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Abstract

Background: Multimorbidity is a growing burden in our ageing society and is associ-

ated with perioperative morbidity and mortality. Despite several modifications to the

ASA physical status classification, multimorbidity as such is still not considered. Thus,

the aim of this study was to quantify the burden of comorbidities in perioperative

patients and to assess, independent of ASA class, its potential influence on periopera-

tive outcome.

Methods: In a subpopulation of the prospective ClassIntra® validation study from

eight international centres, type and severity of anaesthesia-relevant comorbidities
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were additionally extracted from electronic medical records for the current study.

Patients from the validation study were of all ages, undergoing any type of in-hospital

surgery and were followed up until 30 days postoperatively to assess perioperative

outcomes. Primary endpoint was the number of comorbidities across ASA classes.

The associated postoperative length of hospital stay (pLOS) and Comprehensive

Complication Index (CCI®) were secondary endpoints. On a scale from

0 (no complication) to 100 (death) the CCI® measures the severity of postoperative

morbidity as a weighted sum of all postoperative complications.

Results: Of 1421 enrolled patients, the mean number of comorbidities significantly

increased from 1.5 in ASA I (95% CI, 1.1–1.9) to 10.5 in ASA IV (95% CI, 8.3–12.7)

patients. Furthermore, independent of ASA class, postoperative complications mea-

sured by the CCI® increased per each comorbidity by 0.81 (95% CI, 0.40–1.23) and

so did pLOS (geometric mean ratio, 1.03; 95% CI, 1.01–1.06).

Conclusions: These data quantify the high prevalence of multimorbidity in the surgi-

cal population and show that the number of comorbidities is predictive of negative

postoperative outcomes, independent of ASA class.

Editorial Comment

The ASA score does not consider multimorbidity, and this may impact the ability to predict post-

operative outcomes. This international observational study assessed comorbidities in 1421

patients undergoing surgery and found the number of comorbidities significantly increased with

ASA score up to mean of 8.2 in ASA III and 10.5 in ASA IV. Interestingly, each comorbidity

increased the Comprehensive Complication Index independently of ASA score, suggesting multi-

morbidity as an important addition to ASA classification.

1 | INTRODUCTION

Multimorbidity has become the most common chronic condition in

our ageing society.1 As the number of chronic diseases increases with

age, multimorbidity is already present in >60% of those aged

≥65 years among the general population.2,3 In paediatric patients, the

comorbidity burden is generally low but is increasing due to advances

in medicine leading to increased survival of complex medical

conditions.4

Multimorbidity may be defined as “the complex interactions of

several co-existing diseases.”5 Most studies use the definition of two

or more co-existing medical conditions.6,7 In general, multimorbidity is

associated with functional impairment, poor quality of life,8

polypharmacy,9 increased healthcare costs10 and mortality.11 With

the rising complexity of patients, preoperative risk assessment is of

growing importance to guide perioperative management and improve

patient outcomes.12 Many risk assessment tools are available,12–14

and most require comprehensive knowledge of comorbidities and lab-

oratory results.14 Yet, a retrospective multicentre study found docu-

mentation of individualised preoperative risk assessment to be low15

but showed an excellent adherence in the documentation of the

American Society of Anesthesiologists Physical Status (ASA PS) Classi-

fication System by anaesthesiologists. This simple but effective grad-

ing system was first introduced in 1941 as a tool for collecting data in

scientific analyses.16 It is widely used for recommendation of preoper-

ative testing,17 to guide perioperative management13 and for health-

care billing.18 Multiple studies have shown that an increase in ASA PS

is associated with surgical adverse events,19 prolonged hospital or

intensive care unit stay,20 and perioperative morbidity and

mortality.21–23 The ASA PS is, therefore, a crucial component for cal-

culating individualised surgical risk in various scores.18,24 Despite sev-

eral modifications to the classification,18,24–26 the single-most severe

systemic disease remains decisive in defining a patient's ASA class

irrespective of the number and the nature of all other comorbidities.

We hypothesised that the single-most severe systemic disease is no

longer sufficient to estimate a patient's physical status and that the

number of existing comorbidities should also be considered. There-

fore, the aim of this international multicentre study was to quantify

the number and type of all anaesthesia-relevant comorbidities and to

assess how they might influence perioperative outcome independent

of the overall ASA class in patients undergoing a broad spectrum of

surgical procedures.
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2 | METHODS

2.1 | Study design and oversight

All relevant Swiss regional ethics committees approved this secondary

research project (lead ethics committee: Ethikkommission Nordwest-

und Zentralschweiz, EKNZ Req-2019-00753) and waived written

informed consent. Ethical approval was not required for retrospec-

tively collected data from the international centres involved in this

study.

This investigator-initiated, international, multicentre, cohort study

was conducted in a subset of five Swiss and three international cen-

tres from the Netherlands, England and New Zealand. All of these sec-

ondary and tertiary care centres had already participated in the

prospective study for external validation of ClassIntra®. Suitable for

convenience sampling, we focused on a representative subset of

ClassIntra® study centres due to the difficulties of the burdensome

retrospective assessment of the number and severity of all

anaesthesia-relevant comorbidities. Details about the validation study

are described elsewhere.27 To summarise, the objective was to assess

the validity of the newly developed classification for assessing intrao-

perative adverse events (ClassIntra® version 1.0). A total of 2520 in-

hospital patients at 18 centres in 12 countries undergoing any type of

surgery in the operating room were included in the validation study

of Classintra®, were monitored intra- and postoperatively for adverse

events until hospital discharge and were followed up to assess 30-day

mortality. Patients with ambulatory surgery, patients who declined

participation, ASA VI patients (brain-dead organ donor) and patients

with follow-up procedures already included in the study or procedures

without anaesthesia-involvement were excluded. For assessing intrao-

perative adverse events in a standardised way, ClassIntra® is the first

prospectively validated classification, which is aligned with the

Clavien-Dindo classification for recording postoperative complica-

tions. To investigate the new research question of the current study,

we retrospectively collected information on the number and severity

of all anaesthesia-relevant comorbidities within the recruited patients

in addition to the already available patient and procedural characteris-

tics. We extracted this information from medical records according to

a predefined list (Table S1), and data were entered into an online

study database.

