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Summary

BACKGROUND: Frailty, a state of increased vulnerability, is a well-established risk factor of ad-
verse outcomes following surgery. While its prognostic value has been demonstrated in various
contexts, data are lacking on its impact in emergency general surgery within the Swiss healthcare
system. This study aimed to evaluate the association between frailty and outcomes among older
patients undergoing emergency general surgery in a Swiss tertiary hospital.

METHODS: We conducted a retrospective cohort study including patients aged 65 years or over
who underwent emergency general surgery between January 2016 and December 2019. Eligible
procedures included laparotomy, bowel resection, peptic ulcer repair, appendectomy and chole-
cystectomy performed within 72 hours of admission. Frailty was assessed retrospectively using
the Clinical Frailty Scale (CFS), based on clinical documentation. The primary outcome was 1-year
mortality. Secondary outcomes included complications, hospital length of stay and discharge des-
tination. Multivariable regression models were used to analyse associations.

RESULTS: Of 683 patients (median age 76 years; 52.7% female), 38.2% were classified as living
with frailty (CFS =5). One-year mortality was significantly higher among patients with frailty
(25.6%) than those without (6.6%), with an adjusted odds ratio (aOR) of 3.0 (95% CI: 1.7-5.1). Frail-
ty was associated with an increased risk of complications (aOR: 2.3; 95% CI: 1.5-3.6), prolonged
hospital stay (+46.4%; 95% CI: 26.8-69.0%) and discharge to a location other than home (aOR:
2.1; 95% CI: 1.4-3.2).

CONCLUSION: Frailty is associated with worse outcomes after emergency general surgery in older
adults. Routine frailty screening could improve risk stratification and guide patient-centred surgical
decision-making.

Introduction

Although emergency general surgery accounts for just 10% of all general surgeries, it is responsi-
ble for nearly half of all deaths and over a quarter of complications [1]. Mortality after emergency
general surgery is estimated to be five times higher than after elective surgeries [2]. Older adults
are particularly impacted, comprising more than 30% of emergency general surgery cases [3].
Age is consistently linked to worse outcomes, such as increased short-term mortality and pro-
longed hospitalisation [4-7]. Yet, age alone is insufficient to predict individual outcomes, as more
than 60% of patients over 80 survive the first 30 days following surgery [8].
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Thus, interest has grown in alternative predictors like frailty and functional status. Several
frailty measures show a strong association with poor outcomes in emergency general surgery [9-
11]. Among them, the Clinical Frailty Scale (CFS), developed by Rockwood, has gained attention for
its ease of use and strong prognostic value [12, 13]. Studies in the United Kingdom have found that
patients with frailty experience higher mortality at multiple time points, longer admissions and
greater care needs at discharge [14-16]. Similar findings were reported in Spain, where frailty cor-
related with 30-day mortality and complications. The CFS stands out as a suitable tool for use in
emergency departments due to its practicality and accuracy [17, 18].

To date, no research has explored this relationship in Switzerland. Some studies have dem-
onstrated the association between frailty and adverse outcomes in the Swiss general population
[19]. However, its impact in emergency general surgery remains unexplored, especially within the
Swiss health system's unique structure, characterised by dense hospital networks, high physician
availability and relatively lower nurse-to-bed ratios. Identifying frailty early could improve risk as-
sessment, inform shared decision-making and support tailored perioperative care strategies. Incor-
porating frailty assessments, such as the CFS, into predictive tools may further enhance outcome
prediction.

The overall goal of the present study was to assess the association between frailty and out-
comes in older emergency general surgery patients treated in a Swiss university hospital. Our spe-
cific objectives were to estimate the association between frailty and (1) 1-year mortality, (2) major
complications, (3) length of stay and (4) discharge to a location other than home.

Methods

Study design and setting

The study was a secondary analysis of a cohort of emergency general surgery patients from Hépi-
taux Universitaires Genéve (HUG; Geneva University Hospitals) [7]. The initial cohort comprised all
adult patients who presented to the emergency department (ED) between 2015 and 2019 and who
required emergency general surgery within 72 hours of ED presentation. Patients admitted primari-
ly for psychiatric reasons and those who left without consultation were excluded. Data were ob-
tained through electronic data extraction and medical chart review.

