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Background: Identification of surgical populations at high risk for negative outcomes 
is needed for clinical and research purposes. We hypothesized that combining two 
classification systems, ASA (American Society of Anesthesiology physical status) and 
surgical severity, we could identify a high- risk population before surgery. We aimed 
to describe postoperative outcomes in a population selected by these two classifica-
tions system.
Methods: Data were collected in a Swedish multicentre, time- interrupted prospec-
tive, consecutive cohort study. Eligibility criteria were age ≥18 years, ASA ≥3, elective 
or emergent, major to Xmajor/complex (Specialist Procedure Codes used in United 
Kingdom), gastrointestinal, urogenital or orthopaedic procedures. Postoperative 
morbidity was identified by the Postoperative Morbidity Survey on postoperative 
days 3 ± 1, 7 ± 1, 10 + 5 and graded for severity by the Clavien- Dindo system. 
Mortality was assessed at 30, 180 and 360 days.
Results: Postoperative morbidity was 78/48/47 per cent on postoperative days 
3/7/10. Majority of morbidities (67.5 per cent) were graded as >1 by Clavien- Dindo. 
Any type of postoperative morbidity graded >1 was associated with increased risk 
for death up to one year. The mortality was 5.7 per cent (61/1063) at 30 days, 13.3 
per cent (142/1063) at 6 months and 19.1 per cent (160/1063) at 12 months.
Conclusion: Severity classification as major to Xmajor/complex and ASA ≥3 could be 
used to identify a high- risk surgical population concerning postoperative morbidity 
and mortality before surgery. Combining the two systems future electronic data ex-
traction is possible of a high- risk population in tertiary hospitals.
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1  | INTRODUC TION

As surgical techniques and perioperative medicine have developed, 
more elderly patients with significant co- morbidities are offered cu-
rative and complex surgical procedures in Sweden. Postoperative 
morbidity, that is, adverse events, is relevant from a patient perspec-
tive as it reduces the health- related quality of life up to 1 year1 and 
increases mortality during the first three years after surgery.2

During the last decades, complex surgical procedures have been 
centralized into specialized hospitals which has led to a concentration 
of patients classified as ASA 3 (American Society of Anesthesiology 
physical status classification system) or more undergoing major to 
complex major surgery on tertiary hospitals. After this centralization 
process, it is reasonable to generate data on postoperative morbidity 
and mortality for clinical planning of resources, audit of performance 
and for research purposes.3 We hypothesize that a population clas-
sified as ASA 3 or more undergoing major to complex/major (AXA 
PPP/Specialist Procedure Codes; AXA- insurance company with 
Public- Private Partnership) gastrointestinal, orthopedic, or urogen-
ital surgery in Swedish academic hospitals are at high risk with a 
mortality exceeding 5 per cent.3 The primary aim of this study is to 
describe the frequency and types of postoperative morbidities and 
mortality in a study cohort identified by surgical severity (AXA PPP) 
and ASA.

2  | MATERIAL S AND METHODS

The method section is written in accordance to the STROBE state-
ment for transparent reporting of observational studies.4

The cohort study was conducted per Handbook for Good Clinical 
Research Practice (GCRP/WHO). Compliance with GCRP provides 
public assurance that the rights and safety of study subjects are pro-
tected, consistent with the principles of the Declaration of Helsinki, 
the Swedish Personal Data Act and the Personal Data Ordinance. 
Processing of the personal data was authorized by the Swedish Data 
Protection Agency. The study was approved by the Regional Ethical 
Committee, Stockholm (ID: 2015/1128- 31/4). The study was classi-
fied as a clinical follow- up study and written consent was waived by 
the Ethical committee. This was a multicentre observational closed 
cohort consecutive study (Predictors, Risk factors, and Outcome fol-
lowing major surgery, PROFS NCT02626546).