2.2 | Anaesthesia-relevant comorbidities

A group of specialists in anaesthesia, internal- and intensive care med-

icine from the University Hospital of Basel elaborated a list consisting

of all anaesthesia-relevant comorbidities (Table S1). Every comorbidity

was weighted and assigned to an appropriate ASA class in line with

official cut-offs, current definitions or examples detailed by the ASA26

as if it were the only comorbidity in the corresponding patient. The

sources of grading are listed accordingly. Comorbidities without a

declared source were graded based on consensus decision of

the team.

To assure consistency in data collection, we established rules for

several common comorbidities. Any patient with type 1 or 2 diabetes

with accurate treatment and compliance was considered a well-

controlled ASA II patient. However, if diabetic patients presented with

haemoglobin A1c (HbA1c) values >6.4%, they were classified as ASA

III. When scoring ASA grade based on metabolic equivalents (MET) in

trauma patients, we used their MET score achieved prior to their

trauma. If anticoagulatory treatment was stopped early enough, coag-

ulation was considered as normal. Supposing that an anaesthesia-

relevant comorbidity was not included in our list, it was described

under the term “others” and weighted according to its severity.

2.3 | Missing data, data collection and
measurements

Our local research team at the different centres guaranteed a high

quality of retrospective data extraction from electronic medical

records as well as anaesthesia protocols based on questionnaires,

patient self-reports and dialogue from the pre-anaesthetic assess-

ment. In case of doubt or contradictory weighting of the extracted

comorbidities compared to initial ASA class in the pre-anaesthesia

protocol, the patient was reviewed and a decision was made after dis-

cussion within the team. If information regarding smoking behaviour

or drug abuse was lacking, we assumed the patient to be abstinent.

Likewise, in the absence of other information (e.g., electrocardiograph

[ECG] or laboratory results), we classified the patient under the corre-

sponding comorbidity as healthy (i.e., ASA I for the corresponding

comorbidity).

2.4 | Study outcomes

The number and severity of anaesthesia-relevant comorbidities across

the ASA classes of the patients were defined as the primary endpoint.

Secondary endpoints were the associated perioperative outcomes

intraoperative adverse events (iAE), postoperative length of hospital

stay (pLOS) and the weighted sum of all postoperative complications

according to the Comprehensive Complication Index (CCI®).28 The

CCI® is a validated index, which quantifies postoperative morbidity as

a weighted sum of all postoperative complications according to Cla-

vien Dindo29 on a scale from 0 (no complication) to 100 (death).

2.5 | Statistical analysis

Baseline characteristics were summarised using mean (SD), median

(IQR) or absolute (relative) frequencies as appropriate.

A mixed Poisson regression model with robust variance estimates,

including overall ASA class as a fixed factor along with random inter-

cepts and random slopes of ASA class (as a numerical variable) at the

level of centres was used to determine whether the number of comor-

bidities increased with increasing overall ASA class (primary endpoint).
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 13996576, 2024, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14494 by B

cu L
ausanne, W

iley O
nline L

ibrary on [28/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Faas.14494&mode=


TABLE 1 Patient and procedural characteristics for the total study population (n = 1421) and for subgroups across all ASA PS classes.

All patients

(n = 1421, 100%)

ASA I patients

(n = 239, 16.8%)

ASA II patients

(n = 676, 47.6%)

ASA III patients

(n = 448, 31.5%)

ASA IV patients

(n = 58, 4.1%)

Age, median (IQR)

Overall 57 (36–70) 24 (12–43) 54 (37–68) 68 (57–75) 71 (66–81)

Age < 16 year 7 (4–12) 8 (5–12) 6 (3–10) 9 (3–13) –

Age ≥ 16 year 59 (45–71) 35 (24–49) 56 (42–69) 68 (58–75) 70.5 (66–81)

Sex, n (%)

Female 672 (47%) 108 (45%) 348 (51%) 192 (43%) 24 (41%)

Male 749 (53%) 131 (55%) 328 (49%) 256 (57%) 34 (59%)

Body mass index (kg/m2), mean

(SD)a

Overall 26.6 (6.5) 23.1 (5.2) 26.3 (5.9) 28.7 (7.2) 26.8 (6.7)

Age < 16 year 18.2 (5.0) 18.5 (5.9) 18.0 (3.8) 15.5 (1.7) –

Age ≥ 16 year 27.3 (6.2) 24.7 (3.7) 26.9 (5.5) 28.8 (7.2) 26.8 (6.7)

Surgical discipline, n (%)

Gastrointestinal surgery 519 (37%) 54 (23%) 274 (41%) 181 (40%) 10 (17%)

Orthopaedic surgery and

traumatology

283 (20%) 84 (35%) 147 (22%) 51 (11%) 1 (1.7%)

Vascular surgery 135 (10%) 3 (1.3%) 29 (4.3%) 90 (20%) 13 (22%)

Ear, nose, throat and

maxillofacial surgery

110 (7.7%) 38 (16%) 54 (8.0%) 17 (3.8%) 1 (1.7%)

Neurosurgery and spine

surgery

73 (5.1%) 2 (0.8%) 39 (5.8%) 29 (6.5%) 3 (5.2%)

Cardiac surgery 69 (4.9%) – 15 (2.2%) 29 (6.5%) 25 (43%)

Urological surgery 60 (4.2%) 11 (4.6%) 27 (4.0%) 20 (4.5%) 2 (3.5%)

Paediatric surgery 54 (3.8%) 33 (14%) 20 (3.0%) 1 (0.2%) –

Gynaecology 44 (3.1%) 4 (1.7%) 26 (3.9%) 13 (2.9%) 1 (1.7%)

Obstetrics 44 (3.1%) 8 (3.4%) 32 (4.7%) 4 (0.9%) –

Reconstructive and hand

surgery

19 (1.3%) 2 (0.8%) 8 (1.2%) 8 (1.8%) 1 (1.7%)

Thoracic surgery 11 (0.8%) – 5 (0.7%) 5 (1.1%) 1 (1.7%)

Urgency of the procedure, n (%)

Planned 1248 (88%) 196 (82%) 596 (88%) 407 (91%) 49 (84%)

Unplanned 173 (12%) 43 (18%) 80 (12%) 41 (9.2%) 9 (16%)

Complexity of surgical procedure (original), n (%)b

Minor 56 (3.9%) 11 (4.6%) 30 (4.4%) 13 (2.9%) 2 (3.5%)

Intermediate 229 (16%) 67 (28%) 100 (15%) 56 (13%) 6 (10%)

