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“Essentially, all models are wrong, but some are useful.”

— George E.P. Box, 1976

“If doubt becomes my friend, I am never alone again.”

— Den Svenska Bjornstammen, Aldrig fri fran skolgdrden (2019)
Author’s translation
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Abstract

Surgery is a fundamental component of modern healthcare, yet
postoperative outcomes vary substantially between patients and may be
influenced by factors extending beyond the surgical procedure itself. The
overall aim of this thesis was to provide a comprehensive audit of the
Swedish surgical population and investigate factors associated with
postoperative outcomes, with particular emphasis on major surgery and
long-term mortality.

Four observational studies were conducted; three used large-scale
registry data and one a prospective multicentre cohort. The adult surgical
population in Sweden was characterised using the Epidemiology of
Perioperative Care in Sweden (EPeCS) database (Study I). Subsequent
analyses investigated perioperative risk factors (Study II) and
socioeconomic status (SES) (Study IV) after acute hip fracture surgery,
and preoperative anaemia in major noncardiac surgery (Study III).

Study I included 1 319 048 individuals undergoing surgery between
2015 and 2020; 59.4% underwent major surgery, and crude 30-day and
1-year all-cause mortality were 1.3% and 5.1%, respectively. Educational
attainment and disposable household income were associated with
several perioperative care processes and with postoperative mortality.
For 1-year mortality, the lowest income quartile was associated with an
aOR of 1.25 (95% CI 1.20—1.30) compared with the highest quartile after
adjustment for patient, procedural, perioperative, and healthcare
characteristics. In the multicentre cohort of 1060 patients undergoing
major noncardiac surgery (Study III), lower preoperative haemoglobin
was associated with adverse long-term outcomes, whereas perioperative
RBC transfusion did not appear to mediate this relationship. In the hip
fracture cohorts, educational attainment was identified as the SES factor
most strongly associated with long-term mortality, with an adjusted
difference in 2-year mortality of 6.3 percentage points between the
lowest and highest educational groups and a corresponding attributable
fraction of 14% (Study IV). Anaesthetic technique, surgical waiting
time, and after-hours surgery were not independently associated with
postoperative mortality after comprehensive risk adjustment (Study
IT). An association with hospital type observed in Study II was no longer
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evident after additional adjustment for socioeconomic factors in Study
Iv.

In conclusion, this thesis characterises an unselected national
surgical population and demonstrates low postoperative mortality in
Sweden in an international context. The findings challenge previously
reported associations between several surgery-related factors and
postoperative outcomes after hip surgery, highlighting the importance of
comprehensive risk adjustment. Preoperative anaemia remains an
important marker of long-term postoperative risk, an association that
does not appear to be mediated by perioperative RBC transfusion.
Finally, socioeconomic status was associated with several perioperative
care processes and with postoperative mortality, highlighting the
importance of considering socioeconomic circumstances when
evaluating perioperative care and long-term outcomes.

Keywords: perioperative medicine; perioperative epidemiology;
postoperative outcomes; long-term mortality; nationwide registers; major
surgery; hip fracture surgery; socioeconomic status; health equity;
preoperative anaemia; red blood cell transfusion



Popularvetenskaplig sammanfattning

Langtidsoverlevnad efter operation — betydelsen av patient-,
vard- och socioekonomiska faktorer

Varje ar genomfors 6ver 300 miljoner operationer i virlden. For de
flesta gar det bra, men risken efter kirurgi avgors inte bara av vad som
héander i operationssalen. I den har avhandlingen visar vi att patientens
hilsa och socioekonomiska forutsiattningar har betydelse for utfallet —
aven langt efter operationen.

Avhandlingen bygger pa svenska register och en multicenterstudie
och omfattar bland annat 6ver 1,3 miljoner personer som genomgatt
operation i Sverige. Syftet var att undersoka faktorer som ar forknippade
med dodlighet efter operation, med sarskilt fokus pa langtidsoverlevnad.

Resultaten visar att dodligheten efter kirurgi inte enbart ar en fraga
om sjalva ingreppet eller varden kring operationen. Patientrelaterade
faktorer som alder, kon, sjuklighet och blodbrist fére operation var
tydligt forknippade med dodligheten. Flera vardfaktorer som i
internationella studier kopplats till samre utfall, exempelvis vantetid till
operation, operation pa jourtid och sjukhustyp, hade mindre tydliga
samband efter att hansyn tagits till skillnader mellan patienterna.

Samtidigt framtriddde socioekonomiska skillnader. I den breda
svenska  kirurgiska  populationen sags  skillnader = mellan
socioekonomiska grupper i flera delar av virden. Sidana skillnader
behover dock inte innebdra att varden varit ojamlik. Lagre
utbildningsniva och inkomst var ocksa forknippade med hogre dodlighet
bade pd kort och ladng sikt efter operation. Bland patienter som
opererades for hoftfraktur var utbildningsnivd den socioekonomiska
faktor som tydligast var forknippad med langtidsoverlevnad. Tva ar efter
operation var den justerade skillnaden i dodlighet mellan grupperna
med lagst och hogst utbildningsniva drygt sex procentenheter.

Avhandlingen visar sammantaget viardet av att se en operation som
en del av ett langre vardforlopp. For att battre identifiera patienter med
hog risk behover bedomningen striacka sig bortom ingreppet och omfatta
patientens hilsa, vardens organisation och sociala forutsattningar.



Resultaten talar ocksa for att uppfoljningen efter operation bor ha
ett liangre perspektiv och i storre utstrackning uppmairksamma
patientgrupper med hog risk, inklusive socioekonomiskt utsatta

grupper.
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Preface

Eight years ago, I was in Copenhagen, nervously preparing to present
a submitted abstract (now Study II in this thesis) in the Best Abstract
Prize Competition at the international congress Euroanaesthesia. Today,
while writing this, I am in Rotterdam to participate in the same
competition once more. This time using data from Study I of this thesis.
Apart from being a huge honour, it puts this thesis journey into
perspective. I was much more confident the first time in Copenhagen,
even though I objectively have a far better project this second time.
Perhaps this reflects the Dunning-Kruger effect — I trusted my results
more when I knew less.

Approaching such a broad thesis theme as perioperative outcomes
has certainly been challenging, particularly given my limited clinical
experience in the field. However, I hope this also became a strength by
allowing me to approach the questions with curiosity rather than
preconceived notions. Naturally, having three experienced consultant
anaesthesiologists as supervisors was instrumental, as was the
opportunity to collaborate with world-leading perioperative researchers.

I am deeply grateful for the opportunity to pursue research, made
possible by meeting the right supervisors at the right time. I am pleased
with what this thesis has become and hope it provides a clinically
relevant epidemiological perspective by encouraging a broader
perioperative focus, greater attention to socioeconomic disparities, and
a more holistic view of perioperative healthcare systems.

