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Background and Objective: Liver resection (LR) is a commonly performed surgical procedure for the 
management of hepatocellular carcinoma and other liver conditions. Despite its benefits in providing patients 
a potential cure, it is also associated with significant postoperative complications and prolonged recovery 
periods. In recent years, pre-operative rehabilitation (prehabilitation) has emerged as an up-and-coming 
strategy to optimize patients’ physical, psychological and functional status before LR, leading to improved 
surgical and patient postoperative outcomes. Hence, our review aims to explore and synthesize the existing 
literature on prehabilitation in LR to provide an overview of the current evidence to help guide physicians in 
managing their patients.
Methods: A comprehensive literature search was conducted in multiple electronic databases from inception 
to July 2023. The search strategy was tailored to capture studies investigating the role of prehabilitation in 
LR, and the factors that contribute to beneficial outcomes in the postoperative period.
Key Content and Findings: Prehabilitation programs encompass a multifaceted approach to enhance 
surgical outcomes and patient well-being. This considers the specific needs of the varying patient 
populations, such as the elderly, or the cancer ridden. Improving physical fitness, nutritional supplementation 
and psychological support are the common tenets of prehabilitation. In physical prehabilitation, patients 
are engaged in intensive physical exercise often by means of a cycle ergometer. Addressing nutritional 
deficiencies through supplements and dietary interventions is also vital. Psychosocial assessments, advance 
care planning, music therapy, and progressive relaxation exercises are shown to enhance patient resilience and 
well-being. In addition, innovative approaches such as optimizing fluid balance, avoiding epidural analgesia, 
perioperative steroid administration, phosphate correction and branched-chain amino acid supplementation 
are being explored.
Conclusions: Prehabilitation is important in optimizing patients before LR and is key in improving 
postoperative outcomes. Several prehabilitation strategies exist, but no formal consensus exists on patient 
selection and an ideal program.

Keywords: Prehabilitation; liver resection (LR); physical exercise; nutritional supplementation; psychological 

support
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Introduction

Liver resection (LR) is the treatment of choice for patients 
with resectable hepatocellular carcinoma (HCC), owing 
to a shortage of livers for transplantation (1). With 
improvements in perioperative medicine, critical care, 
and technological innovation, LR is becoming a safe 
procedure with lower mortality risk, albeit with a high 
morbidity rate. A study of 245 patients who underwent 
LR reported 38.3% morbidity and 3.7% 90-day mortality. 
The high postoperative morbidity can result in prolonged 
hospitalization, high readmission rates, and increased cost 
of care, negatively impacting physical function and quality 
of life (QoL) (2). Therefore, interventions are needed 
to improve the postoperative outcomes of LR further. 
Prehabilitation has become prominent in recent years, 
involving multidisciplinary collaboration to preoperatively 
optimize a patient’s physical, nutritional, and psychological 
aspects (3). This has been shown to bring significant 
benefits to postoperative outcomes, including reduced 
postoperative morbidity, better QoL, shorter length of stay 
(LOS), and reduced healthcare costs (2,4). As such, this 
review aims to explore and synthesize existing literature 
on prehabilitation in LR and its impact on post-operative 
outcomes. We present this article in accordance with the 
Narrative Review reporting checklist (available at https://
cco.amegroups.com/article/view/10.21037/cco-23-102/rc).

Methods

A comprehensive literature search was done on PubMed, 
Scopus, Web of Science, Embase, and CENTRAL from 
inception to July 2023 using the following keywords: 
“liver resection”, “hepatectomy”, “liver surgery”, 
“prehabilitation”, “preoperative exercise”, “preoperative 
conditioning”, “preoperative rehabilitation”, “nutrition”, 
“diet”, “relaxation” and “psychotherapy”. Information 
from relevant articles on the indications for LR, enhanced 
recovery after surgery (ERAS) guidelines, components 
of prehabilitation programs (PPs), and patient factors are 
extracted, with the aim to synthesize existing literature on 
prehabilitation in LR, focusing on the factors that affect 
postoperative outcomes and how the components of PPs can 
aid in improving morbidity and mortality. We also present 

novel components of PPs such as branched-chain amino 
acids (BCAA) supplementation and intraoperative blood cell 
salvage and autotransfusion (IBSA) that are currently being 
trialed. Table 1 summarizes the search strategy used in this 
review.

Indications for LR 

Hepatic resections are performed for myriad indications, 
including benign liver diseases, primary liver malignancies, 
and liver metastases (5). HCC is a common indication 
of LR, and the incidence of HCC is expected to increase 
with diabetes, obesity, and aging. Further, with hepatitis B 
screening initiatives and imaging advances, early diagnosis is 
possible with a corresponding increase in patients amenable 
to LR (4). The use of systemic therapy also improves the 
resectability of initially unresectable tumors (6). Without 
sufficient donor livers for a liver transplant, LR remains 
the first-line curative option (7). Donor hepatectomy is 
a common undertaking and donor patients are healthy 
individuals with normal nutritional status (8).

