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Abstract

Introduction

The elderly population experiences more postoperative complications. A comprehensive
geriatric assessment, which is multidimensional and coordinated, could help reduce these
unfavorable outcomes. However, its effectiveness is still uncertain.

Methods

We searched multiple online databases, including Medline, PubMed, Web of Science,
Cochrane Library, Embase, CINAL, ProQuest, and Wiley, for relevant literature from their
inception to October 2023. We included randomized trials of individuals aged 65 and older
undergoing surgery. These trials compared comprehensive geriatric assessment with usual
surgical care and reported on postoperative outcomes. Two researchers independently
screened the literature, extracted data, and assessed the certainty of evidence from the
identified articles. We conducted a meta-analysis using RevMan 5.3 to calculate the Odds
Ratio (OR) and Mean Difference (MD) of the pooled data.

Results

The study included 1325 individuals from seven randomized trials. Comprehensive geriatric
assessment reduced the rate of postoperative delirium (28.5% vs. 37.0%; OR: 0.63; Cl:
0.47-0.85; 12: 54%; P = 0.003) based on pooled data. However, it did not significantly
improve other parameters such as length of stay (MD: -0.36; 95% CI: -0.376, 3.05; 12: 96%;
P =0.84), readmission rate (18.6% vs. 15.4%; OR: 1.26; Cl: 0.86—1.84; 12: 0%; P = 0.24),
and ADL function (MD: -0.24; 95% CI: -1.27, 0.19; 12: 0%; P = 0.64).
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Conclusions

Apart from reducing delirium, it is still unclear whether comprehensive geriatric assessment
improves other postoperative outcomes. More evidence from higher-quality randomized tri-
als is needed.

Introduction

The World Health Organization estimates that 1 billion people worldwide were 60 years of age
or older in 2019. This figure is projected to increase to 1.4 billion by 2030 [1]. As the popula-
tion ages, a growing number of elderly individuals will need surgical care [2]. However, most
older individuals have many chronic illnesses that hinder their ability to heal and function [3].
Additionally, non-disease-related issues can complicate surgery and the healing process. These
issues include frailty, multiple medications, degenerative organ changes, poor nutrition, and
cognitive decline [4-6].

Elderly individuals face higher surgical mortality, longer hospital stays, more frequent in-
hospital adverse events (such as delirium, pressure ulcers, urinary incontinence, and functional
decline), and more readmissions after discharge compared to younger patients [7-10]. There-
fore, it is essential for surgical practitioners to identify factors that could lead to unfavorable
outcomes in senior patients through timely assessments [11]. However, the current standard
evaluations have significant limitations. They cannot measure the body’s reserve and capacity
for compensation because they mainly focus on specific organ systems or are highly subjective
[12].

Comprehensive geriatric assessment (CGA) involves a multidisciplinary team of geriatric
physicians, nurses, anesthesiologists, surgeons, physiotherapists, occupational therapists, and
nutritionists [13]. This approach uses a multidimensional perspective to evaluate the physical
condition, functional status, mental well-being, and social environment of older adults. Based
on this evaluation, a comprehensive and coordinated plan is created to improve the quality of
life for elderly patients [14,15].

It is logical that older individuals undergoing elective surgery may benefit from a CGA.
This study aimed to compare the impact of CGA with conventional treatment on unfavorable
outcomes in older patients having elective surgery. A methodical search and meta-analysis of
relevant literature were conducted for this investigation.

Methods

The study was reported in the International Prospective Systematic Reviews Register (PROS-
PERO) (registration number CRD42023478608) and conducted in compliance with the
PRISMA standards [16] for systematic reviews and meta-analyses.

Search strategy

The databases searched included Medline, PubMed, Web of Science, Cochrane Library,
Embase, CINAHL, ProQuest, and Wiley Online Library. Both published and unpublished
publications were included. A combination of free text and Medical Subject Headings (MeSH)
was used to find relevant material, with modifications made for specific databases. The search
criteria were based on PICOS and included terms such as Elderly, Comprehensive geriatric
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evaluation, Postoperative, and Study types. The search period was up to October 2023.
Detailed electronic search strategies are provided in the supplemental material.

Literature inclusion criteria

(i) Patients over 60 years old undergoing elective non-cardiac high-risk surgery served as
research participants; (ii) The study employed a randomized controlled trial design. The con-
trol group received standard care (standard preoperative evaluation), while the intervention
group used CGA as a fundamental component of geriatric care; (iii) The study reported at
least one of the following postoperative outcomes: length of stay, 30-day readmission rate,
30-day mortality, and any other postoperative complications (such as delirium, pressure
ulcers, urinary incontinence, and functional decline). Exclusion criteria: (i) Studies that used
CGA solely as a risk assessment tool for postoperative unfavorable outcomes; (ii) Studies that
did not use a comprehensive multidomain evaluation and optimization plan, but only evalu-
ated one CGA field, such as nutritional status; (iii) Non-English publications; (iv) Studies
focused on outpatient or emergency surgery or non-elderly populations; (v) Study registration
protocols.

Data extraction

Two researchers independently screened the literature based on the title, abstract, and full text.
They retrieved data and evaluated the risk of bias. All gathered information was documented
uniformly according to the content of the literature. In cases of disagreement, the two
researchers consulted a third researcher or discussed the issue together to decide whether to
include the content.

Quality assessment

The Cochrane Handbook [17] was used to evaluate the quality of the listed randomized con-
trolled trials, focusing on: (i) Randomization sequence generation; (ii) Allocation concealment;
(iii) Blinding of outcome assessment; (iv) Selection reporting bias; (v) Completeness of out-
come data; (vi) Other sources of bias.

The research group decided to exclude blinding of researchers and participants from the
quality assessment, as it was deemed impractical during the CGA intervention. The risk cate-
gories were rated as 'insufficient,’ sufficient,’ or ’don’t know’. Studies that did not meet the
quality standards were excluded.