Study design was an interrupted parallel time cohort from 5 
hospitals. The participants were recruited in four academic hospi-
tals in Sweden (one with two sites): Karolinska University Hospital, 
Huddinge and Solna sites, Linköping University Hospital, Uppsala 
University Hospital and Örebro University Hospital. Patients were 
recruited between November 2015 and February 2016. The recruit-
ment was interrupted between 20th of December 2015 and 11th 
of January 2016 to avoid the influence of Christmas holidays on 
surgery case- mix. Sample size was determined by convenience, that 
is, what was possible to include prospectively during the 3- month 
study period.

Participants were consecutive (with a planned time interrup-
tion, adult patients age ≥18 years, classified as ASA ≥3, American 
Society of Anesthesiology Physical Status Classification System)5 
undergoing elective or emergency surgical procedures catego-
rized as major, complex or Xmajor using the AXA PPP/Specialist 
Procedure Codes (United Kingdom)6 provided by the website of the 
Surgical Outcome Research Centre/NCEPOD (United Kingdom). 
Exclusion criteria were the following surgical procedure groups as 
they were considered to already being reasonably well described 
(immediate trauma, neurosurgery, cardiac, vascular, pulmonary, 
transplantation), or not providing a major part of the high- risk pop-
ulation at tertiary hospitals (breast, eye, ear, nose and throat, endo-
crine, face, mouth, salivary, skin, subcutaneous tissue, endoscopic 
gastrointestinal).

As uniform classification of surgical severity is not used in 
Sweden, inclusion to the prospective study cohort needed to be 
done manually by the research team. The research team at each 
study site was instructed how to use the surgical procedure coding 
tool. The assessment of eligibility criteria of major to major/complex 
procedure was based on the AXA/PPP classification of severity. In 
practice, we used the procedure list of Surgical outcome risk tool 
calculator. The background population, from which the study co-
hort was selected, consisted of patients scheduled for any type of 
surgical procedure except for day- case or thoracic surgery and clas-
sified as ASA class 3- 4. The study participants were identified by 
daily screening of the scheduled surgical procedures (elective and 
emergency) coded as ASA ≥3 generated by the surgical scheduling- 
software used at the respective study site. The length of follow up 
was 1 year.

2.1 | Baseline characteristics in prospective 
study cohort

Individuals were characterised by age, co- morbidities, types and 
urgency of surgery. All characteristics were accessed through elec-
tronic health records and operation planning system. The ASA clas-
sification5 as documented by attending anaesthesiologist during the 
pre- anaesthesia visit was used.

Editorial Comment

At hospitals more elderly patients undergo surgeries of 
increased complexity. Identification of patients with in-
creased risk of postoperative complications is needed. 
This study finds that preoperative severity grading using a 
combination of ASA scoring and a surgical procedure cod-
ing identified patients at increased risk of postoperative 
morbidity and mortality following major gastrointestinal 
and orthopaedic surgeries at tertiary hospitals in Sweden.
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2.2 | Postoperative morbidity in prospective 
study cohort

Postoperative morbidities were identified by screening the medical re-
cords using the Postoperative Morbidity Survey (POMS)7 on postoper-
ative days 3 ± 1, 7 ± 1 and 10- 15. The POMS is validated in the United 
Kingdom and is recommended in European guidelines for reporting 
postoperative morbidities in clinical research in per- operative medi-
cine. The survey contains 18 items and it addresses ten domains: pul-
monary, infection, renal, gastrointestinal, cardiovascular, neurological, 
wound, haematological, pain and mobility. For each domain, the pres-
ence of morbidity was recorded using objective criteria (Appendix Box 
2). The severity of the morbidities was assessed by the Clavien- Dindo 
classification system8 (grades I– V), where grade I is a deviation from 
normal postoperative course without the need of not planned phar-
macological treatment or surgical, endoscopic or radiological interven-
tion. Criteria of the classification system are given in the Appendix 3.8

2.3 | Mortality in prospective study cohort

The postoperative mortality was assessed at 30, 180, and 360 days 
following surgery.

2.4 | Data sources in prospective study cohort

Patient characteristics and postoperative morbidity were extracted 
manually from the medical notes by the research team. For mortal-
ity, the study cohort was matched with Swedish Personal Address 
Registry (SPAR).

