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Abstract
Liver transplant is a life-saving therapy for patients with end stage liver disease and liver
cancer. Liver re-transplantation cases are usually more challenging and riskier than primary
surgery, they require careful consideration and larger recourse utilization. Decision making
on who receives transplantation surgery includes individual patient risks and benefits,
physician judgment, specific transplant center policies, surgical experience, geographic
organ availability, and ethical considerations. Several mathematical models have been
developed to predict survival after re-transplantation. All models show that survival is better
in younger patients with greater than two months between transplants, and surgery done
before severe decompensation of the patient. The most common cause of early
postoperative complications and death after these surgeries was infection leading to sepsis,
and very often to septic shock. Early recognition and treatment of sepsis will benefit patient
survival after re-transplantation, and lessen the economical burden related to prolonged
hospital stay. A controversial topic in the treatment of septic shock remains the role and
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utility of extracorporeal membrane oxygenation (ECMO). Identification of suitable
candidates for this invasive treatment needs to be determined.
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1. Introduction
Infection remains a common cause of morbidity and mortality after orthotopic liver
transplantation (OLT) [1-3]. Severe infections after liver transplantation can often lead to septic
shock with multiorgan failure. Early recognition and introduction of multimodal therapy for septic
shock is crucial in the survival of this vulnerable group of patients. There is robust literature
describing important steps in addressing septic complications after liver transplantation [4, 5]. The
first step involves utilization of broad-spectrum antibiotics and antifungal medications before
culture results become available. Interventions should be directed to controlling the source of
infection. Hemodynamic and respiratory support to correct hypoxia, hypotension, and impaired
tissue oxygenation are paramount.
There are case reports and case series published on utilization of extracorporeal membrane
oxygenator (ECMO) before, during, and after liver transplantation [6-8]. Data related to
indications, contraindications, and utility of this treatment is scarce. The potential role of ECMO
after liver transplantation for patients in septic shock is yet to be carefully examined.
We would like to share our experience with the use of ECMO in the management of a patient
who developed septic shock after liver re-transplantation.
2. Case
A 22-year-old female with a history of Type 2 autoimmune hepatitis leading to cirrhosis
underwent initial orthotopic liver transplantation (OLT) in 2011. Her post-transplant course was
complicated by multiple episodes of acute cellular rejection secondary to non-compliance with
anti-rejection medications. She was admitted to the hospital prior to surgery for nonhemodynamically significant upper GI bleeding secondary to portal hypertensive gastropathy and
esophageal varices. She subsequently developed worsening renal function with creatinine
increasing to 5.1 mg/dL and volume overload. She was transferred to the medical intensive care
unit (MICU) on hospital day five for initiation of continuous veno-venous hemodialysis (CVVHD).
Her acute on chronic kidney injury was thought to be due to Type 2 hepto-renal syndrome and bile
cast nephropathy. During her MICU stay, her liver function progressively deteriorated with total
bilirubin increasing to 60 mg/dL and international normalized ratio (INR) increasing to 1.9. After a
multidisciplinary team discussion, considering her young age, and acute worsening of liver and
kidney function without feasible recovery, the patient was listed for liver re-transplantation with a
MELD score of 42. All surveillance blood cultures were negative prior to surgery. She was on
antimicrobial and antifungal prophylaxis during her entire MICU stay.
The patient underwent re-do of orthotopic liver transplant (OLT) with a brain dead donor graft
from a 62 year old Epstein-Barr virus (EBV) Ig positive male. During the procedure, the patient
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received 12 units of blood (PRBC), 6.5 liters cell saver blood, 10 units of fresh frozen plasma (FFP),
2 units of platelets, and 2 units of cryoprecipitate. Standard methylprednisolone and basiliximab
induction of immunosuppression was used per institutional protocol. She was started on
piperacillin-tazobactam for antimicrobial coverage after the surgery. She returned to operating
room for washout and hemostasis on post-op day (POD) 1. She was hemodynamically stable with
normal mental function in the immediate post-operative state, although she noted mild diffuse
abdominal pain. The patient continued to require post-operative CVVHD. She was weaned from
ventilator support on POD 2 after re-transplantation, but developed low-grade fevers with
worsening of abdominal pain and new onset productive cough. On POD3, the patient became
progressively hypotensive, tachycardic and tachypnic. She was re-intubated, and initial crystalloid
resuscitation started at the rate of 30ml/kg. To maintain mean arterial pressure in the range 65-70
mm Hg, norepinephrine and vasopressin infusions were initiated. Blood cultures were sent, and an
urgent flexible sigmoidoscopy performed to rule out C. difficile induced megacolon. In addition to
piperacillin, she was started on vancomycin and micafungin to ensure broad - spectrum coverage.