Data analysis

RevMan 5.3 was used for the meta-analysis. A weighted odds ratio (OR) was used for count
data, and a weighted mean difference (WMD) for measurement data if the same instruments
were used. Otherwise, a standardized mean difference (SMD) was used. All analyses were per-
formed with 95% confidence intervals (CI). Heterogeneity between studies was assessed using
the I” statistic and the chi-square test.

A fixed-effects model was used if there was no statistical heterogeneity (P > 0.1, I* < 50%).
A random-effects model was used if there was statistical heterogeneity but no clinical heteroge-
neity (P < 0.1, 12 > 50%). If I* was inconsistent with P (P < 0.1, I* < 50% or P > 0.1, I* >
50%), a model with I as the reference was used. If the cause of heterogeneity could not be
identified, a descriptive analysis was employed.

Egger’s test was used to evaluate publication bias. The impact of each study on heterogene-
ity was investigated by removing studies one at a time and recalculating heterogeneity.
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Fig 1. Flow chart.
https://doi.org/10.1371/journal.pone.0306308.9001

Results
Search results

A total of 6249 items were found. After removing 1152 duplicates using EndNote, 24 articles
were initially included. Reviews, clinical record comparisons, case reports, and other literature
that did not meet the inclusion criteria were removed based on their titles and abstracts. After
a closer examination of the full text, one low-quality article and sixteen that did not meet the
inclusion criteria were excluded. Ultimately, 7 publications [18-24] were included in the
meta-analysis (Fig 1).

Inter-rater reliability was assessed using Cohen’s kappa when selecting studies. The findings
showed satisfactory agreement between the evaluators (Kappa = 0.76; 95% CI: 0.56, 0.96;
p < 0.001). An overview of patient characteristics from the seven trials is compiled in Table 1,
and the quality evaluation results are shown in Table 2.

Study characteristics

Seven studies, published between 2012 and 2022, comprise this qualitative analysis. The studies
were conducted in the Netherlands, China, Sweden, Norway, and the United Kingdom. The

PLOS ONE | https://doi.org/10.1371/journal.pone.0306308  August 28, 2024 4/12


https://doi.org/10.1371/journal.pone.0306308.g001
https://doi.org/10.1371/journal.pone.0306308

PLOS ONE

The impact of comprehensive geriatric assessment on postoperative outcomes in elderly surgery

Table 1. The characteristics of qualified researches.

Author Year | Country |Surgery type Intervention Contents Sample size Age measures
Intervention |Cotrol | Intervention | Cotrol
Watne [18] 2014 | Norway Hip fracture | 1.CGA 163 166 84 85 abcdefgh
2.Medication reviews, Early and intensive (55 t099) (46 to
mobilization, Optimizing pre- and postoperative 101)
nutrition, Early discharge planning
Partridge [19] | 2017 | England Vascular 1.CGA 85 91 75.5£6.6 75.5 behij
2.Evaluation and 6.3
optimization according to Cognition, Anaemia,
Cardiac, Frailty
Ommundsen | 2018 | Norway Colorectal | 1.CGA consisted of ADL,Use of Medication, 52 62 78.2+7.4 78.8 chjkl
[20] cancer Comorbidity,Nutritional status,Cognition, +7.8
Depression
Hempenius 2013 | Netherlands | Solid 1.CGA 127 133 77.45%6.72 | 77.63 abdjmno
[21] tumour 2.Preoperative geriatric consultation and +7.69
postoperative monitoring,Individual treatment for
delirium,Ddaily visits,advice on encountered
problems
Zhu [22] 2022 | China Hip fracture | 1.CGA 70 85 79.5 81.8 befpq
2.Assessment of basic medical diseases,Nutrition,
Physical activity,Cognitive function,Frailty
Stenvall [23] 2012 | Sweden Hip fracture | 1.CGA 28 36 81.0£5.8 83.2 bcfj
2.Individualized care planning and rehabilitation, +6.4
active prevention, detection and treatment of
postoperative complications
Hempenius 2016 | Netherlands | Solid 1.CGA 106 121 77.37+6.88 | 77.42 adhfmno
[24] tumour 2.Preoperative geriatric consultation and +7.71
postoperative monitoring,Individual treatment for
delirium,Ddaily visits,advice on encountered
problems

(a)Cognitive function; (b)Delirium; (c)Length of stay; (d)Mortality; (e)Mobility;(f)ADL function;(g) Weight changes; (h)Re-admissions; (i)New co-morbid diagnoses; (j)

Postoperative medical and surgical complications such as pneumonia,wound infection.et,al; (k)Reoperation within 30 days; (1)Survival at 30 days and 3 moths; (m)Care

dependency; (n)quality of life;(0)Return to an independent preoperative living situation;(p)Operation rate at 48 h;(q) Preoperative waiting time.

https://doi.org/10.1371/journal.pone.0306308.t001

Table 2. Quality assessment.

