers of IRI and predictors or algorithms for the differentiation 
between primary nonfunction and IRI.
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