Major 433 (30%) 101 (42%) 225 (33%) 99 (22%) 8 (14%)

Major + 266 (19%) 33 (14%) 151 (22%) 76 (17%) 6 (10%)

Complex major 437 (31%) 27 (11%) 170 (25%) 204 (46%) 36 (62%)

Anaesthesia technique, n (%)

General anaesthesia 1057 (74%) 180 (75%) 498 (74%) 330 (74%) 49 (84%)

Regional anaesthesia 122 (8.6%) 22 (9.2%) 62 (9.2%) 35 (7.8%) 3 (5.2%)

Combined techniques 225 (16%) 37 (15%) 110 (16%) 76 (17%) 2 (3.5%)

Monitored anaesthesia care 17 (1.2%) – 6 (0.9%) 7 (1.6%) 4 (6.9%)

a46 missing values overall; 3 missing values in patients aged ≥16 year; 43 missing values in patients aged <16 year; due to missing height.
bn = 44 undefined according to BUPA. Replaced with a grade corresponding to a similar procedure as defined through consensus by the core team and

clinical experts in the field.
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Multivariable mixed linear, log-linear, and logistic regression

models, including random intercepts for the study centres, were used

to investigate the association with secondary endpoints. Due to the

low comorbidity burden in children, we excluded patients aged

<16 years from multivariable analysis of the secondary endpoints. For

each of the secondary endpoints, three different models were com-

pared using the Akaike information criterion (AIC) and the Bayesian

information criterion (BIC): (i) a model only considering overall ASA

class, (ii) a model considering overall ASA class and the number of

comorbidities added as a simple count, and (iii) a model considering

overall ASA class and a weighted comorbidity count in which the sever-

ity grades of each comorbidity (i.e., the ASA classes of each comorbid-

ity) were added. The analyses of all secondary endpoints were

additionally adjusted for predefined factors such as age, sex, complexity

and urgency of the surgical procedure, wound class and experience of

the involved surgical team. Surgical experience was quantified based on

the present team members (for details see supplementary file of the

validation study of Classintra®).27 The complexity of the surgical proce-

dure was categorised into five grades according to the British United

Provident Association (BUPA).30 Groups of intermediate/major and

major plus/complex major were compared to minor complexity surgical

procedures as the reference group. When an undefined or missing

complexity grade in the BUPA classification system was found, the

grade of a similar procedure was used based on a consensus of the core

team and clinical experts in the field. iAEs were categorised according

to ClassIntra®,27 and all postoperative adverse events according to

Clavien-Dindo29 and were afterwards summarised in the CCI®.28 All

analyses and graphs were made using Stata® IC version 16.1 for Mac

(StataCorp, College Station, TX, USA).

3 | RESULTS

3.1 | Baseline characteristics

A total of 1421 patients were enrolled in our analysis from eight included

study centres. The median age of included patients was 57 years (IQR,

36–70); 47% (n = 672) were female (Table 1). The median age for

patients <16 years (n = 148) was 7 years (IQR, 4–12); whereas for

patients ≥16 years (n = 1273), the median age was 59 years (IQR, 45–

71). The patients were treated in 12 surgical disciplines, with numbers of

surgeries ranging from 11 (1%) in thoracic surgery to 519 (37%) in gas-

trointestinal surgery. Most procedures were planned (88%, n = 128),

were of major, major plus or complex major complexity (80%, n = 1136)

and were performed under general anaesthesia (74%, n = 1057)

(Table 1). Patients were classified as ASA I in 17% (n = 239), ASA II in

48% (n = 676), ASA III in 32% (n = 448) and ASA IV in 4% (n = 58) of

the cases. No patients were classified as ASA V.

3.2 | Primary endpoint

Multimorbidity, defined as ≥2 anaesthesia-relevant comorbidities, was

present in 84% of patients (Table S2). Overall, patients had a median

number of five comorbidities (IQR, 5.5–17.5; range, 0–23). This num-

ber significantly increased with higher overall ASA class, prospectively

assigned by the anaesthesiologist in charge, with a geometric mean of

1.5 comorbidities in ASA I (95% CI, 1.1–1.9), of 4.3 (95% CI, 3.4–5.2)

in ASA II, of 8.2 (95% CI, 6.6–9.9) in ASA III and of 10.5 comorbidities

in ASA IV patients (95% CI, 8.3–12.7; Figure 1 and Table S3). There

was also an increase in the severity of the comorbidities in patients

with higher overall ASA classes (Figure 2). In 33% of ASA III and in

45% of ASA IV patients, comorbidities were graded ASA III or higher

(Table 2). The most common retrospectively assessed comorbidities

were any degree of renal insufficiency (n = 522), hypertension

(n = 520), smoking (n = 440), allergies (n = 408), the risk for aspira-

tion (n = 378), body mass index (BMI) (n = 372) and malignant

tumours (n = 359).

3.3 | Secondary endpoints

Multivariable regression analysis revealed consistent results for CCI®

and pLOS. Both endpoints generally increased with rising ASA class,

but this association strongly decreased when the number of comor-

bidities was included in the model (Tables 3 and 4), while the associa-

tion of these endpoints with the number of comorbidities was

clinically relevant. On average, each additional comorbidity, consid-

ered as a simple count, led to an increase in mean CCI® by 0.81 (95%

CI, 0.40–1.23) and an increase in geometric mean ratio of pLOS by

3% (GMR, 1.03; 95% CI, 1.01–1.06), independent of the ASA class.

The models for both endpoints performed best when comorbidities

were included as a simple count, with no relevant improvement by

including a weighted comorbidity count. The association of the num-

ber of comorbidities with CCI® estimated using the regression model

is illustrated in Figure 3. The mean value of CCI® increases on average

with the number of comorbidities, independent of the ASA class. In

the final model including the number of comorbidities as a simple

count, longer duration of surgery, emergency procedure and contami-

nated wounds prior to surgery all increased CCI® and pLOS (Tables 3

and 4). In addition, complex and major procedures were associated

with increased pLOS, and males had shorter hospital stays than

females (Table 3).

Similarly, the risk for any iAE increased with a higher ASA class.

This association was also attenuated as soon as the number of comor-

bidities was included. However, none of these associations concerning

iAE was clinically relevant. Here, the model without considering

comorbidities as an independent co-factor performed marginally bet-

ter than the other models. Only emergency procedures showed a clin-

ically relevant increase in risk for any iAE (Table 5).

