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What this paper adds
This is the first study to assess the influence of frailty in the older adult undergoing
emergency laparotomy, finding frailty to be both prevalent and more predictive of postoperative mortality and morbidity than age. These findings support routine frailty scoring to:
aid prediction of older adult outcomes in the emergency surgery setting; potentially improve
patient surgeon interaction and understanding and to allow evaluation of novel and targeted

Section 1: What is already known on this subject
- Frailty has been shown in medical and elective surgical settings to be predictive of older adult
≥

years outcomes leading to the development of the role of geriatric-surgeon multi-

disciplinary teams that have improved short-term outcomes.
- Frailty has not been assessed in older adults undergoing emergency laparotomy, despite this
population accounting for the majority of adults undergoing emergency surgery in the U.K.
and carrying the highest risk of 30-day mortality.

Abstract
Objectives To document the prevalence of frailty in older adults undergoing emergency
laparotomy and to explore the relationship of frailty to post-operative morbidity and
mortality.
Design Observational study.
Setting Multi-center (n=49) U.K. acute general surgical units.
Participants Nine hundred and thirty-seven older adults (65 years and older) admitted as a
surgical emergency requiring emergency laparotomy between March and June 2017.
Exclusion criteria followed that of the U.K. National Emergency Laparotomy Audit (NELA).
Intervention Pre-operative frailty score using the Clinical Frailty Score (CFS): ranging from 1 to
7 with CFS 1-4 defined as non-frail; CFS 5-7 as frail.
Main outcome measures Prevalence of frailty and mortality at 90 days post-operative with
comparison to pre-operative frailty score. Secondary outcomes included 30-day mortality and
morbidity, length of critical care and overall hospital stay.
Results Frailty was present in 20% of participants with an overall mortality for older adults
undergoing emergency surgery of 19.5% at 90 days. After adjusting for age and sex, the risk of
90-day mortality for frail older adults was directly associated with frailty: CFS 5 had aOR of
3.18 (95%CI 1.24 to 8.14) and CFS 6/7 aOR 6.10 (95%CI 2.26 to 16.45) compared to the non-frail
group (CFS 1). Similar findings were found for 30-day mortality. Frailty was also associated

with a significantly increased risk of complications, length of critical care stay and overall
hospital stay.
Conclusions Frailty is prevalent in the older adult undergoing emergency surgery and places
the frail older adult at significantly greater risk of post-operative mortality and morbidity,
irrespective of their age. Frailty scoring should be integrated into routine practice to aid
decision-making with older patients and allow development of novel post-operative
strategies to improve outcomes in this high-risk population.

Introduction
Emergency abdominal surgery is performed in every acute U.K. hospital for a wide range of
pathologies with the common aim to prevent death and minimise life-altering complications.
The majority of these emergency laparotomies are performed on older adults (65 years and
older) that when compared to younger adults, have the highest post-operative mortality and
morbidity, the highest utilisation of intensive care resources and subsequently, the longest
hospital stays [1-5]. This older adult population has different clinical needs from younger
adults as a consequence of a higher prevalence of multi-morbidity, cognitive impairment,
polypharmacy and frailty, yet little work has been performed to improve understanding of
this high-risk group undergoing emergency surgery [1,6,7].

Furthermore the clinical

application of widely used prognostic tools to guide decision-making are potentially limited as
many were developed from younger, healthier and frequently, elective patient cohorts [8-13].
With the population ageing it is clear that there is an urgent clinical need to develop accurate
risk assessment tools that could allow targeted peri-operative strategies for this expanding
complex group of health service users [1,15-18].