2.5 | Background and eligible population

The cohort where selected manually, consequently there was a risk 
that not all eligible patients were included. To test whether the co-
hort was representative we derived the eligible population after the 
closure of the trial. This was done as follows; from the operation 
databases at each study site a background population (all patients 
undergoing any surgery but day- care and thoracic during the study 
period) and a subpopulation with ASA ≥3 was extracted. In the lat-
ter subset, the performed surgery was classified by the UK sever-
ity grading system (AXA PPP/Specialist Procedure Codes, United 
Kingdom)6 by one member of the research team. At last codes were 
constructed for the inclusion criteria (surgical subspecialties and se-
verity) and a dataset of eligible patients was derived.

2.6 | Statistical methods

The number of eligible patients during the study period determined 
the sample size.

Descriptive patient data are presented by number and percent. 
Continuous data are presented as median and range. Kaplan Meyer 
plots were used to illustrate and Cox proportional hazard model with 
adjustment for sex and age, to analyse the relationships between 
categorical variables and survival.

Data was collected by the research team to a paper Case Report 
Form (CRF) which later was entered in an electrical CRF (Register 
Syd). Data output was in excel format. For analyses STATA ver-
sion 13 (StataCorp. 2013. Stata Statistical Software: Release 13. 
College Station, TX: StataCorp LP) and R (R Development Core Team 
R Foundation for Statistical Computing, Vienna, Austria, http://
www.R- proje ct.org) was used.

3  | RESULTS

3.1 | Prospective study cohort characteristics

The study cohort consisted of 1089 participants. Thirteen were 
excluded due to violation of inclusion criteria (misclassification of 
surgical severity), three were lost to follow- up at 30 days and ten 
were lost at one year. Consequently, 1063 patients entered the final 
analysis (Appendix Box 1, Consort diagram).

Demographic characteristics, co- morbidities and types of sur-
gical procedures are displayed in Table 1. The number of females/
males was about equal. None of the patients was classified as ASA 5. 
The most common co- morbidity was renal failure (mild to end stage), 
followed by ischemic heart disease and chronic obstructive pulmo-
nary disease. The most common surgical procedure was orthopedic 
surgery, followed by gastrointestinal and urogenital surgery.

3.2 | Postoperative morbidity and mortality

The percentage of patients with one or more postoperative mor-
bidities defined by POMS was 78/48/47 per cent on day 3/7/10 
(Table 2). The point prevalence of postoperative morbidity given 
per POMS domain on day 3, 7 and 10 in elective/emergency sur-
gery as well as categorized according to surgery; gastrointestinal, 
orthopaedic or urogenital surgery respectively, are displayed in 
Figure 1 and Appendix Tables A1- A4. Considering the whole cohort, 
the main source of morbidity on day 3 was mobilisation, renal and 
or pain (Table 2). This pattern changed over time, as the incidence 
of observed morbidities decreased by half or more. Infectious and 
gastrointestinal morbidities lingered in hospitalized patients after 
elective/emergency surgery, 27/22/21 and 21/15/11 per cent re-
spectively, on day 3/7/10 (Table 2). Pulmonary morbidity was ob-
served in 24/10/8 per cent, and cardiovascular morbidity in 13/6/5 
per cent on day 3/7/10.

Prevalence of in- hospital morbidity in patients undergoing emer-
gency procedures was 85/81/61 per cent compared to 74/41/39 per 
cent in elective patients on day 3/7/10 (Appendix Table A1). In ortho-
paedic patients undergoing emergency surgery, morbidities were 85 

http://www.R-project.org
http://www.R-project.org
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per cent on day 3 compared to 72 per cent after elective procedures 
(Appendix Table A2). On day 3 the most common sources of morbidity 
for both emergency and elective orthopaedic surgery were mobilisa-
tion, renal, followed by infectious and pain (Appendix Table A2).