Watne

Partridge

Ommundsen

Hempenius DK

Zhu DK

Stenvall

I
+ |+ |+ |+ e

+ o+ |+ |+
I

Hempenius

+, sufficient; —, insufficient;DK, don’t know;A,Was a random grouping method employed?;B, Was the allocation

between the treatment/intervention group and the control group concealed?;C, Were blind methods applied for

outcome evaluators during the intervention process?; D, Were any selective reporting of research results? E, Were the

outcomes adequately recorded for the study purpose?;F, Were important confounding and effect-modifying vari-

ables taken into account in the design and/or analysis?

https://doi.org/10.1371/journal.pone.0306308.t002
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CGA Control Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Hempenius 2013 12 127 19 133 155% 0E3[0.29,1.35] e
Partridge 2017 ] a4 22 91 176% 037 [0.18, 0.86] &
Stervall 2012 19 28 34 36 91% 006 001,051 ¥
Watne 2014 80 163 86 166 401% 080 [0.58,1.38] — &
Zhu 2022 14 70 27 88 17.7% 0.591[0.28,1.27] —
Total (95% CI) 473 511 100.0%  0.63 [0.47,0.85] .
Total events 135 189 . . . .
Heterogeneity: Chi®= 872, df=4 (F=007) F=94% sz D!S ] é :'5

Test for overall effect, £= 3.00 (F=0.003)

Study or Subgroup  Mean SD Total Mean SD Total Weight [V, Random, 95% Cl

Favours [CGA] Favours [control]

Fig 2. Forest plot displaying a meta-analysis of the delirium.
https://doi.org/10.1371/journal.pone.0306308.9002

average age of the participants was between 75.5 and 85 years old. The surgeries studied
included three hip fractures, two solid tumors, and colorectal and vascular cancer. Sample
sizes ranged from 64 to 329 participants.

The outcome variables examined included cognitive function, delirium, length of stay, mor-
tality, mobility, activities of daily living (ADL), weight changes, readmissions, new comorbid
diagnoses, reoperation within 30 days, survival at 30 days and 3 months, care dependency,
quality of life, return to an independent preoperative living situation, operation rate within 48
hours, preoperative waiting time, and postoperative complications such as pneumonia and
wound infections (Table 1).

Effect sizes

Delirium. Postoperative delirium prevalence was studied in five trials [18,19,21-23]
involving 473 elderly patients in the intervention group and 511 elderly patients in the control
group. The analysis found that the rate of delirium was significantly lower in the CGA group
compared to the control group (28.5% vs. 37.0%; OR: 0.63; CI: 0.47-0.85; I: 54%; P = 0.003)
(Fig 2).

Length of stay. Six trials examined the impact of CGA on the length of hospital stay fol-
lowing surgery. However, Ommundsen et al.’s study [20] was excluded because it only pro-
vided the median and lacked additional data, making meta-analysis impossible. Ultimately,
five studies [18,19,21-23] with 473 patients in the intervention group and 511 patients in the
control group were included. The findings indicated that although the intervention group’s
average hospital stay was shorter than the control group’s, this difference was not statistically
significant (mean difference: -0.36; 95% CI: -0.376, 3.05; % 96%; p = 0.84). A sensitivity

Mean Difference
IV, Random, 95% CI

CGA Control Mean Difference

Hempenius 2013 1374 2610 127 834 828 133 174% 4.40[-0.35,9.14] —
Partridge 2017 332 1 B8 83 1 91 Z263%  -Z21[251,-1.91] -

Sterwall 2012 0012 28 323 363 3 A0% -123I0[24E6 008 ]

Watne 2014 1135 624 163 793 464 166 296% 3421[235,4.49] o
Zhu 2022 208 517 70 236 517 85 248%  -280[-4.44,-1.16] 5

Total {95% Cl) 473 511 100.0%  -0.36 [-3.76, 3.05] ‘?

Haterageneity: Tau®=11.48; Chi*=109.50, df= 4 (F < 0.00001}; F= 96%
Testfar averall efiect =021 (F=0.84)

d0 5 0 5 10
Favours [CGA]  Favours [contral]

Fig 3. Forest plot displaying a meta-analysis of the length of stay.
https://doi.org/10.1371/journal.pone.0306308.g003
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CGA Control Odds Ratio Odds Ratio

Study or Subgroup  Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% Cl
Watne 2014 21 1 21 121 36E% 1.00[0.51,1.585] ——
Partridge 2017 15 85 10 91 168% 1.74[0.73, 4.11] e
Ommundsen 2018 8 53 8 63 131% 1221043, 3.51]
Hempenius 2016 24 106 22121 335% 1.32[0.69, 2.52] B B E—
Total (95% CI) 365 396 100.0%  1.26 [0.86, 1.84] -
Total events o} A1

s [ 5 - CE 1 1 1 1
Heterogeneity: Chit=1.02, df=3 (F=0.80) F=0% D!E D!S i ﬁ é

Testfor overall effect Z=119 P =024

Fig 4. Forest plot displaying a meta-analysis of the re-admissions.

https://doi.org/10.1371/journal.pone.0306308.9004

Favours [CGA] Favours [control]

analysis revealed that the pooled estimates were not significant due to excessive heterogeneity
(Fig 3).

Re-admissions. Four studies [18-20,24] reported the rate of readmissions within 30 days
following surgery, involving 396 patients in the control group and 365 in the intervention
group. The short-term readmission rate was slightly higher in the intervention group (18.6%)
compared to the control group (15.4%). However, the pooled data showed no statistically sig-
nificant difference between the two groups (18.6% vs. 15.4%; OR: 1.26; CI: 0.86-1.84; I*: 0%;

P =0.24) (Fig 4).

Activities of daily living (ADL) functioning. Four studies provided data on ADL func-
tion, all using the Nursing Dependency Scale [25] for assessment. A meta-analysis was con-
ducted on three trials [18,22,23], including 215 patients in the intervention group and 236 in
the control group, since Hempenius et al.’s study [24] only provided baseline ADL scores. The
analysis did not reveal any significant differences in ADL between the two groups (mean dif-
ference: -0.24; 95% CI: -1.27, 0.19; I: 0%; p = 0.64) (Fig 5).