Frailty is an objective measure of increased vulnerability and decreased physiological reserve,
resulting from the age-associated accumulation of deficits in multiple physiologic systems
[19]. It results in decreased resilience to any physiological insult such as surgery, preventing
recovery or return to the pre-existing functional level. In the medical setting where much of
the frailty work has focused, routine frailty assessment on older adult admissions
accompanied by interventions to modify frailty such as the multi-disciplinary, multi-

dimensional Comprehensive Geriatric Assessment (CGA), have led to improved survival and
an ability to return to their pre-admission residence [20,21]. In relation to surgery, two recent
meta-analyses assessed the influence of frailty in older adults admitted to general surgical
units with the presence of frailty (ranging from 0.5 % to 67.2%) leading to significant increases
in 30-day mortality, complications and hospital stay [22,23]. Although promising, the inclusion
of lower risk elective surgical patients and/or those admitted as an emergency but managed
non-operatively, mean the prevalence of frailty and its’ influence on post-operative outcomes
in the high-risk emergency laparotomy setting remains unclear.

The primary aims of the Emergency Laparotomy and Frailty (ELF) Study were to determine
the prevalence and influence of frailty on 90-day mortality in older adults undergoing
emergency laparotomy. The influence of frailty on post-operative outcomes including 30-day
mortality, morbidity and length of stay were also explored as secondary aims.

Methods
From March to June 2017 (3 months’ duration all older patients defined as

years and older,

Office for National Statistics) [14] undergoing emergency laparotomy at forty-nine registered
sites in the U.K. were screened for inclusion into the ELF Study. This multi-centred prospective
cohort study was conceived, designed and led by two established research collaboratives: The
North West Research Collaborative (NWRC – www.nwresearch.org) and The Older Persons
Surgical Outcomes Collaboration (OPSOC – www.opsoc.eu).

Ethical approval was obtained from National Health Service Research Ethics Committee (Black
Country Research Committee: November 2016; 16/WM/0500). The study was registered
centrally with the Health Research Authority (England), the NHS Research Scotland
Permissions Co-ordinating Centre (Scotland) and the Health and Care Research Permissions
Service (Wales). The ELF study was registered online at www.clinicaltrials.gov
(NCT02952430).

Site recruitment
Participation from sites across the U.K. was invited using presentations at the National
Research Collaborative meeting and the use of social media with 56 surgical centres from
England, Scotland and Wales registering. Completed anonymous datasets were entered into
a specifically designed online secure electronic database (REDCap, www.project-redcap.org)
developed and maintained by the North West Surgical Trials Centre (www.nwstc.org.uk).

Patients
The full protocol was developed then published in October 2017 according to STROBE
Guidelines [24,25]. Inclusion criteria were consistent with the established U.K. National
Emergency Laparotomy Audit [NELA; www.nela.org.uk/criteria] [1]. In general, older patients
were included if undergoing an expedited, urgent or emergency surgical abdominal
procedure for gastrointestinal pathology (laparoscopic or open procedure) and/ or returning
to theatre for any major post-operative complication/dehiscence. Patients were excluded if
no frailty score was recorded or if undergoing: elective surgery; diagnostic laparotomy/
laparoscopy with no further procedure performed; surgery for appendiceal, biliary,
oesophageal, splenic, nephric, hepatic, urological or gynaecological pathology unless in
addition to another gastrointestinal pathology requiring surgical intervention; hernia repair
not requiring bowel resection and laparotomy/ laparoscopy performed due to
blunt/penetrating trauma.

Data Collection
Pre-operatively, each older adult had the following recorded: age and gender; number of comorbidities (allowing calculation of Charlson Co-morbidity index, CCI and multi-morbidity ≥2
chronic co-morbidities) [9]; independence status (selected from: home - no carers; home with
carers; residential home; nursing home, intermediate care, other) and polypharmacy (5 or
more current medications). ASA grade (American Society of Anaesthesiologists Grade) [11]
and P-POSSUM score were calculated as both are routinely collected as part of the NELA

[12,13]. The indication for surgery was documented and in theatre, the actual surgery
performed was recorded.

Post-operatively, each patient was followed up for 90 days to record the primary outcome of
mortality at 90 days. For the first 30-days post-operative, mortality was also recorded in
addition to: post-operative complications; length of critical care stay (level 2 High Dependency
Unit, HDU and level 1 Intensive Care Unit, ICU); overall length of hospital stay and readmission
to hospital.