In gastrointestinal emergency/elective procedures the post-
operative morbidities were almost similar 87/86 per cent on day 3 
(Appendix Table A3). On day 3, the most common source was pain, 
renal and mobilisation in elective group with the addition of infec-
tious morbidity in the emergency group. This pattern changed over 

time and gastrointestinal and infectious morbidities increased by 
day 7 and 10 in elective group and decreased in emergency group 
(Appendix Table A3).

In urogenital surgical procedures, the pattern of morbidity was 
different. Emergency procedures had lower risk for morbidity com-
pared to elective procedures on day 3 (42 vs. 62 per cent, Appendix 
Table A4).

The severity of postoperative morbidity was assessed by the 
Clavien- Dindo grading system.8 There was a deviation from nor-
mal course in 50 per cent of patients, 47 per cent within the ASA 
III group and 72 per cent within ASA IV group (Table 3). Majority of 
morbidities (67.5 per cent) were graded >1 by the Clavien- Dindo sys-
tem (Table 3). Postoperative morbidity, classified as Clavien Dindo 
>1, and emergency surgery was associated with higher risk of death 
(Figures 2 and 3). After adjustment for age and gender the HR was 
1.945 (95% CI 1.478; 2.558) and 2.558 (95% CI 1.950; 3.357) respec-
tively. When we analyzed the association between death and post-
operative morbidity detected on days (days 3, 7 and 10; Appendix 
Figures A1- A3), the HR was 1.779 (95% CI 1.103; 2.871), 1.597 (95% 
CI 1.188; 2.147) and 1.828 (95% CI 1.389; 2.405) respectively. After 
adjustment for age, gender and emergency, the association was still 
significant for morbidities detected on day 7 and 10, but not for 
those detected on day 3 (Appendix Tables A7- A9).

Mortality at 30 days was 5.7 per cent (61/1063), at 180 days 
13.5 (143/1063) and at 360 days 19.1 (203/1063). The highest risk 
of death was observed following emergency procedures (Figure 3) 
except for urogenital surgical procedures (Appendix Table A5).

3.3 | Background and eligible population

The background population, that is, those who underwent any type 
of surgery (with exception of thoracic and outpatient procedures) 
during the study period at the five study sites, consisted of 18 382 
individuals (ASA 1- 6). The mortality was 1.7/4.9/7.4 per cent at 
30/180/360 days (Appendix Table A6).

Eligible population derived after the closure of the prospective 
Study cohort consisted of 1595 individuals. The proportion of dif-
ferent surgical subspecialties was comparable with the prospective 
Study cohort. The mortality was almost identical, as demonstrated 
by a mortality of 5.4/13.6/18.3 per cent at 30/180/360 days 
(Appendix Table A6).

4  | DISCUSSION

This study demonstrates that using two tools, the physiological 
grading (ASA) and the surgical severity coding (AXA PPP/Specialist 
Procedure Codes, UK) we succeeded to select a high- risk cohort 
per definition,3 as the mortality was 5.7 percent at 30 days and 19.1 
percent at one year. The risk of death was increased for individuals 
undergoing emergency surgery, and for those who had any postop-
erative morbidity classified by Clavien Dindo >1.

TA B L E  1   Characteristics of participants, complete cases at last 
follow- up

Characteristics

Participants
n = 1063
Number %

ASA grade

3 939 (88.3)

4 124 (11.7)

Age/y 72 (64- 81)

Sex

Female 531 (50.0)

Male 523 (49.5)

Missing 9 (0.8)

Co- morbidities

Chronic renal failure 
(GFR < 60)

382 (35.6)

Ischemic heart disease 313 (29.4)

Chronic obstructive 
pulmonary disease

290 (27.3)

Cerebrovascular disease 197 (18.5)

Diabetes (insulin 
dependent)

136 (12.8)

Congestive heart disease 129 (12.1)

Dialysis 16 (1.5)

Cirrhosis 15 (1.4)

Activity

<4 MET 326 (30.7)

ADL dependency 232 (21.8)

Surgical specialties

Orthopedic 486 (45.7)

Elective 221 (45.5)

Emergency 265 (54.5)

Gastrointestinal 367 (34.5)