Patients

Patients were included if they presented to the HUG ED between 1 January 2016 and 31 December
2019, were aged 65 or over and underwent emergency general surgery. Emergency general sur-
gery was defined as one of the following procedures performed on a non-elective basis within 72
hours of admission: appendectomy, cholecystectomy, laparotomy, lysis of adhesions, large bowel
resection, small bowel resection or peptic ulcer repair. These procedures were classified as low-
risk (appendectomy, cholecystectomy) or high-risk (laparotomy, lysis of adhesions, large bowel re-
section, small bowel resection, peptic ulcer repair) [20]. Patients were identified using CHOP
(Swiss Classification of Surgical Interventions) codes, the Swiss equivalent of the International
Classification of Diseases Procedure Coding System (ICD-PCS).

Variables

The exposure variable was frailty, assessed using the Clinical Frailty Scale (CFS). Frailty status was
retrospectively determined through a review of electronic medical records, based on ED physician
reports and follow-up notes from physicians, nurses and physiotherapists, following predefined cri-
teria (case report form in original French available in supplementary information 1in the appendix).
The assessment aimed to evaluate frailty status during the month preceding hospital admission.

Previous studies demonstrate that frailty assessment via medical chart review is compara-
ble to patient or family interviews [21]. To enhance the reliability of the assessment, three trained,
unblinded reviewers (CAF, CS, KVD) independently evaluated a random sample of 10% of the
charts. Discrepancies were resolved through consensus discussions [22]. Owing to an initial inter-
rater agreement below the predefined threshold (80%), the extraction form was refined, CFS levels
2 and 3 were merged and an additional 5% of charts were reviewed. Following this adjustment,
agreement improved, and each of the three reviewers independently assessed a third of the re-
maining charts. All abstractors were medical doctors with experience in emergency medicine and
completed an e-learning programme on frailty and the CFS [23].
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The primary outcome was 1-year mortality, defined as death occurring within one year of
the surgical procedure. One-year mortality was collected electronically. When a patient's death
was documented in the electronic health record, the recorded date of death was used. If death
was not documented, patients who had a hospital visit more than one year after surgery were con-
sidered alive at one year. For the remaining patients, 1-year mortality was considered missing. Sec-
ondary outcomes included in-hospital major complications, hospital length of stay and discharge
to a location other than home. Major complications were defined as Clavien-Dindo grade =3, indi-
cating complications requiring intervention (Grade 3) or ICU admission (Grade 4), or resulting in
death (Grade 5) [24]. Hospital length of stay was measured from the time of admission to dis-
charge, excluding transfers to rehabilitation or other non-acute care facilities. Discharge to a loca-
tion other than home included discharge to a post-acute care facility, a rehabilitation facility or a
nursing home.

Triage level in the emergency department was categorised according to the Swiss Emer-
gency Triage Scale: Level 1 for life-threatening emergencies needing immediate care; Level 2 for
urgent conditions requiring assessment within 20 minutes; Level 3 for semi-urgent situations re-
quiring assessment within 2 hours; and Level 4 for non-urgent presentations [25]. Additional col-
lected variables have been previously described in detail [7].

Data sources/measurement

Variables were extracted electronically from the hospital data warehouse. This system contains
comprehensive information from current and previous hospitalisations, including physicians' and
nurses’' notes, admission and discharge summaries, orders, imaging and results, laboratory tests
and vital signs. For the CFS assessment, medication count and complications, data were collected
and managed using REDCap (Research Electronic Data Capture) hosted at HUG [26, 27]. REDCap
is a secure, web-based software platform designed to support data capture for research studies,
providing 1) an intuitive interface for validated data capture; 2) audit trails for tracking data manipu-
lation and export procedures; 3) automated export procedures for seamless data downloads to
common statistical packages; and 4) procedures for data integration and interoperability with ex-
ternal sources. A standardised case report form was developed, pretested and refined before ini-
tiating the final chart review process (case report form in original French available in supplementa-
ry information 1in the appendix).