A bedside echocardiogram was performed, which showed decreased biventricular heart function.
Dobutamine was added to improve hemodynamics at the initial rate 10 mcg/kg/min. Blood
cultures returned positive for Klebsiella. Piperacillin and vancomycin were replaced with
meropenem, flagyl, and tigecycline. With no significant improvement after six hours of
resuscitation, the patient was brought to the operating room for abdominal re-exploration and
potential source control.
Fibrinopurulent ascites, patchy ischemic changes of the splenic flexure of the colon, superficial
patchy ischemic changes of the spleen, and a congested appearing liver graft with patent vessels
was noted on exploration. There was no bile leak or enteric perforation. Upon return from the
operating room, the patient remained unstable, and showed no improvement on escalating doses
of vasopressor support- norepinephrine drip was at 0.2 mcg/kg/min, dobutamine 25 mcg/kg/min,
vasopressin 12U/h. Bedside ECHO on ICU arrival demonstrated severe right ventricular
hypokinesis, wide open tricuspid regurgitation, and a left ventricular ejection fraction (EF) of 10%.
In light of worsening cardiovascular instability secondary to cardiogenic and septic shock, the
decision was made to place the patient on venoarterial extracorporeal membrane oxygenator (VA
ECMO). ECMO flow was 4.85Lpm, 4300 rpm, sweep 4, FiO2 100% with a PTT target of 78. Initially,
the patient demonstrated hemodynamic improvement, but on POD 4, she became febrile with a
temperature of 106 F. On POD 4 she also developed tonic-clonic seizures, and anticonvulsive
therapy was initiated. CT scan of the brain demonstrated no significant findings. She had multiple
asystolic events treated with epinephrine. Due to progressively worsening acidosis and
hyperkalemia, the decision was made to disconnect ECMO support.
3. Discussion
Liver transplantation has made significant progress in immunosuppression management, length
of ICU stay, length of hospital stay, and postoperative survival. Despite this progress, infections
remain the leading cause of critical illness in the perioperative period, increasing morbidity and
mortality after liver transplantation [9, 10].
Systemic immunosuppression enhances the liver transplantation recipient ‘s susceptibility to
de-novo infections, as well as reactivation of preexisting latent infections. These infections are
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directly correlated with the “net state” of immunosuppression, which is usually highest just after
the surgery.
According to the best practice guidelines used by all transplantation programs, patients with
active infection should be treated before listing, and those who develop infections while on the
transplant list should be held until the infection is eliminated [11].
Usually, infections occurring during first month after OLT are most likely nosocomial, donorderived, or related to perioperative complications. Liver transplant recipients are more prone to
developing infections than other transplantation recipients because of the complexity of the
surgical procedure, which involves hepatobiliary system manipulation [12]. In the study by Freire
et al, the rate of infectious complications was 48.1%. This rate is similar to what was found in
previous reports [13, 14].
An approach to dealing with infectious complications is to identify specific risk factors for the
development of infection, and implement modification of the factors if possible. According to the
literature [15-17], there are few major risk factors predisposing transplant candidates to
infections: pre-transplant ascites, pre-and post- transplant dialysis, reoperation, wound infection,
hepatic artery thrombosis, and Roux-en-Y choledochojejunostomy anastomosis. In addition, The
Italian Association for the Study of the Liver disease (Associazione Italiana Studio Del Fegato, AISF)
has reported the following risk factors of post-liver transplant infection-model for end stage liver
disease (MELD) over 30, level and type of immunosuppression, and primary non-function requiring
re-transplantation [18]. The same study did not show any difference of the rate of infection
among deceased- and brain dead donor liver recipients. Another study of Varghese et al was able
to show a higher rate of infection after deceased-donor transplants [19]. In a sizable Korean study
of 222 liver transplant recipients, they identified a 28.8% blood stream infection (BSI)
complications rate [20]. In univariate analysis, the authors were able to show that high MELD
score is the strongest predictor of post-operative BSI. In multivariate analysis, they reported biliary
complications and longer ICU stay were significant independent factors for post-operative BSI [20].