4 | DISCUSSION

This international multicentre study confirms a high prevalence of

multimorbidity and quantifies its burden in a large surgical population

undergoing in-hospital procedures from all surgical disciplines in

different-sized hospital settings. The results further demonstrate that
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independent from the overall ASA class, the number of comorbidities

is a strong predictor of the weighted sum score of all postoperative

complications (CCI®) and of pLOS. The models using the simple count

of comorbidities outperformed the models that only included ASA

PS. On the other hand, ASA PS and simple as well as weighted comor-

bidity counts were not associated with iAEs.

Our results are in line with studies based on administrative data

regarding outcome. Wu et al. showed that the number of

F IGURE 1 Number of comorbidities
retrospectively assigned by the study
team across the overall ASA class of the
patients, preoperatively assigned by the
anaesthesiologist in charge (n = 1421).
Boxplots show the median number
(quartiles and range) of all anaesthesia-
relevant comorbidities of each patient
(regardless of severity) across all ASA

classes. The geometric mean numbers and
95% CIs have been estimated using a
mixed Poisson regression model with
random intercepts for the study centres
and robust variance estimates.

F IGURE 2 Number and severity of comorbidities according to ASA class (n = 1421). The patient's overall ASA class, preoperatively assigned
by the anaesthesiologist in charge, is shown on the y-axis. ASA classes for all anaesthesia-relevant comorbidities were retrospectively assigned by
the study team for the purpose of this study as if it were the only one in this patient (shown in percent on the x-axis). All anaesthesia-relevant
comorbidities are plotted according to their number and severity across all patients, subdivided by the patient's overall ASA class. In 239 patients
preoperatively assigned to ASA I, 97% of the 310 retrospectively identified comorbidities are assigned to ASA class II. As the comorbidities were

not evenly distributed among the patients, there were patients with several comorbidities (mean value 1.5, see Figure 1) as well as those without
comorbidities.
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comorbidities is equally associated with postoperative complica-

tions.31 Fowler et al. found that the risk of death within 90 days after

surgery increased 10-fold and 20-fold in patients with one and more

than one chronic disease, respectively.32 The results in both studies

were not adjusted for ASA class. However, the prevalence of multi-

morbidity in the two studies was lower than the documented 84% in

our data. This prevalence varies widely in the literature, ranging from

3.5% to 98.5% and is affected by the definition of multimorbidity, the

sources for data collection and the number of comorbidities allowed

for assessment.6 Accordingly, the high prevalence in our study could

be explained by our high-quality data and the large number of

selected acute and chronic comorbidities. As part of the National

Audit Project (NAP) in the United Kingdom, the Royal College of

Anaesthetists has identified an increase in the comorbidity burden

over the last decade. Surgical, non-obstetric patients are older, more

obese and have higher ASA PS scores.33

In addition to quantifying the comorbidity burden, this study cor-

roborates and supplements existing literature in showing its strong

association with postoperative adverse outcomes.31,32,34 In a single-

centre analysis, we were already able to show its association with

increased hospital costs, independent of the ASA class.35 In the

present multicentre cohort, we were able to better predict negative

postoperative outcomes by including the number of all anaesthesia-

relevant comorbidities than by using the single-disease ASA-PS frame-

work. To the best of our knowledge, this has never been quantified

and demonstrated in high-quality data of a large international

population-based cohort.

One of the main strengths of this study is the international multi-

centre design including a large number and broad spectrum of surgical

patients, hospitals and surgical disciplines, allowing for high generali-

sability. However, the sample size was inadequate for the analysis of a

hard single endpoint like mortality. Instead, we used the CCI® (i.e., the

TABLE 2 Comorbidities for the total study population (n = 1421) and for subgroups across all ASA PS classes.

All patients

(n = 1421, 100%)

ASA I patients

(n = 239, 16.8%)

ASA II patients

(n = 676, 47.6%)

ASA III patients

(n = 448, 31.5%)

ASA IV patients

(n = 58, 4.1%)

Number of comorbidities,
median (range)

5 (0–23) 1 (0–7) 4 (0–16) 9 (1–23) 12 (5–18)

Highest severity grade according to comorbidity
grades, n (%)

ASA I 81 (5.7%) 76 (32%) 5 (0.7%) – –

ASA II 572 (40%) 153 (64%) 374 (55%) 45 (10%) –

ASA III 655 (46%) 9 (3.8%) 277 (41%) 343 (77%) 26 (45%)

ASA IV 113 (8.0%) 1 (0.4%) 20 (3.0%) 60 (13%) 32 (55%)

ASA class of comorbidities (several per patient
possible), n (%)

ASA II 5703 (74%) 300 (97%) 2388 (84%) 2630 (68%) 385 (55%)

ASA III 1923 (25%) 9 (2.9%) 441 (15%) 1199 (31%) 274 (39%)

ASA IV 125 (1.6%) 1 (0.3%) 20 (0.7%) 66 (1.7%) 38 (5.4%)

Groups of comorbidities, n (%)

Cardiovascular/coagulation 729 (51%) 8 (3.4%) 286 (42%) 379 (85%) 56 (97%)

Othersa 696 (49%) 61 (26%) 332 (49%) 271 (60%) 32 (55%)

Airway (incl. BMI and risk

for aspiration)

679 (48%) 63 (26%) 331 (49%) 259 (58%) 26 (45%)

Liver/kidney 622 (44%) 15 (6.3%) 250 (37%) 303 (68%) 54 (93%)

Pulmonary 590 (42%) 43 (18%) 252 (37%) 264 (59%) 31 (53%)

Metabolic disorder

(including diabetes, etc.)