Statistical analysis

Statistical analyses were performed using Stata version 17 (StataCorp, College Station, TX, USA).

The distribution of the CFS was described for the overall patient population and within key
subgroups defined by sex, age and level of care prior to admission. Baseline characteristics were
summarised using means and standard deviations for normally distributed continuous variables,
and medians with interquartile ranges (IQR) for skewed distributions. Categorical variables were re-
ported as counts and proportions. To align our approach with the majority of published studies on
this topic, patients were stratified into two groups: those without frailty (CFS 1-4) and those with
frailty (CFS 5-9). Comparisons between groups were conducted using standardised mean differ-
ences (SMD).

Outcomes were analysed according to frailty as a binary variable (without vs with frailty).
For binary outcomes, counts and proportions were reported, and binary logistic regression was
used to estimate crude odds ratios (OR) with 95% confidence intervals (Cl). For hospital length of
stay, a skewed continuous variable, geometric means and 95% Cls were reported. Multivariable re-
gression models were then used to assess the adjusted associations between frailty and each out-
come. For length of stay, linear regression analysis was used after log transformation and estima-
ted regression coefficients were exponentiated to yield the adjusted relative difference, expressed
as a percentage with corresponding 95% CI. The assumptions for linear regression were assessed,
including linearity, homoscedasticity, normality of residuals and absence of multicollinearity. Cova-
riates adjusted for in the multivariable models were age, sex, triage level and the number of acute
hospitalisations in the past year. These were selected a priori, based on existing literature, clinical
judgement and data availability. These variables were considered likely to influence both frailty sta-
tus and clinical outcomes. To account for potential non-linear associations, associations with con-
tinuous covariates were modelled using restricted cubic splines, with three knots at the 10th, 50th
and 90th percentiles [28]. A secondary analysis was conducted treating frailty as a multilevel cate-
gorical variable. A sensitivity analysis was performed excluding patients with a CFS level of 9, as
these individuals are generally considered palliative and are expected to have a high mortality risk
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independent of surgery. Finally, we conducted a post hoc survival analysis to further explore the
association between frailty and mortality over time. Time-to-event data were analysed using a Cox
proportional hazards regression model. The model included the same covariates as those used in
the primary analysis. The proportional hazards assumption was assessed using Schoenfeld residu-
als and the corresponding statistical test. Survival probabilities were estimated using the Kaplan-
Meier method and graphically displayed with Kaplan-Meier curves.

For the primary outcome, effect modification was assessed using interaction terms based
on sex, risk of the procedure, time of admission (night vs day) and ED C-reactive protein (CRP) lev-
el (<40 vs 240 mg/L). These factors were selected because acuity may modify the association be-
tween frailty and clinical outcomes [13].

A significance level of 5% was applied for all statistical tests.

We estimated that a sample size of 374 patients would be sufficient to detect a difference in
the primary outcome, with 80% power, assuming a risk ratio of 3.0, a mortality rate of 5% in pa-
tients without frailty and a frailty prevalence of 33%. However, to ensure an adequate number of
events for adjusted analyses with 10-20 degrees of freedom [29], we chose to include approxi-
mately 650 patients, corresponding to a 4-year inclusion period.

Missing data

For missing exposure data, patients were excluded if frailty could not be assessed at all. If the ex-
act frailty level was unknown but group classification (with vs without frailty) was possible, pa-
tients were included in both analyses: assigned to their frailty group in the primary analysis and
considered as a missing category in the secondary analysis.

For missing outcome data, patients were excluded from the primary analysis. A sensitivity
analysis was conducted under three assumptions: (1) all patients died; (2) all patients survived; and
(3) patients with frailty survived while patients without frailty died, representing the weakest possi-
ble association.

Ethical considerations

The study was conducted at HUG in compliance with Good Clinical Practice guidelines and the
principles outlined in the Declaration of Helsinki (2002).