Frailty Scoring
Frailty was assessed pre-operatively using the Clinical Frailty Score (CFS) developed by the
Canadian Study of Health and Ageing (CSHA) [26; Appendix 1]. This 7-point progressive score
was developed within an older adult population and is based on clinical judgment with a score
of 1 to 4 being classified as non-frail and 5 to 7 as frail. The CFS has been found to be a valid
and reproducible score in addition to being easy to understand and simple to apply. OPSOC
has used the CFS previously to assess frailty in the emergency surgical population [27].

Data Completion and Validation

Regular emails to each registered site and twitter (@ELFstudy) were used to motivate data
collection and update ELF Collaborators. To ensure accurate data collection, data validation
was performed on 25% data fields for 10% cases at each site after study completion.

Statistical analysis
Sample size justification from previous publication: To detect a 10% difference in postoperative Day 90 mortality between frail and non-frail patients (7.5% versus 17.5%), a sample
size of 480 was required to maintain 80% power and 5% significance [27].

The primary analysis was performed using a multi-level logistic regression of 90-day mortality
by frailty, adjusted for age (65–74, and >75 years old) and gender. Each recruiting hospital was
fitted as random effects to account for site variation. A secondary analysis of the primary
outcome was carried out by presenting the crude OR, and adjusted OR with associated 95%
CIs and p values. Length of stay was analysed with a zero inflated negative binomial
regression, and presented as the mean increased length of stay (in whole day integers) with
associated 95% CI. We carried out an exploratory analysis to investigate the distribution of day
90 mortality, within age and frailty to determine if our findings could be explained in part by
patient age. All statistical analysis was carried out using Stata 14 (StataCorp; www.stata.com).
Results
Patients and Procedure

A total of 956 older adults undergoing emergency surgery were recruited with nineteen
patients excluded, leaving 937 patients in the final analysis (Supplementary Figure 1).

Table 1 displays the pre-operative patient characteristics by frailty score. Overall frailty (CFS
5,6 and 7) was present in 20% of older adults undergoing emergency surgery. The mean age
of the patients was 76.22 years (SD 6.82; range 65 – 99) with over a third (38%) aged 80 or
older. Eighty-nine percent of older adults reported co-morbidity; 54% poly-pharmacy and the
majority (83%) were admitted from home with no carers in place. Pre-operative ASA was 3 or
more in 66% of cases.

The commonest indication for surgery and actual surgery performed were intestinal
obstruction (54%) and adhesiolysis (25%) performed by an open approach (87%), in keeping
with the NELA 3rd report (Supplementary Table 1) [1]. Fifty percent of patients had a postoperative complication with the median length of overall hospital stay being 3 days (IQR 1-6)
and 13.7% (123/ 899) were re-admitted to hospital within 30 days of discharge.

Frailty and 90-day Post-operative Mortality

Overall day 90 mortality was 19.5% and was directly associated with frailty: the highest frailty
scores (CFS 6 and 7) had the highest risk of 90-day mortality (OR 5.89, 95% CI 2.19 to 15.86;
p=0.001) compared to CFS 1 (very fit) (Table 2). After accounting for patient age and sex, the
adjusted odds ratio (aOR) of day 90 mortality for patients who were mildly frail (CFS 5) and
moderately/ severely frail (CFS 6/7) was aOR of 3.18 (95%CI 1.24 to 8.14; p=0.016) and 6.10
(95%CI 2.26 to 16.45; p<0.001) respectively compared to CFS 1 (very fit).

Frailty and Secondary Outcomes
Overall 30-day mortality was 14.6% (137/ 937) and a similar association with frailty was seen for
30-day mortality as for 90-day mortality: CFS 5 aOR 9.79 (95%CI 2.23 to 42.91; p=0.002) and for
CFS 6/7 aOR 10.40 (95%CI 2.24 to 48.18; p=0.003) [Table 2]. Furthermore frailty was associated
with a significantly increased risk of post-operative complications: CFS 5 aOR 4.56 (95% CI 2.17
to 9.60; p=0.001) and CFS 6/7 aOR 3.92 (95%CI 0.35 to 4.19; p=0.001) compared to those older
adults scoring CFS 1.