Other postoperative outcomes. Although not statistically significant, other outcome
measures discussed included quality of life [21,24], care reliance [21,24], mortality [18,21,24],
mobility [18], reoperation within 30 days [20], survival at 30 days and 3 months [20], and cog-
nitive function [18,21,24]. Significant improvements were observed in the operation rate
within 48 hours [22] (p < 0.001), preoperative waiting time [22] (p < 0.001), wound infection
[19] (p = 0.032), cardiac complications [19] (p = 0.001), bowel and bladder problems [19]

(p = 0.003), and tract infections [23] (p = 0.001). However, the intervention group experienced
a significantly greater number of new comorbid diagnoses [19], including cognitive
impairment, chronic renal illness stage 3 or above, and chronic obstructive pulmonary disease
(p < 0.001). Additionally, two studies [21,24] on postoperative recovery were conducted; one
[21] found that a higher proportion of patients in the control group reverted to their preopera-
tive way of life (OR: 1.84; 95% CI: 1.01-3.37).

Total {95% Cl) 215 236 100.0% -0.24[-1.27,0.79]
Heterogeneity, Chi*=0.20,df=2 (F=0.913 F=0% T T T

CGA Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% Cl
Stervall 2012 855 286 24 BR4 234 30 GOA% -009[1.41,123)

1959 75 121 16 B o121 361% -0.41F2121.30]
4937 1793 70 5045 1741 85 34% -118[6.78, 447

4 2 0 2 4

Testfor overall effect 2= 046 (F= 0.64)

Fig 5. Forest plot displaying a meta-analysis of the ADL function.
https://doi.org/10.1371/journal.pone.0306308.g005

Favours [CGA] Favours [control]
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Table 3. Risk stratification methods for elderly surgical patients.

Method Description Focus Area

Charlson Comorbidity Index Scores patients based on a list of 19 comorbid conditions, predicting 10-year survival in patients undergoing | Comorbidities

(CC1) surgery.

Modified Frailty Index (MFI) Uses 11 of the 70 items from the Canadian Study of Health and Aging Frailty Index to predict postoperative | Frailty assessment
outcomes.

ASA Physical Status A scale that assesses and classifies the fitness of patients before surgery. Overall physical

Classification status

Surgical Apgar Score (SAS) Provides a score based on intraoperative parameters to predict postoperative outcomes. Intraoperative risk

Elixhauser Comorbidity Index Identifies comorbidities that might alter the risk of mortality and morbidity in hospital settings. Comorbidities

(ECI)

Comprehensive Geriatric A multidimensional, interdisciplinary diagnostic process to determine the medical, psychological, and Overall health

Assessment (CGA) functional capabilities of elderly patients to develop a coordinated and integrated plan for treatment and assessment

long-term follow-up.

https://doi.org/10.1371/journal.pone.0306308.t003

Publication bias. Egger’s test was used to assless publication bias in delirium studies, and
the results suggest that publication bias may be a cause for concern (z = 2.85, p = 0.004).

Discussion

1.This article reviewed randomized controlled studies on the impact of Comprehensive Geriat-
ric Assessment (CGA) on the postoperative prognosis of elderly patients undergoing elective
surgery. Seven studies met the inclusion criteria. They all optimized perioperative care by
managing cognitive impairment, frailty, and comorbidities. This was achieved through preop-
erative assessments and targeted interventions, such as medication reviews, nutritional sup-
port, and consultations. These studies demonstrate the importance of CGA as a preventive
measure to improve postoperative outcomes.

Unfortunately, among the many outcome indicators considered, only the incidence of post-
operative delirium showed that the intervention was effective, which differed from the
expected conclusion. This review conducted a meta-analysis only on postoperative delirium,
length of stay, ADL function, and readmission rate because few studies reported additional
indicators, limiting the pooled results.

2. A more comprehensive assessment of perioperative risk may have led more patients in
the intervention group to choose conservative treatment, which could limit the effectiveness of
CGA. For example, two studies [18,21] reported no significant differences in length of stay or
care dependence, but found that more intervention patients were transferred to nursing
homes for better rehabilitation care. The lack of follow-up observations may result in an inac-
curate estimate of the intervention’s effect.

The long duration of the CGA and its reliance on geriatric knowledge might contribute to
inadequate recognition of patient risk factors. This is especially true for patients who are cogni-
tively impaired, take multiple medications, have multiple chronic conditions, or lack social
support. Additionally, the lack of a longitudinal relationship between the evaluator and the
patient may prevent the evaluator from addressing undiagnosed cognitive impairments or psy-
chological problems. These issues can reduce the accuracy of assessing the benefits of interven-
tions for outcomes influenced by multiple factors, such as readmission rates and postoperative
complications.

3. During a review of the literature, it was found that most studies focused only on the
assessment part of CGA and did not include specific care models or management plans for
modifiable risk factors aimed at improving postoperative outcomes. Therefore, these studies
did not provide a complete CGA.
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More than half of the interventions in this review were multidisciplinary care pathways
[18,20,22,23]. The other two were the Proactive Care of Older People Having Surgery (POPS)
[19] and the Liaison Intervention in Frail Elderly (LIFE) pathways [21,24]. Additional reported
models included the Perioperative Optimization of Senior Health (POSH) [26], the Hospital
Elder Life Program (HELP) pathway [27], and the Person-Centered Care (PCC) pathway [28].
However, no relevant randomized controlled trials were identified.

4. In surgical care for elderly patients, many preoperative risk stratification methods are
similar to CGA. All aim to evaluate surgical risks for senior citizens, allowing medical profes-
sionals to tailor preventative measures more effectively (Table 3). Common methods include
the Charlson Comorbidity Index (CCI) [29], the Modified Frailty Index (MFI) [30], the ASA
Physical Status Classification [31], the Surgical Apgar Score (SAS) [32], and the Elixhauser
Comfort Index (ECI) [33].

However, unlike CGA, these methods focus on clinical and physiological parameters that
directly affect surgical risk, helping to decide whether patients should proceed with surgery
and what level of care they need afterward. They provide faster evaluations but may miss subtle
differences that a complete CGA can capture. CGA has a broader scope and is more widely
used to assess the overall health status of patients. These aspects may not directly affect surgery
but are crucial for patients’ overall health and postoperative recovery.