Rotterdam, June 2026
O
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Introduction

Surgical care is an essential and highly resource-intensive
component of modern healthcare. More than 300 million surgical
procedures are performed worldwide each year,' including
approximately 750 000 in Sweden.? Despite remarkable advances in
surgical techniques,® anaesthesia,#5 and perioperative care,®8
postoperative complications and mortality remain major causes of
morbidity, reduced quality of life, and healthcare utilisation.? As surgery
is increasingly offered to older patients with greater comorbidity, o
improving postoperative outcomes has become a major priority for
healthcare systems.9!2

Although the perioperative period is often measured in hours or
days, its consequences may extend over months or years.’34 While
patients are closely monitored for only a limited period surrounding
surgery, recovery is likely influenced by a complex interplay of factors
acting before, during, and after the operation. Patient characteristics,
perioperative management, healthcare organisation, and broader
socioeconomic determinants’>'® may all contribute to postoperative
outcomes, and their relative importance may differ between short- and
long-term follow-up. Understanding postoperative outcomes therefore
requires consideration of the entire perioperative pathway rather than
isolated components of care.%!213

Despite the growing recognition of perioperative medicine as a
multidisciplinary field, much of the existing literature remains
procedure-specific, focuses on selected patient populations, or reports
only short-term outcomes.’->> Randomised trials provide high-quality
evidence for individual interventions but are often limited in size, follow-
up, and generalisability. Large observational studies complement these
findings by enabling the investigation of uncommon outcomes, long-
term prognosis, and interactions between multiple patient-, surgical-,
and system-level factors in unselected surgical populations.2324

Such questions require comprehensive clinical data combined with
complete long-term follow-up. Sweden offers unique opportunities for
this type of research through nationwide health registers that can be



linked using the personal identity number. Established in 2011, the
Swedish PeriOperative Register (SPOR) systematically collects detailed
information on patient characteristics, surgical procedures, anaesthetic
management, organisational factors, and perioperative processes.25
Through linkage with complementary national healthcare and
population registers within the Epidemiology of Perioperative Care in
Sweden (EPeCS) collaboration, these data provide a unique platform for
evaluating perioperative care across the entire surgical pathway.



Background

Perioperative medicine

Perioperative medicine encompasses the multidisciplinary care of
patients throughout the surgical pathway, extending from the decision to
undergo surgery and preoperative assessment through the surgical
procedure, postoperative recovery, and subsequent return to
function.2627 Rather than viewing surgery as an isolated event,
perioperative medicine considers the operation as one component of a
broader episode of healthcare. Its development reflects both increasing
surgical complexity and a changing surgical population, in which older
patients and those with multimorbidity are increasingly considered for
surgical treatment.

The overall objective of perioperative medicine is not merely to
enable patients to undergo surgery safely, but to optimise outcomes
throughout this pathway. This involves identifying and modifying risk
before surgery, providing appropriate surgical and anaesthetic
management, preventing and managing postoperative complications,
and supporting recovery after discharge. Responsibility consequently
extends across traditional professional and organisational boundaries
and may involve surgeons, anaesthetists, physicians, nurses,
rehabilitation professionals, primary care, and other healthcare services.

The potential population-level impact of improving perioperative
care is substantial. Postoperative mortality has been estimated to
represent the third leading cause of death globally if deaths occurring
within 30 days of surgery were considered as a separate cause.® However,
mortality represents only one dimension of postoperative outcome.
Furthermore, the burden of postoperative mortality is unevenly
distributed across the surgical population. In a large UK study, high-risk
procedures represented only 12.5% of surgical admissions but accounted
for more than 80% of postoperative deaths, highlighting the
disproportionate burden of mortality among high-risk surgical
populations.2® Complications are common after major surgery and have



consequences extending beyond the immediate postoperative period,
including impaired recovery, increased healthcare utilisation, reduced
quality of life, and increased long-term mortality.!4-293° In particular, the
association between postoperative complications and mortality may
persist well beyond the immediate postoperative period, emphasising
that successful perioperative care cannot be defined solely by survival to
hospital discharge or 30 days. 43t

Postoperative outcomes are likely influenced by the interaction of
multiple determinants rather than by a single component of care. These
may include patient-related factors such as age, comorbidity, frailty, and
underlying disease, as well as factors related to the surgical procedure,
anaesthetic management, timing and organisation of care, and
postoperative complications.»19-2232-35 Beyond these clinical factors,
healthcare structures and socioeconomic circumstances may also
influence both access to care and postoperative outcomes.
Socioeconomic disparities in access to surgical care have been
particularly well documented in the United States, although their
relevance may differ between healthcare systems.3¢37 Socioeconomic
circumstances, particularly educational attainment, are associated with
mortality in the general population,'® and socioeconomic disparities in
postoperative outcomes have also been demonstrated in European
surgical populations.38.39

The relative importance of these determinants may furthermore
change over time; factors associated with immediate postoperative
mortality are not necessarily those most strongly associated with long-
term outcome.’34° This complexity provides a rationale for evaluating
perioperative care as an integrated pathway rather than as a series of
isolated interventions.
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This broader perspective also has implications for how perioperative
outcomes are studied. Traditional measures such as in-hospital or 30-
day mortality provide important measures of surgical safety but capture
only a limited part of the patient's postoperative trajectory. Extending
follow-up beyond the immediate postoperative period may provide
important information on longer-term survival and morbidity, while
outcomes such as functional recovery, quality of life, and subsequent
healthcare needs offer additional perspectives on recovery after
surgery.4t At a population level, understanding these outcomes also
requires sufficiently broad data to evaluate the contributions of patient
characteristics, surgical and anaesthetic factors, healthcare processes,
organisational structures, and wider social determinants.

Hip fracture surgery

Hip fracture surgery represents a particularly high-risk
perioperative setting. Hip fractures predominantly affect older patients,
who frequently have frailty, multimorbidity, and limited physiological
reserve, and are associated with substantial postoperative morbidity and
mortality.4243 Surgical treatment is generally recommended, with timely
surgery and early mobilisation forming central components of
contemporary management.4445 Despite improvements in perioperative
and orthogeriatric care, mortality remains high and may remain elevated
well beyond the immediate postoperative period.#¢ A wide range of
patient- and healthcare-related factors have been associated with
mortality after hip fracture, although their relative importance and
potential modifiability remain uncertain.47-55

Perioperative risk factors

Potentially modifiable factors occurring throughout the
perioperative pathway have received particular attention because they
may represent opportunities to improve postoperative outcomes.5%57 In
the preoperative phase, this has contributed to increasing interest in
prehabilitation, which aims to enhance patients’ functional capacity



before surgery through interventions such as exercise, nutritional
optimisation, and psychological support.57:58 Perioperative factors that
have received particular attention include surgical delay and after-hours
surgery, anaesthetic and haemodynamic management, blood
transfusion, postoperative level of care, and the prevention and early
management of complications.2959©¢ However, associations between
perioperative processes and postoperative outcomes may be confounded
by patient characteristics, disease severity, and surgical complexity,
making comprehensive risk adjustment essential when evaluating such
relationships in observational studies.23-24

Distinguishing between modifiable and non-modifiable risk factors
is clinically important. Characteristics such as age and pre-existing
disease cannot themselves be altered, but may contribute substantially
to overall risk and are therefore important for preoperative risk
assessment and perioperative planning.6%%> In contrast, potentially
modifiable factors may additionally provide targets for interventions
before, during, or after surgery.5°

Preoperative anaemia

Preoperative anaemia is among the most common potentially
modifiable risk factors encountered in patients undergoing major
noncardiac surgery, affecting approximately one third of all patients.63-65
It is associated with adverse postoperative outcomes and simultaneously
increases the likelihood of perioperative red blood cell (RBC)
transfusion.®%¢7 The underlying causes are heterogeneous and include
iron deficiency, chronic disease, renal dysfunction, and other nutritional
or haematological disorders.®® Consequently, increasing emphasis has
been placed on its early identification and management as part of
perioperative patient blood management strategies.®

When clinically indicated, RBC transfusion increases the oxygen-
carrying capacity of blood, with the ultimate aim of maintaining
adequate tissue oxygen delivery. Current guidelines generally advocate a
restrictive transfusion strategy, with transfusion considered at an Hb
concentration below 70 g/L in haemodynamically stable adults.77!