Elective 235 (64.0)

Emergency 132 (36.0)

Urogenital 210 (19.8)

Elective 193 (91.9)

Emergency 17 (8.1)

Note: Values are given as number and (per cent) for categorical 
variables, and as median and (interquartile range) for continuous 
variable (age).
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We aimed to provide a means to a wider perspective where 
not only the type of surgery defines the planned postoperative 
care but rather the state of the patient, identified by the burden 
of disease and its effect on physical status as expressed by ASA- 
classification ≥3 and surgery severity that are identified as major 
to complex major. Currently, in Sweden the use of postoperative 
resources (nursing, physiotherapy, length of stay on postoperative 
care units) are rather based on the type of surgical procedure, than 
on individual needs.

An incorporation of the use of a surgical severity grading in a 
Swedish context requires attributing the Swedish surgical classifi-
cation codes to relevant severity grading. In our study cohort this 
was done manually but could also be automatically generated for 
Swedish surgical procedure codes. We developed script codes (R 
script) that translated the Swedish surgical procedure codes into 
British codes, which enabled severity grading of procedures in the 
background population.

The translation and severity grading need to be validated and 
could then be plugged in any operation scheduling software, medi-
cal records, SPOR (Swedish PeriOperative Register) or other national 
registries. We suggest that providing such a ‘translation’ could be 
useful when describing case- mix and measuring outcome on a hos-
pital level, when planning the postoperative care, and as hand- over 
information between levels of care.

This study is the first to use POMS screening tool in a Swedish 
health care context. The study provides estimates of postoperative 
morbidity using a validated tool (POMS) 7 which could guide future 
outcome and prognostic research. The observed mortality is in line 
with previous publications on high- risk surgical patients.

The postoperative morbidity in this cohort is higher than postop-
erative complications reported in Swedish surgical quality registers.9 
This is due to the differences between the criteria of morbidity and 
complications. The POMS capture adverse events, deviations from 
expected postoperative course in ten domains, and is a sensitive 
tool.

The validity of our cohort is supported by that the case- mix of 
the PROFS cohort is comparable with the ASA 3- 4 subpopulation 
of the POMS validation study.7 However, the main sources of mor-
bidity were different in the POMS validation population and the 
PROFS cohort. The most common source in the PROFS cohort was 
mobilisation, renal and pain (needing treatment), in the POMS val-
idation study infectious, gastrointestinal and renal. This difference 
could be explained by that mobilisation was not reported in the ASA 
3- 4 group in the POMS validation cohort.7 The high prevalence of 
pain related morbidity on day 3 could be attributed to the use of 
postoperative regional anaesthesia, that is epidurally administered 
pain- relief (Appendix Box 2, definition of pain related morbidity) 
which is a clinical routine for both elective and emergency major 

Morbidity type

Postoperative day

3 ± 1 7 ± 1 10- 15

Number (% of participants)

Mobilisation 645 (60.7) 399 (37.5) 336 (31.6)

Renal 519 (48.8) 231 (21.7) 182 (17.1)

Pain 406 (38.2) 155 (14.6) 88 (8.3)

Infection 283 (26.6) 235 (22.1) 221 (20.8)

Pulmonary 254 (23.9) 107 (10.1) 83 (7.8)

Gastrointestinal 226 (21.3) 159 (15.0) 113 (10.6)

Cardiovascular 133 (12.5) 58 (5.5) 51 (4.8)

Haematological 92 (8.7) 20 (1.9) 31 (2.9)

Neurological 81 (7.6) 45 (4.2) 28 (2.6)

Wound healing 14 (1.3) 18 (1.7) 30 (2.8)

Cumulative number of 
observed morbidities

2653 n.a 1427 n.a 1163 n.a

Patients with any 
morbidity

829 (78.0) 512 (48.2) 503 (47.3)

Patients discharged 90 (8.5) 431 (40.5) 643 (60.5)

Patients with any missing 
data in the POMS dataset

72 (6.8) 86 (8.1) 24 (2.3)

Note: Morbidity was extracted from medical records by using the Postoperative Morbidity Survey 
(POMS)7 on postoperative days 3 ± 1, 7 ± 1 and 10- 15. The prevalence of each type of morbidity 
is expressed by number and by percentage of participants with the observed morbidity within the 
whole cohort (n = 1063). The cumulative number of observed morbidities, number of patients with 
any of the morbidities, (ie, composite morbidity), discharged patients and patients with any missing 
data in the morbidity dataset are also displayed.