Bacterial infections were the major cause of infection in studied liver recipients, followed by
fungal and viral infections. The most prevalent bacterial species were Enterococcus, followed by E.
coli and Klebsiella [21, 22]. Gram-negative bacteria were found to be more prevalent than grampositive in cases of post-liver transplant pneumonia. Fungal infection was noticed more frequently
in pre-transplant ICU patients, re-transplantation patients, patients on renal replacement therapy,
and patients who received massive transfusions of blood and products (greater than 40 units)
[16].
Another important risk factor for post-liver transplantation infection is pre-transplantation
infection. If pre-transplantation infection is treated, and post-treatment cultures are negative, up
to 70.4% of these patients have been shown to develop post-transplantation infection with
positive cultures [23]. The low detection rate may be explained by empiric use of antibiotics, and
difficulty in obtaining an adequate sample. In patients with hepatic failure, concurrent infections
can increase the mortality rate by 4-fold [24]. Donor-derived risk factors include infection,
prolonged ICU stay before donation, quality of the donor liver, and viral status of the donor [25].
There are several publications [25, 26] discussing the role of genetic polymorphism in innate
immunity as an important factor that contributes to the infection risk after liver transplantation.
This can be a very important mechanism activated in the immunosuppressed patient. This type of
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associated molecular patterns (PAMPs) on the microorganisms invaded a host. This recognition
and activation mechanism kills pathogen directly in lymphocyte -independent manner and
activates adaptive immunity. These same studies reinforce the role of toll-like receptors (TLR) and
their ability to mount response against gram-negative (TLR 4) and gram-positive (TLR 2) infections
in liver transplant patients. Various genetic mutations in the structure of these receptors can
impair cytokines secretion and increase risk of infection.
As our knowledge about the mechanisms of infection in immunosuppressed recipients
continues to grow, we are challenged by the increasing amount of “marginal” implanted grafts,
and the growing need to provide care for sicker patients with multiple co-morbidities. These
increased demands spark the possibility of artificial support for respiratory and cardiac function
when conventional techniques fail. There are several articles, which analyze the utility of
extracorporeal membrane oxygenation (ECMO) before, during, and after liver transplantation [6,
8]. There is universal agreement that ECMO can be offered to patients whose cardiac, pulmonary,
or cardio-pulmonary failure is considered to be reversible. The main indication for venovenous
(VV) ECMO in these patients is pulmonary failure related to hypoxia in the setting of hepatopulmonary syndrome or porto-pulmonary hypertension. Venoarterial (VA) ECMO was used in
cardiac failure related to massive pulmonary embolism (PE) or right heart failure.
There is mounting evidence demonstrating the use of ECMO in septic shock [27, 28]. Usually, it
is reserved for the situations when septic shock is unresponsive to all conventional treatments and
targeted antimicrobial therapy. The purpose of using VA ECMO in this condition is to alleviate
cardiac dysfunction related to sepsis. In a study by Falk et al, 37 patients were placed on ECMO.
The authors observed 90% survival in septic shock with left ventricular dysfunction, and 64.7%
survival in patients with distributive shock. The results of this study demonstrate clear evidence in
favor of ECMO use in sepsis-induced cardiomyopathy. For adults, the use of ECMO in septic shock
is not clearly established. While the study by Falk et al shows promising outcomes, Combes [29]
demonstrates that indications are still debatable.
In our case, the patient had multiple risk factors for development of post-operative infection
and sepsis- in the intensive care unit and while on antibiotic prophylaxis for potential infection
prior to her surgery. She was also on renal replacement therapy and scheduled for a liver retransplantation procedure. In addition, she received an extended criteria graft, and had a massive
transfusion of blood and blood products. Her young age, healthy heart and lungs were favorable
to her outcome. When the patient was presented at the “selection” meeting, there was
unanimous agreement among team members that the patient was a suitable candidate with
multiple risk factors.
Our experience with the use of post-liver transplantation ECMO in the setting of sepsis-induced
cardiomyopathy was unique. The question arises, should ECMO be abandoned for treatment of
refractory septic shock after this negative outcome? It is too early to decide. We need to better
understand the factors leading to poor outcomes. Gaining more experience in this area, and
defining stricter criteria for ECMO utilization may help to provide the best care for this patient
population.
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4. Conclusion
ECMO is a modality used to give temporary support to failing cardio-pulmonary function in a
wide variety of clinical conditions. It has utility during perioperative and intraoperative care for
liver transplantation patients with reversible cardio-pulmonary collapse. Our experience with
post-liver transplantation and AV ECMO utilized in the setting of sepsis-induced cardiomyopathy
may help to define indications, contraindications, and possible limitations in treatment protocol.
Further analysis of subsequent cases may allow for prospective interventions.
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