However, optimal transfusion thresholds remain debated,”7+ and
this balance is further complicated by evidence suggesting that RBC
transfusion itself may be associated with adverse postoperative
outcomes.’>7¢ In addition, a 2017 meta-analysis suggested that age-
related changes in anaemia tolerance may modify the effects of
restrictive versus liberal transfusion strategies, particularly in older
patients.””

Epidemiology and nationwide registers

Randomised controlled trials are considered the gold standard for
evaluating the effects of healthcare interventions. However, they have
inherent limitations and may be impractical, unethical, or
methodologically unsuitable for answering certain research questions.”®
This is particularly relevant when studying uncommon outcomes, long-
term prognosis, healthcare processes, or exposures that cannot
reasonably be randomised. Furthermore, restrictive eligibility criteria
and highly controlled study settings may limit the generalisability of
findings to broader surgical populations.79

Observational epidemiological studies provide a complementary
approach by enabling the study of healthcare as it occurs in clinical
practice. Large routinely collected datasets allow heterogeneous
populations to be studied over extended periods and can provide
sufficient statistical power to investigate uncommon outcomes and
population subgroups.238° In perioperative medicine, where patients,
surgical procedures, healthcare processes, and outcomes are highly
heterogeneous, such data provide opportunities to investigate questions
that would be difficult to address using conventional prospective studies
alone.?s

Nationwide health registers offer particular advantages for
epidemiological research. Sweden has a long tradition of population-
based data collection, with national quality registers that can be linked
at the individual level using the unique personal identity number
assigned to Swedish residents. This enables information from different
aspects of healthcare and society to be combined and individuals to be



followed longitudinally, including after discharge from the hospital
where surgery was performed.

The Swedish PeriOperative Registry (SPOR) was established in 2011
as a national quality registry for perioperative care.25 The registry collects
detailed information throughout the perioperative process, including
patient characteristics, surgical and anaesthetic procedures, and
postoperative care. Its increasing national coverage has created
opportunities for large-scale epidemiological studies of perioperative
care and outcomes in Sweden. When combined with Sweden's other
nationwide health and population registers, such data provide
opportunities to study perioperative outcomes from a broader and
longer-term perspective.

Knowledge gaps

Despite the increasing availability of large perioperative datasets, the
epidemiology and long-term outcomes of surgery remain incompletely
characterised at a population level. Much of the existing literature has
focused on specific procedures, selected high-risk populations, or short-
term postoperative outcomes.!3202229 Comprehensive studies of
unselected surgical populations with long-term follow-up are less
common, particularly those combining detailed perioperative
information with patient-, healthcare-, and socioeconomic factors. This
limits understanding of the relative contribution of these determinants
to postoperative outcomes across a broad surgical population.

Although numerous patient-, surgical-, anaesthetic-, and healthcare-
related factors have been associated with postoperative mortality,
estimating their independent associations is challenging because of
differences in patient case mix and the potential for residual
confounding.” This is particularly relevant after acute hip fracture
surgery, which predominantly affects older patients with substantial
comorbidity and high baseline mortality risk.4>43 Furthermore,
socioeconomic circumstances have rarely been incorporated into
comprehensive perioperative risk models, despite established
associations between socioeconomic status and mortality.188
Consequently, the extent to which previously reported associations with



perioperative and organisational factors persist after adjustment for
both clinical and socioeconomic characteristics remains uncertain.
Preoperative anaemia is consistently associated with adverse
postoperative outcomes, but evidence regarding longer-term outcomes
remains limited.®3-%5 Furthermore, the mechanisms underlying this
association remain incompletely understood, including whether
perioperative RBC transfusion mediates the relationship between lower
preoperative haemoglobin and long-term postoperative outcomes.
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Aims

Overall aim

The overall aim of this thesis was to provide a comprehensive audit

of surgery in Sweden by characterising the national surgical population
and investigating factors associated with short- and long-term
postoperative outcomes, with particular emphasis on major surgery and
long-term mortality.

Study-specific aims

I1.

I1I.

To characterise the national landscape of perioperative care in
Sweden and investigate whether perioperative care processes and
postoperative mortality differ according to socioeconomic status.

To investigate associations of patient-, surgical-, anaesthetic-,
and healthcare-related factors with short- and long-term
mortality following hip fracture surgery in Sweden.

To investigate the association between preoperative haemoglobin
levels, perioperative RBC transfusion, and long-term
postoperative outcomes following major noncardiac surgery.

To investigate the association between individual-level

socioeconomic status and short- and long-term mortality
following acute hip fracture surgery.

11






Methods

Study populations

The four studies included in this thesis were based on two main
research infrastructures: Epidemiology of Perioperative Care in Sweden
(EPeCS) and Myocardial Injury in Noncardiac Surgery in Sweden
(MINSS). Studies I and IV were based on EPeCS, combining data from
the Swedish PeriOperative Registry (SPOR) with national health and
population registers, whereas Study III was based on prospectively
collected MINSS data. Study II preceded the establishment of EPeCS and
was based directly on SPOR data from patients undergoing acute hip
fracture surgery 2014—2016. An overview of the study populations and
designs is presented in Table 1 below.

13
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EPeCS

The Epidemiology of Perioperative Care in Sweden (EPeCS)
database was established as a nationwide research infrastructure for the
study of perioperative care and postoperative outcomes in Sweden
(NCTo5560815). The database uses the Swedish PeriOperative Registry
(SPOR) to identify patients undergoing surgical procedures and provide
detailed information on patient characteristics and the perioperative
process, including surgical planning, surgical and anaesthetic
procedures, and postoperative care.

For EPeCS, individual-level SPOR data were linked to the National
Patient Register, the Prescribed Drug Register, the Cause of Death
Register, and the Social Services Register, held by the Swedish National
Board of Health and Welfare, as well as the Longitudinal Integrated
Database for Health Insurance and Labour Market Studies (LISA), held
by Statistics Sweden. These linkages provide complementary
information on diagnoses and comorbidities, healthcare utilisation,
prescribed medications, social care, socioeconomic characteristics, and
mortality, enabling the perioperative course to be studied in relation to
both preoperative characteristics and long-term postoperative
outcomes. Owing to lengthy processing times by registry holders,
complex record linkage, and legal and regulatory requirements,
establishing the EPeCS database was a multiyear process, as illustrated
in Figure 2.

The EPeCS cohort comprised adult patients undergoing surgical
procedures registered in SPOR between 1 January 2015 and 31 December
2020.

For Study I, surgical severity was classified as minor, intermediate,
or major according to the Surgical Outcome Risk Tool (SORT) v2
classification.®2 SORT is based on AXA-PPP procedure codes, which do
not have a direct equivalent in the Swedish KVA classification. The KVA
codes were therefore mapped to corresponding or clinically analogous
AXA-PPP procedures. Codes representing more than 90% of all surgical
procedures were manually reviewed, primarily by the author, with
independent review of selected procedures by a second reviewer, and
additional quality control by senior members of the research group. Less

15



frequent procedures were classified based on previously reviewed code
families and procedure descriptions. The resulting classification was
used to describe the surgical case-mix and as an adjustment variable in
the multivariable analyses.

