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Multicomponent perioperative interventions ==
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Abstract

Background Preoperative frailty is associated with increased risk of adverse outcomes. In 2017, Mclsaac and
colleagues' systematic review found that few interventions improved outcomes in this population and evidence was
low-quality. We aimed to systematically review the evidence for multicomponent perioperative interventions in frail
patients that has emerged since Mclsaac et al’s review.

Methods PUBMED, EMBASE, Cochrane, and CINAHL databases were searched for English-language studies published
since January 1, 2016, that evaluated multicomponent perioperative interventions in patients identified as frail.
Quiality was assessed using the National Institute of Health Quality Assessment Tool. A narrative synthesis of the
extracted data was conducted.

Results Of 2835 articles screened, five studies were included, all of which were conducted in elective oncologic
gastrointestinal surgical populations. Four hundred and thirteen patients were included across the five studies

and the mean/median age ranged from 70.1 to 87.0 years. Multicomponent interventions were all applied in the
preoperative period. Two studies also applied interventions postoperatively. All interventions addressed exercise and
nutritional domains with variability in timing, delivery, and adherence. Multicomponent interventions were associated
with reduced postoperative complications, functional deterioration, length of stay, and mortality. Four studies
reported on patient-centred outcomes. The quality of evidence was fair.

Conclusions This systematic review provides evidence that frail surgical patients undergoing elective oncologic
gastrointestinal surgery may benefit from targeted multicomponent perioperative interventions. Yet methodological
issues and substantial heterogeneity of the interventions precludes drawing clear conclusions regarding the optimal
model of care. Larger, low risk of bias studies are needed to evaluate optimal intervention delivery, effectiveness in
other populations, implementation in health care settings and ascertain outcomes of importance for frail patients and
their carers.
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Background

The ageing population, along with advances in anaes-
thetic and surgical techniques, will lead to an increasing
number of frail older patients undergoing surgical inter-
ventions. Preoperative frailty is associated with increased
risk of adverse outcomes. This was objectively quanti-
fied in the first study of frailty and surgical outcomes by
Mackary and colleagues in 2010, which demonstrated
the association of preoperative frailty with increased
risk of postoperative complications, increased length of
stay (LOS), and discharge to institutional care [1]. Since
then, there has been a surge in literature on the impact
of frailty on perioperative outcomes [2]. Not only is
frailty consistently associated with risk of major morbid-
ity, mortality and readmissions [2-5], it is also associated
with new patient-reported disability [6], institutional
care, functional decline, and lower quality of life post-
surgery [2, 4].

Despite the strong evidence that preoperative frailty
in surgical patients results in poor postoperative out-
comes, there is limited evidence to date supporting
interventions in frail surgical patients. A 2017 systematic
review by Mclsaac et al. [7] found that few interventions
improved outcomes in this patient population. Five of
the 11 included studies tested multicomponent interven-
tions and these studies failed to consistently demonstrate
improvements in outcomes and most were at high risk of
bias [7]. We aimed to systematically review the evidence
for multicomponent perioperative interventions in frail
patients that has emerged since Mclsaac et al’s [7] review.

Methods

Protocol and registration

The protocol for this systematic review was registered
with  PROSPERO (CRD42021282937) and conducted
according to the Preferred Reporting Items for Systematic

Table 1 Inclusion and exclusion criteria
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Reviews and Meta-analyses (PRISMA) reporting guide-
lines [8].

Search strategy

We searched PUBMED, EMBASE, Cochrane Central
Register of Controlled Trials, CINAHL online databases,
with publication dates from January 1, 2016 to October
20, 2021, with updated searches on August 27, 2022 and
March 29, 2023. The search terms combined Medical
Subject Headings (MeSH) and free text words (See Sup-
plementary for full search strategy). Publications were
limited to English language. Additional publications were
identified by searching reference lists of included papers.

Study selection

Two reviewers, VK and HT, in the initial database search
and, VK and NR or VK and EG in the updated searches,
independently screened titles, abstracts and full texts.
Reasons for exclusion were documented. Discrepancies
on whether a study met inclusion criteria were resolved
by discussion and consensus.