Factors contributing to postoperative morbidity

Treatment factors

LR is more complex than other abdominal operations, with 
inherent intraoperative risks of bleeding and intraoperative 
fluid shifts. Postoperative complications include pleuro-
pulmonary complications, biliary leak, post hepatectomy 
liver failure (PHLF), acute renal failure (ARF), and death (9). 
Low central venous pressure and hepatic inflow occlusions 
(Pringle’s maneuver) can induce an inflammatory response 
with cytokine and free radical release that causes ischemia-
reperfusion injury and contributes to higher perioperative 
morbidity (10). 

Disease factors

The most common indications for hepatic resection are 
HCC and liver metastases, commonly on a background of 
chronic liver disease, including cirrhosis. These patients are 
more prone to cachexia, frailty, malnutrition, reduced effort 
tolerance, and sarcopenia (11,12). These deficits contribute 
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to postoperative morbidity, mortality, and impact long-term 
survival outcomes. Taura et al. reported a post-LR 5-year 
survival rate of 81%, 54%, and 28% in non-cirrhotic, 
Child-Pugh Class A and Child-Pugh Class B cirrhotics, 
respectively (11). In addition to above factors, recurrence or 
metachronous HCC also contributes to a lower long-term 
survival rate (13).

In malignant conditions, macrovascular invasion (5) is 
associated with a 5-fold risk for 1-year mortality due to a 
high recurrence rate. In the same study, 85% of patients 
who developed ARF passed on, prompting exploration of 
earlier renal interventions for higher-risk patients (13). The 
predictive factors for 90-day mortality post-LR include 
Child-Pugh Class B or C, volume of intraoperative blood 
loss, PHLF according to the 50–50 criteria, and peak serum 
bilirubin of more than 119 μmol/L (14). Independent of LR, 
factors related to the underlying disease are also associated 
with 1-year mortality in HCC patients undergoing curative 
LR. These are Child-Pugh Class B or C, multinodularity, 
macrovascular invasion, ARF, and International Study 
Group of Liver Surgery PHLF criteria (13). Prehabilitation 
may thus improve the outlook for these patients.

Furthermore, excess intra-hepatic fat (IHF), termed 
hepatic steatosis (HS), occurs in up to 40% of LR patients. 
Etiologies include non-alcoholic fatty liver disease 
(NAFLD), competing causes of HS such as chemotherapy, 
and other causes of chronic liver disease. Raised IHF is 
linked to a higher frequency of more severe postoperative 
complications, including organ failure and sepsis. IHF 
above 10% is associated with significantly longer intensive 
care unit and hospital stays (15). Patients with multiple 
co-morbidities and poor functional reserves cannot 
withstand the surgical stress response (16), causing higher 
postoperative morbidity.

Existing measures to improve postoperative 
mortality and morbidity

There are various measures in place to improve post-
operative outcomes. These encompass standardization 
of care provision to reduce variation, centralization of 
services to ensure sufficient case volume of individual 
units, and cautious adoption of technological advances with 
opportunities to improve technical skills by peer mentoring. 
Proper case selection, multidisciplinary team-led decision-
making, benchmarking of outcomes with centers of 
excellence, and regular audits focusing on improved key 
performance indicators are integral pillars of care provision 
that assure good clinical outcomes. This section will discuss 
the core issues of ERAS and prehabilitation initiatives. 

ERAS

ERAS is a multimodal, evidence-based program of care 
employing a multidisciplinary approach to minimize the 
response to surgical stress. It has been implemented in 
major surgery domains, including colorectal, pancreatic, and 
liver surgery, and is associated with improved postoperative 
outcomes and shorter LOS (4,17). Key principles of ERAS 
include preoperative counselling, preoperative nutrition, 
avoidance of perioperative fasting and carbohydrate loading 
up to 2 hours preoperatively, standardized anesthetic and 
analgesic regiments, and early mobilization (18). Improved 
rates of postoperative mobilization in elective major 
hepatopancreatobiliary (HPB) surgery have been shown 
to improve clinical outcomes with potential economic  
gains (19).

In general, prehabilitation complements the preoperative 
aspect of ERAS. ERAS programs emphasize intraoperative 

Table 1 Summary of search strategy

Items Specification

Date of search 31 July 2023

Databases and other sources 
searched

PubMed, Scopus, Web of Science, Embase and CENTRAL

Search terms used “liver resection”; “hepatectomy”; “liver surgery”; “prehabilitation”; “preoperative exercise”; “preoperative 
conditioning”; “preoperative rehabilitation”; “nutrition”; “diet”; “relaxation”; “psychotherapy”

Timeframe Inception of database to July 2023

Inclusion criteria All article types relevant to prehabilitation programs in liver resection were included

Selection process The search and selection of articles were conducted by primary authors E.Q.T., H.P.N.W., J.D.J.W. and 
M.Y.Q.L. These were then reviewed by senior authors Y.F.T. and V.G.S.
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and postoperative care standardization with minimal guidance 
on the preoperative phase. Therefore, prehabilitation 
provides a more comprehensive preoperative strategy (4).

Prehabilitation

With aging populations, technological advances, and 
improved critical care strategies, more high-risk patients are 
eligible for surgical therapy. The increasing number of older 
adults undergoing surgery poses great healthcare challenges 
as they have multiple co-morbidities and greater functional 
decline. Thus, initiating rehabilitation pre-operatively to 
optimize their functional reserves is vital. 