The protocol was submitted for approval to the Commission Cantonale d'Ethique de la Re-
cherche, the Ethics Committee overseeing all research projects at HUG. The Committee approved
the protocol on 23 August 2021 (Project ID: 2021-01498). Moreover, given that the study was retro-
spective and would use previously collected data, the Committee granted a waiver for patient con-
sent. Consequently, only patients who had explicitly refused the use of their data were excluded
from the study.

Open science

The initial cohort was registered on the Open Science Framework (DOI: 10.17605/0OSF.I0/TRU4N).
The protocol for the secondary analysis has not been published and is available on request from
the corresponding author. The dataset and the Stata code supporting the findings are publicly
available on the Open Science Framework (DOI: 10.17605/OSF.I0/8K7YN). This study is reported in
accordance with STROBE (Strengthening the Reporting of Observational Studies in Epidemiology)
guidelines [30].

Results

Among the 3592 patients initially screened, 2891 were excluded, mostly because they were young-
er than 65 years. Chart review identified two patients without emergency general surgery who
were therefore excluded. Additionally, the CFS level could not be assessed in 16 patients (2.3%),
leading to their exclusion. Thus, 683 patients were ultimately included in the analysis (figure 1).
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Figure 1: Flowchart.

Patients with emergency general surgery

(N=3,592)

Excluded (N=2,909)
Younger than 65 (N=2,666)
Before 2016 (N=225)

No emergency general surgery (N=2)
Frailty assessment impossible (N=16)

Patients included in the analysis (N=0683)

Patients without frailty (N=422)

Patients with frailty (N=261)

The median age was 76 years, and 52.7% of the patients were female (table 1). A total of 38 pa-
tients (5.6%) were living in a nursing home prior to hospitalisation, and the median number of med-
ications was 4 (IQR: 2-7). Overall, 341 patients (46%) were admitted to the emergency department
by ambulance, and 52.4% of the patients had an emergency department triage level of 2.

Table 1: Patient characteristics.

All patients (n = 683) Patients with frailty (n = |Patients without frailty (n |SMD
261) =422)

Female - n (%) 360 (52.7%) 139 (53.3%) 221(52.4%) 0.018
Age (years) — median (IQR) 76 (71-83) 82 (75-89) 74 (69-79) 0.928
Living in a nursing home before hospitalisation — n (%) 38 (5.6%) 38 (14.6%) 0 (0.0%) 0.584
Acute hospitalisation in the previous year —n (%) 0.724
..0 427 (62.5%) 110 (42.2%) 317 (751%)
L2 192 (281%) 107 (41.0%) 85 (20.1%)
.>2 64 (9.4%) 44 (16.9%) 20 (4.7%)
Emergency department visits in the previous year - n (%) 0.607
..0 403 (59.0%) 109 (41.8%) 294 (69.7%)
=2 211 (30.9%) 107 (41.0%) 104 (24.6%)
>2 69 (10.1%) 45 (17.2%) 24 (57%)
Admission by ambulance or equivalent - n (%) 341 (46.0%) 173 (66.3%) 141 (33.4%) 0.696
Emergency department triage level? - n (%) 0.311
... 1 (highest acuity) 39 (5.7%) 21(81%) 18 (4.3%)
2 358 (52.4%) 152 (85.2%) 206 (48.8%)
.3 277 (40.6%) 87 (33.3%) 190 (45.0%)
... 4 (lowest acuity) 9 (1.3%) 1(0.4%) 8 (1.9%)
Night admission (6pm — 7am) - n (%) 262 (38.4%) 95 (36.4%) 167 (39.6%) 0.065
Weekend admission —n (%) 149 (21.8%) 54 (20.7%) 95 (22.5%) 0.044
Body mass index (kg/m?) - mean+SD 25.8+5.6 25.3+5.4 26.0£5.4 0.082
ED vital signs
... Systolic blood pressure (mm Hg) — mean+SD 137£25 13525 138+24 0.101
... Diastolic blood pressure (mm Hg) — mean+SD 78+16 7717 79%15 0142
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... Mean arterial pressure <65 mm Hg - n (%) 21(31%) 9 (3.5%) 12 (2.9%) 0.036
... Heart rate (bpm) — mean+SD 89+19 90+18 89+19 0.042
... Temperature (°C) — mean+SD 371x0.8 37.2+0.9 371%0.8 0.142
Laboratory values — median (IQR)

