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Abstract
Background  Older surgical patients have a higher risk of postoperative mortality and morbidity compared to younger patients. 
Timely identification of high-risk patients facilitates comprehensive preoperative evaluation, optimization, and resource 
allocation to help reduce this risk. This review aims to identify a preoperative screening tool for older patients undergoing 
elective surgery predictive of poor short-term postoperative outcomes.
Methods  A scoping review was conducted. An Ovid MEDLINE search was used to identify systematic reviews or meta-
analyses comprising older elective patients in at least two different surgical settings. International guidelines were reviewed 
for recommendations regarding preoperative tools in this population.
Results  Over 50 screening tools were identified. The majority showed a positive association with short-term postoperative 
mortality and morbidity in older patients. The most commonly described tools were the American Society of Anesthesi-
ologists Physical Status (ASA-PS), frailty tools and domain-specific tools administered as part of comprehensive geriatric 
assessment (CGA). Due to heterogeneity in outcome measures and statistical methodology the predictive capacity between 
tools could not be compared. International guidelines described a comprehensive preoperative approach incorporating 
domain-specific tools rather than recommending a screening tool.
Conclusion  Multiple tools were associated with poor short-term postoperative outcomes in older elective surgical patients. 
No single superior tool could be identified. Frailty, cognitive and/or functional tools were most frequently utilized.

Keywords  Geriatric assessment · Aged · Screening tool · Preoperative care · Surgery · Frailty

Background

Older people constitute the most rapidly growing group 
throughout the developed world [1]. This evolving demo-
graphic shift has led to an increased demand for surgery 
in older patients [2]. Older patients are more likely to suf-
fer from multi-morbidity, frailty, cognitive and functional 
impairment [3]. As a result, they have poorer postoperative 
outcomes including higher mortality and complication rates, 
a prolonged length of stay and increased likelihood of dis-
charge to supported accommodation compared to younger 
patients [4, 5]. Equally important measures of recovery, such 
as health-related quality of life, are infrequently reported and 
poorly defined [6].

Efficient and effective screening of older patients who 
may be at increased risk of these poor postoperative 
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outcomes is a current challenge facing clinicians and ser-
vice providers. Identification of high-risk older patients 
aims to improve postoperative outcomes through targeted 
comprehensive geriatric assessment (CGA) and medical 
optimization, shared decision-making, engagement of the 
perioperative multidisciplinary team and allocation of crit-
ical care resources [7–9]. Conversely, not all older patients 
will benefit from these interventions.

There is lack of consensus on which screening tools 
should be applied to older patients in an elective surgi-
cal setting [10]. Although there is an abundance of tools 
in existence, many are narrowly targeted towards specific 
surgical subtypes or require specialist training to adminis-
ter. Thus, a preoperative assessment tool that can be easily 
and broadly applied to older elective surgical patients with 
a high ability to predict poor postoperative outcomes is 
sought.

This scoping review aims to examine the ability of pre-
operative assessment tools to predict poor short-term post-
operative outcomes in older patients undergoing elective 
surgery and to determine if a single best screening tool 
can be recommended in this cohort. We also aim to sum-
marize recommendations for the use of these preoperative 
assessment tools in relevant international guidelines on the 
perioperative care of the older patient.

Methods

Given the broad research question with anticipated het-
erogenous results, a scoping review based on Arksey and 
O’Malley’s framework was conducted [11].

Search strategy

We searched Ovid MEDLINE for systematic reviews 
and meta-analyses of preoperative tools applied to older 
patients undergoing elective surgery published between 
January 2000 and 8 February 2019. The literature search 
was conducted with assistance from a health sciences 
librarian. Keywords were combined with MeSH search 
terms ‘surgical procedures, operative’, ‘elective surgical 
procedures’, ‘risk assessment or risk factors’, ‘outcome 
assessment (health care)’, ‘decision support techniques’, 
‘postoperative complications’, ‘mortality’, ‘morbidity’, 
‘length of stay’ and ‘treatment outcome’. The detailed 
search string is listed in electronic supplementary material. 
The inclusion of international guidelines was deemed nec-
essary after the literature search of systematic reviews and 
meta-analyses lacked a clear consensus on which screen-
ing tools were best to use in the population of interest.

Review procedure

Two investigators (RA, NSH) screened the titles and 
abstracts and selected articles for full-text review. Full-text 
articles were then examined for eligibility. A third researcher 
(ABM) resolved any differences that could not be decided 
by consensus. A manual search of the references of eligible 
articles was also performed. In addition, relevant interna-
tional guidelines evaluating older patients undergoing elec-
tive surgery were screened for recommendations regarding 
evidence-based preoperative tools.