The socio-cultural shift of recovering at home rather than 
in the hospital has fueled the concept of prehabilitation, 
where patients are made stronger before surgery to 
withstand surgical stress better. “Prehabilitation” is an 
intervention administered before an operation, designed 
to prepare the patient for the cardiovascular, pulmonary, 
and metabolic demands of undergoing major abdominal 
surgery and to minimize impairment from underlying 
comorbidities (3). It aims to optimize a patient’s health 
and fitness to facilitate faster postoperative recovery. Most 
studies over the past decade have focused on exercise and 
physical conditioning. Recently, there has been increasing 
interest in comprehensive “trimodal” prehabilitation, which 
involves physical fitness, nutrition, and emotional readiness. 
Other multimodal regimens may include medical risk factor 
optimization or geriatric assessment and intervention (3). 

The success of PPs is multifaceted, with outcomes 
involving mortality, morbidity, resources, and efficacy (4). In 
a study by Strijker et al., postoperative complication rates were 
significantly lower in patients who underwent prehabilitation 
at 37.5% than the control group at 70.2% (20). However, the 
specific benefits of prehabilitation vary between patients 
due to inter-individual variation. Therefore, individualized 
PPs are also of growing interest (3).

PPs now involve multidisciplinary teams, combining 
nutritional, psychological, and behavioral interventions 
with exercise. In addition, PP models vary across places 
of practice (3), which also impacts the effectiveness of 
programs across studies.

Patient factors

Geriatric population

Geriatric patients undergoing LR are more susceptible to 
postoperative complications and mortality. A study by Hao 

et al. on patients 55–73 years old reported complications and 
mortality of 23.9% and 4.8%, respectively, even with minor 
LR (3). This is due to the association of increasing age with 
higher rates of comorbidities, including cardiovascular, 
respiratory and endocrine diseases, making elderly patients 
poor surgical candidates (3). Older adults with frailty are 
also more vulnerable to cognitive, physical, and psychosocial 
problems, and thus postoperative complications and reduced 
survival (4). Even if they do not meet the frailty criteria, 
they can rapidly deteriorate after a major LR when dealing 
with stressors due to lower physiological reserve, depending 
on premorbid function. Further, the ability to rescue, 
defined as the ability of the provider to prevent mortality 
after the development of morbidity, decreases by more than 
a third in older patients (3), making any complication more 
dangerous. 

An older patient requiring LR is more likely to have 
complications related to the primary disease due to a longer 
duration for disease development. Primary HCC often arises 
on a background of cirrhosis, which increases mortality 
and morbidity of a surgery, depending on the extent of  
cirrhosis (11). The clinical success of a major LR relies 
on the ability of the remnant liver to hypertrophy, which 
is also limited greatly by the degree of HS and cirrhosis. 
Malnutrition and protein depletion often coincide with 
cirrhosis, and both predict PHLF, which has mortality rates 
above 90% even with the best possible care. Additionally, 
liver disease has implications of coagulopathy, poor 
nutritional status, adaptive immune dysfunction, cirrhotic 
cardiomyopathy, and renal and pulmonary dysfunction (21).  
Together with other multi-organ effects of cirrhosis, these 
contribute to higher rates of postoperative morbidity and 
mortality. Besides, patients with metastases to the liver 
may have gone through the debilitating effects and liver-
specific toxicity of systemic chemotherapy before LR. The 
resulting sarcopenia is associated with a poor prognosis 
postoperatively with decreased recurrence-free survival 
(RFS) (3). Therefore, the underlying disease also puts 
elderly patients at higher risk post-LR. 

These risks impact the postoperative outcomes of 
geriatric patients, including postoperative functional status. 
This includes the need for permanent or temporary devices 
such as drains or stomas and the ability to return home 
versus the need for rehabilitative or skilled nursing stay (3). 
PPs may thus improve their postoperative outcomes. Firstly, 
PPs may improve the surgical candidacy of older patients, 
allowing more to undergo curative LR. Secondly, PPs 
can reduce the incidence of postoperative complications. 
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Finally, PPs can enable older patients to return to a desired 
QoL (3).

Oncologic population

Oncologic patients with HCC or secondary metastases 
may have HS secondary to obesity, metabolic syndrome, 
or insulin resistance independent of treatment, or 
chemotherapy-associated steatosis (CAS) or chemotherapy-
associated steatohepatitis (CASH). The systemic treatment 
with neoadjuvant chemotherapy spreads beyond the target 
lesions. Some regimens cause changes in the remaining 
healthy liver parenchyma, resulting in steatosis or the 
progression of HS or CAS to CASH (15).

After chemotherapy, it is accepted practice that a 
period of 4–6 weeks (6–8 weeks in patients receiving 
bevacizumab) should precede LR to allow some resolution 
of chemotherapy-induced liver injury to lower the risk 
of postoperative complications. This “washout” period 
is perfect for PPs to optimize the patient’s physiology. 
this modifiable risk factor without much delay in the 
surgery. Indocyanine green (ICG) clearance reduces after 
chemotherapy, suggesting some functional liver impairment. 
This can lead to higher morbidity and PHLF (15). ICG 
retention above 15% after 15 minutes is a contraindication 
for major LR due to the risk of PHLF (22) with 10% being 
a safe cut-off (22). This thus further pushes for enrolling 
oncologic patients into PPs.