451 (32%) 7 (2.9%) 161 (24%) 245 (55%) 38 (66%)

Neurology 438 (31%) 8 (3.4%) 192 (28%) 208 (46%) 30 (52%)

Trauma 409 (29%) 29 (21%) 141 (21%) 200 (45%) 39 (67%)

Allergies 408 (29%) 39 (16%) 203 (30%) 147 (33%) 19 (33%)

Substance abuse (e.g.,

alcohol, drugs)

268 (19%) 19 (8.0%) 118 (17%) 116 (26%) 15 (26%)

Pregnancy 41 (2.9%) 5 (2.1%) 32 (4.7%) 4 (0.9%) –

aIncl. malignant hyperthermia, MH-associated muscular disease, neuromuscular disorders, rheumatism, malignant tumour, infection, transplantation.
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weighted sum of all postoperative complications) including in-hospital

mortality. Another strength is the high-quality data based on detailed

outcomes prospectively collected in the validation study of ClassIn-

tra® to which the current meticulously collected data about all comor-

bidities was correlated. One limitation is the retrospective collection

of the number and type of all anaesthesia-relevant comorbidities. We

increased accuracy by using multiple sources of data collection such

as perioperative anaesthetic documentation, discharge letters, labora-

tory results and ECGs. This has been advocated to provide more reli-

able estimates and to minimise the risk of underreporting disease

burden.6 Compared to administrative data, our information of various

detailed electronic health records allowed a better assessment of the

overall comorbidity burden and a classification of the severity of each

comorbidity. The source of data has a huge impact on its quality.

Information about multimorbidity is largely extracted from patient

self-reports or medical records and administrative databases.7 Data

from detailed sources assessing multimorbidity in a broad surgical

population using simple and weighted counts of comorbidities was

lacking so far.

In addition to the inconsistency of sources and measured out-

comes, the absence of a standardised definition of multimorbidity

further impedes comparability of the existing data. The authors of a

review referring to the subject found that multimorbidity is generally

measured by a simple count of conditions.7 Weighted indices, mostly

derived versions of the Charlson Comorbidity Index, are used less

often but predominantly in hospital settings. The Charlson Comorbid-

ity Index consists of initially 19 comorbidities with different fixed

weights based on the adjusted risk of one-year mortality.36

The less frequently used Cumulative Illness Rating Scale (CIRS)

measures the comorbidity burden based on the individually graded

impairment of 14 organ systems.37 Bo et al. demonstrated its associa-

tion with mortality and prolonged hospitalisation in older surgical

patients.34 Compared to the CIRS, we increased the number of

selected conditions allowing for several conditions in each organ sys-

tem. To our knowledge, little is known about how the severity of

comorbidities influences perioperative outcomes, and the need for

such research has been stated.38 We hypothesised a better prediction

of adverse events when the severity is taken into account. Surpris-

ingly, our weighted count showed limited added value especially when

compared to the effort put into its assessment. Therefore, in line with

the literature, our finding suggests a simple count of comorbidities to

be sufficient for predicting clinical outcomes.7 The connection

TABLE 3 Mixed linear regression models for CCI®.

Factor Without comorbidity count Simple comorbidity count Weighted comorbidity count

Mean difference (95% CI) Mean difference (95% CI) Mean difference (95% CI)

ASA class

ASA II versus I 1.34 (�0.97–3.65) �0.42 (�3.25–2.41) �0.22 (�2.90–2.45)

ASA III versus I 5.76 (0.82–10.69) 1.00 (�5.83–7.83) 0.85 (�5.75–7.46)

ASA IV versus I 19.66 (6.74–32.59) 12.72 (0.98–24.46) 11.43 (1.44–21.41)

Comorbidities (per increase by one) – 0.81 (0.40–1.23) 0.59 (0.24–0.94)

Age, year (per decade increase) 0.06 (�0.74–0.87) �0.36 (�1.17–0.44) �0.35 (�1.18–0.48)

Sex, male versus female �0.56 (�2.16–1.05) �0.88 (�2.33–0.56) �0.96 (�2.44–0.51)

Length of surgery (per 10-min

increase)

0.56 (0.31–0.80) 0.56 (0.33–0.78) 0.56 (0.33–0.79)

Wound class; non-clean versus

clean

3.46 (0.59–6.33) 3.76 (1.14–6.37) 3.82 (1.18–6.46)

Complexity of surgical procedure

(BUPA)

Intermediate/major versus minor �3.64 (�7.28–0.01) �3.37 (�6.72–0.03) �3.33 (�6.53–0.13)

Major+/complex major versus

minor

�0.47 (�3.82–2.88) �0.25 (�3.43–2.92) �0.23 (�3.23–2.77)

Urgency of procedure; emergency

versus planned

5.39 (1.07–9.71) 5.16 (0.79–9.53) 5.19 (0.79–9.59)

Experience of surgical team

Low versus excellent 3.08 (�1.58–7.74) 2.67 (�2.12–7.45) 2.49 (�2.24–7.22)

Intermediate versus excellent 1.49 (�3.07–6.05) 1.36 (�3.40–6.11) 1.25 (�3.56–6.06)

Good versus excellent �0.43 (�5.06–4.20) �0.80 (�5.36–3.75) �1.04 (�5.55–3.48)

Very good versus excellent 1.22 (�5.02–7.45) 0.47 (�5.40–6.34) 0.29 (�5.58–6.15)

AIC/BIC 10,890.63/10,978.16 10,872.99/10,965.67 10,871.32/10,964.01

Note: Random intercepts for the study centres and robust variance estimates were used with and without taking the number (simple comorbidity count)

and severity (weighted comorbidity count) of comorbidities into account. Preoperative overall ASA class assignment by the anaesthesiologist in charge is

considered (n = 1273, excluding patients aged <16 years).
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between ASA PS, functional capacity and frailty as well as their associ-

ation with adverse surgical outcomes is of growing interest.18,24

George et al. found frailty to be associated with postoperative mortal-

ity in a noncardiac patient cohort.39 We aimed to include different

frailty scores in our analysis, but a retrospective grading of frailty was

not feasible.

In addition to quantifying a patient's physical status, surgical risk

calculators use a selected number of patient- and surgery-related

TABLE 4 Mixed log-linear regression models for length of postoperative stay.