... Creatinine (umol/l) 86.5 (69-115) 97 (73.5-132) 83 (68-104) 0.195
... Haemoglobin (g/I) 135 (121-147) 130 (114-143) 136 (125-148) 0.381
... Leucocytes (x109%/1) 11.8 (8.8-15.8) 11.7 (8.7-16.9) 11.8 (8.9-15.4) 0.138
... C-reactive protein (mg/I) 58.9 (10.6-174.9) 73.45 (16.2-196.1) 49.2 (8.5-145.6) 0.179

Number of drugs — median (IQR) 4(2-7) 6 (3-9) 3 (1-5) 0.750
Diabetes - n (%) 108 (15.8%) 48 (18.4%) 60 (14.2%) 0113

Hypertension - n (%) 366 (53.6%) 166 (63.6%) 200 (47.4%) 0.331
History of myocardial infarction —n (%) 70 (10.3%) 31(11.9%) 39(9.2%) 0.086
Chronic obstructive pulmonary disease — n (%) 36 (5.3%) 23 (8.8%) 13 (31%) 0.244
Cognitive impairment - n (%) 53 (7.8%) 47 (18.0%) 6 (1.4%) 0.583
Emergency department length of stay (hours) — median (IQR) 6.9 (4.5-10.7) 7.5 (5.0-10.8) 6.6 (4.2-10.7) 0167

Time to operating room (hours) — median (IQR) 16.0 (7.7-33.7) 15.0 (7.0-30.8) 16.9 (8.3-36.5) 0M2

High-risk intervention® - n (%) 328 (48.0%) 149 (571%) 179 (42.4%) 0.296

bpm: beats per minute; IQR: interquartile range; SD: standard deviation; SMD: standardised mean difference.

@ The emergency department triage level is based on the Swiss Emergency Triage Scale.

b High-risk interventions include laparotomy, lysis of adhesions, large bowel resection, small bowel resection and peptic ulcer
repair.

Frailty was identified in 261 patients, corresponding to a prevalence of 38.2% (95% CI: 34.6-
41.9%). The exact frailty level could not be assigned for 100 patients (14.6%) (table S1in the ap-
pendix). Patients with frailty were older, had more previous hospitalisations or emergency depart-
ment visits, and presented with a more-urgent triage level. No clinically relevant differences were
observed in admission time, body mass index, vital signs or laboratory results (table 1).

Primary outcome

Among the 652 (95.5%) patients without missing data for the outcome, the overall 1-year mortality
was 14.1% (95% ClI: 11.6-17.0%) (table 2). It was higher in patients with frailty compared to those
without (25.6% vs 6.6%; OR: 4.9 [95% CI: 3.0-7.9]). After adjustment for age, sex, triage level and
previous hospitalisations, the association remained significant (adjusted OR: 3.0 [95% CI: 1.7-5.1]).

Table 2: Crude and adjusted associations between frailty and outcomes after emergency general surgery.

All patients (n = 683)

Patients with frailty
(n =261

Patients without
frailty (n = 422)

Crude association @
(95% Cl)

Adjusted association
ab (95% CI)

Primary outcome 1-year mortality — n (%) 92/652 (14.1%) 66/258 (25.6%) 26/394 (6.6%) 4.8 (3.0-7.9) 3.0 (1.7-5.)
Secondary outcomes Major complications —n (%) 155 (22.7%) 84 (32.2%) 71(16.8%) 2.3 (1.6-3.4) 2.3 (1.5-3.6)
Hospital length of stay (day) - mean |9.3(8.7-9.9) 12.8 (11.6-14.1) 76 (7.0-8.2) +68.0% (48.2-90.4) |+46.4% (26.8-69.0)

(95% Cl)°

Discharge to a location other than

home - n (%)d

173/647 (26.7%)

102/238 (42.9%)

711409 (17.4%)

3.6 (2.5-5.1)

21(1.4-3.2)

Cl: confidence interval.