Another benefit of reducing IHF is that interventions, 
including dietary modifications and weight loss help 
optimize any underlying metabolic syndrome. This can 
improve postoperative outcomes, as metabolic syndrome 
puts patients at higher risk of surgical site infection, re-
intubation, longer ventilation requirements, and overall 
cardiorespiratory complications. In some patient cohorts, 
metabolic syndrome may be a confounding variable 
inseparable from IHF (15).

Preoperative assessment

Assessing whether a patient is a good surgical candidate and 
predicting postoperative morbidity risk can help modify 
the care delivery to improve postoperative outcomes. 
Several established generalized risk stratification tools 
include the American Society of Anesthesiology Physical 
Status and Physiological and Operative Severity Score in 
the enUmeration of Mortality and Morbidity (POSSUM). 
However, they have limited validation in major HPB 

surgery and are cumbersome for routine clinical use (23). 
Therefore, other assessment methods are used instead.

Physical fitness

An objective evaluation of physical fitness before surgery 
is crucial due to its impact on postoperative recovery. 
Cardiopulmonary exercise testing (CPET) is the gold 
standard to determine aerobic fitness. It is a maximal 
exercise stress test that measures variables including VO2max 

and anaerobic threshold (AT). VO2max is one’s maximum 
capacity to use oxygen during incremental exercise, 
reflecting physical fitness. AT refers to the level of oxygen 
consumption beyond which aerobic energy production 
is supplemented by anaerobic mechanisms, causing 
sustained increase in lactate and metabolic acidosis (24). A 
low AT below 11 mL/min/kg is associated with elevated 
risk of cardiopulmonary complications (25), making LR 
contraindicated. However, CPET is not routinely used in 
clinical practice as it requires high expertise and extensive 
equipment. 

The six-minute walk test (6MWT) is a submaximal test 
commonly used in older adults to estimate VO2max (3). The 
6MWT is a simple, safe and inexpensive test that can be 
used even in patients with cardiopulmonary diseases (26).  
Patients walk a predetermined course at their own pace 
for 6 min, and the distance is measured (27). Major 
postoperative complications after HPB surgeries can be 
predicted by low preoperative 6MWT. In patients who 
walked less than 400 m, the incidence rate of Clavien-
Dindo grade ≥3 complications is significantly higher at 81% 
than those with 6MWT of at least 400 m, at 34% (27).

Handgrip strength (HGS) assessed using a handheld 
dynamometer is a surrogate marker of overall muscular 
strength. It is a low-cost, quick, and non-invasive method 
in determining the maximal voluntary force of the hand. 
HGS may be a viable alternative to CPET in immobile 
patients (28). It reflects the patient’s muscle strength and 
lean body mass, and can indicate frailty, malnutrition and 
cardiopulmonary or metabolic diseases (28). However, 
HGS has a limited and inconsistent role in major elective 
hepatobiliary surgery. A trial by Chan et al. did not find a 
statistically significant difference in postoperative morbidity 
in patients with poor preoperative HGS, although LOS 
was more than 21 days (23). Many contributing factors can 
affect LOS; long LOS is not necessarily attributed to poor 
HGS alone. These factors include poor nutritional and 
functional status, cognitive impairment, comorbidities, and 
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admission diagnosis (23).

Nutritional status

Nutritional risk screening plays a vital role in preoperative 
optimization before liver surgery. It helps identify patients 
at risk of malnutrition and guides nutritional interventions 
to optimize their nutritional status before surgery. Besides 
body mass index and weight, a wide range of nutritional 
screening tools have been validated, including prognostic 
nutritional index (PNI) (29), controlling nutritional status 
(CONUT) score (30), European Society for Clinical 
Nutrition and Metabolism (ESPEN) malnutrition criteria (31) 
and Malnutrition Universal Screening Tool (MUST) (3). 
Poor nutritional status determined by these scores correlate 
with postoperative complications, decreased survival and 
shorter RFS.

After screening, proper nutritional assessment provides 
valuable information about patients’ dietary intake, 
nutritional deficiencies, and overall health, allowing 
healthcare professionals to develop individualized 
nutrition plans (32). Traditionally, serum albumin level 
alone was used as a surrogate marker for preoperative 
nutritional assessment. However, it is confounded by 
active inflammation and comorbidities such as liver or 
renal disease. Like HGS, lower serum albumin levels are 
associated with LOS longer than 21 days but do not result in 
statistically significantly higher postoperative morbidity (23). 
Henceforth, Mini Nutritional Assessment, a comprehensive 
nutritional assessment is available as an alternative. 
Physical fitness tests and anthropometric measurements of 
muscle mass and body composition may also be surrogate  
markers (3) to guide preoperative nutritional interventions. 

PNI
PNI, first developed by Buzby et al., is based on serum 
albumin and circulating peripheral blood lymphocyte  
count (33). According to Pinato et al., PNI is a reliable 
predictor of prognosis for HCC patients after curative 
hepatectomy (34). In addition, a retrospective cohort 

study and meta-analysis by Fan et al. demonstrated that 
preoperative PNI is an independent prognostic factor 
for overall survival and RFS in HCC patients receiving 
hepatectomy (29), showing the role of PNI in LR patients.