My work within EPeCS included extensive data management and
preparation of the linked registry data, as well as the development and
implementation of study-specific variables and definitions. I have also
been involved in the continued methodological development of the
EPeCS database for ongoing and future research projects.

16



*£20g Ul 9seqelep yoreasal [euorjerado ue 0} 410G
ut uonenur 303foxd woiy ‘SOddH Jo ss9001d UoORIIXS BIRp puk JudwdoPAdp 93 Sunensny[l surpwi], ‘s 3MmMIL]

(pepuaixa
Teuoneiado o[qerreae pouad
oseqelep e1ep uoisnpur)

WQO% Mel =< uonoenxa
€zozdny | €zoz uer | eEp moN
2202

§0s woxy
AI9AT[OP
eIEQ
0zoz uep

uspoms
SILSHNS
woIy
A1AT[9D
eleq
6102 Sny

SOS 1e
pajutodde
Ja8euewt
ase)
6102 Sny

uaIpamMs
sonspels

1®
pautodde
Ia3euewx
ase)
6102 KBy

uapamg
SINSNELS
0} Iajsuen
Jo}
paredaxd
EJEp YOJS
6103 ady

Spjoy
Ansi3ax
Yoes 0}
penIwuqns
1sonbax
UonoRIXe
eleq
6102 qo g

Auoyny
MIIASY
(se8ed 61) [EONH pajerduwod S$03d4 Jo
paaoxdde STk uoneoridde i woOISSNOSIP
wosnoy | SBCH o 1Sy
8T0T AON worsuAeL groz das VALTAGET
Jole]y
8102 O

17



MINSS

The Myocardial Injury in Noncardiac Surgery in Sweden (MINSS)
study is a prospective, multicentre observational cohort established to
investigate perioperative risk factors and biomarkers associated with
adverse postoperative outcomes in patients undergoing major
noncardiac surgery. The data collection was conducted at seven Swedish
hospitals between 2017 and 2020, with Linkoping University Hospital as
the coordinating centre.

Adult patients aged 50 years or older scheduled for elective major
abdominal surgery requiring at least one overnight hospital stay were
eligible for inclusion. Written informed consent was obtained from all
participants before enrolment. Standardised perioperative data were
collected prospectively using case report forms, including demographic
characteristics, comorbidity, physiological variables, laboratory
analyses, intraoperative management, postoperative complications, and
mortality. Serial blood sampling was performed preoperatively and
during the first three postoperative days to enable analyses of
haemoglobin, cardiac biomarkers, and other circulating biomarkers
relevant to perioperative risk stratification.

The primary objective of the overall MINSS study was to evaluate the
prognostic value of perioperative cardiac biomarkers, particularly high-
sensitivity cardiac troponin T (hsTnT), for postoperative morbidity and
mortality. The present thesis includes one planned substudy (Study III),
which instead investigated the association between preoperative
haemoglobin concentration, perioperative RBC transfusion, and long-
term postoperative outcomes.

My work within MINSS included prospective data collection during
the 1-year follow-up, including medical record review and assessment of
MACCEs. This provided direct involvement in both the collection and
evaluation of outcome data subsequently used in Study III.
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Statistical analyses

Descriptive statistics are presented as frequencies (percentages) for
categorical variables and as mean (standard deviation) or median
(interquartile range [IQR]) for continuous variables, as appropriate.
Statistical significance was defined as a two-sided P-value <0.05, and
effect estimates are presented with 95% confidence intervals (CI).

The statistical methods were selected according to the research
question and study design of each substudy. Regression-based
approaches constituted the main analytical framework, including Cox
proportional hazards regression, logistic regression, and mediation
analysis. Where appropriate, multiple imputation was applied to account
for missing data. Sensitivity analyses and model diagnostics were
performed where relevant to evaluate the robustness of the findings and
applied models.

Statistical analyses and data management were performed using
IBM SPSS Statistics (IBM Corp., Armonk, NY, USA)% and R
(R Foundation for Statistical Computing, Vienna, Austria),’4 with
software versions reported in the individual studies. Extensive data
management within EPeCS was performed in R using study-specific
scripts. Key R packages included tidyverse for data management,
survival for time-to-event analyses, mice for multiple imputation, and
sem for mediation analysis.85-88

Missing data and multiple imputation

Missing data are an inherent challenge in observational research and
may reduce statistical power as well as introduce bias, especially if
handled inappropriately. The approach to missing data evolved
throughout this doctoral project in parallel with the increasing
methodological complexity of the studies. Multiple imputation was used
where appropriate, whereas studies with minimal missingness or
complete data (mainly Study III) for the variables of interest were
analysed without imputation.

In Study IV, missing covariate data were handled using multiple
imputation by chained equations (MICE) implemented in the mice
package in R.8” Five imputed datasets were generated using a predefined
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predictor matrix, where the imputation model included the variables
used in the primary analyses together with variables considered
informative for predicting missingness or the missing values.
Continuous variables were imputed using predictive mean matching,
whereas categorical variables were imputed using polytomous regression
imputation. Each imputed dataset was analysed separately, and the
resulting parameter estimates and 95% CIs were combined according to
Rubin's rules.8?

Earlier studies in this thesis (Study II) also applied multiple
imputation where appropriate, using the multiple imputation
procedures available in the statistical software employed at the time of
analysis. However, the imputation strategy implemented in Study IV was
more explicitly specified and evaluated than in the earliest study.

The plausibility of the imputation strategy in Study IV was evaluated
using simulation before the primary analyses. Artificial missingness was
introduced under predefined conditions to investigate whether the
imputation procedure adequately recovered the underlying distributions
and associations in the complete data. Simulation is particularly valuable
for evaluating statistical methods because the true data-generating
mechanism is known, allowing the performance of the imputation
procedure to be assessed under controlled conditions.’° Complete-case
analyses were additionally performed to assess the robustness of the
multiple imputation approach.

Variable selection for multivariable analyses

The selection of variables for the multivariable analyses was
primarily based on current clinical evidence, biological plausibility, and
a priori hypotheses rather than statistical significance. Variables
considered clinically relevant or previously shown to be associated with
the outcomes of interest were therefore included irrespective of their
univariable associations.o°

Automated variable selection procedures based solely on statistical
criteria, such as stepwise regression using p-values or information
criteria, were deliberately avoided. Such procedures may result in
unstable variable selection, biased regression coefficients, and invalid
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statistical inference, particularly when the primary objective is
explanatory rather than predictive modelling.9

For the registry-based studies, the large sample sizes allowed
inclusion of clinically relevant covariates without substantial concern
regarding model instability or overfitting. Final model specification was
informed by discussions within the multidisciplinary research group,
including anaesthesiologists, epidemiologists, and statisticians.

Mediation analysis and directed acyclic graph

In Study III, a mediation analysis was performed to evaluate the
potential mediating role of perioperative RBC transfusion in the
association between preoperative anaemia and postoperative outcomes.
Although mediation analysis is grounded in causal inference, the
observational design of Study III means that the estimated mediation
effects should be interpreted as compatible with, rather than proof of,
the hypothesised causal pathway.

