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Abstract

More than 50 years have passed since Starzl et al. did the first liver transplant. Since then the transplant speciality has witnessed enormous 
growth and at present more than 1 000 000 liver transplants have been performed to date in over 100 liver transplant centers around the 
world. In Europe and North America, the predominant mode is deceased donor liver transplantation, while in Turkey and most of  the Asian 
countries, the living donor liver transplant or split liver transplantation is the most widely available method for liver transplantation. The 
etiology of  end-stage liver disease is also different in developed and developing countries. 

Liver recipients usually have multiple comorbidities and in addition, derangements in liver functions also indirectly affect other systems. The 
anaesthesiologist plays a very crucial role as a perioperative physician concerning liver transplantation. He is the lead person involved, from 
preoperative workup to intraoperative management and postoperative care in critical care units. Anaesthesiologists are also actively involved 
in developing organ transplant pathways and protocols for perioperative assessments. 

Although there are local protocols and pathways for assessing liver transplant recipients, there is a lack of  standardization in the literature for 
such assessments. This article highlights essential aspects in assessing liver transplant recipients and the role of  some specific assessment tools 
and establishes a standardized protocol for selecting and optimizing suitable patients, thereby reducing the mortality and morbidity associated 
with this major surgery.
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Introduction

More than 50 years had passed since the first liver transplant by Starzl et al.1 in 1963. He was unsuccessful in his first 
5 liver transplant attempts as none of  his patients survived for more than 23 days, mainly because of  reperfusion 
injury, infection, coagulopathy, and graft rejection, leading to sepsis and liver failure. With some modifications in 
the immunosuppression regime and his surgical technique, he finally documented his first successful liver transplant 
in 1967 at the University of  Colorado.1 At present, more than 1 000 000 liver transplants have been performed 
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Main Points

•	 The burden of  liver diseases is enormous in low- and middle-income countries. Subsequently, the incidence of  liver failure is also on the 
rise.

•	 Liver recipients usually have multiple comorbidities, and derangements in liver functions also indirectly affect other systems.

•	 This article highlights essential aspects in assessing liver transplant recipients and the role of  some specific assessment tools and establishes 
a standardized protocol for selecting and optimizing suitable patients, thereby reducing the mortality and morbidity associated with this 
major surgery.
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in over 100 liver transplant centers around the world. The 
1-year survival rate in most of  the advanced centers is more 
than 90% .2 This success accomplishment was not possible 
without the perseverance and hard work of  some enthusias-
tic individuals in this field. The perpetual desire to innovate 
and find novel approaches to overcome hurdles is the driving 
force that made it possible to pass that million liver transplant 
landmark. 

Better organizational setup, coordinated teamwork between 
different subspecialties, selection of  suitable candidates, and 
availability of  logistics are the key elements in developing a 
successful program. Most of  the centers across Europe and 
the USA developed an organ transplant system based on a 
central organ donor bank, transplant coordinators, organ 
retrieval teams, and protocols to streamline the smooth 
functioning of  the transplant services. In Europe and North 
America, the predominant mode is deceased donor liver 
transplantation (DDLT), while in Turkey and most Asian 
countries, the living donor liver transplant (LDLT) or split 
liver transplantation is the most widely available method for 
liver transplantation.2,3

A multidisciplinary team should consist of  a hepatobiliary 
surgeon, transplant anaesthesiologist, and hepatologist as 
permanent members. Supporting subspecialties include radi-
ology, histopathology, oncology, hematology, and nephrology. 

Liver recipients usually have multiple comorbidities, and 
in addition, derangements in liver functions also indirectly 
affect other systems. On the other hand, living liver donors 
usually fall under the classification of  American Society of  
Anaesthesiologists I or II. The anaesthesiologist plays a very 
crucial role as a perioperative physician concerning liver 
transplantation. He is the lead person involved from preop-
erative workup to intraoperative management and postop-
erative care in critical care units. Anaesthesiologists are also 
actively involved in developing organ transplant pathways 
and protocols for perioperative assessments.