CONUT score
CONUT score is a nutritional screening tool created by 
Ignacio de Ulíbarri et al. (35). The score was derived using 
serum albumin concentrations, peripheral lymphocyte 
counts, and total cholesterol concentrations (35). It is an 
independent prognostic factor in patients with chronic or 
malignant disorders such as end-stage liver disease (30,36). 
It is also associated with postoperative major complications 
and hepatic functional reserve in patients undergoing 
hepatectomy for HCC (30), and can be used for assessing 
nutritional status.

ESPEN malnutrition criteria
Malnutrition can be diagnosed based on the 2015 ESPEN 
criteria (31), if patients satisfy at least one of the following 
criteria (Table 2). Fukami et al. investigated the utility of 
the ESPEN malnutrition criteria in LR patients and found 
that it is independently associated with major postoperative 
complications (37).

Psychosocial needs

Assessing a patient’s psychosocial needs before an 
intervention enhances discharge readiness by promoting 
mental readiness and setting postoperative expectations. 
This may also identify the patient’s socioeconomic needs, 
which can affect the LOS, discharge destination and 
readmission rates. Assessment for any anxiety, depression 
and sense of self-efficacy (3) has benefits too. Metrics 
include the Hospital Anxiety and Depression Scale score, 
where a score of more than 15 puts patients at risk (20).

Geriatric needs

Frailty is correlated with worse overall survival and RFS (3). 

Table 2 European Society for Clinical Nutrition and Metabolism malnutrition criteria

Body mass index <18.5 kg/m2

Unintentional weight loss >5% over the past 3–6 months combined with body mass index <20 kg/m2 if age <70 years or <22.0 kg/m2 if 
age ≥70 years

Unintentional weight loss combined with fat-free mass index <15.0 kg/m2 for women or <17.0 kg/m2 for men

Patients who satisfy ≥1 criteria are malnourished.
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Therefore, identifying frailty may be a key for LR patients, 
as multimodal prehabilitation may be able to reverse the 
frailty phenotype (3), especially among geriatric patients. 
The Fried frailty phenotype criteria (38) or Clinical Frailty 
Scale (39) can predict death, disability and longer LOS in 
older patients undergoing non-cardiac surgery. The Clinical 
Frailty Scale is a judgement-based frailty tool evaluating 
specific domains including comorbidity, function, and 
cognition to generate a score ranging from 1 (very fit) to 9 
(terminally ill) (39). 

Disease status

For a patient undergoing LR, an assessment of the 
severity of the underlying liver disease helps reduce the 
risk of PHLF. Investigation modalities include laboratory 
evaluation and cross-sectional imaging. Laboratory values 
can help calculate the Child-Turcotte-Pugh and Model 
for End-Stage Liver Disease scores, which have predictive 
value, informing the required size of liver remnant and 
acting as a surrogate measure of residual liver function. 
Imaging can be repeated in 2–8 weeks to assess the rate 
of hypertrophy and the volume of functional liver (3) to 
predict patient outcomes.

To quantify IHF, preoperative histological assessment 
involves a liver biopsy. However, this is associated with 
morbidity and inaccuracy secondary to heterogenous fat 
deposition. Advances in magnetic resonance (MR) imaging 
techniques have allowed MR spectroscopy (MRS) and 
chemical shift MR (CS-MR) to be used to quantify hepatic 
fat. MRS is the gold standard for radiological assessment of 
IHF but is largely limited to the research arena. CS-MR, 
however, can be used clinically to assess IHF reliably. Since 
patients routinely have preoperative MR scans to measure 
tumor size and number, an additional CS-MR sequence is 
feasible and does not add much burden to the patient (15).

After LR, synthetic liver function is a key determinant of 
postoperative outcomes. Some modes of assessment include 
ICG to detect functional changes with CAS or CASH and 
to assess improvement after cessation of chemotherapy. 
The LiMAX (maximum liver function capacity) test which 
measures the breakdown of 13C-methacin, can also track 
changes in function post-chemotherapy. ICG clearance 
testing and LiMAX are simple, safe, and can be performed 
in the clinic or at the bedside. Limitations of ICG clearance 
testing include dependence on adequate hepatic perfusion, 
reduced accuracy in hyperbilirubinemia and greater ability 
to detect mild chemotherapy-induced injuries. Some 

of these can be overcome by LiMAX, causing it to be 
regarded as a superior mode of assessment, but its use is not 
widespread yet. Contrast Enhanced MR (CE-MR) using 
gadolinium ethoxybenzyl diethylenetriamine penta-acetic 
acid (Gd-EOB-DPTA) is another way to assess regional and 
global liver function as its uptake is greatly affected by liver 
function (15).

Prognostic scoring systems

Risk prediction models and scoring systems for morbidity 
rates following LR are useful for the overall screening of 
a patient for surgical candidacy. Based on the predicted 
outcomes, targeted interventions such as prehabilitation can 
be conducted to improve LR outcomes. 

The POSSUM score is an 18-variable system to predict 
mortality and morbidity in general surgery. Based on 
numerous factors, it generates a physiology score, operative 
severity score, predicting the morbidity and mortality 
percentage scores. Another model is the American College 
of Surgeons-National Surgical Quality Improvement 
Program (ACS-NSQIP) risk calculator, a 21-variable 
system estimating percentage risk of 30-day postoperative 
outcomes, and the chance of each complication happening. 
Madhavan et al. found that ACS-NSQIP has better 
discriminatory power, calibration and performance than 
POSSUM (40). 