One of the key assumptions underlying mediation analysis is that the
hypothesised causal structure is correctly specified. Directed acyclic
graphs (DAGs) provide a transparent framework for illustrating the
assumed relationships between exposures, mediators, confounders, and
outcomes, thereby informing both adjustment strategies and
interpretation of the analyses. The DAG developed for Study III is
presented in Figure 3.
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Figure 3. Directed acyclic graph illustrating the hypothesised causal
pathway between preoperative haemoglobin, perioperative RBC
transfusion, and postoperative outcomes. The indirect effect represents the
pathway mediated through RBC transfusion, whereas the direct effect
represents the association between preoperative haemoglobin and outcome
independent of this pathway. Age =65 years was included as a potential
moderator in an additional exploratory analysis. Reproduced from Study III,
originally published in British Journal of Anaesthesia.

Sensitivity analyses

Sensitivity analyses were performed in all studies to evaluate the
robustness of the primary findings and to assess the potential influence
of key methodological assumptions. Depending on the study, these
included complete-case analyses, alternative regression models,
assessment of model assumptions, interaction analyses, and analyses
using different adjustment strategies.

The coverage of the Swedish PeriOperative Register (SPOR)
increased progressively during the first years after its introduction,
starting at below 50% in 2015 and reaching >95% coverage of publicly
funded perioperative healthcare in 2018.92 In Study II, this was handled
by repeating the primary analyses separately for each calendar year
(2014—2016), to investigate whether increasing registry completeness
influenced the estimated associations. For Studies I and IV, this was
instead approached by including year of surgery as a covariate in the
multivariable analyses, to adjust for any potential year-to-year
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differences. The effect of incomplete registry coverage was expected to
be greatest in Study II, which was based on SPOR data collected during
the registry's early implementation phase (2014—2016).

Further regarding Studies II and IV, complete-case analyses were
performed in parallel with the multiple imputation analyses to evaluate
whether the handling of missing data materially influenced the results.
Additional sensitivity analyses included alternative adjustment
strategies, exploration of non-linear associations using spline-based
models, and estimation of attributable fractions under different model
specifications.

Ethical considerations

The studies included in this thesis were approved by the relevant
Swedish Ethical Review Authorities and conducted in accordance with
the Declaration of Helsinki and applicable national regulations. Three
substudies were based on nationwide Swedish quality registers and
national health and population registers. Using this type of data for
research creates an ethical tension between protecting individual privacy
and generating knowledge that may improve healthcare for future
patients. The possibility to analyse outcomes in millions of surgical
procedures, and to study uncommon events and long-term outcomes, is
one of the major strengths of the Swedish registry infrastructure. At the
same time, these studies would not have been possible if individual
informed consent had been required from all participants. Nonetheless,
patients are informed about SPOR via leaflets and public information on
surgical wards, and also about the possibility to opt out and have their
data removed from the registry at any time. The ethical justification for
these studies therefore rests on the assumption that the societal value of
the generated knowledge outweighs the limited risks associated with the
use of pseudonymised registry data.

Another important consideration in registry-based research
concerns data quality and the responsibility of researchers to critically
evaluate the validity of routinely collected data. Although Swedish
national quality registers are generally regarded as valuable research
resources, working with EPeCS has repeatedly highlighted the
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uncertainty inherent in registry data. At the time of extraction,
researchers cannot be certain of the accuracy of every recorded variable,
and systematic errors may be particularly difficult to identify.
Throughout the development of EPeCS, more variables than initially
anticipated were excluded because their validity or robustness was
considered insufficient for the intended analyses. Such decisions are not
always apparent in published registry-based studies, but have important
implications for their interpretation. This experience has substantially
influenced my own approach to registry-based research. Researchers
may understandably be inclined to make use of data that have required
considerable time and resources to obtain, but data availability alone
does not justify analysis. Careful consideration is required of whether a
variable is sufficiently reliable, what it can reasonably represent, and
whether it should be analysed at all. In this respect, critical assessment
of data quality is not merely a methodological issue, but also an ethical
responsibility.

During the period covered by this doctoral project, regulatory
frameworks governing medical research and personal data protection
evolved, most notably through the implementation of the General Data
Protection Regulation (GDPR). All included studies were conducted in
accordance with the ethical approvals and regulations applicable at the
time of their execution.

Regarding the prospective MINSS data for Study III, written
informed consent was obtained for all included patients. Data were
collected using paper-based Case Report Forms (CRFs), which were
securely stored and accessible only to authorised research personnel.

A recurring theme throughout this thesis is the importance of
considering outcomes beyond the immediate perioperative period. This
also raises ethical questions regarding what outcomes should be
prioritised in perioperative research and quality improvement. While
short-term mortality and complications are important, patients are
ultimately affected by outcomes that extend far beyond hospital
discharge. From an ethical perspective, this may argue for a broader view
of perioperative care, where long-term outcomes and quality of life
receive greater attention.
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The findings regarding socioeconomic disparities in postoperative
mortality raise additional ethical considerations. Sweden is often
regarded as a country with high levels of social welfare and universal
access to healthcare. Nevertheless, socioeconomic differences in
postoperative mortality were observed across educational and income
groups. Such disparities are ethically relevant because equitable
healthcare should aim to provide patients with comparable
opportunities for favourable outcomes irrespective of their
socioeconomic circumstances. However, differences in outcomes do not
necessarily imply inequities in the healthcare provided, and the
observational design of these studies cannot determine whether the
observed disparities arise from differences in healthcare, underlying
health, social circumstances, or other factors. Identifying and
understanding such disparities is nevertheless an important first step
towards determining whether potentially avoidable inequities exist and
how they might be addressed.

Finally, the findings presented in this thesis are based on
observational data, creating an ethical responsibility to communicate
results cautiously and distinguish associations from causal relationships.
This is particularly important when interpreting potentially sensitive
determinants of health, where oversimplification may lead to
inappropriate conclusions about individual responsibility or the causes
of observed disparities.
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Results

Characteristics of the Swedish surgical population

The four studies represented distinctly different surgical populations
(Table 3). Study I provided the broadest representation of surgery in
Sweden, whereas Studies II and IV comprised older patients undergoing
acute hip fracture surgery. Study III represented a smaller and more
selected population of patients aged >50 years undergoing major
noncardiac surgery.

The national surgical population

In Study I, 1 319 048 unique individuals undergoing surgery between
2015 and 2020 were included. The median age was 61 years [IQR 43—
73], 54.9% were women, and more than half of the population was aged
>60 years. Most patients were classified as ASA class I-II (76.9%).
Elective procedures accounted for 72.3% of operations, while 59.4% were
classified as major surgery. Orthopaedic and gastrointestinal surgery
were the most common surgical categories, accounting for 28.1% and
18.6% of procedures, respectively. General anaesthesia was used in
80.7% of procedures with available data, and 29.0% were performed at
university hospitals. Crude 30-day and 1-year mortality were 1.3% and
5.1%, respectively (Table 2).

Patient characteristics and patterns of perioperative care differed
across educational groups. Patients with <9 years of education were
substantially older and more frequently classified as ASA class III-V
than those with higher educational attainment. Lower educational
attainment was also associated descriptively with lower disposable
household income and a greater proportion of acute surgery. Differences
were additionally observed in anaesthetic technique, ICU admission,
WHO Surgical Safety Checklist adherence, and university hospital care
(Table 1 in Study I).
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Table 2. Characteristics of the Swedish surgical population in Study I.