Inclusion and exclusion criteria are outlined in Table 1.
Included studies were randomised controlled trials or
quasi-experimental studies of perioperative multicompo-
nent interventions in frail surgical patients aged 18 years
and over. Studies were to use a valid frailty measurement
tool. This was defined as a composite measure of deficits
in two or more health domains. Studies using a single
domain measure (such as a physical performance test)
were therefore excluded.

Perioperative multicomponent interventions were
defined as interventions directly related to the patient
having or having had surgery that addressed at least two
health domains and/or involved two or more healthcare
disciplines. Studies evaluating established standard of
care protocols only, such as Enhanced Recovery After

Inclusion Criteria

Exclusion Criteria

Population Aged > 18 years

Underwent surgery (all surgical settings including elective/

emergency/major or minor surgeries or procedures)

Used a valid frailty measure and majority of the sample classi-

fied as frail.

Intervention Perioperative multicomponent intervention

Aged < 18 years

Did not undergo surgery

Did not use a valid frailty measure.

Used a valid frailty measure but majority of the sample not classi-
fied as frail or data for frail group unable to be extracted.
Interventions targeting a single health domain

Interventions forming part of established standard of care proto-
cols, such as ERAS.

Observational studies

Conference abstract only, reviews, book chapters, editorials, theses
Full text not available

Comparator Standard/usual care
Alternative intervention (superiority trial)
Outcome Examined relationship between intervention/comparator and
one or more outcome(s)
Study design Randomised controlled trials, quasi-experimental studies
Publication Published and “in press”articles reporting original research
Criteria results
Language Studies written in English

Note: ERAS, Enhanced Recovery After Surgery
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Surgery (ERAS) protocols, were excluded. There were
no inclusion or exclusion criteria relating to the type of
study outcomes.

Data extraction and analysis

Data extraction was conducted by VK and verified by NR
and EG using pre-specified data fields as agreed upon
by all reviewers. Data included country, study design,
sample size and characteristics (age, sex), type of surgery,
frailty measure, intervention details (description, timing
during perioperative period, setting), and overall study
outcomes. Due to the heterogeneity of study designs,
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interventions and outcomes, a formal meta-analysis was
not possible. A narrative synthesis of the results was
conducted.

Assessment of risk of bias

Risk of bias assessments were conducted for all studies
using the National Institute of Health Quality Assess-
ment Tool [9] by VK or NR and verified by EG.

M
4897 Records identified through
database searching:
CENTRAL (n =28)
PubMed (n = 1765) . ) )
g Embase (n = 2394) 77 Addltlona_l records identified through
:g CINAHL (n = 710) hand Searchlng
(%)
=
L
f=
(9]
ke i i
4974 Records ldentified
—
> Duplicate records removed (n =2139)
)
E]Iﬂf Sggsa)\bstract screened —» | Studies excluded with title and abstract screening (n = 2677)
. |
'c 153 studies excluded (n):
o Studies assessed for eligibility 44 Study population does not meet inclusion criteria.
g (n = 158) > 36 Abstract only
N 23 Not original study
21 Study intervention does not meet inclusion criteria.
7 Frailty not defined/able to be assessed.
7 Not investigating peri-operative intervention
4 Not reporting association of intervention on outcome
2 Not available in English
1 Duplicate
1 Publication from same cohort and reporting on same outcomes
— 2 Wrong Study Design
5 Trial registry only

Studies included in review
(n=3)

Fig. 1 PRISMA diagram of study selection
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Results

We identified a total of 4974 articles (Fig. 1). From these,
2139 duplicate articles were removed. Following title,
abstract, and full text reviews, five studies were included
in the final analysis.

Study characteristics

Study characteristics are summarised in Table 2. The
five studies were conducted in four different countries,
including Canada [10], Norway [11], Italy [12], and Japan
[13, 14]. Of the five articles included, there were two
RCTs [10, 11] and three quasi-experimental studies [12—
14]. All five studies recruited patients undergoing elec-
tive oncologic gastrointestinal surgery. Specifically, three
of the five studies were in colorectal surgery [10, 11, 14]
and two studies were in upper gastrointestinal surgery
(oesophageal, pancreatic [12] and gastric surgery [12,
13]).