There was a significant association between an increased length of hospital stay and stay in
ICU in frail patients (Table 2). For overall length of hospital stay: CFS 5 aOR 1.44 (95% CI 1.10 to
1.89; p=0.008) and CFS 6/7 aOR 1.62 (1.19 to 2.20; p=0.002) compared to adult scoring CFS 1.
For ICU length of stay: CFS 5 aOR of 2.15 95%CI 1.15 to 3.96; p=0.02) and CFS 6/7 aOR 4.18 (95%
CI 2.11 to 8.03; p<0.001) compared to CFS 1. In the context of median number of days, frail
patients stayed in hospital post-operatively for 3 days (IQR 1-6) versus non-frail of 3 days (IQR

1-5) and in ICU for 2 days (IQR 1-4) versus 1 day (IQR 0-3) for non-frail. There was no association
with frailty to the length of time in HDU or to 30-day re-admission.

Frailty, by Age mortality distribution
Tables 3A and 3B show that frailty is distributed throughout the range of ages and not
restricted to the very old age patient groups (85+). Observation of this distribution shows that
patients with a poorer frailty score had a higher mortality rate. The marginal 90-day mortality
rates were increased from 11.1% to 50% for CFS of 1 to 7 and the marginal mortality rate for
increased patient age was 15.9% to 25.3% for patients aged 65-70, compared to those aged 8590 (Table 3A). Similar results were found for the Day 30 mortality showing that frailty results
in a wider distribution of predicted mortality than age (Table 3B). In addition when compared
to P-POSSUM, it can be seen that frailty stratifies the older adult into a greater number of
prognostic groups and also allows risk-prediction of 30-day morbidity through the range of
scoring, whilst P-POSSUM does not [Table 4].

Discussion

This study is the first to prospectively document the prevalence of frailty in older adults
undergoing emergency surgery, finding frailty present in a fifth of patients that places them
at significantly greater risk of 30- and 90-day mortality. In addition, the frail older adult carries
a higher risk of developing post-operative complications with longer stays in intensive care
and in hospital overall. With frailty found to be independent of age, this work supports
integration of frailty scoring to all older adults admitted as a surgical emergency to guide perioperative strategies for this high-risk complex population.

Strengths and weaknesses of the study
There are several strengths to this work. First, it focused solely on a large population of older
patients undergoing emergency laparotomy improving understanding of this overlooked
group that carry the highest risk for post-operative death. Second, the data was collected
prospectively and was multi-centred minimising geographical bias that could occur with local
or regional studies. Third, validation of a proportion of each site’s data optimised data
completion. Fourth, the Clinical Frailty Score (CFS) appears to be simple to use with only a
small percentage of frailty scores not entered despite the substantial over-recruitment to this
study.

The authors cannot exclude selection bias where a local recruiter may have not contributed a
consecutive series of older patients undergoing emergency laparotomy. This is likely to reflect
the pragmatic nature of this work with many of these patients having multiple urgent health

professional inputs and investigations to optimise their care that could mean frailty scoring
was missed.

Strengths and weaknesses in relation to other studies
The largest prospective multi-centred U.K. study (n=324) using the CFS found frailty in 28% of
older adults admitted to emergency surgical units resulting a longer length of stay and greater
risk of mortality at 30 and 90 days [27]. However, with only 31% of these older adults
undergoing surgery of which a third were classified as minor or intermediate, definite
conclusions from this work on the influence of frailty on high-risk emergency laparotomy
outcomes are limited. Other groups focused completely on older patients undergoing
emergency surgery and despite using different frailty scores, all found poorer outcomes,
including 30-day mortality, in frail older adults. However, both publications are single centred,
small in number (<250) and have differing definitions of emergency surgery, unlike the clearly
defined NELA criteria applied in this current work [28,29]. The largest study comes from over
35 000 patients collected as part of the National Surgical Quality Improvement Program
(NSQIP) [30]. Using an 11-point frailty score on patients aged at least 60 years undergoing
emergency laparotomy, this group found that as frailty increased, poorer post-operative
outcomes including morbidity and 30-day mortality significantly increased, findings that are in
keeping with our results. However our current work has several strengths over the larger
NSQIP publication; it is prospective with a clear definition of emergency laparotomy, powered
for its’ primary outcome and uses an established frailty score.