A systemic inflammatory response is associated with 
poor survival in oncologic patients. Therefore, preoperative 
inflammation-based scores can be used to predict post-
LR outcomes. These include Glasgow Prognostic Score 
(GPS), neutrophil-to-lymphocyte ratio (NLR), platelet-to-
lymphocyte ratio (PLR) (41) and PNI (42). Specifically, an 
elevated preoperative combined NLR-PLR score predicts 
overall and recurrence-free survival following curative LR 
for HCC. Further, these are easy to calculate from routine 
biochemical tests and are inexpensive (1), making them 
convenient for clinical practice.

Components of PPs

Physical exercise

Physically fitter patients have lower mortality, morbidity and 
shortened LOS post major surgeries (43,44), highlighting 
the importance of physical exercise. Physical prehabilitation 
has been shown to enhance cell energy supply for improved 
function and increased potency of liver regeneration 
(2,45). Conversely, patients with poor aerobic fitness pre-
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operatively have increased risk of adverse outcomes in 
HPB surgery (27,43). In this section, we present literature 
to assess the effects of physical prehabilitation on patients 
undergoing LR.

Dunne et al. studied intensive physical exercise in one 
month preoperatively, including 30 minutes to an hour of 
interval training between moderate and vigorous intensity at 
above 60% VO2 max at peak exercise on a cycle ergometer. 
With a cohort of 38 patients randomized into 2 separate 
prehabilitation arms, the exercise prehabilitation arm saw 
improved peak VO2, heart rate reserve and oxygen pulse. 
There was also an increased score in health-related patient 
reported outcomes, such as QoL as measured by the Short 
Form Health Survey 36. Notably, a handful of patients 
initially deemed high-risk preoperatively due to limited 
cardiovascular reserves were eventually modulated to non-
high risk after prehabilitation (46). This supports the view 
that physical prehabilitation not only improves the objective 
chances of a successful postoperative period, but it can also 
improve patients’ subjective satisfaction.

Wang et al. also studied PPs in patients undergoing 
elective LR. This program involved a physiotherapist 
review that educated patients on deep breathing exercises 
with an incentive spirometer 4 times a day, an emphasis 
on postoperative early mobilization and individualized 
exercise program consisting of lower limb strengthening 
exercises and a walking program lasting 30 minutes per 
session, 5 times per week. This is alongside dietitian 
advice and frequent review on social setups, caregiver 
concerns and mental readiness by a dedicated case manager. 
Of the 104 patients enrolled and analyzed, there was a 
significantly lower incidence of complications (30% versus 
52.9%, P=0.02) and reduced severity of postoperative 
complications. Fewer patients in the prehabilitation arm 
faced postoperative social issues that may prolong stay and 
delay discharge, including functional independence for 
daily living activities. Although not statistically significant, 
LOS was also shorter in the prehabilitation group (6 versus 
8.5 days). Overall QoL also improved, and there was a net 
numerical decrease in cost to the patients of up to 16.5% (2). 
Though not randomized and only included a small sample, 
it sets a strong precedent for future studies that aim to 
prove positive outcomes from prehabilitation.

Kaibori et al. (47) studied solely the outcomes of diet 
therapy with or without exercise therapy in HCC patients 
undergoing hepatectomy. With a bicycle ergometer, an 
individualized exercise program was tailored for each 

patient consisting of three 60-min exercise sessions per 
week a month before the operation. In the 51 patients 
analyzed, lower whole-body and fat mass were reduced 
6 months postoperatively. Fasting serum insulin was 
significantly lower in high-frequency exercise subgroups, 
indicating reduced insulin resistance. Physical exercise in 
prehabilitation thus has encouraging results with benefits in 
various areas such as cardiovascular and metabolic health. 

Nutritional supplementation

After nutritional assessments are performed, a plan to 
optimize the nutritional status of patients is formulated. 
Firstly, any nutritional deficiency is replaced with nutritional 
supplements or feeding. Secondly, dieticians work with 
patients to establish daily nutritional goals through patient 
education and nutritional counselling. Additional resources 
are provided for patients to read at the end of each session. 
Furthermore, where patients cannot meet their nutritional 
needs through regular food intake alone, dieticians can also 
prescribe oral nutritional supplements, which help bridge 
nutrient gaps and improve overall nutritional status (2). It is 
also important to identify and correct barriers to adequate 
food intake in patients identified as malnourished from 
screening. These patients may benefit from individualized 
dietary plans, including fortified food, high protein foods 
and parenteral nutrition (48).

LR itself may lead to metabolic disturbances such as in 
glucose homeostasis, leading to the development of insulin 
resistance postoperatively (49). This is associated with 
increased postoperative complications, such as infections, 
renal failure, and mortality (50). Blixt et al. found optimal 
glucose during surgery can reduce postoperative insulin 
resistance (51). Hence, maintaining optimal glycemic 
control preoperatively through a balanced diet and 
medications (if required), and regular monitoring is crucial 
for patients with diabetes or impaired glucose tolerance.