Inclusion criteria

Eligible articles consisted of systematic reviews or meta-
analyses in which the majority of study participants were 
older patients undergoing elective surgery. Older patients 
were defined as a population mean or median age of 60 years 
or older. If the age range was not stated in the review article, 
original articles were examined. Screening tools needed to 
be tested in at least two different elective surgical popula-
tions. This ensured the tools were not limited to a specific 
surgical group and were therefore more broadly applicable. 
Tools needed to be able to be completed preoperatively. 
Outcomes of interest were short-term mortality (inpatient 
mortality, 30-day or 90-day mortality), length of stay and 
measures of short-term postoperative morbidity such as 
postoperative complications, postoperative delirium, qual-
ity of life and discharge to a care facility.

Results

The literature search yielded 3814 articles. Screening of 
titles and abstracts resulted in 69 articles selected for full-
text review. Following the exclusion of articles based on 
study type, patient population, tools and outcomes, 15 arti-
cles were selected for inclusion [12–26] as detailed in Fig. 1.

More than 50 different preoperative tools were identi-
fied. The American Society of Anesthesiologists Physical 
Status (ASA-PS) tool, several frailty tools and domain-spe-
cific tools included as part of CGA were most frequently 
reported. Characteristics of the included studies are listed in 
Table 1. Tools and association with postoperative mortality 
and morbidity are detailed in Table 2.

American Society of Anesthesiologists Physical 
Status (ASA‑PS)

The ASA tool is a simple ranking of physical health sta-
tus from 1 to 5 (independent—moribund), which can be 



39Internal and Emergency Medicine (2021) 16:37–48	

1 3

completed quickly by a wide range of clinicians [27]. It is 
broadly applied to all ages and to both emergency and elec-
tive populations. An association of high ASA grade with 
postoperative delirium [18, 22, 26] and postoperative mor-
tality as well as complications [24] was reported in older 
patients undergoing a range of elective surgery. Conversely, 
a poor AUROC of 0.64 for the ability of the ASA to pre-
dict postoperative mortality following oesophagectomy was 
described [25].

Frailty

Of the multitude of frailty tools applied to older surgical 
patients across nine reviews [12–17, 19, 21, 23], including 
cardiothoracic surgical patients [12, 13, 17], the modified 
frailty index (mFI) and Fried criteria were the most fre-
quently reported, followed by the Comprehensive Assess-
ment of Frailty (CAF), Groningen Frailty Index (GFI) and 
Balducci frailty criteria. A strong association between the 

mFI and postoperative mortality and Clavien–Dindo grade 
4 or 5 postoperative complications were reported in frail 
patients undergoing mixed major surgery [13]. In a meta-
analysis and systematic review, frail patients (defined as any 
mFI score > 0) had a higher 30-day mortality (RR 4.19, CI 
2.96–5.92), higher major postoperative complications (RR 
2.03, CI 1.26–3.29) and an higher likelihood of discharge to 
skilled care accommodation (RR 2.15, CI 1.92–2.4) com-
pared to non-frail patients (mFI score of 0) [19]. Similarly, 
frail patients meeting at least 3 of 5 phenotypic Fried scale 
criteria were more likely to die (30-day mortality OR 2.67, 
p = 0.029) [17], develop major postoperative complications 
[13] and have a longer length of stay (median LOS 9 vs 
6 days, p = 0.004) [19]. Sandini et al. reported a strong asso-
ciation between frailty and 90-day postoperative mortality 
[OR 5.77, (CI 4.41–7.55)] and major morbidity [OR 2.56 
(CI 2.08–3.16)] in older patients undergoing mixed major 
surgery, although did not specify a suggested frailty tool 
[21]. Overall, the majority of frailty tools summarized in 

Fig. 1   Flowchart of selection of 
articles for inclusion in review 3814 articles screened 

for title and abstracts 

69 articles selected for full text review  

34 excluded due to ineligible tool: 
- inclusive of intraoperative variables (n=4) 
- tool specific to patient population (n=15) 
- analysis of risk factors without use of tool 
(n=13) 

1 article identified 
on cross-referencing 

15 eligible articles included in review 

14 excluded due to ineligible population: 
- emergency surgery (n=7) 
- mean or median age <60 (n=7) 

2 excluded due to ineligible outcome 

1 excluded due to ineligible study type 

4 excluded for other reasons: 
- duplicate population (n=1) 
- unable to access full articles (n=3) 
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this review reported a positive association with morbidity 
and mortality in older patients undergoing elective surgery.