The five studies included a total of 413 participants
(range=58-116), with a mean/median participant age
ranging from 70.1 [13] to 87.0 [14] years. The proportion
of females ranged from 33% [13] to 60% [14]. Each study
used a different frailty measurement tool: Fried Frailty
Phenotype [10], Modified Frailty Index (mFI) [12], Vul-
nerable Elders Survey (VES-13) [11], Modified Frailty
Index-11 (mFI-11) [14], and Clinical Frailty Scale (CES)
[13]. One hundred and seventy-nine (43.3%) participants
were allocated to an intervention group and 234 (56.7%)
were allocated to a comparator group.

Multicomponent interventions

The interventions are described in Table 3. In all five stud-
ies, interventions occurred in the preoperative period.
In two of the five studies, interventions also occurred in
the postoperative period [11, 14]. In three studies, the
interventions were embedded in a well-established ERAS
protocol [10, 11, 14]. In four studies [10-13], the inter-
ventions included unsupervised home-based programs.
Three of these interventions were supplemented by
supervised outpatient clinic and inpatient programs [10—
12]. In one study [14], the intervention was administered
entirely as a supervised inpatient program.

Suzuki and colleagues’ [14] study was by far the most
comprehensive, addressing multiple domains in the pre-
and postoperative periods in all patients. In the study by
Ommundsen et al. [11], the pre- and postoperative inter-
vention was individualised based upon findings from a
geriatric assessment. Consequently, the health domains
addressed by the intervention varied for each patient and,
in some cases (N=9) no interventions were prescribed.
The most commonly addressed health domains in all
studies were physical activity and nutrition.

Physical activity programs varied in terms of the type of
exercise prescribed (e.g., aerobic [10], resistance training
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[10, 13], stretching [10], functional retraining [14]), loca-
tion (e.g., clinic-based [10], home-based [10-13], inpa-
tient nutrition unit [12], inpatient surgical unit [11, 14]),
intensity (e.g., weekly [10] versus thrice-weekly [12]),
duration of the program (e.g., four weeks [10] versus <6
days [11]) and supervision by health professionals [14].
Two studies specified involvement of a physical activity
specialist [10, 14] and one involved a full rehabilitation
team [13].

Similarly, nutritional interventions varied in terms of
what nutritional support was prescribed. All included
nutritional counselling regarding protein and caloric
intake and most included protein supplementation [10—
12, 14]. Timing and duration of the nutritional inter-
vention ranged from five days [12] to four weeks [10]
preceding surgery. Three studies were prepared to admit
patients for enteral or parenteral nutrition [11, 12, 14].
In one study, at least, no participants required this treat-
ment [12].

Smoking cessation and prevention of respiratory com-
plications through postoperative chest therapy were
included in the intervention of two studies [10, 12].
Psychological support addressing fatigue, anxiety and
depression in the perioperative period was included
in only one intervention [10]. Optimisation of chronic
medical conditions, primarily through prescribing or
deprescribing medications, was addressed by only one
intervention [11].

Medically trained staff, including surgeons, anaesthe-
tists and geriatricians, were involved in delivering the
intervention in three studies [11, 12, 14], and in two stud-
ies [10, 13], they were supported by a multidisciplinary
team comprising nurses and allied health professionals.
In the geriatrician-led intervention study [11], multidisci-
plinary team members were only available in the postop-
erative inpatient setting.

Outcomes

All studies measured multiple traditional surgical out-
comes (Table 2). All five studies reported on length of
stay and postoperative complications. The effective-
ness of the interventions on these outcomes was mixed
(Fig. 2). In Mazzola et al’s study [12], mortality at 30 days
and 3 months was significantly lower in the intervention
group than the control group in univariate analyses (zero
versus 14%, p=0.01; zero versus 28%, p<0.001). Overall
and severe complications were significantly lower in the
intervention group than the control group (41% versus
74%, p=0.005; 17% versus 43%, p=0.02) [12]. Similarly,
in Suzuki et al’s [14] study, univariate analyses showed
that rates of severe, multiple complications were signifi-
cantly lower in the intervention group than the control
group (6.7% versus 21.2%, p=0.04). The adjusted odds
ratio for complications was 0.33 (95% CI=0.11-0.95) in
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Ommundsen et al’s [11] study. Wada et al’s [13] study
was the only one to report a statistically significant dif-
ferences in length of stay between the intervention and
control groups (13.0 days versus 15.9 days, p=0.03).

