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Abstract

Ageing population of first world economies pose unique challenges to surgical community. Enhanced recovery after 
surgery protocols and pathways do not attempt to optimize or enhance physical function of patients by customized 
program of physical activity. Increasingly, prehabilitation programs (PP) have gained momentum in orthopaedics, 
urology, colorectal surgery and hepatopancreaticobiliary surgery. Current evidence of PP in various elective surgical 
procedures have shown improved outcomes with minimal to none drawback or harm. There is emerging evidence of 
role of PP in elective liver resection. The aim of this paper is to review the basis of PP and share local multidisciplinary 
team protocol specifically customized to frail and elderly population - Recovery Of Surgery in Elderly. 
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INTRODUCTION 
Liver is the largest solid intra-abdominal organ and common site for primary and metastatic cancers. The 
most common liver malignancy is secondary from gastrointestinal tract with colorectal liver metastasis 
being the commonest. Hepatocellular carcinoma is the most common primary liver cancer and fifth most 
common cancer worldwide[1]. Hepatocellular carcinoma occurs in elderly population and the incidence is 
expected to rise with epidemic of diabesity as well as ageing population. With increased participation in 
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screening programs for Hepatitis B, increasing awareness and advances in imaging technology facilitating 
early diagnosis, surgery has an increasing role in management of hepatocellular carcinoma. Age-related 
comorbidities increase operative morbidity and impacts peri-operative outcomes. Enhanced recovery 
after surgery (ERAS) programs emphasize on intra-operative and post-operative care standardization 
with minimal guidance on pre-operative phase except nutritional optimization and carbohydrate loading. 
Pre-operative phase provides an opportunity for surgeons to optimize patients to meet up for impending 
physiologic stress imposed by surgery. In this paper, we discuss the role of prehabilitation program in 
elderly patients scheduled for liver resection and also discuss the current protocol of Recovery Of Surgery 
in Elderly (ROSE) program. 

AGEING
Along with greying of hair, development of cataracts, degenerative bone disorders and declining cognition, 
ageing leads to a myriad of other physiologic changes in organ systems. Atherosclerosis, hypertension and 
decreased cardiac output are noted in the cardiovascular systems. Impaired gas exchange, reduction in 
vital capacity and reduced expiratory flow rates are noted in pulmonary system. Furthermore, decline in 
lean body mass, createnine clearance reduction, hepatic drug metabolism impairment and gastrointestinal 
motility reduction are noted. This functional and metabolic alteration is compounded with polypharmacy 
for managing chronic illnesses. Figure 1 shows age related physiologic changes in organ systems. Frailty 
and sarcopenia are common in elderly too[2].

FRAILTY AND SARCOPENIA
Frailty is a pre-disability syndrome in the elderly when exposed to stressors with increased risk of disability 
or need for hospitalization. The European Working Group on Sarcopenia in Older People has defined 
sarcopenia as progressive, generalized loss of skeletal mass with associated functional losses[3]. Low skeletal 
muscle mass[4] and low functional capacity[5] associated with sarcopenia lead to increased post-operative 
complications as well as reduced long term survival. As such the elderly are vulnerable, especially when 
faced with peri-operative stress. Morley et al.[6], reported that sarcopenia and frailty are closely linked to 
ageing. They reported decreased hand grip strength, walking speed and weight in the elderly and concluded 
lack of muscle usage as one of the reasons which impacts outcomes. Prehabilitation aims to mitigate the 
drawbacks of frailty. 