Function

Tools to assess function were applied as part of frailty 
screening and CGA. Gait speed and the timed up and go 
test (TUGT) were described as bedside preoperative func-
tional tests. Slow gait speed defined as 5 m ≥ 6 s was associ-
ated with higher postoperative mortality [13], and compos-
ite endpoint of postoperative mortality or major morbidity 
(OR ranging 2.63 (CI 1.17–5.9) to 3.17 (CI 1.7–2.59) [12, 
23]. TUGT over 20 s was associated with postoperative 
complications [OR ranging from 3.1 (CI 1.1–8.6) to 4.1 
(CI 1.6–10.5)] [16] in older patients undergoing oncologic 
surgery. Clinician or patient-measured functional scales 
including the Katz, Barthel, Instrumental Activities of 
Daily Living (IADL) and Nottingham extended ADL scale 
(NEADL) tools demonstrated an association between func-
tional impairment and increased postoperative mortality [12, 
16] and 30-day postoperative complication rate [16].

Comprehensive geriatric assessment (CGA)

Several objective tools as part of CGA were evaluated and 
categorized into functional, nutritional, cognitive, mood, 
comorbidity, polypharmacy and frailty domains [16]. 
Patients at risk of malnourishment using the Mini Nutri-
tional Assessment (MNA) had a higher risk of short-term 
postoperative mortality (HR 2.39, CI 1.24–4.61) [16]. Those 
with a mini-mental status examination (MMSE) score < 24 
points had an increased risk of mortality (HR 1.13, CI 
1.04–1.22) and postoperative complications (OR 4.55, 
CI 1.15–18.05) within 6 months following surgery [16]. 
Older surgical patients with a geriatric depression scale ≥ 5 
points were also less likely to survive 6 months (HR 3.62, 
CI 1.77–7.4) and were more likely to experience postop-
erative complications [OR range 3.68 (CI 0.96–14.08) to 
4.58 (CI 125–16.84)] [16]. Partridge et al. reviewed overall 
CGA application encompassing the use of objective tools 
and demonstrated lower postoperative complications and 
length of stay (4.9 vs 8.9 days, p < 0.001) [20].

Current guidelines on perioperative management 
of older patients

Recommendations summarized in international guide-
lines on the perioperative care of older patients are given 
in Table 3 [28–33]. Most are based on expert consensus 
opinion. Where validated screening tools have been used to 
assess individual domains, these are highlighted.

The American College of Surgeons National Surgical 
Quality Improvement Program (NSQIP) 2012 guideline Ta
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[29] is one of the earliest publications released in this field. 
It is relatively prescriptive and recommends specific pre-
operative testing, such as full blood examination and base-
line ECG. Validated domain-specific assessment tools are 
recommended according to expert consensus. The NSQIP 
2016 guideline [28] includes sections relating to the imme-
diate perioperative period. It does not discuss screening 
tools, however, refer to the NSQIP 2012 guideline where 

screening tools are discussed in further detail, for example, 
in the medication management domain [28, 29].

The guidelines of the Association of Anaesthetists of 
Great Britain and Ireland [30] similarly refer to NSQIP 2012 
for assessment of domains including cognition and medica-
tion management. These guidelines also recommend pre-
operative risk score calculation tailored to specific surgical 
situations, for example, use of the Nottingham Hip Fracture 

Table 2   Predictive capacity of preoperative assessment tools

Tool Mortality Morbidity and length of stay

ASA AUROC 0.64 [25]
OR 1.54–11.6 [24]

Postop complications:
OR 1.77–7.1 [24]
ASA > 2: OR 3.44 (2.02–5.87) [18]
ASA-3: Clavien-Dindo 4 OR 6.8 [13]
ASA ≥ 3: pooled OR 2.71 (1.64–4.48) [22]
Delirium:
ASA ≥ 3: OR 5.65 (1.57–20.36) [26]
Cardiac arrest:
ASA-3: OR 1.2, ASA-4: OR 3.5, ASA-5: OR 7.5 [13]
Perioperative MI:
ASA-3: OR 3, ASA-4: 6.9, ASA-5: 14.9 [13]

CAF ≤ 11 30d mortality OR 1.1 (1.06–1.2) [12]
CCI AUROC 0.57 [25]

All-cause mortality HR 1.03 (0.9–1.17) [16]
Postop complications:
OR 0.93 (− 1.68–3.54) [22]