5. Bias is inevitable. First, the potential for bias increased when the same researchers were
involved in both the intervention and control groups, as the included studies were single-cen-
ter and could not blind investigators and participants during the CGA intervention. Second, a
time gap between pre- and post-operative evaluations could introduce extraneous variables
[34]. Some studies addressed this by shortening the observation period, leading researchers to
select quickly examinable items. However, this may lead to publication bias. For example,
studies on immediate postoperative delirium may be published earlier than those on long-
term cognitive effects [35]. Insufficient follow-up time can also result in false-negative
outcomes.

Third, this review is limited to English-language research, which may introduce bias.
Despite following guidelines for meta-analyses of epidemiological observational studies, there
remains some subjectivity in the consensus protocol for assessing the quality of included
studies.

6. Even so, the value of preoperative CGA and collaborative geriatric management in help-
ing medical professionals address the complexities of elderly care is undeniable [36-39]. How-
ever, evaluating preoperative CGA is challenging, as current information is inconclusive and
requires definitive trials. These trials must comply with the CONSORT guidelines [40], using
rigorous, randomized, controlled designs and outcome measures.

The research should fully implement CGA interventions, including optimization and
assessment, select a specific strategy model, and standardize the evaluation process and instru-
ments. Additionally, researchers should identify the specific elements needing intervention
and the subtle observational variables affected by CGA. It is crucial to find suitable individuals
who are likely to benefit from CGA.

Conclusion

Current evidence suggests that few studies have thoroughly applied CGA to surgical patients.
It is unclear how CGA affects postoperative outcomes, other than delirium, in older patients

undergoing elective non-cardiac surgery. More research through higher-quality randomized
controlled trials is needed.

PLOS ONE | https://doi.org/10.1371/journal.pone.0306308  August 28, 2024 9/12


https://doi.org/10.1371/journal.pone.0306308

PLOS ONE

The impact of comprehensive geriatric assessment on postoperative outcomes in elderly surgery

Supporting information

S1 File. PRISMA checklist.
(DOCX)

S2 File. Detailed search criteria in PubMed.
(DOCX)

Author Contributions

Conceptualization: Lin Chen.

Data curation: Lin Chen, Wei Zong, Manyue Luo.

Formal analysis: Wei Zong, Manyue Luo.

Project administration: Lin Chen, Huigin Yu.

Software: Lin Chen, Manyue Luo.

Supervision: Huiqgin Yu.

Validation: Huiqin Yu.

Writing - original draft: Lin Chen.

Writing - review & editing: Wei Zong.

References

1.

World Health Organisation. Ageing and health [Internet]. 2022 [cited 2022]. Available from: https://www.
who.int/news-room/fact-sheets/detail/ageing-and-health.

Fowler AJ, Abbott TEF, Prowle J, Pearse RM. Age of patients undergoing surgery. Br J Surg. 2019 Jul;
106(8):1012-8. https://doi.org/10.1002/bjs. 11148 Epub 2019 May 22. PMID: 31115918.

Qato DM, Wilder J, Schumm LP, Gillet V, Alexander GC. Changes in Prescription and Over-the-
Counter Medication and Dietary Supplement Use Among Older Adults in the United States, 2005 vs
2011. JAMA Intern Med. 2016 Apr; 176(4):473-82. https://doi.org/10.1001/jamainternmed.2015.8581
PMID: 26998708; PMCID: PMC5024734.

Kong C, Zhang Y, Wang C, Wang P, Li X, Wang W, et al. Comprehensive geriatric assessment for
older orthopedic patients and analysis of risk factors for postoperative complications. BMC Geriatr.
2022 Aug 4; 22(1):644. https://doi.org/10.1186/s12877-022-03328-5 PMID: 35927629; PMCID:
PMC9354431.

Zietlow K, McDonald SR, Sloane R, Browndyke J, Lagoo-Deenadayalan S, Heflin MT. Preoperative
Cognitive Impairment As a Predictor of Postoperative Outcomes in a Collaborative Care Model. J Am
Geriatr Soc. 2018 Mar; 66(3):584-9. https://doi.org/10.1111/jgs.15261 Epub 2018 Jan 13. PMID:
29332302; PMCID: PMC5849502.

Calderdn-Larrafiaga A, Vetrano DL, Ferrucci L, Mercer SW, Marengoni A, Onder G, et al. Multimorbidity
and functional impairment-bidirectional interplay, synergistic effects and common pathways. J Intern
Med. 2019 Mar; 285(3):255-71. https://doi.org/10.1111/joim.12843 Epub 2018 Nov 22. PMID:
30357990; PMCID: PMC6446236.

Mistry PK, Gaunay GS, Hoenig DM. Prediction of surgical complications in the elderly: Can we improve
outcomes? Asian J Urol. 2017 Jan; 4(1):44-9. hitps://doi.org/10.1016/j.ajur.2016.07.001 Epub 2016
Aug 18. PMID: 29264206; PMCID: PMC5730906.

Merani S, Payne J, Padwal RS, Hudson D, Widder SL, Khadaroo RG. Predictors of in-hospital mortality
and complications in very elderly patients undergoing emergency surgery. World J Emerg Surg. 2014
Jul 7; 9:43. https://doi.org/10.1186/1749-7922-9-43 PMID: 25050133; PMCID: PMC4105124.

Karhade AV, Ogink P, Thio Q, Broekman M, Cha T, Gormley WB, et al. Development of machine learn-
ing algorithms for prediction of discharge disposition after elective inpatient surgery for lumbar degener-
ative disc disorders. Neurosurg Focus. 2018 Nov 1; 45(5): E6. https://doi.org/10.3171/2018.8.
FOCUS18340 PMID: 30453463.