The burden of  liver diseases is enormous in low- and middle-
income countries. Subsequently, the incidence of  liver failure 
is also on the rise. In contrast to high-income countries where 
alcoholic liver disease, drug overdose, and autoimmune hepa-
titis are the leading causes of  liver failure, hepatitis (B and 
C) is the significant cause of  cirrhosis burden in low-income 
countries.4

Clinical and Research Consequences

Although there are local protocols and pathways for assessing 
liver transplant recipients, there is a lack of  standardization 
in the literature for such assessments. This article highlights 
essential aspects in assessing liver transplant recipients and 
the role of  some specific assessment tools and establishes a 
standardized protocol for selecting and optimizing suitable 

patients, thereby reducing the mortality and morbidity asso-
ciated with this major surgery.

Assessment of a Recipient for Liver Transplantation

The assessment process can be divided into 3 stages:

•	 Confirmation of  the diagnosis of  chronic liver disease.
•	 Assessment of  generalized health status with a particular focus on cardio-

vascular, respiratory, and central nervous systems. Exclude any absolute 
contraindications for the transplantation procedure and optimize any 
relative contraindications at this stage.

•	 The extent of  severity, risk stratification, and family counseling about 
possible outcomes and complications that may arise immediately or later 
in the course. 

A. Establishing the Diagnosis

Most of  the time patients come to the preoperative assessment 
clinic with a confirmed diagnosis. It is pertinent to review all 
the previous laboratory investigations related to the diagnosis. 
It will avoid the repetition of  investigations and unnecessary 
delays. Recipient workup will be similar for cadaveric and liv-
ing donor procedures. Following first-line investigations are 
recommended in a recipient (Table 1).

Histology and Radiology

Liver biopsy is the gold standard in establishing the diag-
nosis of  chronic liver disease, but it has its own demerits. 
Ultrasound-guided fine-needle biopsy is an invasive proce-
dure that carries the risk of  infection, bleeding, bile leak, 
and injury to adjacent organs. Because of  the heteroge-
neous nature of  parenchymal damage, multiple samples are 
required. In contrast, the ultrasound abdomen is noninva-
sive, reliable, and conventionally acceptable to the patients 
as a first approach. It provides early information on liver 
morphological appearance and portal hypertension status 
and can reveal liver hemodynamics with Doppler flow stud-
ies. Computed tomography and MRI can further aid in the 
diagnosis, but they are expensive and may require contrast 
injections as well. Computed tomography is especially help-
ful in the assessment of  assessing hepatic artery, hepatic vein, 
and portal venous circulation status.5

Routine oesophagal endoscopy is advisable to rule out grade 
II and III varices before the transplant procedure. 

B. Assessing Silent Comorbidities

Evaluation of Cardiovascular System–Role of CPET

Liver transplantation is a major prolonged surgery involving 
significant physiological changes and a high level of  surgi-
cal stress. Patients coming for liver transplantation have a 
significant functional limitations. Therefore, it is quite perti-
nent to assess the functional status of  the heart and quantify 
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morbidity and mortality accordingly. Major transplant cen-
ters have adopted cardiopulmonary exercise testing (CPET) 
across Europe. A national survey conducted by Reeves et al.6 
in 2018 showed that CPET services continued to expand and 
it is now doubled since 2011; more than 30 000 tests are per-
formed annually for patients having major abdominal surger-
ies.6 Two systematic reviews and more than 35 cohort studies 
support the use of  CPET to evaluate the functional reserves 
and predict pre- and post-procedure complications in major 
surgeries.7,8

Evaluation of Respiratory System: Role of Pulmonary 
Function Test

The incidence of  pulmonary dysfunction is not uncom-
mon in cirrhotic patients waiting for liver transplantation. 
Alves  et  al.9 reported hypoxia in half  of  the patients with 
advanced liver disease. The etiology is multifactorial and can 
be divided into 3 broad categories: gas exchange abnormali-
ties (hepatopulmonary syndrome), portopulmonary hyper-
tension, and hepatic hydrothorax.10 Pulmonary dysfunction 
has a significant impact on postoperative morbidity, especially 

concerning ventilator days and length of  hospital stay.11 
Therefore, it is relevant to rule out underlying pulmonary 
functions in an otherwise normal-looking recipient waiting 
for liver transplantation. 