CGA assessment of frailty 2 frailty markers:
6 mo mortality HR 3.86 (0.41–36.02)–8.88 (1.09–72.29) 

[16]
 ≥ 3 markers:
6 mo mortality HR 4.51 (0.49–41.25)–8.5 (1.1–65.87) 

[16]

Postop complications:
OR 3.13 (1.65–5.92)–6 [13, 16]
RR 1.59 (1.25–2.01)–1.75 (1.28–2.41) [16]
Length of stay
LOS > 2 days OR 4.2 [13]

Fried 30d mortality OR 2.67 (p = 0.029) [17] Postop complications:
OR 2.54 (1.12–5.77) [13]
Major Cx OR 3.13 (1.65–5.92)—4.1 [13]
 ≥ Clavien 2 Cx OR 4.08 (p = 0.006) [17]
Mortality or procedural Cx OR 2.2 (p = 0.04) [17]
QoL
Mortality or poor QoL at 6 mo OR 2.21 (p = 0.03) [17]
Length of stay
LOS intermediately frail OR 1.49 (1.24–1.8) [13]

GFI GFI ≥ 5 30d mortality ES 0.08 (0.02–0.21) [15] Postop complications:
GFI ≥ 5 Postop Cx ES 0.15 (0.06–0.31) [15]
GFI ≥ 3 ≥ Clavien 3a OR 3.62 [13]
Length of stay
GFI ≥ 5 ES 7.17 (6.02–8.54) [15]
GFI ≥ 3 ES 15.8 (12.79–19.51) [15]

Katz IADL Dependence in ≥ 1 ADL inpatient mortality OR 1.8 
(1.1–3) [23]

mFI OR 11–11.7 [13]
RR 4.19 (2.96–5.92) [19]

Postop complications:
OR 11[13]
Clavien 4 and 5 postop Cx OR 14.4 [13]
mFI > 0.27: Clavien 4 Cx OR 4.8 [13]
mFI > 0.12: postop Cx OR 2.71 [13]
mFI > 0: postop Cx pooled RR 1.48 (1.35–1.61), major 

postop Cx pooled RR 1.48 (1.35–1.61) [19]
Discharge to care facility:
RR 2.15 (1.92–2.4) [19]

Slow gait speed 5 m ≥ 6 s OR 2.63 [13] Mortality or major morbidity OR 2.63 (1.17–5.9)–3.17 
(1.7–2.59) [12]
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Score in the prediction of 30-day mortality after hip frac-
ture surgery [30]. The British Geriatric Society guideline 
[31] and an Australian guideline, the New South Wales 
Government Health Perioperative toolkit [32], recommend 
assessing several domains to risk stratify patients, but do not 
specify which tools to use. Both these guideline emphasize 
the importance of assessing social domains which are not 
included in NSQIP guidelines [31, 32]. The Society for Peri-
operative Assessment and Quality Improvement (SPAQI) 
[33] covers several domains including cognition, functional 
status, frailty, mood disorder and medical comorbidity. Spe-
cific screening tools are suggested for some of the domains, 
such as mini-COG to assess cognition. The more recently 
published guidelines, including SPAQI and the New South 
Wales Government Health Perioperative Toolkit, tend to 
state broader expert consensus recommendations such as 
multidisciplinary care and shared decision-making [32, 33].

Overall, there is heterogeneity in the approach taken by 
each guideline committee towards the perioperative man-
agement of older patients. Assessment domains and tools 
differ between guidelines. Almost all guidelines recommend 
an assessment of cognition, functional status and frailty, 
although many do not specify which tool to use.

Discussion

This scoping review of systematic reviews and meta-anal-
yses demonstrates the broad range of tools that are applied 
preoperatively to older patients undergoing elective surgery. 
The most commonly described tools include the ASA, frailty 
tools and tools utilized during CGA. The majority of tools 
show a positive association with short-term postoperative 
mortality and morbidity as measures of postoperative recov-
ery in various older surgical patient populations, including 
cardiothoracic patients. Due to the differences in utilized 
cut-off points and outcome parameters, tools are unable to 
be compared in order to support one tool over another. Perio-
perative guidelines offer recommendations for pre-assess-
ment approach in older surgical patients but lack consensus 
regarding the selection of preoperative tools. As a result, 
there is no evidence to support a distinct tool which should 
be applied universally to older surgical patients.

The ASA is simple to apply and routinely used by anaes-
thetists to broadly stratify patients in all perioperative set-
tings. Whilst there is a consistent association between a 
higher ASA score and poor postoperative outcomes [34], 
it remains a subjective score with high inter-observer vari-
ability [35].