PREHABILITATION
Rehabilitation is integrated in routine clinical medicine. It focuses on recovery following a surgical stressor. 
Prehabilitation is defined as the process of augmenting functional capacity before surgery with aim of 
reducing post-operative morbidity and/or mortality. This is done through a personalized regimen of 
aerobic, functional and strength training. It aims to optimize pre-operative functional cardiorespiratory 
and nutritional reserves. As the scope of prehabilitation overlaps with concept of rehabilitation and 
rehabilitation is integral to orthopaedic surgery, orthopaedic teams were early adopters of prehabilitation[7]. 
Rooks et al.[8] reported 108 patients scheduled for total hip arthroplasty and total knee arthroplasty 
and showed improvements in preoperative and post-operative muscle strength and reduced need for 
inpatient rehabilitation. In a systemic review by Coudeyre et al.[7], prehabilitation contributed to reduced 
hospitalization and improved discharge conditions in patients with total hip arthroplasty and total knee 
arthroplasty. A pilot randomized study including 30 elderly patients above 65 years old undergoing total hip 
arthroplasty showed that home based physical therapy was feasible to implement and it improved 6-min 
walk test[9] as compared to standard care. Prehabilitation is also implemented in urology and colorectal 
surgery. Au et al.[10] reported increased inpatient physical activity on post-operative day 1 in patients 
undergoing radical prostatectomy. A randomized controlled trial by Painter et al.[11] included 167 patients 
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undergoing renal transplant and showed improved graft function, aerobic fitness, quality of life and patient 
reported physical functionality. Similar reports were also found in reviews of patients undergoing renal 
transplant[12,13]. Mayo et al.[14] reported 95 patients with colorectal resections and showed increased functional 
outcomes such as in the 6-min walking test in 33% of patients. A recent meta-analysis by Gillis et al.[15] 
also showed that prehabilitation could reduce post-operative admissions by two days in patients who 
underwent colorectal surgery. A systemic review by Cabilan et al.[16], included 13 orthopedic, one 
colorectal, two cardiac and one foregut study. Prehabilitation did not demonstrate benefits in objective and 
self-reported function or reduction in inpatient rehabilitation admission. Some studies include cognitive 
behavioral therapy in addition to prehabilitation and this introduces heterogeneity[17]. As such, more studies 
are needed to establish the role of prehabilitation and define patient selection criteria. Prehabilitation 
should be personalized based on various factors such as: (1) surgery: type, duration, expected blood loss, 
predicted morbidity and mortality; (2) patient factors: age, frailty, sarcopenia, co-morbidity, caregiver 
support; and (3) pathology: malignancy, burden of disease, malnutrition, cachexia, emotional impact.

PREHABILITATION IN HEPATO-PANCREATICO-BILIARY SURGERY
Hepato-pancreatico-biliary surgery is complex and many units have adopted prehabilitation. In a local 
study[18] including 245 patients with liver resection the post-operative morbidity, 30-day mortality and 90-day 
mortality was 38.3%, 2.4% and 3.7% respectively. In a local study[19] including 196 patients with pancreatic 
resection, the rate of grade B and C post-operative pancreatic fistula, 30-day mortality and 90-day mortality 
was 5.1%, 0.5% and 2%, respectively. Prehabilitation has potential to improve peri-operative outcomes. 
In a propensity-score matched study including 76 patients undergoing major hepato-pancreatico-biliary 
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surgery, Nakajima et al.[20] reported improvements in serum albumin levels and reduction in hospital stay 
length but no difference in complication rates. Low serum albumin is associated with increased morbidity in 
elective and emergency procedures[21]. In 40 patients undergoing pancreaticoduodenectomy, Ausania et al.[22] 
reported improvement in delayed gastric emptying but not in post-operative complications such as post-
operative pancreatic fistula. Most studies do not report significant negative outcomes even though some 
trials fail to demonstrate benefit. 

Outcomes of success of prehabilitation program are multifaceted: (1) mortality/morbidity related outcomes: 
disease progression during prehabilitation, infectious morbidity during prehabilitation; (2) resource 
related outcomes: total cost of care, value driven outcomes; and (3) efficacy related outcomes: length of 
stay, admission to rehabilitation unit, morbidity/mortality post operatively, long term disease progression, 
acceptance of chemotherapy and adjunct therapy post operatively.

Most trials report clinical outcomes through careful patient selection and elimination of emergent 
cases and those in need of urgent intervention. Janssen et al.[23] has reported single centre uncontrolled 
before and after study including 627 patients aged 70 years and older and undergoing elective abdominal 
surgery for colorectal carcinoma or aortic aneurysm. The prehabilitation group received interventions to 
improve patients’ physical health, nutritional status, frailty and anaemia prior to surgery. With a mean 
prehabilitation of 39 days duration, they showed that the incidence of delirium was reduced significantly 
from 11.7% to 8.2% (OR = 0.56, 95%CI: 0.32-0.98, P = 0.043). Some studies such as that by Nielsen et al.[24] 
report that even though intervention costs increase, overall costs reduce by about 15%; however, this 
remains to be validated for liver resection. 