TA B L E  2   Prevalence of observed 
postoperative morbidity in the cohort



     |  1173BARTHA eT Al.

gastrointestinal surgeries in Sweden. The presence of morbidity in 
all domains declined over time, except for infections, which had an 
almost unchanged level around 27/22/21 per cent between days 3 
and 10.

The POMS screening tool has been described as a robust 
method.10 The advantage of POMS is that it is validated for both 

prospective and retrospective screening of medical records and in 
the present cohort the study sites could choose to use any of the 
screening methods. The POMS tool has been reported to have low 
inter rate variability and is recommended in reporting guidelines of 
perioperative outcome studies. The Clavien- Dindo grading system8 
was initially proposed to grade the severity of surgical complications. 

F I G U R E  1   Postoperative morbidity in the prospective study cohort. The vertical axis displays occurrence (per cent) and the horizontal 
axis the type of morbidity on postoperative day 3, 7 and 10 when classified according to the Postoperative Morbidity Survey.7 Histograms 
are given for elective and emergency procedures in the whole study cohort and per surgical specialty. Numbers and ratios of discharged, in- 
hospital patients and patients with any morbidity is given in each histogram [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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Clavien- Dindo grade
ASA 3 (n = 939)
Number (%)

ASA 4 (n = 124)
Number (%)

Total (n = 1063)
Number (%)

No deviation from normal course 495 (52.7) 35 (28.2) 530 (49.9)

Any deviation from normal course 444 (47.3) 89 (71.8) 533 (50.1)

1 116 (26.1) 9 (10.1) 125 (23.5)

2 220 (49.6) 36 (40.5) 256 (48.0)

3 a 34 (7.7) 7 (7.9) 41 (7.7)

3 b 24 (5.4) 6 (6.7) 30 (5.6)

4 20 (4.5) 10 (11.2) 30 (5.6)

5 25 (5.6) 19 (21.4) 44 (8.3)

Missing data 5 (1.1) 2 (2.3) 7 (1.3)

Note: The whole cohort and ASA 3 and 4 patients are displayed. Grade 1. Any deviation from 
normal postoperative course without the need for pharmacological treatment or surgical, 
endoscopic and radiological interventions. Allowed therapeutic regimens are: drugs as antiemetics, 
antipyretics, analgesics, diuretics, electrolytes and physiotherapy. This grade also includes 
wound infections opened at the bedside. Grade 2. Requiring pharmacologic treatment with drugs 
other than such allowed for grade 1 complications. Grade 3. Requiring surgical, endoscopic and 
radiological interventions. (a) Interventions not under general anaesthesia and (b) interventions 
under general anaesthesia. Grade 4. Life- threatening complication requiring intensive care 
management. Grade 5. Death of the patient.

TA B L E  3   Classification of the severity 
of postoperative morbidity (numbers 
and %) according to Clavien- Dindo8 after 
identification of morbidity according to 
POMS7

F I G U R E  2   Cumulative risk of death (Kaplan- Meier plot) between postoperative days 0- 360 after emergency or elective surgical 
procedures included in the prospective Study cohort of ASA ≥3 patients undergoing major to complex major surgery according to AXA PPP/
Specialist Procedure Codes (AXA- insurance company with Public- Private Partnership).5 Number at risk and cumulative number of events are 
given [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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We graded the severity of postoperative morbidity (by POMS7 cri-
teria) in the postoperative period and found increased risk for death 
with any POMS defined morbidity grade >1.