Clinicians have long been interested in prognostic scores with many being available including
the well known APACHE II, Charlson Age-Cormobidity Index, ASA and P-POSSUM. All have
their limitations including: predicting mortality only (APACHE II, ASA); multiple variables
making calculation labour intensive (APACHE II); not validated in older adult populations
(Charlson, ASA) or require intra-operative details to complete score (P-POSSUM) [8-13].
Indeed, NELA have acknowledged and circumvented such limitations by using P-POSSUM to
define a high-risk patient to trigger specific process pathways rather than determine
prognosis [1,16]. The Clinical Frailty Score in comparison predicts both morbidity and
mortality, is straightforward to calculate, is validated in older adult surgical populations and
can be determined pre-operatively.

Meaning of the study: possible explanations and implications for clinicians and policymakers
One potential intervention for the frail older adult undergoing emergency laparotomy is early
geriatrician involvement to perform a Comprehensive Geriatric Assessment (CGA) [1, 16]. The
multi-disciplinary approach of the CGA (physiotherapy, nutrition, pharmacy, occupational
health as examples) has been used in many acute medical settings with a recent Cochrane
meta-analysis concluding there was high evidence a CGA performed on admission increased
the likelihood that older adults will be alive and in their own homes at 3 to 12 months followup [31,32]. In the trauma emergency setting, achieving orthogeriatrics input in 88% of cases
within first 72 hours in hospital has resulted in improved outcomes in hip fracture care [33]. In

contrast, despite the 2nd NELA report recommending early geriatrician input to optimize older
patient outcomes after emergency laparotomy, their 3rd report stated only 19% of older adults
had received such input, despite 97% of contributing hospitals having access to on-site
specialist geriatric services [1].

One potential reason for this disparity is that recovery from high-risk abdominal surgery
presents a different set of post-operative complications from orthopaedics, where early
recognition of such complications by an experienced surgeon allows prompt initiation of
treatment including when an urgent return to theatre is needed. However, such a surgeon is
unlikely to be trained specifically in management of the older adult, creating an opportunity
for targeted training within both surgical and geriatric curriculums to allow multidisciplinary
peri-operative care in a modified surgical CGA [7, 34]. Development of a surgical CGA could
optimise the high-risk surgical older adult addressing their individual complex and multidimensional needs rather than the traditional single organ approach.

Decision-making in emergency surgery can be complex which is why clinicians developed
prognostic scores to guide them in addition to improving communication between different
specialties, but this is potentially at the expense of the patient as few are easy to understand
[35]. Frailty is a concept that many patients will already be aware of which may lead to
improved engagement with the patient and their next of kin when discussing not only their
operative risks of dying, but of having significant life-altering complications and a prolonged

and difficult recovery in hospital. Establishing realistic treatment goals as part of that shared
decision-making can be time-limited and within emotive circumstances making it paramount
that the patient and their family gain all the relevant information [36-38]. To aid such decisionmaking, future work should focus on long-term outcomes for those older frail adults that
survive in particular loss of independence, diminished quality of life and place of discharge.

Conclusion
Frailty is present in 20% of older adults undergoing emergency surgery, placing them at
significantly higher risk of post-operative mortality and morbidity when compared to non-frail
adults. These findings support the integration of frailty assessment of older adults prior to
undergoing emergency surgery and clarify the clinical need for the development of novel
post-operative strategies to improve short and long-term outcomes for this expanding
complex group of health service users.