Factor Without comorbidity count Simple comorbidity count Weighted comorbidity count

Geometric mean ratio
(95% CI)

Geometric mean ratio
(95% CI)

Geometric mean ratio
(95% CI)

ASA class

ASA II versus I 1.17 (1.01–1.36) 1.09 (0.95–1.24) 1.10 (0.96–1.25)

ASA III versus I 1.53 (1.22–1.92) 1.26 (1.05–1.52) 1.26 (1.07–1.49)

ASA IV versus I 2.43 (1.72–3.42) 1.84 (1.45–2.33) 1.76 (1.47–2.11)

Comorbidities (per increase by one) – 1.03 (1.01–1.06) 1.02 (1.00–1.05)

Age, year (per decade increase) 1.02 (1.01–1.04) 1.01 (0.99–1.03) 1.01 (0.99–1.03)

Sex, male versus female 0.89 (0.82–0.98) 0.88 (0.80–0.96) 0.88 (0.80–0.96)

Length of surgery (per 10-min increase) 1.03 (1.03–1.04) 1.04 (1.03–1.04) 1.04 (1.03–1.04)

Wound class; non-clean versus clean 1.20 (1.00–1.45) 1.21 (1.01–1.46) 1.21 (1.01–1.46)

Complexity of surgical procedure (BUPA)

Intermediate/major versus minor 0.87 (0.71–1.07) 0.88 (0.72–1.07) 0.88 (0.73–1.07)

Major+/complex major versus minor 1.32 (1.10–1.60) 1.33 (1.11–1.60) 1.33 (1.12–1.60)

Urgency of procedure, emergency versus

planned

1.28 (1.09–1.49) 1.26 (1.07–1.48) 1.26 (1.07–1.49)

Experience of surgical team

Low versus excellent 1.01 (0.74–1.36) 0.99 (0.72–1.36) 0.98 (0.71–1.36)

Intermediate versus excellent 0.94 (0.75–1.19) 0.94 (0.74–1.20) 0.93 (0.73–1.20)

Good versus excellent 0.92 (0.75–1.12) 0.91 (0.74–1.10) 0.90 (0.74–1.09)

Very good versus excellent 0.79 (0.54–1.14) 0.77 (0.52–1.13) 0.76 (0.51–1.14)

AIC/BIC 2765.41/2852.95 2748.34/2841.02 2748.06/2840.74

Note: Random intercepts for the study centres and robust variance estimates were used with and without taking the number (simple comorbidity count)

and severity (weighted comorbidity count) of comorbidities into account. Preoperative overall ASA class assignment by the anaesthesiologist in charge is

considered (n = 1273, excluding patients aged <16 years).

F IGURE 3 Mean CCI® in relation to
the number of comorbidities and the
patient's overall ASA class, preoperatively
assigned by the anaesthesiologist in
charge (n = 1421). The figure shows the
mean values of CCI® with 95% CIs in the
quartile classes of the number of
comorbidities for ASA I (blue), ASA II
(green), ASA III (orange) and ASA IV (red)
patients. The x-coordinates of the dots
are the mean values of the number of
comorbidities in the respective quartile
classes.
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conditions to estimate the risk for postoperative complications.

They often include the ASA PS for assessing a patient's physical

reserve. The American College of Surgeons National Surgery Qual-

ity Improvement Program (ACS-NSQIP) Surgical Risk Calculator is

widely used and includes data from all surgical subspecialities.40

However, a recent review showed unconvincing performance in

predicting postoperative complications in a variety of surgical dis-

ciplines.41 Including the comorbidity burden into the ASA PS could

possibly improve the risk calculator's prediction of adverse postop-

erative outcomes.

Multimorbidity reduces physical and cognitive function through

various mechanisms such as complex disease and drug interactions.42

Its integration into the ASA PS might follow up on the idea of Horvath

et al. to refine the classification.18 Multimorbidity could be integrated

by counting comorbidities with the number referring to an appropriate

ASA class defined by cut-offs. More detailed analyses with a compari-

son of the performance of different scores and our simple solution of

integrating the (unweighted) number of all comorbidities were beyond

the scope of this study. The additional assessment of frailty as much

as an inclusion of both in- and outpatients would be desirable for

future studies, although the comorbidity burden is expected to be

clearly lower in an outpatient population.

Prospective research is needed concerning the type as well as the

number of conditions that define multimorbidity in the perioperative

setting, how it could be integrated into the ASA PS and whether its

integration would improve prediction of adverse events.

4.1 | Conclusions

The ASA PS Classification System was introduced over 80 years

ago when multimorbidity was the exception and not the rule.

The complexity of surgical patients has increased over time, and

multimorbidity has become the most common chronic condition

in our ageing society. This study has enabled us to quantify the

epidemiology of anaesthesia-relevant comorbidities in a broad

surgical cohort. Accurate perioperative risk stratification is of

growing importance to optimise surgical outcomes. The ASA PS,

an important variable in multiple surgical risk calculators, and its

focus on the most severe comorbidity could be optimised to

fully characterise a patient's physical status. Correspondingly,

our study shows that the number of comorbidities is associated

with negative postoperative outcomes, independent of ASA

class.

AUTHOR CONTRIBUTIONS

Conceptualisation: Salome Dell-Kuster, Christian A. Grob, Luzius W.

Angehrn, Luzius A. Steiner. Methodology: Salome Dell-Kuster, Chris-

tian Schindler, Luzius W. Angehrn, Christian A. Grob, Mark Kaufmann.

Formal and Statistical Analysis: Salome Dell-Kuster, Christian Schin-

dler, Luzius W. Angehrn, Christian A. Grob. Investigation: Christian A.

Grob, Luzius W. Angehrn, Sonja Joller, Larsa Gawria, Kim Albers, Jona-

thon Murtagh, Sonja Meier, Heinz R. Bruppacher. Resources: Dieter

Hahnloser, Michael Winiker, Thomas O. Erb, Philippe Schumacher,

TABLE 5 Mixed logistic regression models for any or no intraoperative adverse event according to ClassIntra® classification.

Factor Without comorbidity count Simple comorbidity count Weighted comorbidity count

Odds ratio (95% CI) Odds ratio (95% CI) Odds ratio (95% CI)

ASA class

ASA II versus I 1.31 (0.78–2.19) 1.27 (0.75–2.16) 1.25 (0.74–2.12)

ASA III versus I 1.90 (1.09–3.30) 1.76 (0.94–3.30) 1.67 (0.89–3.11)

ASA IV versus I 1.89 (0.85–4.17) 1.69 (0.68–4.19) 1.51 (0.59–3.85)

Comorbidities (per increase by one) – 1.01 (0.96–1.07) 1.02 (0.98–1.05)

Age, year (per decade increase) 1.06 (0.97–1.16) 1.05 (0.96–1.16) 1.05 (0.95–1.15)

Sex, male versus female 1.00 (0.76–1.31) 0.99 (0.75–1.31) 0.98 (0.75–1.30)

Wound class, non-clean versus clean 1.01 (0.72–1.42) 1.02 (0.73–1.42) 1.02 (0.73–1.43)

Complexity of surgical procedure (BUPA)