Protocolized care to achieve enhanced recovery in patients un-
dergoing high- risk surgery have been widely implemented. Those 
protocols are currently designed per type of surgery. During the last 
decade, older patients with several comorbidities are offered cu-
rative or reparative major and major complex surgery. We suggest 
that these patients rather need individually tailored care and that 
the first step to prepare for introducing individual decisions is to 
identify groups with the high risk. A further argument for individual 
tailored care is that the ethical platform for prioritization process of 
health care in Sweden, states that those who are at greatest risk/
need have the highest priority. This raises the question whether the 
currently used protocols and allocation of resources need to be re-
fined and individualized for the current high- risk patients in tertiary 
hospitals.11,12

The prospective study cohort have several limitations. One 
is that not all eligible patients entered the cohort. The difference 
between the manually obtained prospective Study cohort and the 
electronically obtained eligible population, was approximately 30% 
(1089 included vs 1595 eligible). The case mix and postoperative 
mortality of the eligible population was comparable with the pro-
spective Study cohort which suggest that the cohort could be de-
scribed as representative.

Another possible limitation of the study could be any misclassifi-
cation in either the ASA categories and/or in the UK surgical sever-
ity coding system. The ASA classification is subjective but has been 
found to be robust in large populations.13 To minimize researcher 
induced selection bias the ASA classification was done by attending 
clinicians and was not revised by the research team. In Sweden there 
is no uniform grading system of size and severity of surgery. As a 
uniform grading is required if fair comparisons are aimed for, we ap-
plied UK surgical severity grading for the selection of the population. 
The Swedish and UK surgical procedure codes, ie the name of the 
surgical procedures, are not identical. So, major surgery could erro-
neously have been classified as major complex or vice versa as in any 
categorization/translation. A possible flaw in using the UK surgical 
severity grading system, in this study not attended to, is that the UK 
coding system of surgery was developed to establish reimbursement 
in independent UK hospitals. Besides the magnitude and severity of 
surgery, reimbursement also must consider technical requirements 
for the surgery. This is illustrated by the low morbidity and mortality 
in the emergency urologic group that in the system is classified hav-
ing a high severity.

We suggest that the results are generalizable to other academic 
hospitals in Sweden, but also to countries with similar health care 
system as the Scandinavian countries as this is a multicentre study 
including 4 tertiary hospital on 5 sites. It would be highly interesting 
to perform a new study in a multinational context. Such an initiative 

F I G U R E  3   The severity of any 
recorded morbidity and the cumulated 
risk of death in the prospective Study 
cohort described by a Kaplan- Meier plot. 
The severity of morbidity was assessed 
by the Clavien Dindo grading system.8 
Numbers at risk and cumulative number 
of events up to 360 d are given. The solid 
lines are the mean values of probabilities, 
the dotted lines are the limits of 95% 
confidence intervals. Two groups are 
illustrated: Clavien Dindo >1 vs no 
complication [Colour figure can be viewed 
at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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could be supported by ESA guidelines who recommend a more 
uniform postoperative follow- up, by for example POMS,14 and the 
excellent article from Kappen TH et al15 about lessons learnt when 
pursuing the track of clinical prediction.

It could also be reasonable to study if protocolized or individual 
designed interventions triggered by the occurrence of any POMS 
graded as >1 by Clavien- Dindo, that is, demonstrating a deviation in 
the clinical course, could affect long- term mortality in this high- risk 
group. A further line of interest would be to investigate how this 
cohort would be described if classified by NSQIP16 or other individ-
ualized scores or in relation to the level of postoperative care.

This study adds basic information about the morbidity and mor-
tality in patients who are offered major to complex major surgery 
and presenting with an ASA classification of 3 or more in the context 
of academic hospitals in Sweden.

5  | CONCLUSIONS

Preoperative severity classification as major to complex major ac-
cording to AXA PPP/Specialist Procedure Codes and ASA≥3 could 
be used to identify a high- risk surgical population concerning post-
operative morbidity and mortality before gastrointestinal and ortho-
paedic but not urological surgery. Combing the two- classification 
systems provides a future possibility for electronic data extraction 
of a high- risk population in tertiary hospitals.
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