Evaluation of Nutritional Status: Role of  
Handgrip Testing

Nutritional status is directly related to pre- and postopera-
tive complications in patients with end-stage liver disease. 
Multiple factors are responsible for this malnutrition and 
associated sarcopenia.12 There are different methods for 
evaluation of  nutritional status like body mass index (BMI) 
and subjective global assessment (SGA). Anthropometric 
measurements, bioelectrical impedance analysis, and dual 
energy x-ray absorptiometry are used to assess the degree of  
sarcopenia. These tests have some limitations of  their own; 
for instance, poor inter-observer agreement with SGA: gen-
eralized body edema and ascites will invariably affect BMI.13

Like muscle mass, muscle strength has been proposed for pre-
dicting the degree of  sarcopenia. Handgrip strength (HGS) has 

Table 1.  First-Line Investigations Recommended in a Recipient

Group Tests Comments

Hematology Complete blood profile

Septic Markers Serum lactate
CRP

Coagulation PT, aPTT, INR Repeat them the day before surgery.

Liver function tests Bilirubin, alkaline phosphatase, gamma GGT, 
AST, ALT, total protein, serum albumin, 
alpha-1 antitrypsin, and alpha fetoprotein

Biochemistry Serum Sodium, Potassium, Chloride, 
Bicarbonate, Magnesium and Phosphorus

Repeat them on the day of  surgery. 

Renal parameters Urea, creatinine, creatinine clearance, 
urinalysis

eGFR is quite often low, but if  there is a reason for it, like diuretic usage or 
mild hepatorenal syndrome, then there is no need to refer to a nephrologist. 
If patients require a combined liver-kidney transplant or may need dialysis 
after transplant, then nephrology referral is appropriate.

Metabolic Fasting glucose, fasting lipid profile, vitamin D 
levels, bone density

If  already done, there is no need to repeat lipid profile, vitamin D, and bone 
density. 

Respiratory Chest x-ray

Heart ECG/ECHO Especially look for pulmonary artery pressure and if  it is >30-35 mm Hg, refer 
to the cardiologist. Remember, echo estimations of  PA pressure are often 
inaccurate. High PA pressure is not an absolute contraindication to the surgery 
but will worsen the patient’s risk assessment. 

Microbiology Cultures of  urine, ascitic fluid, and sputum Ideally, it should be done 1 week before the surgery.

Serology HBV, HCV and HIV, CMV, EBV, and VZV It depends upon the history and after taking informed consent.

Blood arrangements Blood group, 6 units of  packed red blood 
cells, 6 units of  fresh frozen plasma and 6 
units of  cryoprecipitate

Ideally, arrangements should be made 1 week before the surgery date.

CRP, C-reactive protein; GFR, estimated glomerular filtration rate; GGT, gamma-glutamyl transferase, PA, pulmonary artery, PT, protrombin, aPTT, 
activated protrombin time, INR, international normalizing ratio, ECG, electrocardiography, ECHO, echocardiography.
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been found to correlate well with muscle strength. It is a simple 
and valid method used in cirrhotic patients and can be mea-
sured using a dynamometer in a non-dominant hand.14 In 
hepatic encephalopathy, ammonia is converted to glutamine 
in the skeletal muscles, subsequently affecting the HGS. Lower 
values of  HGS have been associated with a longer length of  
stay in an intensive care unit (ICU) and a higher likelihood of  
postoperative infections in transplant patients.14 It is interesting 
to note that no correlation was found between grip strength 
and hepatorenal syndrome, variceal bleeding, and spontane-
ous bacterial peritonitis, but age and smoking were associated 
with reduced grip strength in cirrhotic patients.12

C. Risk Stratification: Role of Scoring Systems

Liver transplantation is the gold standard therapeutic proce-
dure for patients with end-stage liver disease. With advance-
ment and success in liver transplant procedures, there comes 
an imbalance between the availability of  deceased donor 
organs and the number of  recipients waiting for that organ. 
Different programs were initiated to overcome this burden, 
including encouragement of  living donors, encouragement 
of  deceased organ donation programs, and development of  
multiple scoring systems to quantify the risk of  periopera-
tive mortality and prioritize the patients on the waiting list 
for liver transplantation. Before 2002, patients with end-stage 
liver disease were classified according to the severity of  their 
disease as super urgent, urgent, semi-urgent, and in elective 
categories for the liver transplantation, based on the sever-
ity of  their disease. The Child–Turcotte–Pugh score was the 
only available scoring system for assessing the severity of  the 
end-stage liver disease. Since then many scoring systems have 
been developed to predict mortality and prioritize the waiting 
list according to the severity of  the disease. 