Intermediate/major versus minor 1.82 (0.76–4.34) 1.82 (0.76–4.35) 1.83 (0.76–4.36)

Major+/complex major versus minor 2.91 (1.21–6.98) 2.92 (1.22–7.00) 2.94 (1.23–7.04)

Urgency of procedure, emergency versus planned 1.88 (1.18–3.00) 1.88 (1.18–2.99) 1.87 (1.18–2.98)

Experience of surgical team

Low versus excellent 0.93 (0.58–1.50) 0.93 (0.58–1.49) 0.92 (0.57–1.48)

Intermediate versus excellent 0.84 (0.54–1.32) 0.84 (0.53–1.32) 0.83 (0.53–1.31)

Good versus excellent 0.47 (0.28–0.80) 0.47 (0.27–0.79) 0.46 (0.27–0.79)

Very good versus excellent 0.53 (0.25–1.12) 0.52 (0.25–1.11) 0.51 (0.24–1.09)

AIC/BIC 1338.21/1415.44 1339.97/1422.36 1339.43/1421.82

Note: Random intercepts for the study centres and robust variance estimates were used with and without taking the number (simple comorbidity count)

and severity (weighted comorbidity count) of comorbidities into account. Preoperative overall ASA class assignment by the anaesthesiologist in charge is

considered (n = 1273, excluding patients aged <16 years).

1356 GROB ET AL.

 13996576, 2024, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14494 by B

cu L
ausanne, W

iley O
nline L

ibrary on [28/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Faas.14494&mode=


Gregory O'Grady, Luzius A. Steiner. Writing–Original Draft: Christian

A. Grob, Luzius W. Angehrn, Salome Dell-Kuster. Writing–Review and

Editing: All authors.

ACKNOWLEDGEMENTS

We wish to thank Allison Dwileski (Scientific Secretary, Clinic for

Anaesthesia, Intermediate Care, Prehospital Emergency Medicine and

Pain Therapy, University Hospital Basel, Basel, Switzerland) for edito-

rial support and Ramon Saccilotto (Head IT Services, Department of

Clinical Research, University of Basel, Basel, Switzerland) for program-

ming the online study database. This manuscript is submitted on

behalf of all authors who have read and approved the final version.

None of the authors has a conflict of interest to declare. Open access

funding provided by Universitat Basel.

FUNDING INFORMATION

Funding from the Foundation for Research and Education in Anaes-

thesia, University Hospital Basel, Switzerland was received to support

this research. No industry funding was obtained for this project.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available from the

corresponding author upon reasonable request.

ORCID

Christian A. Grob https://orcid.org/0000-0001-9260-7296

REFERENCES

1. Tinetti ME, Fried TR, Boyd CM. Designing health care for the most

common chronic condition–multimorbidity. JAMA. 2012;307:2493-

2494.

2. Barnett K, Mercer SW, Norbury M, Watt G, Wyke S, Guthrie B. Epi-

demiology of multimorbidity and implications for health care,

research, and medical education: a cross-sectional study. Lancet.

2012;380:37-43.

3. Salive ME. Multimorbidity in older adults. Epidemiol Rev. 2013;35:

75-83.

4. Chung SC, Mueller S, Green K, Chang WH, Hargrave D, Lai AG. Multi-

morbidity patterns and risk of hospitalisation in children: a population

cohort study of 3.6 million children in England, with illustrative exam-

ples from childhood cancer survivors. Lancet Reg Health Eur. 2022;20:

100433.

5. The National Library of Medicine. Medical Subject Headings (MeSH).

Accessed January 29, 2022. https://www.ncbi.nlm.nih.gov/mesh/?

term=multimorbidity

6. Fortin M, Stewart M, Poitras ME, Almirall J, Maddocks H. A system-

atic review of prevalence studies on multimorbidity: toward a more

uniform methodology. Ann Fam Med. 2012;10:142-151.

7. Ho IS, Azcoaga-Lorenzo A, Akbari A, et al. Examining variation in the

measurement of multimorbidity in research: a systematic review of

566 studies. Lancet Public Health. 2021;6:e587-e597.

8. Marengoni A, Angleman S, Melis R, et al. Aging with multimorbidity: a

systematic review of the literature. Ageing Res Rev. 2011;10:430-439.

9. Xu X, Mishra GD, Jones M. Evidence on multimorbidity from defini-

tion to intervention: an overview of systematic reviews. Ageing Res

Rev. 2017;37:53-68.

10. Soley-Bori M, Ashworth M, Bisquera A, et al. Impact of multimorbid-

ity on healthcare costs and utilisation: a systematic review of the UK

literature. Br J Gen Pract. 2021;71:e39-e46.

11. Nunes BP, Flores TR, Mielke GI, Thume E, Facchini LA. Multimorbid-

ity and mortality in older adults: a systematic review and meta-analy-

sis. Arch Gerontol Geriatr. 2016;67:130-138.

12. Stones J, Yates D. Clinical risk assessment tools in anaesthesia. BJA

Educ. 2019;19:47-53.

13. Barnett S, Moonesinghe SR. Clinical risk scores to guide perioperative

management. Postgrad Med J. 2011;87:535-541.

14. Kivrak S, Haller G. Scores for preoperative risk evaluation of

postoperative mortality. Best Pract Res Clin Anaesthesiol. 2021;

35:115-134.

15. Bloomstone JA, Houseman BT, Sande EV, et al. Documentation of

individualized preoperative risk assessment: a multi-center study.

Perioper Med. 2020;9:28.

16. Saklad M. Grading of patients for surgical procedures. Anesthesiology.

1941;2:281-284.

17. National Guideline Centre (UK). Preoperative Tests (Update): Routine

Preoperative Tests for Elective Surgery. National Institute for Health

and Care Excellence (NICE); 2016.

18. Horvath B, Kloesel B, Todd MM, Cole DJ, Prielipp RC. The evolution,

current value, and future of the American Society of Anesthesiolo-

gists Physical Status Classification System. Anesthesiology. 2021;135:

904-919.

19. Visser A, Geboers B, Gouma DJ, Goslings JC, Ubbink DT. Predictors

of surgical complications: a systematic review. Surgery. 2015;158:

58-65.

20. Menke H, Klein A, John KD, Junginger T. Predictive value of ASA

classification for the assessment of the perioperative risk. Int Surg.

1993;78:266-270.