Prehabilitation has also shown improved outcomes in patients with liver resection. For most of these 
patients the effects of ageing are compounded by ongoing cirrhosis and oncological burden. A prospective 
study including 104 patients treated with elective liver resection showed reduced overall complication rates 
by up to 22.9% and median length of hospital stay by 2.5 days less[25]. The authors also highlighted social 
benefits of prehabilitation. These included less social issues that may delay discharge, increased quality 
of life and reduced median cost by up to 16.5%[25]. Though this study was not randomized and included 
small sample, it sets the precedent for positive outcomes of prehabilitation. Another trial by Dunne et al.[26] 
on 35 randomized patients undergoing liver resection for colorectal liver metastases, reported significant 
preoperative score increase in both mental and physical aspects of the Short Form Health Survey 36. 
This supports the idea of both quality of life and physical fitness improvement due to prehabilitation. In 
a review by Tandon et al.[27], elderly patients with cirrhosis have shown improvements in muscle mass, 
strength and functional capacity. They have also reported reduction in hepatic venous gradient and hepatic 
steatosis. These results were replicated in a review by Locklear et al.[28] which showed such decreases in 
hepatic venous gradient and increased scores on 6-min walk tests for patients with end stage liver disease. 
Prehabilitation includes components of ERAS and more comprehensive preoperative strategy. ERAS 
has shown lower major complication rates and reduced cost in patients undergoing liver resection[29]. A 
systemic review on ERAS application in liver surgery by Brustia et al.[30] suggests positive outcomes such as 
reduced time taken for functional recovery by 2.5 days. Similar to ERAS, the American College of Surgeons 
have implemented a program called strong for surgery[31], which is aimed at identifying and evaluating 
evidence-based practices to optimize the health of patients before surgery. It includes optimisation of 
nutrition, smoking cessation, pain control and prehabilitation. We have started ROSE program at Tan Tock 
Seng Hospital, Singapore to improve outcomes of elderly patients undergoing elective liver resection. In 
this paper we shall discuss our protocol of implementation of ROSE program.

ROSE
In Singapore, a population health strategy is designed to meet evolving healthcare needs for ageing society 
and “future ready”. National Healthcare Group is the central cluster serving a population of 1.4 million 
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and embraces the concept of “River of Life”. This defines five segments of care - Living Well, Living with 
Illness, Crisis and Complex Care, Living with Frailty and Leaving Well - rooted by strong partnerships 
amongst care providers. Six population care streams feed into “River of Life” - Preventive Care, Primary 
Care, Hospital Care, Intermediate Care, Transitional and Community Care, End-of-Life and Long-Term 
Care. With the increasing burden of chronic diseases, primary care will take on an even bigger role in the 
community. Though there are reports of safe surgery with acceptable outcomes in elderly as compared 
to non-elderly[32,33]; elderly do have additional needs to ensure comparable outcomes. Hence, additional 
resources have to be invested to achieve good outcomes. ROSE program was initiated in 2018 by a 
multidisciplinary group of healthcare professionals who recognized the need for our elderly patients to be 
optimized prior to major abdominal oncology surgery. It aims to identify elderly (> 65 years old) and frail 
patients and our discussion in this chapter is relevant to elective liver resection. 

CURRENT IMPLEMENTATION OF ROSE
Target population
Not all elderly patients are the same and hence patient selection is essential to streamline the resources. 
One method of patient selection is by virtue of risk prediction. Various risk prediction models are reported in 
diverse pathologies and surgeries to enhance resource allocation[18,34,35]. A prospective study on 162 patients 
undergoing hepatopancreaticobiliary surgery by van der Windt et al.[36], showed that scoring systems such 
as the Risk Analysis Index, was able to accurately predict post-operative outcomes in patients. The study 
further elaborates on the possible use of such a scoring system to identify target groups for prehabilitation 
to optimise outcomes. Tan Tock Seng Hospital Nutrition Screening Tool is a locally developed tool which 
is validated against subjective global assessment in a cohort of elderly patients[37]. In a local study including 
281 acute admissions with age range of 61-102 years, Tan Tock Seng Hospital Nutrition Screening Tool 
predicted risk of malnutrition with high accuracy (area under the curve 0.87) and malnutrition predicted 
6-month mortality (adjusted OR = 2.2; P = 0.05) and hospital length of stay[37] (P < 0.05). 

Currently ROSE program is piloted for patients who undergo liver, pancreas and colorectal surgeries. 
Initially, patients (≥ 65 years old) are screened for frailty and malnutrition. Those at risk will be enrolled 
into ROSE program [Figure 2]. 

Multidisciplinary team
Upon decision for liver resection, an assessment of frailty and nutrition is done by consultant surgeon. 
Patient who fulfil the criteria are then sent to allied healthcare members to be enrolled and seen as part of 
the ROSE program. Members of the program and their role are as follows (further details on workflow in 
Appendix 1).

Dietician
Nutritional counseling pre and post operatively: the role of the dietician has been studied in multimodal 
care teams such as in Poindessous et al.[38] which demonstrates the benefit in a dietician functioning as an 
educator as well, with decreased recidivism and increased return to independence. 