Child–Turcotte–Pugh Score: 

It was developed in 1973 to predict surgical outcomes in 
patients with sophageal varices. Since then this score has 
undergone modifications and is currently used to assess the 
severity and prognosis of  chronic liver disease and cirrhosis. 
The severity of  liver disease in this scoring system is deter-
mined on 5 clinical features: total bilirubin level, serum albu-
min, the international normalized ratio for prothrombin time 
(INR), degree of  ascites, and the grade of  hepatic encepha-
lopathy. There are a few drawbacks to this scoring system. 
For instance, the degree of  ascites and encephalopathy are 
subjective and depend upon physicians’ judgment as well as 
are affected by the use of  lactulose.15

Model for End-Stage Liver Disease (MELD):

It was initially developed at the Mayo clinic in patients 
undergoing transjugular intrahepatic portosystemic shunt 

procedures. The Model for End-Stage Liver Disease 
(MELD) is a numerical scale ranging from 6 (less ill) to 40 
(gravely ill) used for patients aged 12 and above. The derived 
score is based on a formula that used 3 laboratory param-
eters: serum total bilirubin, INR, and creatinine as per the 
equation below16: 

MELD = 3.78 × ln [serum bilirubin (mg dL-1)] + 11.2 × ln 
[INR] + 9.57 × ln [serum creatinine (mg dL-1)] + 6.43

The number derived from this scoring system can predict 
how urgently one needs a liver transplant within the next 
3 months.17 If  there is a history of  renal dialysis twice a week, 
then the creatinine value is fixed at 4.0 mg dL-1. The Model 
for End-Stage Liver Disease scores are always reported as a 
whole number and any value less than 1 in the above equation 
is rounded to 1.0. The Model for End-Stage Liver Disease 
score of  a patient is variable as it depends upon his or her 
current clinical condition and therefore the MELD score is 
routinely reassessed on multiple occasions while on the wait-
ing list. 

As of  January 2016, modification was made, and in 2016, 
serum sodium level was also included in MELD score and 
now its referred to as MELD-Plus or MELD-Na score. In 
some European countries, the age of  the recipient is also 
added to MELD-Na. It is then referred to as iMELD.18

United Kingdom Model for End-stage Liver Disease 
(UKELD): 

The UK Transplant developed a new scoring system of  
their own in 2008. This incorporated serum bilirubin, cre-
atinine, sodium, and INR. A score of  49 and above is the 
minimum score required to be added to the waiting list and 
this score predicts 1-year mortality of  9% without transplan-
tation.19 UKELD was validated and showed no association 
with overall post-transplant survival, but there is a direct rela-
tionship with both the duration of  stay in an ICU and overall 
hospital stay.20

D. Counseling and Consenting

After getting all the laboratory investigations and assessments 
from different specialities involved in liver transplantation, 
a second appointment is scheduled with the patient and his 
close relatives. Ideally, in the presence of  a hepatologist, 
anaesthesiologist, and hepatobiliary surgeon, a comprehen-
sive discussion about the course of  the diseases, its prognosis 
without transplantation, available alternatives, and morbidity 
and mortality associated with liver transplant should be done. 
Postoperative outcomes, including graft rejection, liver fail-
ure, and prolong intensive care stay, need to be discussed and 
documented. Any queries from patients and their immediate 
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family members are addressed at this point. Risk stratifica-
tion in 3 categories (low, intermediate, and high risk) is docu-
mented. All consents related to the transplant procedure are 
taken. These should include consent for invasive monitoring, 
massive blood and blood product transfusions, and use of  cell 
salvage. 

Conclusion

Liver transplantation is a challenging job that needs an 
organized setup and exemplary teamwork. A standardized 
approach toward the selection of  the right candidate is essen-
tial. Most of  the developing countries are still struggling to 
achieve the desired results. Availability of  resources, expertise, 
and technical assistance from the international community 
are a few of  the limiting factors in the development of  liver 
transplant speciality in low- and middle-income countries. 
The coordination among regional liver transplant associa-
tions will help deal with the increasing numbers of  potential 
recipients in a particular region. Anaesthetist plays a para-
mount role, from assessing and optimizing the recipients to 
postoperative critical care management. The development of  
programs for training in transplant speciality will definitely 
improve the outcome.
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