21. Hackett NJ, De Oliveira GS, Jain UK, Kim JY. ASA class is a reliable

independent predictor of medical complications and mortality follow-

ing surgery. Int J Surg. 2015;18:184-190.

22. Hopkins TJ, Raghunathan K, Barbeito A, et al. Associations between

ASA physical status and postoperative mortality at 48 h: a contempo-

rary dataset analysis compared to a historical cohort. Perioper Med.

2016;5:29.

23. Sankar A, Johnson SR, Beattie WS, Tait G, Wijeysundera DN. Reliabil-

ity of the American Society of Anesthesiologists physical status scale

in clinical practice. Br J Anaesth. 2014;113:424-432.

24. Mayhew D, Mendonca V, Murthy BVS. A review of ASA physical sta-

tus - historical perspectives and modern developments. Anaesthesia.

2019;74:373-379.

25. American Society of Anesthesiologists. ASA Physical Status Classi-

fication System. Accessed January 23, 2022. https://www.asahq.

org/standards-and-guidelines/asa-physical-status-classification-

system

26. Abouleish AE, Leib ML, Cohen NH. ASA provides examples to each

ASA physical status class. ASA Newsl. 2015;79:38-49.

27. Dell-Kuster S, Gomes NV, Gawria L, et al. Prospective valida-

tion of classification of intraoperative adverse events

(ClassIntra): international, multicentre cohort study. BMJ. 2020;

370:m2917.

28. Slankamenac K, Graf R, Barkun J, Puhan MA, Clavien PA. The com-

prehensive complication index: a novel continuous scale to measure

surgical morbidity. Ann Surg. 2013;258:1-7.

29. Dindo D, Demartines N, Clavien PA. Classification of surgical compli-

cations: a new proposal with evaluation in a cohort of 6336 patients

and results of a survey. Ann Surg. 2004;240:205-213.

30. Sutton R, Bann S, Brooks M, Sarin S. The surgical risk scale as an

improved tool for risk-adjusted analysis in comparative surgical audit.

Br J Surg. 2002;89:763-768.

31. Wu CH, Cheng RM, Tsai HC, et al. How comorbidities and preopera-

tive expenditures correlate with postoperative adverse outcomes.

Am J Manag Care. 2012;18:e405-e415.

32. Fowler AJ, Wahedally MAH, Abbott TEF, et al. Death after sur-

gery among patients with chronic disease: prospective study of

GROB ET AL. 1357

 13996576, 2024, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14494 by B

cu L
ausanne, W

iley O
nline L

ibrary on [28/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0001-9260-7296
https://orcid.org/0000-0001-9260-7296
https://www.ncbi.nlm.nih.gov/mesh/?term=multimorbidity
https://www.ncbi.nlm.nih.gov/mesh/?term=multimorbidity
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://www.asahq.org/standards-and-guidelines/asa-physical-status-classification-system
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Faas.14494&mode=


routinely collected data in the English NHS. Br J Anaesth. 2022;

128:333-342.

33. Kane AD, Soar J, Armstrong RA, et al. Patient characteristics, anaes-

thetic workload and techniques in the UK: an analysis from the 7th

National Audit Project (NAP7) activity survey. Anaesthesia. 2023;78:

701-711.

34. Bo M, Cacello E, Ghiggia F, Corsinovi L, Bosco F. Predictive factors of

clinical outcome in older surgical patients. Arch Gerontol Geriatr.

2007;44:215-224.

35. Cavalli L, Angehrn L, Schindler C, et al. Number of comorbidities and

their impact on perioperative outcome and costs - a single centre

cohort study. Swiss Med Wkly. 2022;152:w30135.

36. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of

classifying prognostic comorbidity in longitudinal studies: develop-

ment and validation. J Chronic Dis. 1987;40:373-383.

37. Donati A, Ruzzi M, Adrario E, et al. A new and feasible model for pre-

dicting operative risk. Br J Anaesth. 2004;93:393-399.

38. Podmore B, Hutchings A, van der Meulen J, Aggarwal A, Konan S.

Impact of comorbid conditions on outcomes of hip and knee replace-

ment surgery: a systematic review and meta-analysis. BMJ Open.

2018;8:e021784.

39. George EL, Hall DE, Youk A, et al. Association between patient frailty

and postoperative mortality across multiple noncardiac surgical spe-

cialties. JAMA Surg. 2021;156:e205152.

40. American College of Surgeons. ACS NSQIP Surgical Risk Calculator.

Accessed December 30, 2023. https://www.riskcalculator.facs.org/

RiskCalculator/about.html

41. Mir WAY, Fiumara F, Shrestha DB, Gaire S, Verda L. Utilizing the

Most accurate preoperative risk calculator. Cureus. 2021;13:e17054.

42. Calderon-Larranaga A, Vetrano DL, Ferrucci L, et al. Multimor-

bidity and functional impairment-bidirectional interplay, synergis-

tic effects and common pathways. J Intern Med. 2019;285:

255-271.

SUPPORTING INFORMATION

Additional supporting information can be found online in the Support-

ing Information section at the end of this article.

How to cite this article: Grob CA, Angehrn LW, Kaufmann M,

et al. The number of comorbidities as an important cofactor to

ASA class in predicting postoperative outcome: An

international multicentre cohort study. Acta Anaesthesiol

Scand. 2024;68(10):1347‐1358. doi:10.1111/aas.14494

1358 GROB ET AL.

 13996576, 2024, 10, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/aas.14494 by B

cu L
ausanne, W

iley O
nline L

ibrary on [28/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://www.riskcalculator.facs.org/RiskCalculator/about.html
https://www.riskcalculator.facs.org/RiskCalculator/about.html
info:doi/10.1111/aas.14494
https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1111%2Faas.14494&mode=

	The number of comorbidities as an important cofactor to ASA class in predicting postoperative outcome: An international mul...
	1  INTRODUCTION
	2  METHODS
	2.1  Study design and oversight
	2.2  Anaesthesia‐relevant comorbidities
	2.3  Missing data, data collection and measurements
	2.4  Study outcomes
	2.5  Statistical analysis

	3  RESULTS
	3.1  Baseline characteristics
	3.2  Primary endpoint
	3.3  Secondary endpoints

	4  DISCUSSION
	4.1  Conclusions

	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGEMENTS
	FUNDING INFORMATION
	DATA AVAILABILITY STATEMENT
	ORCID
	REFERENCES
	SUPPORTING INFORMATION