All studies measured one or more non-traditional out-
come. Patient-centred outcomes included recovery of
walking capacity, patient-reported health status, anxiety
and depression and energy expenditure [10], discharge
status [11, 12, 14] (including new institutionalisation)
[12, 14] and ADL performance [14]. One study included a
range of physical outcomes, including measures of nutri-
tional status and physical parameters [13]. There was
some evidence for a significant effect of multicomponent
intervention on patient-centred outcomes (Fig. 2). In
Suzuki et al’s [14] study, ADL deterioration was signifi-
cantly lower in the intervention group than the control
group (6.7% versus 21.1%, p=0.04; 6.7% versus 39.5%,
p=0.02) and those in the intervention group were more
likely to be independent and living at home postopera-
tively (80.0% versus 60.5%, p=0.02).

Risk of bias

The assessment of risk of bias for included studies are
summarised in Fig. 3. Risk of bias arose primarily due
to lack of randomization [12-14] and blinding [10-14].
Due to the nature of the intervention, it was not possibly
for participants or intervention staff to be blinded. How-
ever, only two studies blinded outcome assessors to the
participants’ group assignments [10, 11]. Only one study
reported sample size and power analysis [10]. Overall,
the quality of the evidence was rated as fair.

Discussion

Our systematic review of literature published since 2016
identified five studies of perioperative multicomponent
interventions in frail patients undergoing elective onco-
logic gastrointestinal surgery. There were two RCTs and
three quasi-experimental study designs and overall, the
quality of the evidence was deemed to be fair. The studies
did not consistently demonstrate improvements in out-
comes. Reductions in postoperative complications, mor-
tality, length of stay and functional deterioration were
reported yet methodological issues and substantial het-
erogeneity of the interventions precludes drawing clear
conclusions regarding the optimal model of care.

In 2017, Mclsaac et al. [7] also found that studies of
multicomponent interventions did not consistently dem-
onstrate improvements in outcomes. They attributed this,
in part, to poor adherence and protocol implementation
issues [7]. Certainly, there is evidence for a dose-response
relationship between ERAS protocol adherence and clini-
cal outcomes after major colorectal surgery [15] and it is
probably reasonable to expect a similar effect with other
perioperative interventions. Protocol adherence was
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identified as an issue in two studies [10, 11] included in
our review. The interventions in these two studies were
embedded within a well-established ERAS program and,
interestingly, the authors speculated that the study inter-
ventions may have had a limited effect, especially with
respect to surgical outcomes, given that other aspects of
perioperative care were optimised [10, 11].

The sample sizes of included studies were modest —
only one study was adequately powered for the primary
outcomes (and found no significant difference between
the intervention and control groups for any outcome)
[10]. The quasi-experimental studies [12—14] were ret-
rospective and there were important differences in base-
line characteristics in both quasi-experimental [12, 13]
and RCT studies [11]. Statistical analyses were largely
unadjusted, failing to account for potential confounding
factors. For example, a statistically significant difference
in mortality rates in intervention and control groups in
Mazzola et al’s [12] study may have been confounded by
differences in the rates of pancreatic cancer, a malignancy
associated with an extremely poor prognosis [16].

There was substantial variability among the interven-
tions tested and, as such, it is difficult to ascertain which
elements are the key ingredients for an effective inter-
vention in this setting and patient population. All stud-
ies addressed physical activity and nutrition, which is in
keeping with ERAS guidelines for elective colorectal sur-
gical patients [17]. Nutrition and physical activity inter-
ventions, addressing protein/caloric supplementation
and resistance-based training, respectively, are also rec-
ommended for the management of frailty more generally
[18]. Health domains known to be relevant to the care of
frail adults, such as social support, was not addressed by
the interventions in the included studies and only one
study [11] included a review of medical co-morbidity and
medications in their intervention.