The inherent value of identifying frailty, defined as an 
age-related cumulative decline in multiple physiological sys-
tems [36], has been increasingly recognized as a measure 
of high-risk in older surgical patients [9, 37, 38]. However, Ta
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standardized assessment is often lacking due to the absence 
of a universal or ‘gold standard’ frailty tool as demonstrated 
in this review.

CGA is a time-consuming patient-specific evaluation 
which might not be appropriate to administer to all older 
patients preoperatively [39]. Whilst there is supportive evi-
dence for CGA in both emergency [40] and elective [41] 
older surgical patients, it requires specialist training to 
administer the domain-specific tools [20, 21]. Adaptations of 
the CGA into screening tools such as the G-8 questionnaire 
[42] and CGA-GOLD [43] require further research in broad 
surgical populations and were not published in a meta-anal-
ysis or systematic review format for inclusion. Additional 
commonly utilized screening tools did not meet the inclusion 
criteria for this review. For example, the P-POSSUM uses 
intraoperative variables [44] and the Revised Cardiac Risk 
Index was only included in one systematic review within our 
literature search [45].

International guidelines are fairly consistent in terms of 
recommending a complete preoperative medical assess-
ment based on geriatric domains included in a CGA. Most 
recommendations are based on expert opinion. Although 
cognition, functional status and frailty are consistently pri-
oritized, with corresponding tools given as an example in 
each guideline, there is no consensus regarding which tool 
to use. This suggests that completing any chosen assessment 
may be more important than which tools are specifically 
used. The ease of use of the guidelines and ability to apply 
the recommendations quickly and effectively in an outpatient 
setting, such as a preadmission clinic, has not been validated. 
Furthermore, a comprehensive approach might not neces-
sary for all older patients.

The 2018 Royal College of Surgeons High-Risk General 
Surgical Guideline recommends all patients undergo risk 
assessment prior to surgery and classifies patients with a pre-
dicted postoperative mortality risk of ≥ 5% as high risk [9]. 
This can be estimated using a preoperative risk assessment 
tools and frailty assessment. Resources can consequently 
be targeted towards high-risk patients including planning 
postoperative critical care beds, senior anaesthetic and surgi-
cal intraoperative presence and engagement of the multidis-
ciplinary perioperative team. Whilst no screening tool has 
been identified as the single best option in the older general 
surgical patient, it appears that making a screening assess-
ment using any validated tool to guide the application of 
comprehensive geriatric assessment is warranted. Given the 
shared recommendation of guidelines to assess cognition, 
functional status and frailty, it is reasonable for clinicians to 
choose a tool within one or all of these domains.

There were limitations met throughout this scoping 
review which contributed to the inability to define a sin-
gle appropriate screening tool. The high number of tools 
reported and marked heterogeneity in outcomes measured 

significantly limited the ability to compare tools in this 
review. Whilst narrowing the search to a more specific popu-
lation may have been more achievable, we aimed to find a 
broadly applicable tool to reflect clinical need and simplify 
perioperative pathways. There were multiple selection biases 
including skewed subsurgical groups, the underrepresenta-
tion of oldest old patients and geography.

Geriatrician-led multidisciplinary perioperative care tar-
geting older patients undergoing surgery is growing in clini-
cal practice. The establishment of the ‘Perioperative Care of 
Older Patients Undergoing Surgery’ (POPS) service in the 
UK is an example of a successful collaborative perioperative 
model for older patients, which has led to improved mortal-
ity and morbidity in older surgical patients [41, 46]. In this 
model, preoperative screening is not limited to a specific 
tool but encourages identification of geriatric syndromes and 
clinical judgement [47]. Despite strong evidence and UK 
national endorsement of the POPS model of care, clinical 
uptake is not yet widely disseminated with an acknowledged 
‘implementation gap’. A logic implementation model of the 
POPS service has successfully led to translation of core 
components to a smaller setting [48].

Conclusion

The use of screening tools to predict postoperative outcomes 
in older patients prior to elective surgery is important in 
identifying high-risk patients and developing safe, efficient 
and effective clinical pathways for the perioperative team. 
A number of screening tools have been identified as associ-
ated with poor postoperative outcomes and the selection of a 
frailty, functional and/or cognitive tool is proposed. Interna-
tional consensus guidelines recommend a complete and thor-
ough medical and geriatric assessment of the older patient 
prior to surgery; screening tools can help guide which 
patients will benefit from this comprehensive approach.
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