Characteristic n=1319 048
Age (years) 61[43-73]
Female sex 724 664 (54.9%)
ASA class
I-1I 828 857 (76.9%)
III 224 799 (20.9%)
IvV-v 23 717 (2.2%)
Elective surgery 953 669 (72.3%)
Surgical severity
Minor 165 010 (12.5%)
Intermediate 370 711 (28.1%)
Major 783 327 (59.4%)
Surgical category
Breast 38 839 (2.9%)
Cardiac 49 307 (3.7%)
Diagnostics / Endoscopy 86 151 (6.5%)
Endocrinology 13 882 (1.1%)
Gastrointestinal 245 877 (18.6%)
Gynaecology 126 426 (9.6%)
Head and Neck 134 694 (10.2%)
Neurology 64 598 (4.9%)
Orthopaedics 370 309 (28.1%)
Plastic or cutaneous 46 890 (3.6%)
Thoracic 7834 (0.6%)
Urogenital 87919 (6.7%)
Vascular 20 238 (1.5%)
Other 26 084 (2.0%)
General Anaesthesia 928 373 (80.7%)
Complete WHO checklist adherence 958 305 (72.7%)
ICU admission 16 953 (1.7%)
University Hospital 383 026 (29.0%)
30-day mortality 16 956 (1.3%)

1-year mortality

Values are n (%) or median [IQR]. ASA class was missing for 241 675 patients,
anaesthetic technique for 168 988 patients, and ICU admission for 340 793

patients.
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Postoperative mortality increased with age in absolute terms.
However, when 1-year mortality was compared with age-specific
mortality in the general Swedish population, the standardised mortality
ratio (SMR) was highest among younger and middle-aged patients and
declined progressively in older age groups (Figure 4).
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Figure 4. Standardised mortality ratios for 1-year postoperative mortality
by age groups in the Swedish surgical population (Study I).

Hip fracture cohorts

Studies II and IV both investigated adult cohorts exposed to acute
hip fracture surgery. Study II included a total of 14 932 patients, and the
corresponding number for Study IV was 58 641. Both these studies had
similar patient characteristics, with a majority of women (66.1% in Study
IV), a median age over 80 (83 [IQR 75-89] in Study IV), and more than
45% of all cases being classified as ASA class 3 (53.6% in Study IV).
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Crude-rate all-cause mortalities in Study IV were 7.9%, 24.7%, and
35.3% for 30-day, 1-year, and 2-year mortality, respectively. Study IT had
very similar death rates 30 days and one year after surgery (8.2% and
23.6%).

Major noncardiac surgery cohort

In Study III, a total of 1060 patients were included in the analysis
(44.5% women, mean age 70 years [SD 9]). The mean preoperative Hb
level was 128 g/1. Applying the WHO definition of anaemia (130 g/L for
men and 120 g/L for women),% 39.8% of patients were anaemic at the
onset of surgery. 206 patients (19.4%) received a perioperative RBC
transfusion. The 1-year all-cause mortality was 9.9%, and the occurrence
of MACCE 1-year post-surgery was 16.1%. Crude all-cause mortality was
nearly three times higher in anaemic patients than in non-anaemic
patients (15.2 vs. 6.4%, respectively).
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Table 3. Key characteristics of the study populations.

Study I II III v
Analytical 1319 048 14 932 1060 58 641
sample (n)

Age, years 61[43-731  83[76-89] 70 (9) 83 [75—89]
Female sex 724 664 (54.9) 9981(66.8) 472(44.5) 38743 (66.1)
ASA
1—-2 828857 (76.9) 5958 (42.2) 716(67.5) 21860 (38.8)
3 224799 (20.9)  7118(50.3) 336(31.7) 30197 (53.6)
4-5 23 717 (2.2) 1057 (7.5) 8(0.8) 4274 (7.6)
Acute 27.7 100 o} 100
surgery (%)
Major 59.4 100 100 100
surgery (%)
30-day 16 956 (1.3) 1219 (8.2) 9(0.8) 4631 (7.9)
mortality
1-year 67837(5.1)  3517(23.6) 105(9.9) 14492 (24.7)
mortality

Values are n (%) unless otherwise stated. Age is presented as median [IQR] for
Studies I, II, and IV and mean (SD) for Study I1I. Percentages for ASA class are
calculated among patients with available data. Major surgery is defined
according to the Surgical Outcome Risk Tool (SORT) v2 and includes “Major”
and “Xmajor/complex”.82

Factors associated with postoperative outcomes

Mortality after hip fracture surgery

In Study II, patient-related factors showed the strongest associations
with mortality after hip fracture surgery. Increasing age, male sex, and
higher ASA class were independently associated with mortality at longest
follow-up, with particularly strong associations observed for higher ASA
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classes. Among perioperative and healthcare-related factors, longer
PACU-LOS was associated with increased mortality, whereas treatment
at a university hospital was associated with lower mortality. In contrast,
surgical waiting time, after-hours surgery, surgical procedure, time in
theatre, anaesthetic technique, and ICU admission were not
independently associated with mortality in the primary multivariable
analysis.

These findings were largely supported by Study IV, which included a
substantially larger cohort and more comprehensive adjustment,
including comorbidities and socioeconomic factors. Age, male sex, and
higher ASA class remained strongly associated with both short- and long-
term mortality. For 2-year mortality, the adjusted odds of death
increased almost six-fold for patients with ASA 4—5 compared with ASA
1-2 (aOR 5.94, 95% CI 5.40—6.53, p<0.001), while male sex was
associated with an 83% increase in adjusted odds (aOR 1.83, 95% CI
1.75—-1.90, p<0.001). Underweight and the included comorbidities were
also associated with increased mortality.

Several perioperative associations were also consistent between the
two studies. After-hours surgery and prolonged surgical waiting time
were not associated with increased long-term mortality, while longer
PACU-LOS remained associated with both short- and long-term
mortality in Study IV. Notably, the association between university
hospital treatment and lower mortality observed in Study II was no
longer evident in Study IV after more comprehensive adjustment.

Preoperative haemoglobin and RBC transfusion

In Study III, lower preoperative haemoglobin was independently
associated with both 1-year MACCE (b=-0.015, p=0.041) and all-cause
mortality (b=-0.028, p<0.001), with the latter corresponding to an
estimated 2.8% decrease in 1-year mortality risk for each 1 g/dL increase
in preoperative haemoglobin. Perioperative RBC transfusion was not
independently associated with either 1-year outcome and did not
significantly mediate the associations between preoperative
haemoglobin and 1-year MACCE or mortality. The estimated proportions
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of the total effects mediated by RBC transfusion were 6.8% and 5.7%,
respectively, but neither was statistically significant.

In contrast, preoperative haemoglobin was not directly associated
with the composite 30-day outcome. RBC transfusion was directly
associated with this outcome (b=0.014, p=0.029), and a significant
indirect effect through RBC transfusion was observed (b=-0.006,
p=0.035), although the total effect was not significant.

In exploratory analyses incorporating age >65 years as a moderator,
the associations between preoperative haemoglobin and both 1-year
outcomes remained significant, with no evidence of a moderating effect
of age. However, age >65 years significantly moderated the association
involving RBC transfusion for the composite 30-day outcome (b=-0.023,
p=0.004).

Socioeconomic status, care processes, and mortality

In Study IV, socioeconomic status was independently associated
with mortality after acute hip fracture surgery. Educational attainment
showed the strongest and most consistent association, with a 6.3
percentage-point difference in adjusted 2-year mortality between the
lowest and highest educational groups and an attributable fraction of
14%. Lower disposable income was also associated with mortality, but
there were no consistent associations with residential area.