Comprehensive Geriatric Assessment (CGA) is a
comprehensive evaluation by a medical specialist with
expertise in geriatric medicine to identify and address
medical, social and functional needs, optimise medica-
tion prescribing, and engage a multidisciplinary team
to assist frail patients to attain goals [19]. It is, by defi-
nition, a multicomponent intervention. Recommended
by Best Practice Guidelines as the approach to manag-
ing frailty in all patients [20], CGA has been shown to
increase the likelihood of frail inpatients being alive
and in their own homes at follow-up [21]. The study by
Ommundsen et al. [11], which we included in our sys-
tematic review, described an intervention including a
geriatric assessment and tailored management plan. This
intervention appears to align with the principles of CGA;
however, the authors of the study noted that there was
minimal access to multidisciplinary allied health input
and the time between assessment and surgery was very
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Fig. 3 Risk of bias assessment using the National Institute of Health Quality Tool [9]. Note: Green represents low risk of bias, and red high risk of bias. For
domains designated CD, risk of bis was unclear / could not be determined
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short (median=6 days). The intervention did not appear
to reduce the rates of traditional adverse surgical out-
comes in this relatively small study, which is consistent
with meta-analysis of data from studies of preoperative
CGA in elective non-cardiac high-risk surgery [22]. Even
so, preoperative CGA is recommended in recent clinical
practice guidelines for the perioperative care of frail peo-
ple undergoing surgery [23].

Three studies included in our review were ‘prehabili-
tation’ studies implementing interventions between five
days and four weeks prior to surgery [10, 12, 13]. Preha-
bilitation is designed to improve an individual’s resilience
prior to elective surgery [24]. The evidence suggests that
preoperative interventions need to be implemented a rea-
sonably long time, at least four weeks, prior to surgery in
order to build physiological reserve [25]. However, this is
not always feasible. In cancer surgery, for example, delays
in treatment can result in poor oncological outcomes.
Neoadjuvant therapy increases the time from diagnosis
until surgery [26] and is associated with a decrease in
overall physical fitness, which has been associated with
worse outcomes after surgery [27, 28]. Variations in the
timing of intervention likely contributes to variability
of the study results reported here. Notably, due to there
being “no evidence that prehabilitation programmes
improve postoperative outcomes for older patients or
those living with frailty” (p. 3), current guidelines advo-
cate the use of CGA [23].

The intervention evaluated by Suzuki and colleagues
[14] primarily occurred in the postoperative period.
While it was not a CGA, the intervention addressed mul-
tiple health domains with the support of a multidisci-
plinary team of medical and allied health professionals.
Although it was a small study, it demonstrated signifi-
cantly lower complications and dependence in the inter-
vention group. Compared with the other studies included
in this systematic review, the results of Suzuki et al’s [14]
study may be more generalisable to emergent surgical
populations who are able to receive postoperative (and
not preoperative) interventions. CGA conducted postop-
eratively in hip fracture patients, for example, has been
shown to reduce the risk of mortality, readmission and
new institutionalisation [29].

Heterogeneity of outcome measures was identified by
Mclsaac and colleagues [7] as a key issue in their system-
atic review. In our review, effectiveness was primarily
measured using a variety of traditional surgical outcomes.
It is possible, however, that perioperative interventions
in frail surgical patients will have minor effects on tra-
ditional outcomes and major effects on patient-centred
outcomes such as functional decline, quality of life and
discharge disposition. In our systematic review, four
studies reported on patient-centred outcomes. None of
the studies examined effects of intervention on delirium
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or cognitive decline, which along with functional decline,
are increasingly prioritised by older patients and are of
critical importance to informed surgical decision-making
[30]. Furthermore, despite measuring frailty at baseline,
none of the studies examined changes in frailty status
following multicomponent interventions as an outcome
measure. Patient-centred outcomes are not commonly
evaluated in clinical trials of frail patients in hospital [31].
The evidence suggests that many patients with severe ill-
ness would not elect for life-sustaining treatment if the
burden of treatment was high or if treatment resulted
in significant cognitive and functional impairment [32].
We agree with Mclsaac and colleagues that ascertain-
ing what outcomes are most important to frail patients
and the people who care for them is necessary to inform
future clinical trials. This is a focus of ongoing work by
our group.

Strengths and limitations

This systematic review used a comprehensive search
strategy with defined inclusion and exclusion crite-
ria, which was broad enough to encompass all types of
surgery, in elective and emergent settings, yet narrow
enough to permit a synthesis of evidence relating to a
particular population group and type of intervention.
This review therefore provided important insights into
the current state of evidence of the effectiveness of mul-
ticomponent perioperative interventions in frail surgical
patients.