Certain specialized enteral formulas enriched with 
specific nutrients have been linked with better surgical 
outcomes. These nutrients, such as arginine, omega-3 
fatty acids and others,  modulate the immune and 
metabolic response to stress and reduce postoperative 
complications (52). A meta-analysis by Wong et al. showed 
that immunonutrition administration significantly reduces 
postoperative wound infection and LOS (53). Therefore, 
incorporating immunonutrition into PPs may provide 
additional benefits. 
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Psychological support

Psychological interventions in prehabilitation for LR 
should be used as an adjunct to other strategies. Specific 
strategies include psychosocial assessments and medical 
social workers’ advance care planning (54). It has been 
shown that when psychosocial assessments and advance care 
planning are used in combination with exercise and diet-
based approaches, there is an improvement in frailty. These 
psychosocial assessments use a combination of Montreal 
Cognitive Assessments, Charlson comorbidity index, 
Patient Health Questionnaire-2 and 9 which measures 
depressed mood and anhedonia, and CAGE questionnaire 
for substance abuse (54). This is based on Fried’s frailty 
index (P<0.0001) which could have long term prognostic 
value on eventual patient clinical outcomes. Other strategies 
like music therapy (55) or progressive relaxation exercises 
may have a role (56). Music therapy can be further split into 
two approaches, emotional versus active, based on coping 
methods. The emotional approach is less proven, with the 
main effects only in improving positive affects while the 
active approach has been proven to reduce pain, stress, 
and anxiety (55). Progressive relaxation exercises of at least 
25 min can also reduce fatigue severity scores, respiratory 
rates, blood pressure and pulse rates and improve oxygen 
saturation levels (all indices P<0.001). These can improve 
preoperative physical status, potentially improving surgical 
outcomes (56). PP may confer psychological benefits which 
can improve psychological, emotional and social functioning 
and overall QoL in cancer patients (20).

Newer components

Newer “atypical” measures are currently being trialed. 
These include improving fluid balance, avoidance of 
epidural analgesia, phosphate correction, perioperative 
steroid use, elastomeric pump delivered continuous 
infusion of local anesthetics agents in intermuscular plane, 
IBSA, BCAA supplementation, and acute normovolemic  
dilution (57).

Fluid balance
Optimizing the fluid balance can improve surgical outcomes 
by improving end organ perfusion. Fluid overload is 
associated with ileus and delayed recovery of gastrointestinal 
function, whereas fluid underload can trigger acute kidney 
injury. Thus, fluid stewardship initiatives are integral to 
postoperative care of LR patients. Active attention to 

perioperative fluids has been shown to reduce mortality to 
3.8%, blood loss to a median number of blood transfusions 
of two or less, and preserves renal function with only 3% 
showing a significant increase in creatinine values (58).

Elastomeric pump for delivering anesthetics
Epidural analgesia may increase the risk of blood transfusion 
due to excessive fluid infusion secondary to hypotension 
from peripheral vasodilation. In a review of 367 patients, 
there was an odds ratio of 3.67 for increased risk of blood 
transfusions (P<0.001) (57). In TTSH, “triple therapy” 
analgesia is used—intravenous paracetamol, patient-
controlled analgesia with either morphine or fentanyl bolus, 
and continuous infusion of anaesthetic agents, such as 
bupivacaine or ropivacaine with the elastomeric pump via 
the catheters placed intraoperatively in abdominal muscle 
layers (19). In patients with major LR and postoperative 
liver dysfunction, paracetamol is omitted or dose-adjusted.

Intraoperative salvage and autotransfusion and acute 
normovolemic dilution
LR and liver transplantation procedures are associated 
with high blood loss intraoperatively. Although lifesaving, 
allogeneic blood transfusions are linked to significant 
morbidity, with increased rates of complications. As 
such, IBSA can potentially reduce overall blood loss, 
while avoiding the adverse effects of allogeneic blood  
transfusion (59). Acute normovolemic dilution. involves 
hemodilution of the anticipated blood loss before the 
operation. This leads to lower red blood cells lost per blood 
volume during the surgery and has been associated with 
lower intraoperative transfusions (1.6% vs. 10.4%) (60). 
However, the utility of this approach is limited unless it hits 
a sizable amount of blood loss and is not commonly used in 
hepatic surgery. 

Perioperative steroid administration
Given the potent ia l ly  detr imental  e f fects  of  the 
inflammatory response post-LR, perioperative steroid 
administration has gained interest. This may promote 
recovery of liver function and inhibit the inflammatory 
response without increasing complications. However, 
current study findings are inconsistent regarding whether 
this reduces morbidity. A caveat to this is that IL-6 response 
is pivotal in postoperative hepatic regeneration, and 
attenuation of the IL-6 response with perioperative steroids 
may be harmful instead (10). More evidence is necessary 
before strong recommendations can be made. 
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Phosphate correction
Post-hepatectomy hypophosphatemia (PHH) has an 
incidence of 55.5% to 100%. The pathophysiology of 
this is due to the rapid uptake of phosphate for liver 
regeneration with concurrent increased urinary excretion of  
phosphorus (61). A retrospective cohort study by Squires 
et al. found that higher serum phosphate levels post-
hepatectomy from postoperative day 2 onwards were 
associated with hepatic insufficiency, mortality, and major 
complications. Hence, PHH suggests hepatic regeneration 
and is a predictor of good outcomes in hepatectomy (62). 
Conversely, if left untreated, PHH may also result in other 
postoperative complications like altered mental status, 
seizures, heart failure, muscle pain and weakness (63). 
George et al. showed that severe PHH was associated with 
cardiorespiratory and infection complications, and early 
replacement of the phosphate imbalance can minimize these 
complications (64). Despite the consequences of PHH, 
there is no standardized phosphate replacement regime. 
PHH should be corrected based on the extent of the 
hypophosphatemia, as overzealous replacement may result 
in hyperphosphatemia (61). 