@ Reported as odds ratios for binary outcomes or percentage change for hospital length of stay.

b Analyses were adjusted for age, sex, emergency department triage level and number of previous hospitalisations. Age was
modelled using restricted cubic splines. Emergency department triage level was defined according to the Swiss Emergency Tri-
age Scale.

¢ Geometric mean.

d Among patients alive at discharge and not in a nursing home before hospitalisation.

Secondary outcomes

A total of 155 patients (22.6%) experienced a major complication. This included the need for a new
intervention in 34.8% of them (54/155), an ICU admission in 471% (73/155) or death in 181%
(28/155). Patients with frailty were more likely to experience major complications (32.2% vs 16.8%,
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aOR: 2.3 [95% CI: 1.5-3.6]) (table 2). They also had a longer hospital stay (12.8 vs 7.6 days,
+46.4% [95% Cl: 26.8-69.0%]) and were more often discharged to a location other than home
(42.9% vs 17.4%, aOR:2.1[95% CI: 1.4-3.2]).

Secondary, sensitivity and subgroup analyses for the primary outcome

In the secondary analysis using the CFS as a multilevel categorical variable (table S2 in the appen-
dix), we observed a progressive increase in odds of 1-year mortality with higher levels of frailty,
with odds ratios from 3.4 for CFS 2-3 to 67 for CFS 8. In the sensitivity analysis addressing missing
outcome data, the association between frailty and mortality remained statistically significant under
all assumptions (table S3 in the appendix). The odds ratio was 1.8 (95% CI: 1.2-2.9) when assum-
ing all patients with missing values died, 3.1 (95% CI: 1.8-5.3) when assuming all survived and 1.7
(95% CI: 11-2.7) when assuming patients without frailty died and patients with frailty survived. In
the analysis excluding patients with a CFS score of 9, the adjusted OR was 2.6 (95% Cl: 1.2-5.9). In
the post hoc survival analysis, the Cox proportional hazards model showed that frailty was inde-
pendently associated with the outcome, with an adjusted hazard ratio (HR) of 3.0 (95% CI: 1.7-5.2).
The Kaplan—-Meier survival curves are presented in the appendix (figure S1). Finally, in the sub-
group analysis, the effect was consistent across the different subgroup analyses performed (figure
2), although the association appeared slightly stronger for low-risk procedures than for high-risk
procedures. Mortality stratified by frailty level and risk of procedure is summarised in table S4 in
the appendix.

Figure 2. : Subgroup analysis for the primary outcome. aOR: adjusted odds ratio; Cl: confidence interval; CRP: C-reactive pro-
tein; ED: emergency department.

Frailty decreases mortality Frailty increases mortality
Overall
|
Sex (p=0.903) I
Female (N=342) B

Procedure risk (p=0.394)

Male (N=310) -
|
|
|

Low risk (N=336) &
High risk (N=316) _——
|
CRP level (p=0.772) I
<40mg/L (N=265) o
>40mg/L (N=359) .
|
ED admission time (p=0.544) :
Day (N=407) .
Night (N=245) B
T T T T T T
0 1 2 3 4 5
. aOR ——— 95%Cl
No effect ———-—- Overall effect
Discussion

In this observational study, we reported an association between frailty and 1-year mortality among
older patients requiring emergency general surgery. Patients with frailty were more frequently dis-
charged to a location other than home, experienced major complications more often and had lon-
ger hospital stays.
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This study is consistent with previous research in the field, although the strength of the as-
sociation between frailty and 1-year mortality varies across studies. This can be explained by dif-
ferences in patient populations, frailty measures and statistical adjustments [9, 15, 31]. Despite this
variability, evidence consistently shows that frailty increases the risk of poor outcomes after emer-
gency general surgery. Notably, the association appeared stronger in low-risk procedures, consis-
tent with findings from the study by Castillo-Angeles et al. regarding 30-day mortality [32]. Al-
though this difference did not reach statistical significance, it supports the importance of screen-
ing all patients, not just those undergoing high-risk procedures. Finally, this study confirms that
age alone should not be considered a determinant of mortality [33].