PLOS ONE | https://doi.org/10.1371/journal.pone.0306308  August 28, 2024 10/12


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306308.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0306308.s002
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://www.who.int/news-room/fact-sheets/detail/ageing-and-health
https://doi.org/10.1002/bjs.11148
http://www.ncbi.nlm.nih.gov/pubmed/31115918
https://doi.org/10.1001/jamainternmed.2015.8581
http://www.ncbi.nlm.nih.gov/pubmed/26998708
https://doi.org/10.1186/s12877-022-03328-5
http://www.ncbi.nlm.nih.gov/pubmed/35927629
https://doi.org/10.1111/jgs.15261
http://www.ncbi.nlm.nih.gov/pubmed/29332302
https://doi.org/10.1111/joim.12843
http://www.ncbi.nlm.nih.gov/pubmed/30357990
https://doi.org/10.1016/j.ajur.2016.07.001
http://www.ncbi.nlm.nih.gov/pubmed/29264206
https://doi.org/10.1186/1749-7922-9-43
http://www.ncbi.nlm.nih.gov/pubmed/25050133
https://doi.org/10.3171/2018.8.FOCUS18340
https://doi.org/10.3171/2018.8.FOCUS18340
http://www.ncbi.nlm.nih.gov/pubmed/30453463
https://doi.org/10.1371/journal.pone.0306308

PLOS ONE

The impact of comprehensive geriatric assessment on postoperative outcomes in elderly surgery

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

Khorgami Z, Hui BY, Mushtaq N, Chow GS, Sclabas GM. Predictors of mortality after elective ventral
hernia repair: an analysis of national inpatient sample. Hernia. 2019 Oct; 23(5):979-85. https://doi.org/
10.1007/s10029-018-1841-x Epub 2018 Nov 3. PMID: 30392164.

Knittel JG, Wildes TS. Preoperative Assessment of Geriatric Patients. Anesthesiol Clin. 2016 Mar; 34
(1):171-83. https://doi.org/10.1016/j.anclin.2015.10.013 PMID: 26927746.

Kim Kl, Park KH, Koo KH, Han HS, Kim CH. Comprehensive geriatric assessment can predict postoper-
ative morbidity and mortality in elderly patients undergoing elective surgery. Arch Gerontol Geriatr.
2013 May-Jun; 56(3):507—12. https://doi.org/10.1016/j.archger.2012.09.002 Epub 2012 Dec 14. PMID:
23246499.

Parker SG, McCue P, Phelps K, McCleod A, Arora S, Nockels K, et al. What is Comprehensive Geriatric
Assessment (CGA)? An umbrella review. Age Ageing. 2018 Jan 1; 47(1):149-55. https://doi.org/10.
1093/ageing/afx166 PMID: 29206906.

Parker SG, McLeod A, McCue P, Phelps K, Bardsley M, Roberts HC, et al. New horizons in comprehen-
sive geriatric assessment. Age Ageing. 2017 Sep 1; 46(5):713-21. https://doi.org/10.1093/ageing/
afx104 PMID: 28874007.

Ellis G, Gardner M, Tsiachristas A, Langhorne P, Burke O, Harwood RH, et al. Comprehensive geriatric
assessment for older adults admitted to hospital. Cochrane Database Syst Rev. 2017 Sep 12; 9(9):
CD006211. https://doi.org/10.1002/14651858.CD006211.pub3 PMID: 28898390; PMCID:
PMC6484374.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred reporting items for systematic
reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009 Jul 21; 6(7):e1000097. https://
doi.org/10.1371/journal.pmed.1000097 Epub 2009 Jul 21. PMID: 19621072; PMCID: PMC2707599.

Higgins JP, Altman DG. Assessing risk of bias in included studies. In: Cochrane handbook for system-
atic reviews of interventions. Wiley; 2008. p. 187—241. https://doi.org/10.1002/9780470712184.ch8

Watne LO, Torbergsen AC, Conroy S, Engedal K, Frihagen F, Hjorthaug GA, et al. The effect of a pre-

and postoperative orthogeriatric service on cognitive function in patients with hip fracture: randomized

controlled trial (Oslo Orthogeriatric Trial). BMC Med. 2014 Apr 15; 12:63. https://doi.org/10.1186/1741-
7015-12-63 PMID: 24735588; PMCID: PMC4022270.

Partridge JS, Harari D, Martin FC, Peacock JL, Bell R, Mohammed A, et al. Randomized clinical trial of
comprehensive geriatric assessment and optimization in vascular surgery. Br J Surg. 2017 May; 104
(6):679-87. https://doi.org/10.1002/bjs. 10459 Epub 2017 Feb 15. PMID: 28198997.

Ommundsen N, Wyller TB, Nesbakken A, Bakka AO, Jordhgy MS, Skovlund E, Rostoft S. Preoperative
geriatric assessment and tailored interventions in frail older patients with colorectal cancer: a random-
ized controlled trial. Colorectal Dis. 2018 Jan; 20(1):16-25. https://doi.org/10.1111/codi.13785 PMID:
28649755.

Hempenius L, Slaets JP, van Asselt D, de Bock GH, Wiggers T, van Leeuwen BL. Outcomes of a Geri-
atric Liaison Intervention to Prevent the Development of Postoperative Delirium in Frail Elderly Cancer
Patients: Report on a Multicentre, Randomized, Controlled Trial. PLoS One. 2013 Jun 19; 8(6): €64834.
https://doi.org/10.1371/journal.pone.0064834 PMID: 23840308; PMCID: PMC3686791.

ZhuT,Yud,MaY,QinY,LiN, Yang H. Effectiveness of Perioperative Comprehensive Evaluation of
Hip Fracture in the Elderly. Comput Intell Neurosci. 2022 Aug 5; 2022:4124354. https://doi.org/10.
1155/2022/4124354 PMID: 36035830; PMCID: PMC9410974.