To obtain initial anthropometric and to conduct subjective global assessment: this is especially important 
in context of liver resection as malnutrition is very common in patients with cirrhosis[39] and to add to this, 
precise evaluation of their nutrition status is difficult with the presence of ascites and edema[40]. A review 
by Doherty et al.[41] identifies intra hepatic fat as an independent risk factor for post-operative morbidity 
following hepatic resection. Dietary interventions such as calorie restriction, carbohydrate restriction or a 
Mediterranean diet have shown reductions in pre-operative intra hepatic fat by up to 55%[40]. 
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Figure 2. Recovery of surgery in elderly patient journey flowchart 
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Nutritional supplementation and monitoring pre and post-operatively: supplementation could include 
Branch chain amino acids for protein and glycogen synthesis promotion and for the regulation of immune 
system[40].

Glutamine is a conditionally essential amino acid and is a fuel for neutrophils, lymphocytes and 
enterocytes[42]. A Cochrane review[43] reporting 4671 patients with critical illness or elective major surgery 
showed that glutamine supplementation reduced infection rates by 21% and days on mechanical ventilation 
by 0.69 days. 

Physiotherapist
To assess objective and subjective markers of functional capacity pre and post-operatively: 6-min walk 
test, sit to stand test, Gait speed test and balance tests. Structured exercise program, either inpatient or 
outpatient is essential to prehabilitation[44], these show improved outcomes such as in functional physical 
tests such as the 6MWT.

To conduct physiotherapy sessions pre operatively to increase functional capacity, respiratory function and 
mobility training in preparation for post-operative period: in a review by Guinan et al.[45] on patients who 
underwent esophagectomies, it was reported that inspiratory muscle training conducted by physiotherapists 
may improve post-operative outcomes such as lowering hospitalization by 4.5 days and reducing the rate of 
high grade post-operative pulmonary complications. 

To conduct physiotherapy as required to rehabilitate to baseline fitness post operatively. 

Nurse
Modified Barthel Index assessment pre and post operatively: this is to ascertain patients pre and post-
operative baselines and ensure return to function. In a study by Fortinsky et al.[46] on 89 chronically ill 
patients, the Modified Barthel Index was able to reliably measure and track patient’s ability to perform 
activities of daily living effectively. Furthermore, the Modified Barthel Index was easy to administer without 
much variability in reporting activities of daily living[47].

Geriatric surgery service
Peri-operative medicine aims to provide high quality evidence based cross-specialty multidisciplinary 
care for surgical patients. Partridge et al.[48] has reported a prospective randomized controlled study 
including 176 patients aged 65 years and older undergoing elective aortic aneurysm repair or lower-limb 
arterial surgery comparing standard preoperative assessment with preoperative comprehensive geriatric 
assessment and optimization. They reported lower incidence of delirium (11% vs. 24%, P = 0.018), cardiac 
complications (8% vs. 27%, P = 0.001) and bladder/bowel complications (33% vs. 55%, P = 0.003) in the 
intervention group. We have a geriatric surgical service capability with a consultant lead team and includes 
geriatric trained nursing staff. The team assists in managing diverse care needs upon referral: (1) optimize 
medical co-morbidity and assist with peri-operative care; (2) combined care provided by the geriatrician, 
anesthesiologist and surgeon is pivotal in the functioning of the prehabilitation program[49].

Financial counselor
Finance is an important element of health care and often considered less important in context of public 
healthcare as treatment/intervention is “paid for” by the state in many high income countries. In Singapore, 
patient co-share the cost burden and hence it is imperative to appropriately counsel patients with estimated 
bill size and how does it vary based on different choices of therapy, e.g., open surgery vs. laparoscopic 
surgery, etc. A trained professional supplements the multidisciplinary team for this task and the role is: (1) 
to ensure financial security and if needed to counsel patients on financial aid programs pre operatively; (2) 
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financial counselors aim to allow patients to attain financial security through: inpatient bill estimates to 
appropriately plan, advice on available financial schemes, subsidies and aid, payment modalities available.

Anesthesiologist 
To conduct pre admission anesthesia risk assessment for patient, these are done through pre-anesthetic 
clinics in which all pre-operative testing, specialist consultation, nursing and laboratory reviews are 
integrated into a one-stop clinic with minimal repeat visits. This has also been shown to reduce overall 
healthcare costs and manpower wastage due to cancellations[50]. 

Case manager
To oversee patient journey and ensure seamless process through the ROSE program, e.g., same day 
appointment scheduling, etc. 

In conclusion, age itself is not a risk factor for inferior peri-operative outcomes of elderly patient 
undergoing liver resection. Co-morbidities should be optimized prior to elective surgery. With an ageing 
society, prehabilitation has an important and integral role in surgical care. Structured programs involving 
multidisciplinary teams are essential to enhance peri-operative outcomes. To increase compliance and 
ensure direct oversight of implementation, resources are needed. Further research into the efficacy of 
specific prehabilitation regimes is needed to guide patient selection, define best practices and establish the 
value of such initiatives. 
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