In addition to 1-year mortality — which may not be the most relevant outcome for older adults
-, patients with frailty experienced poorer short-term outcomes. The increased risk of major com-
plications observed in our study is consistent with previous findings [34-36] and prolonged hospi-
talisation has also been reported in several studies [37]. Furthermore, our results showed a 2-fold
increase in the risk of discharge to a location other than home among frail patients, confirming that
frailty increases dependency [38, 39]. In some cases, surgery and aggressive life-prolonging inter-
ventions may do more harm than good [40]. For many older adults, longevity is not the primary
goal. Instead, being surrounded by loved ones, maintaining comfort and avoiding pain are often
considered more important [41]. Therefore, open communication regarding care options and their
outcomes is crucial to support the shared decision-making process with patients and caregivers,
highlighting that the impact of emergency general surgery extends beyond mortality alone.

Some limitations should be acknowledged. First, the CFS was assessed retrospectively from
medical records, which may have led to exposure misclassification. However, this approach has
been validated, reviewers were trained and the extraction form was adapted to enhance data quali-
ty. Missing mortality information represents another limitation. One-year mortality was missing for
less than 5% of patients, most of whom (90%) were non-frail, indicating non-random missingness.
Findings were robust to extreme assumptions in sensitivity analyses. It should be noted that pa-
tients were initially selected using discharge diagnostic and intervention codes. This approach may
have led to inappropriate inclusion or exclusion of some patients. Nevertheless, only two cases of
inappropriate inclusion were identified during the chart review. Residual confounding may remain.
While we included variables felt to be at high risk for confounding, it is possible others may exist
which could influence our results. One last point to consider is that the results of this study may
underestimate the true association, as patients with greater frailty were likely not offered surgery
and therefore excluded from the cohort. Despite these limitations, several strengths should be
highlighted. First, the large sample size allows for the use of multivariable regression models with a
reduced risk of overfitting. In addition, the use of a standardised data extraction form, which was
refined following pilot training on a subset of the study population, enhances the internal validity of
the study.

The findings of this study may contribute to informing both clinical practice and future re-
search directions. From a clinical perspective, these results may assist in informing patients before
surgery, enabling a more accurate estimation of individual risk and prognosis. Routine incorpora-
tion of the CFS into the assessment of older patients considered for emergency general surgery
may help guide decision-making and care planning [42]. Our results could also support tailoring
specific interventions or, when appropriate, postponing surgery. Recognising when to avoid sur-
gery can be more challenging than deciding when to proceed. Identifying frailty could assist in de-
veloping a plan focused on the individual rather than just the condition [43].

From a research perspective, given that the CFS appears to be a potential predictor of out-
comes after emergency general surgery, it might be integrated into clinical prediction models. An-
other relevant research question would be to explore whether frailty level influences the decision
for non-surgical management in older patients requiring emergency general surgery. Finally, it
would be important to assess the association between frailty level and patient-centred outcomes,
such as quality of life, after emergency surgery.

Conclusion

Frailty is associated with adverse outcomes in older adults undergoing emergency general surgery.
Beyond mortality, frailty is associated with higher complication rates, longer hospitalisation and in-
creased risk of discharge to a location other than home. These findings support the routine use of
the Clinical Frailty Scale in emergency settings to enhance perioperative risk assessment and facil-
itate shared decision-making with patients and their caregivers.
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Confidential

2021-01498 - Incidence of poor outcomes after emergency general surgery and association with frailty : a 5-years retrospective study

Frailty

Page 1

REDCap ID

Study ID

Patient sex

Patient age

One year mortality O No

O Yes

(O Missing
Start of stay
End of stay

CFS vraiment impossible a évaluer

O No (la grande majorité)
(O Yes (une trés petite minorité)

Terminally ilI? (expected to survive less than 6
months)

(O No (CFS 1-2-3-4-5-6-7)
QO Yes (CFS 8-9)

Dépendant pour 3+ AVQ?