Stenvall M, Berggren M, Lundstrdm M, Gustafson Y, Olofsson B. A multidisciplinary intervention pro-
gram improved the outcome after hip fracture for people with dementia—subgroup analyses of a ran-
domized controlled trial. Arch Gerontol Geriatr. 2012 May-Jun; 54(3):€284-9. https://doi.org/10.1016/}.
archger.2011.08.013 Epub 2011 Sep 17. PMID: 21930310.

Hempenius L, Slaets JP, van Asselt D, de Bock TH, Wiggers T, van Leeuwen BL. Long Term Outcomes
of a Geriatric Liaison Intervention in Frail Elderly Cancer Patients. PLoS One. 2016 Feb 22; 11(2):
€0143364. https://doi.org/10.1371/journal.pone.0143364 PMID: 26901417; PMCID: PMC4762573.

Dijkstra A, Buist G, Dassen T. Nursing-care dependency. Development of an assessment scale for
demented and mentally handicapped patients. Scand J Caring Sci. 1996; 10(3):137—43. https://doi.org/
10.1111/j.1471-6712.1996.tb00326.x PMID: 9060783.

McDonald SR, Heflin MT, Whitson HE, Dalton TO, Lidsky ME, Liu P, et al. Association of Integrated
Care Coordination With Postsurgical Outcomes in High-Risk Older Adults: The Perioperative Optimiza-
tion of Senior Health (POSH) Initiative. JAMA Surg. 2018 May 1; 153(5):454—62. https://doi.org/10.
1001/jamasurg.2017.5513 PMID: 29299599; PMCID: PMC5875304.

Inouye SK, Baker DI, Fugal P, Bradley EH; HELP Dissemination Project. Dissemination of the hospital
elder life program: implementation, adaptation, and successes. J Am Geriatr Soc. 2006 Oct; 54
(10):1492-9. https://doi.org/10.1111/j.1532-5415.2006.00869.x PMID: 17038065.

PLOS ONE | https://doi.org/10.1371/journal.pone.0306308  August 28, 2024 11/12


https://doi.org/10.1007/s10029-018-1841-x
https://doi.org/10.1007/s10029-018-1841-x
http://www.ncbi.nlm.nih.gov/pubmed/30392164
https://doi.org/10.1016/j.anclin.2015.10.013
http://www.ncbi.nlm.nih.gov/pubmed/26927746
https://doi.org/10.1016/j.archger.2012.09.002
http://www.ncbi.nlm.nih.gov/pubmed/23246499
https://doi.org/10.1093/ageing/afx166
https://doi.org/10.1093/ageing/afx166
http://www.ncbi.nlm.nih.gov/pubmed/29206906
https://doi.org/10.1093/ageing/afx104
https://doi.org/10.1093/ageing/afx104
http://www.ncbi.nlm.nih.gov/pubmed/28874007
https://doi.org/10.1002/14651858.CD006211.pub3
http://www.ncbi.nlm.nih.gov/pubmed/28898390
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
https://doi.org/10.1002/9780470712184.ch8
https://doi.org/10.1186/1741-7015-12-63
https://doi.org/10.1186/1741-7015-12-63
http://www.ncbi.nlm.nih.gov/pubmed/24735588
https://doi.org/10.1002/bjs.10459
http://www.ncbi.nlm.nih.gov/pubmed/28198997
https://doi.org/10.1111/codi.13785
http://www.ncbi.nlm.nih.gov/pubmed/28649755
https://doi.org/10.1371/journal.pone.0064834
http://www.ncbi.nlm.nih.gov/pubmed/23840308
https://doi.org/10.1155/2022/4124354
https://doi.org/10.1155/2022/4124354
http://www.ncbi.nlm.nih.gov/pubmed/36035830
https://doi.org/10.1016/j.archger.2011.08.013
https://doi.org/10.1016/j.archger.2011.08.013
http://www.ncbi.nlm.nih.gov/pubmed/21930310
https://doi.org/10.1371/journal.pone.0143364
http://www.ncbi.nlm.nih.gov/pubmed/26901417
https://doi.org/10.1111/j.1471-6712.1996.tb00326.x
https://doi.org/10.1111/j.1471-6712.1996.tb00326.x
http://www.ncbi.nlm.nih.gov/pubmed/9060783
https://doi.org/10.1001/jamasurg.2017.5513
https://doi.org/10.1001/jamasurg.2017.5513
http://www.ncbi.nlm.nih.gov/pubmed/29299599
https://doi.org/10.1111/j.1532-5415.2006.00869.x
http://www.ncbi.nlm.nih.gov/pubmed/17038065
https://doi.org/10.1371/journal.pone.0306308

PLOS ONE

The impact of comprehensive geriatric assessment on postoperative outcomes in elderly surgery

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Ekman I, Wolf A, Olsson LE, Taft C, Dudas K, Schaufelberger M, et al. Effects of person-centred care in
patients with chronic heart failure: the PCC-HF study. Eur Heart J. 2012 May; 33(9):1112-9. https://doi.
org/10.1093/eurheartj/ehr306 Epub 2011 Sep 15. PMID: 21926072; PMCID: PMC3751966.

Laor A, Tal S, Guller V, Zbar AP, Mavor E. The Charlson Comorbidity Index (CCl) as a Mortality Predic-
tor after Surgery in Elderly Patients. Am Surg. 2016 Jan; 82(1):22—7. PMID: 26802847.

Panayi AC, Orkaby AR, Sakthivel D, Endo Y, Varon D, Roh D, et al. Impact of frailty on outcomes in sur-
gical patients: A systematic review and meta-analysis. Am J Surg. 2019 Aug; 218(2):393—-400. https://
doi.org/10.1016/j.amjsurg.2018.11.020 Epub 2018 Nov 27. PMID: 30509455; PMCID: PMC6536365.