There are limitations to this study. Despite the broad
search strategy, all included studies were conducted in
elective oncologic gastrointestinal surgery populations,
limiting generalisability of results. The small number of
included studies may reflect our protocol’s requirement
that a validated measure of frailty be used and that the
majority of the study sample be classified as frail. This
resulted in exclusion of studies of multicomponent inter-
ventions in what may be generally accepted to be frail
patient populations, such as orthogeriatric models of
care in hip fracture. Nevertheless, as it is well-understood
that frail surgical patients are clinically different to non-
frail surgical patients and clinical practice guidelines
emphasise the importance of using validated tools to
diagnose frailty in surgical patients, only including stud-
ies that used a validated frailty measure ensured that the
evidence presented here is clinically relevant.

Conclusion

The findings of this systematic review mirror those of
Mclsaac et al’s [7] review — relatively few studies of peri-
operative multicomponent interventions in frail patients
have been conducted over the last seven years and there
is variability in outcomes. We conclude that perioperative
multicomponent interventions, some of which align more
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closely with ‘prehabilitation’” and others with CGA, may
improve some traditional surgical and patient-centred
outcomes in frail older adults undergoing elective onco-
logic gastrointestinal surgery. However, more low-risk of
bias studies are needed to determine the effectiveness of
interventions in samples of frail adults undergoing other
types of surgery and implementation studies are needed
to tease apart the critical elements of interventions and
to identify enablers and barriers to protocol adherence.
Attention must also turn to ascertaining what outcomes
are most valued by frail surgical patients and the people
who care for them. Incorporating these outcomes into
future clinical trials will make comparisons between tri-
als easier and will assist patients, clinicians and policy-
makers to make more informed management decisions.

Abbreviations

CINAHL Cumulative Index to Nursing and Allied Health Literature
EMBASE Excerpta Medica Database

LOS Length of stay

PROSPERO  International prospective register of systematic reviews
MESH Medical subject headings

PRISMA Preferred Reporting Items for Systematic Reviews
CGA Comprehensive geriatric assessment
ERAS Enhanced Recovery After Surgery

mFl Modified Frailty Index

mFl-11 Modified Frailty Index-11

CFS Clinical Frailty Scale

VES-13 Vulnerable Elders Survey

LOS Length of stay

ED Emergency department

TPN Total parenteral nutrition

ADLs Activities of daily living

CRP C-reactive protein

NJ Nasojejunal

PN Parenteral nutrition

cD Cannot Determine

POMT Perioperative Management Team

RCT Randomised controlled trial

NLR Neutrophil lymphocyte ratio

LCR Lymphocyte to C-reactive protein ratio
PNI Prognostic nutritional index

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/512877-024-04985-4.

[ Supplementary Material 1 ]

Acknowledgements
Search strategy generated in collaboration with Ms. Gina Velli, Library Manager
at Princess Alexandra Hospital Library and Knowledge Centre.

Author contributions

RH, NR and VK were responsible for conception of study and study
methodology. VK and NR designed the data extraction template. Literature
search, article screening and full text reviews were completed by VK, HT,

NR, and EG. NR, EG, and VK completed quality assessment of articles. Data
extraction was completed by VK. Additionally, VK was responsible for writing
the first draft of the manuscript including data analysis and preparation of
tables and figures, with critical revision for important intellectual content
and major contribution by EG. All authors participated in the editing of the
manuscript and have approved the final manuscript.

Page 10 of 11

Funding
There are no funding sources to declare.

Data availability
All data generated or analysed during this study are included in this published
article and its supplementary information files.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 20 April 2023 / Accepted: 17 April 2024
Published online: 26 April 2024

References

1. Makary MA, Segev DL, Pronovost PJ, Syin D, Bandeen-Roche K, Patel P, et al.
Frailty as a predictor of surgical outcomes in older patients. J Am Coll Surg.
2010;210(6):901-8.

2. LinHS, McBride RL, Hubbard RE. Frailty and anesthesia - risks during and
post-surgery. Local Reg Anesth. 2018;11:61-73.