(O No (CF59)
(O Yes (CFS 8)

Dépendant pour des AVQ?

(O No (CFS 1-2-3-4-5-6)
O Yes (CFS 6-7)

Dépendant pour 3+ AVQ?

O No (CFS 6)
O Yes (CFS 7)

Dépendant pour des AIVQ?

(O No (CFS 1-2-3-4)
(O Yes (CFS 5-6)

Dépendant pour 5+ AIVQ

(O No (CF5=5)
O Yes (CFS=6)

10+ comorbidités?

(O No (CFS 1-2-3-4)
(O Yes (CFS 4)

Appréciation globale de I'état de santé

21.08.2025 13:29
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(O Excellent (CFS 1)
(O Modéré (CFS 2, 3)
(O Mauvais (CFS 4)
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Confidential

Page 2

Impression générale

O CFS1-2-3-4
(O CFS 5-6-7-8-9
(O impossible

Number of medications

(If unknown type 99 )

Complication majeure durant le séjour en soins aigus

(O 0=Pas de complication majeure

O Illl=Complication nécessitant un traitement
chirurgical, endoscopigue ou radiologique

(O IV=Complications menagantes (y compris
neurologiques centrales) avec indication d'USI
(unité de soins intensif)

(O V=Déces

Destination

O Déces
O RAD

O 3C

O BS

QO Loex

O Bellerive
O Jolimont
O Autre

Si autre, préciser

Divers / Notes / Info

21.08.2025 13:29
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Table S1 — Patients' age, sex and independence by frailty levels

Age (years) — median Female —n (%) Living in a nursing home
(IQR) —n (%)
Patients without frailty
(N=422)
CFS 1 (N=77) 71 (67-76) 49 (63.6) 0(0)
CFS 2-3 (N=175) 75 (70-80) 87 (49.7) 0(0)
CFS 4 (N=83) 76 (71-82) 45 (54.2) 0(0)
Unknown (N=87) 73 (69-77) 40 (46.0) 0(0)
Patients with frailty
(N=261)
CFS 5 (N=92) 82 (75-87) 52 (56.5) 1(1.1)
CFS 6 (N=80) 83 (77-89) 40 (50.0) 11 (13.8)
CFS 7 (N=67) 86 (77-92) 39 (85.2) 25 (37.3)
CFS 8 (N=2) 81 (70-91) 1 (50.0) 1 (50.0)
CFS 9 (N=7) 69 (67-76) 2 (28.6) 0(0)
Unknown (N=13) 77 (71-82) 5(38.5) 0(0)

Table S2 — Logistic regression model for one-year mortality using CFS as a multilevel

categorical variable

Crude OR 95% CI
CFS 1 Ref. Ref.
CFS 2-3 3.4 0.4-27.7
CFS 4 7.1 0.9-58.6
CFSS5 16.5 2.1-127.2
CFS 6 23.8 3.1-182.7
CFS7 25.7 3.3-198.0
CFS 8 67.0 2.2-2014.0
CFS 9 402.0 21.9-7268.9
Missing CFS 9.3 1.2-74.1

Table S3 — Sensitivity analyses for one-year mortality

adjusted OR 95% CI
Main analysis 3.0 1.7-5.1
Excluding patients with CFS9 2.6 1.2-59
All missing assumed dead 1.8 1.2-2.9
All missing assumed alive 3.1 1.8-5.3
Missing: non-frail dead, frail alive 1.7 1.1-2.7

Table S4 — Mortality stratified by frailty level and procedural risk
All patients Patients with frailty Patients without
frailty

All patients — n (%) 92/652 (14.1) 66/258 (25.6) 26/394 (6.6)
Low risk procedure —n (%) 24/336 (7.1) 18/110 (16.4) 6/226 (2.7)
High risk procedure — n (%) 68/316 (21.5) 48/148 (32.4) 20/168 (11.9)
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Figure S1 — Kaplan—Meier Survival Curves by Frailty
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