BCAA supplementation
BCAA administrat ion inf luences cel lular  glucose 
metabolism, amino acid transport, protein turnover, gene 
expression and mitochondrial biogenesis. BCAA is also 
one of the markers of protein synthesis in liver disease, 
and plasma BCAA levels are reduced post LR. As such, 
preoperative BCAA supplementation can prevent ascites 
and pleural effusion by maintaining osmotic pressure 
and improving albumin metabolism, reducing the risk 
of complications and LOS (65). It is a possible area for 
exploration in PPs.

Overall benefits of PPs

A prospective study in a single hospital comparing patients 
who underwent PP versus the standard care plan reported 
an overall improvement in QoL in the PP group. PP 
reduced the LOS, morbidity, hospitalization bills, social 
issues, and improved social well-being. A multidisciplinary 
PP was useful in identifying problems and intervening 
promptly before the surgery. There was also increased 
postoperative positive behavior, with patients being 
more cooperative and proactive in early mobilization 
and breathing exercises. Notably, PP also changed the 
traditional belief regarding needing prolonged bed rest after 

a major surgery (2).
Many PPs now employ a multi-pronged approach 

to prepare patients for LR, usually comprising of a 
combination of one or more components including physical 
exercise, nutritional supplementation, psychological support 
as well as more novel techniques that are being explored 
as described above. These measures aim to optimize LR 
patients for better postoperative outcomes. The various 
components of PPs are summarized in Figure 1.

Recovery of Surgery in Elderly (ROSE) program 
at Tan Tock Seng Hospital (TTSH)

The ROSE program was initiated in 2018, to intensively 
prepare frail older adults above 65 years old before major 
colorectal and HPB surgeries. It is a multi-disciplinary 
approach, involving physiotherapists for exercise, Geriatric 
Surgical Service for medical optimization and dietician review 
for nutritional intervention. The PP can be done either as an 
outpatient or inpatient. Outpatient prehabilitation is done 
for patients planned for elective LR with at least 2 weeks of 
buffer time. On the other hand, inpatient prehabilitation is 
reserved for patients newly diagnosed with HCC on hospital 
admission and pending medical investigations, who cannot 
otherwise do their prehabilitation as outpatients.

The TTSH Nutrition Screening Tool was developed 
locally and validated against subjective global assessment. It 
accurately predicts the risk of malnutrition, which predicts 
6-month mortality and LOS (66). Patients are selected 
based on risk prediction models, maximizing resources. 
These patients are seen by a multidisciplinary team of 
health professionals, including a dietician, physiotherapist, 
nurse, geriatric surgery service, financial counselor, 
anesthesiologist, and case manager (4). 

Challenges of PPs

The three main hurdles to successfully implementing PPs 
are delaying surgery, patient compliance, and resource 
constraints. Delaying surgery to complete a PP may not be 
optimal for cancer patients as disease may progress (27).  
Some patients deemed poor surgical candidates are 
scheduled to be re-evaluated for candidacy after 
prehabilitation. Patients may perceive this as a delay in 
treatment, resulting in anxiety (3). In-hospital supervised 
PP ensures compliance but is resource intensive, and 
patients may not want to spend time away from family 
members. Home-based PP may mitigate the drawback of 
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supervised in-hospital PP to some extent (67). However, 
a home-based PP may lack compliance and thus reduce 
the beneficial effect. Compliance may be improved with 
close follow-up such as frequent phone calls and a diary 
requirement (3). PPs are resource- and system-dependent. 
For instance, geriatric assessments require the time for 
specialist evaluation and necessary resources (3). Resources 
are finite, and expending resources on one initiative leaves 
a lacuna somewhere else (19). PPs may also incur indirect 
patient costs, such as traveling to and from hospitals (68).

Future directions

Future research should focus on further elucidating specific 
nutritional requirements, exploring novel interventions such 
as personalized diets and nutrigenomics, and evaluating the 
impact of PP on postoperative QoL and socio-economic 
outcomes (19). Fluid management is not a prominent 
feature of PP. Excessive fluid intake before LR may increase 
blood loss. Point-of-care ultrasonography (POCUS) can 

be used in selected patients to evaluate fluid status and 
any cardiovascular complications (69). This provides some 
insight into the underlying liver disease severity, and the 
suitability of the patient for LR, allowing tailored fluid 
management. More evidence is needed. Translating clinical 
innovations into practice takes 17 to 20 years, with less 
than half making it into widespread use (70). Therefore, 
understanding of implementation science may be crucial to 
increase the uptake of PPs. 

Conclusions

Prehabilitation is important in optimizing patients before 
LR and is key in improving postoperative outcomes. Several 
prehabilitation strategies exist, but no formal consensus 
exists on patient selection and an ideal program.
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