In Study I, socioeconomic differences were also observed across the
broader Swedish surgical population. In complete-case multilevel
analyses, educational attainment and family disposable income were
associated with several perioperative care processes, although the
magnitude and direction of associations varied between individual
outcomes (Figure 5). Among patients undergoing acute surgery, lower
educational attainment and disposable household income were generally
associated with shorter time to surgery compared with the highest
socioeconomic groups. Lower educational attainment and family
disposable income were also associated with higher 30-day and 1-year
mortality. For 1-year mortality, the lowest income quartile was
associated with an aOR of 1.25 (95% CI 1.20—1.30) compared with the
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highest quartile after adjustment for patient, procedural, perioperative,
and healthcare characteristics (Figure 6).

Effect of disposable income and education
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Figure 5. Associations of educational attainment and family disposable
income with perioperative care processes in Study I. Estimates are adjusted
odds ratios with 95% confidence intervals from complete-case multilevel
multivariable logistic regression analyses.
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Figure 6. Associations of educational attainment and family disposable
income with 30-day and 1-year all-cause mortality in Study I. Estimates are
adjusted odds ratios with 95% confidence intervals from complete-case
multilevel multivariable logistic regression analyses. Model B1
(n =1 059 435) was adjusted for patient and procedural characteristics, and
Model B2 (n=836767) additionally for perioperative and healthcare
characteristics.

35






Discussion

This thesis provides a nationwide characterisation of perioperative
care and postoperative outcomes in Sweden and identifies several
determinants associated with outcomes across different surgical
populations. Overall, postoperative mortality was low in an international
context, while long-term mortality remained substantial in selected
high-risk populations. Patient-related characteristics appeared to be
more consistently associated with postoperative mortality than several
perioperative and organisational factors previously suggested to
influence outcome. Lower preoperative haemoglobin was associated
with adverse long-term outcomes after major noncardiac surgery, an
association that was not significantly mediated by perioperative RBC
transfusion. Finally, socioeconomic status was associated with several
perioperative care processes and with postoperative mortality across the
broader surgical population, while educational attainment emerged as
the most important socioeconomic determinant of long-term outcome
after hip fracture surgery.

Findings in relation to current evidence

Large-scale perioperative epidemiological studies have increasingly
demonstrated the value of studying surgical populations beyond
individual procedures or short-term outcomes. Recent UK data
including almost 13 million surgical patients have shown that
postoperative risk is highly concentrated within a relatively small
proportion of the surgical population and that excess mortality extends
several years beyond surgery.'3 Similar large-scale perioperative datasets
have emerged internationally, including national surgical registers in
Japan and detailed perioperative databases in several Asian healthcare
systems.94-9¢ These developments support the broader population-based
approach adopted in Study I, while also illustrating important
differences between contemporary perioperative data sources. Whereas
some provide near-complete national coverage but relatively limited
perioperative detail, others contain highly granular clinical data from
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selected hospitals or patient populations. Study I combines a broad
surgical population with detailed perioperative information, linkage to
national health and population registers, and long-term mortality
follow-up. This enabled perioperative care to be examined in relation not
only to conventional clinical characteristics, but also to individual-level
socioeconomic factors and healthcare processes.

Study I demonstrated that the Swedish surgical population
encompassed a broad range of patients and procedures, with more than
half of patients aged >60 years and major surgery accounting for almost
60% of procedures. Despite this broad case-mix, crude postoperative
mortality was relatively low, with 30-day and 1-year mortality of 1.3%
and 5.1%, respectively.

When mortality was compared with age-specific mortality in the
general Swedish population, SMRs were markedly higher among
younger patients and decreased progressively with increasing age. The
markedly higher SMRs observed among younger patients should be
interpreted in the context of their very low background mortality.
Moreover, whereas Study I comprised an unselected surgical population,
younger individuals undergoing surgery may represent a more selected
group with substantial underlying disease or other indications for
surgery, while the older age groups include a broader spectrum of
surgical risk.

Socioeconomic determinants of postoperative outcomes

Despite the increasing scale of perioperative epidemiological
research, comparatively few studies have examined socioeconomic
circumstances alongside both perioperative care processes and
postoperative outcomes. Recent UK studies have demonstrated
associations between socioeconomic deprivation and adverse
postoperative outcomes in broad surgical populations. Lilley and
colleagues reported an association between greater area-level
deprivation and 9o0-day mortality among almost 80 000 surgical
patients, although adjustment was limited by the available clinical
information.” Similarly, in a UK-wide cohort of approximately 19 000
patients, Lusby and colleagues found greater postoperative morbidity
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and mortality among patients from more deprived areas, although these
associations were substantially attenuated after adjustment for
comorbidity and preoperative physical status.3® This illustrates an
important challenge when interpreting socioeconomic disparities in
surgical outcomes, as socioeconomic disadvantage is closely intertwined
with other determinants of health and postoperative risk.
Multimorbidity, for example, has been shown to develop 10—-15 years
earlier among people living in the most deprived compared with the most
affluent areas.9® Consequently, socioeconomic disparities in
postoperative outcomes may reflect cumulative differences in health
long before surgery, as well as differences arising within the
perioperative pathway itself.99 Swedish population-based studies have
also demonstrated socioeconomic differences in healthcare delivery,
including surgical timing and the choice of surgical technique.too.10
These findings are consistent with the socioeconomic gradients in
mortality observed in Studies I and IV, while important methodological
differences allow the present studies to extend the existing evidence.
Both UK studies assessed area-level deprivation and focused
predominantly on short-term outcomes, whereas the present studies
incorporated individual-level measures of socioeconomic status and
long-term mortality.

In Study I, associations between socioeconomic status and
postoperative mortality remained broadly similar after additional
adjustment for measured perioperative and healthcare characteristics.
This is consistent with findings by Poulton and colleagues, who reported
that measured differences in hospital structure and standards of
perioperative care did not explain the association between
socioeconomic deprivation and mortality after emergency laparotomy.°2
Although the comparison between models in Study I does not constitute
a formal mediation analysis, the findings suggest that the observed
mortality associations were not substantially altered by adjustment for
the measured aspects of perioperative care and healthcare organisation.

Study I additionally examined whether socioeconomic differences
were evident across multiple perioperative care processes, providing a
broader assessment of where socioeconomic disparities may arise along
the surgical pathway. The findings from Study I suggest that
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socioeconomic differences were not confined to postoperative mortality,
but were also evident across several aspects of perioperative care.
However, the magnitude and direction of these associations varied
between individual care processes, suggesting that socioeconomic
disparities within the perioperative pathway are unlikely to reflect a
single or uniform mechanism.

Socioeconomic disparities may be particularly relevant after hip
fracture surgery, where advanced age, multimorbidity, and substantial
baseline mortality coincide with considerable variation in patients’ social
circumstances. Previous studies from several European healthcare
systems have demonstrated associations between socioeconomic
disadvantage and mortality after hip fracture, although the magnitude
and persistence of these associations have varied.?°3-19¢ Many of these
studies have relied on area-based measures of deprivation, whereas
Kjeervik and colleagues linked Norwegian national registers to examine
individual-level education and household income in 37 394 patients with
hip fracture. Both lower education and lower income were independently
associated with mortality, without educational attainment emerging as
clearly more important than income.**” Study IV extends this evidence in
a larger Swedish cohort with comprehensive adjustment for clinical,
perioperative, and socioeconomic characteristics. Although several
dimensions of socioeconomic status were independently associated with
mortality, educational attainment showed the strongest and most
consistent association, with a 6.3 percentage-point difference in adjusted
2-year mortality between the highest and lowest educational groups and
an attributable fraction of 14%. These findings reinforce the relevance of
socioeconomic circumstances for prognosis after hip fracture surgery,
while suggesting that the relative importance of different socioeconomic
dimensions may vary between populations and healthcare systems.