3. LinHS, Watts JN, Peel NM, Hubbard RE. Frailty and post-operative outcomes
in older surgical patients: a systematic review. BMC Geriatr. 2016;16(1):157.

4. Kim DH, Kim CA, Placide S, Lipsitz LA, Marcantonio ER. Preoperative Frailty
Assessment and outcomes at 6 months or later in older adults undergo-
ing Cardiac Surgical procedures: a systematic review. Ann Intern Med.
2016;165(9):650-60.

5. BeggsT, Sepehri A, Szwajcer A, Tangri N, Arora RC. Frailty and perioperative
outcomes: a narrative review. Can J Anaesth = J Canadien D'anesthesie.
2015,62(2):143-57.

6. Mclsaac DI, Taljaard M, Bryson GL, Beaulé PE, Gagné S, Hamilton G, et al. Frailty
as a predictor of death or new disability after surgery: a prospective cohort
study. Ann Surg. 2020,271(2):283-9.

7. Mclsaac DI, Jen T, Mookerji N, Patel A, Lalu MM. Interventions to improve
the outcomes of frail people having surgery: a systematic review. PLoS ONE.
2017;12(12):e0190071.

8. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gatzsche PC, loannidis JP, et al.
The PRISMA statement for reporting systematic reviews and meta-analyses of
studies that evaluate health care interventions: explanation and elaboration.
PLoS Med. 2009;6(7):e1000100.

9. National Institutes of Health (NIH) - National Heart LaBIN. Study Quality
Assessment Tool 2021 [updated July 2021. https://www.nhlbi.nih.gov/
health-topics/study-quality-assessment-tools.

10. Carli F, Bousquet-Dion G, Awasthi R, Elsherbini N, Liberman S, Boutros
M, et al. Effect of Multimodal Prehabilitation vs Postoperative Rehabilita-
tion on 30-Day postoperative complications for Frail patients undergoing
resection of Colorectal Cancer: a Randomized Clinical Trial. JAMA Surg.
2020;155(3):233-42.

11. Ommundsen N, Wyller TB, Nesbakken A, Bakka AO, Jordhay MS, Skovlund E,
et al. Preoperative geriatric assessment and tailored interventions in frail older
patients with colorectal cancer: a randomized controlled trial. Colorectal
Disease: Official J Association Coloproctology Great Br Irel. 2018;20(1):16-25.

12. Mazzola M, Bertoglio C, Boniardi M, Magistro C, De Martini P, Carnevali P, et
al. Frailty in major oncologic surgery of upper gastrointestinal tract: how to
improve postoperative outcomes. Eur J Surg Oncology: J Eur Soc Surg Oncol
Br Association Surg Oncol. 2017;43(8):1566-71.

13. Wada, Nishi M, Yoshikawa K, Takasu C, Tokunaga T, Nakao T, et al. Preopera-
tive nutrition and exercise intervention in frailty patients with gastric cancer
undergoing gastrectomy. Int J Clin Oncol. 2022,27(9):1421-7.

14.  SuzukiY, Tei M, Ohtsuka M, Mikamori M, Furukawa K, Imasato M, et al.
Effectiveness of frailty screening and perioperative team management of
colectomy patients aged 80 years or more. Am J Surg. 2022;223(2):346-52.


https://doi.org/10.1186/s12877-024-04985-4
https://doi.org/10.1186/s12877-024-04985-4
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools

Kwok et al. BMC Geriatrics

20.

21

22.

23.

24.

(2024) 24:376

Gustafsson UO, Hausel J, Thorell A, Ljungqvist O, Soop M, Nygren J.
Adherence to the enhanced recovery after surgery protocol and out-

comes after colorectal cancer surgery. Archives Surg (Chicago Ill: 1960).
2011;146(5):571-7.

The global. Regional, and national burden of pancreatic cancer and its attrib-
utable risk factors in 195 countries and territories, 1990-2017: a systematic
analysis for the global burden of Disease Study 2017. Lancet Gastroenterol
Hepatol. 2019;4(12):934-47.

Gustafsson UO, Scott MJ, Hubner M, Nygren J, Demartines N, Francis N, et al.
Guidelines for Perioperative Care in Elective colorectal surgery: enhanced
recovery after surgery (ERAS(®)) Society recommendations: 2018. World J
Surg. 2019:43(3):659-95.