Hackett NJ, De Oliveira GS, Jain UK, Kim JY. ASA class is a reliable independent predictor of medical
complications and mortality following surgery. Int J Surg. 2015 Jun; 18:184-90. https://doi.org/10.1016/
j.ijsu.2015.04.079 Epub 2015 Apr 30. PMID: 25937154.

Haynes AB, Regenbogen SE, Weiser TG, Lipsitz SR, Dziekan G, Berry WR, et al. Surgical outcome
measurement for a global patient population: validation of the Surgical Apgar Score in 8 countries. Sur-
gery. 2011 Apr; 149(4):519-24. https://doi.org/10.1016/j.surg.2010.10.019 Epub 2011 Jan 8. PMID:
21216419.

Moore BJ, White S, Washington R, Coenen N, Elixhauser A. Identifying Increased Risk of Readmission
and In-hospital Mortality Using Hospital Administrative Data: The AHRQ Elixhauser Comorbidity Index.
Med Care. 2017 Jul; 55(7):698-705. https://doi.org/10.1097/MLR.0000000000000735 PMID:
28498196.

van Boekel RLM, Bronkhorst EM, Vloet L, Steegers MAM, Vissers KCP. Identification of preoperative
predictors for acute postsurgical pain and for pain at three months after surgery: a prospective observa-
tional study. Sci Rep. 2021 Aug 12; 11(1):16459. https://doi.org/10.1038/s41598-021-95963-y PMID:
34385556; PMCID: PMC8361098.

Bilotta F, Russo G, Verrengia M, Sportelli A, Foti L, Villa G, et al. Systematic review of clinical evidence
on postoperative delirium: literature search of original studies based on validated diagnostic scales. J
Anesth Analg Crit Care. 2021 Nov 25; 1(1):18. https://doi.org/10.1186/s44158-021-00021-8 PMID:
37386536; PMCID: PMC10245484.

Chow WB, Rosenthal RA, Merkow RP, Ko CY, Esnaola NF; American College of Surgeons National
Surgical Quality Improvement Program; American Geriatrics Society. Optimal preoperative assessment
of the geriatric surgical patient: a best practices guideline from the American College of Surgeons
National Surgical Quality Improvement Program and the American Geriatrics Society. J Am Coll Surg.
2012 Oct; 215(4):453-66. https://doi.org/10.1016/j.jamcollsurg.2012.06.017 Epub 2012 Aug 21. PMID:
22917646.

Ellis G, Spiers M, Coutts S, Fairburn P, McCracken L. Preoperative assessment in the elderly: evalua-
tion of a new clinical service. Scott Med J. 2012 Nov; 57(4):212-6. https://doi.org/10.1258/smj.2012.
012120 Epub 2012 Oct 1. PMID: 23028174.

Ko FC. Preoperative Frailty Evaluation: A Promising Risk-stratification Tool in Older Adults Undergoing
General Surgery. Clin Ther. 2019 Mar; 41(3):387-99. https://doi.org/10.1016/j.clinthera.2019.01.014
Epub 2019 Feb 22. PMID: 30799232; PMCID: PMC6585449.

Kong C, Zhang Y, Wang C, Wang P, Li X, Wang W, et al. Comprehensive geriatric assessment for
older orthopedic patients and analysis of risk factors for postoperative complications. BMC Geriatr.
2022 Aug 4; 22(1):644. https://doi.org/10.1186/s12877-022-03328-5 PMID: 35927629; PMCID:
PMC9354431.

Patrick D. Reporting of patient-reported outcomes in randomized trials: the CONSORT PRO extension.
Value Health. 2013 Jun; 16(4):455-6. https://doi.org/10.1016/j.jval.2013.04.001 PMID: 23796277 .

PLOS ONE | https://doi.org/10.1371/journal.pone.0306308  August 28, 2024 12/12


https://doi.org/10.1093/eurheartj/ehr306
https://doi.org/10.1093/eurheartj/ehr306
http://www.ncbi.nlm.nih.gov/pubmed/21926072
http://www.ncbi.nlm.nih.gov/pubmed/26802847
https://doi.org/10.1016/j.amjsurg.2018.11.020
https://doi.org/10.1016/j.amjsurg.2018.11.020
http://www.ncbi.nlm.nih.gov/pubmed/30509455
https://doi.org/10.1016/j.ijsu.2015.04.079
https://doi.org/10.1016/j.ijsu.2015.04.079
http://www.ncbi.nlm.nih.gov/pubmed/25937154
https://doi.org/10.1016/j.surg.2010.10.019
http://www.ncbi.nlm.nih.gov/pubmed/21216419
https://doi.org/10.1097/MLR.0000000000000735
http://www.ncbi.nlm.nih.gov/pubmed/28498196
https://doi.org/10.1038/s41598-021-95963-y
http://www.ncbi.nlm.nih.gov/pubmed/34385556
https://doi.org/10.1186/s44158-021-00021-8
http://www.ncbi.nlm.nih.gov/pubmed/37386536
https://doi.org/10.1016/j.jamcollsurg.2012.06.017
http://www.ncbi.nlm.nih.gov/pubmed/22917646
https://doi.org/10.1258/smj.2012.012120
https://doi.org/10.1258/smj.2012.012120
http://www.ncbi.nlm.nih.gov/pubmed/23028174
https://doi.org/10.1016/j.clinthera.2019.01.014
http://www.ncbi.nlm.nih.gov/pubmed/30799232
https://doi.org/10.1186/s12877-022-03328-5
http://www.ncbi.nlm.nih.gov/pubmed/35927629
https://doi.org/10.1016/j.jval.2013.04.001
http://www.ncbi.nlm.nih.gov/pubmed/23796277
https://doi.org/10.1371/journal.pone.0306308