Dent E, Morley JE, Cruz-Jentoft AJ, Woodhouse L, Rodriguez-Manas L, Fried
LP, et al. Physical Frailty: ICFSR International Clinical Practice guidelines for
Identification and Management. J Nutr Health Aging. 2019;23(9):771-87.
Parker SG, McCue P, Phelps K, McCleod A, Arora S, Nockels K, et al. What is
Comprehensive Geriatric Assessment (CGA)? An umbrella review. Age Age-
ing. 2018;47(1):149-55.

Turner G, Clegg A. Best practice guidelines for the management of frailty: a
British Geriatrics Society, Age UK and Royal College of General Practitioners
report. Age Ageing. 2014;43(6):744-7.

Ellis G, Whitehead MA, O'Neill D, Langhorne P, Robinson D. Comprehensive
geriatric assessment for older adults admitted to hospital. Cochrane Data-
base Syst Rev. 2011(7):Cd006211.

Saripella A, Wasef S, Nagappa M, Riazi S, Englesakis M, Wong J, et al. Effects of
comprehensive geriatric care models on postoperative outcomes in geriatric
surgical patients: a systematic review and meta-analysis. BMC Anesthesiol.
2021:21(1):127.

Partridge JSL, Ryan J, Dhesi JK. New guidelines for the perioperative care of
people living with frailty undergoing elective and emergency surgery-a com-
mentary. Age Ageing. 2022,51(11).

West MA, Jack S, Grocott MPW. Prehabilitation before surgery: Is it

for all patients? Best practice & research Clinical anaesthesiology.
2021,35(4):507 - 16.

25.

26.

27.

28.

29.

30.

31.

32.

Page 11 of 11

Gillis C, Buhler K, Bresee L, Carli F, Gramlich L, Culos-Reed N, et al. Effects

of Nutritional Prehabilitation, with and without Exercise, on outcomes of
patients who undergo colorectal surgery: a systematic review and Meta-
analysis. Gastroenterology. 2018;155(2):391-e4104.

West MA, Wischmeyer PE, Grocott MPW. Prehabilitation and Nutritional
Support to Improve Perioperative outcomes. Curr Anesthesiology Rep.
2017;7(4):340-9.

Jack S, West MA, Raw D, Marwood S, Ambler G, Cope TM, et al. The effect

of neoadjuvant chemotherapy on physical fitness and survival in patients
undergoing oesophagogastric cancer surgery. Eur J Surg Oncology: J Eur Soc
Surg Oncol Br Association Surg Oncol. 2014;40(10):1313-20.

West MA, Loughney L, Barben CP, Sripadam R, Kemp GJ, Grocott MP, et al. The
effects of neoadjuvant chemoradiotherapy on physical fitness and morbidity
in rectal cancer surgery patients. Eur J Surg Oncology: J Eur Soc Surg Oncol
Br Association Surg Oncol. 2014;40(11):1421-8.

Eamer G, Taheri A, Chen SS, Daviduck Q, Chambers T, Shi X, et al. Compre-
hensive geriatric assessment for older people admitted to a surgical service.
Cochrane Database Syst Rev. 2018;1(1):Cd012485.

Cheung C, Meissner MA, Garg T. Incorporating outcomes that Matter to older
adults into Surgical Research. J Am Geriatr Soc. 2021;69(3):618-20.

King SJ, Raine KA, Peel NM, Hubbard RE. Interventions for frail older inpa-
tients: a systematic review of frailty measures and reported outcomes in
randomised controlled trials. Australas J Ageing. 2021;40(2):129-44.

Fried TR, Bradley EH, Towle VR, Allore H. Understanding the treatment prefer-
ences of seriously il patients. N Engl J Med. 2002;346(14):1061-6.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿Multicomponent perioperative interventions to improve outcomes for frail patients: a systematic review
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Protocol and registration
	﻿Search strategy
	﻿Study selection
	﻿Data extraction and analysis
	﻿Assessment of risk of bias

	﻿Results
	﻿Study characteristics
	﻿Multicomponent interventions
	﻿Outcomes
	﻿Risk of bias

	﻿Discussion
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