Clinical determinants of postoperative outcomes

Many studies preceding the publication of Study II in 2018 reported
independent associations between perioperative process measures and
adverse postoperative outcomes. Among the most frequently described
were anaesthetic technique, surgical waiting time, after-hours surgery,
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and hospital type. These factors are difficult to compare between
different healthcare systems, where resource availability, national
guidelines, and the organisation of perioperative care may influence how
these processes are structured. Hospital types may differ substantially
between countries, studies apply different cut-offs for surgical waiting
time, and after-hours staffing may differ considerably from daytime
staffing in some settings while remaining more comparable in others.

The available evidence was also conflicting. Several studies and
meta-analyses reported lower mortality with earlier surgery, including a
meta-analysis by Shiga and colleagues demonstrating increased 30-day
and 1-year mortality when surgery was delayed beyond 48 hours,
whereas other studies identified a risk increase using 24 hours as the cut-
off.53.108:109 Other studies found no corresponding survival benefit.110-112
Differences according to anaesthetic technique were similarly reported
in some studies,'34 whereas other studies, including one meta-analysis,
found no clear difference in mortality.4%15117 Studies of after-hours
surgery also produced conflicting findings,3450118 while treatment at
teaching hospitals had been associated with lower short-term mortality
in several previous studies.’92t Notably, not all these studies adjusted
for established risk factors such as age, sex, and ASA class.

Against this background, Study II evaluated these factors
simultaneously, together with major patient-related determinants of
mortality. Age, male sex, and higher ASA class were strongly and
independently associated with mortality, whereas anaesthetic technique,
surgical waiting time, and after-hours surgery were not. University
hospital treatment was associated with lower mortality, although this
association was less robust in sensitivity analyses. Study IV, based on a
substantially larger cohort and more comprehensive adjustment
(including SES), showed broadly similar results. Importantly, the
previously observed association with hospital type was no longer evident,
which may partly reflect confounding by SES. Similar null findings have
subsequently been reported for individual perioperative factors,
including anaesthetic technique, surgical waiting time, and after-hours
surgery.47122123  However, the evidence remains inconsistent, and
contemporary studies continue to report associations between some of
these process measures and mortality after hip fracture surgery.124-127
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Taken together, the available evidence does not support a simple
distinction between important and unimportant perioperative process
measures. Rather, their associations with outcome appear to depend on
the healthcare setting, how individual processes are defined, and the
extent to which differences in patient characteristics and case-mix are
accounted for. Therefore, while evidence-based guidelines provide an
important framework for perioperative care after hip fracture, individual
process measures should not be considered in isolation from clinical
judgement and the patient's overall medical condition.

In Study III, lower preoperative haemoglobin was associated with an
increased risk of both MACCE and all-cause mortality at 1 year, whereas
perioperative RBC transfusion did not significantly mediate these
associations. The estimated proportion mediated through RBC
transfusion was small, approximately 6% for both outcomes, suggesting
that the association between preoperative haemoglobin and long-term
outcome was predominantly attributable to pathways other than
perioperative transfusion. Few studies have examined whether RBC
transfusion mediates associations between preoperative anaemia and
postoperative outcomes. In cardiac surgery, Warner and colleagues
found evidence of mediation for hospital length of stay, but not for
several other postoperative outcomes.’?®6 This is clinically relevant
because RBC transfusion increases oxygen-carrying capacity and could
theoretically mitigate some of the adverse effects associated with
anaemia. However, our findings provide no evidence that perioperative
transfusion attenuates the long-term risk associated with lower
preoperative haemoglobin. Rather, preoperative anaemia may represent
a marker of underlying disease, reduced physiological reserve, or other
factors that persist beyond the perioperative period.’2° Importantly, the
observational design and assumptions inherent to mediation analysis
preclude causal conclusions, and the small, non-significant mediated
effects should not be interpreted as evidence that RBC transfusion has
no effect on postoperative outcomes.

All in all, the findings of Studies I-IV, spanning both the broader
surgical population and selected high-risk populations, emphasise the
importance of the patient's underlying health and physiological reserve
when evaluating postoperative risk. Age, comorbidity, ASA class,
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preoperative haemoglobin, and socioeconomic disparities may reflect
different dimensions of vulnerability that have developed long before the
surgical procedure itself.’30132 Further improvements in postoperative
outcomes may therefore depend not only on optimisation of individual
perioperative processes, but also on improved identification of high-risk
patients, appropriate patient selection, and individualised perioperative
planning.'4133 The importance of this is likely to increase as the
characteristics of the surgical population continue to change. In Study I,
more than half of the Swedish surgical population was aged >60 years,
illustrating the substantial contribution of older patients to
contemporary surgical care. In addition, the surgical population has
been shown to age more rapidly than the general population.1©-134 Similar
demographic pressures are particularly evident in hip fracture surgery,
although projections of the future fracture burden vary according to
assumptions regarding changes in age-specific incidence.43135 These
demographic changes are likely to increase the proportion of high-risk
patients undergoing surgery and further reinforce the importance of
comprehensive perioperative risk assessment.!33

Strengths and limitations

Several methodological strengths should be considered when
interpreting the findings of this thesis. Study I provided, to our
knowledge, the first comprehensive epidemiological characterisation of
the Swedish surgical population and was among the first large-scale
studies to investigate socioeconomic disparities in both perioperative
care processes and postoperative mortality. Studies IT and IV were based
on large SPOR cohorts across multiple hospitals throughout Sweden and
incorporated detailed perioperative information and comprehensive
multivariable adjustment. Study IV additionally benefited from the
increasing national coverage of SPOR and linkage with national health
and population registers, enabling adjustment for comorbidities and
individual-level socioeconomic factors. Study II represented the first
ever published research study based on SPOR data. Study III
complemented the registry-based studies through its prospective
multicentre design, detailed clinical data, and minimal missingness, and
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was, to our knowledge, the first study to investigate perioperative RBC
transfusion as a potential mediator of the association between
preoperative haemoglobin and long-term postoperative outcomes.
Finally, national registry linkage provided virtually complete long-term
mortality follow-up across all four studies.

Several limitations should also be acknowledged. First, all four
studies were observational, precluding causal inference and leaving the
findings susceptible to residual and unmeasured confounding despite
extensive risk adjustment. The registry-based studies were additionally
limited by incomplete SPOR coverage, particularly during the earlier
study periods, and by the inherent limitations of routinely collected data,
including potential misclassification, missing data, and variation in
coding and reporting between hospitals. In Study I, the multivariable
regression analyses presented in this thesis were based on complete
cases, which may have introduced selection bias if patients with complete
data differed systematically from those with missing observations.
Linkage with other national registers added further uncertainty, as the
completeness and availability of linked information were not always
possible to assess with certainty for all patients. Furthermore, the
absence of primary care data limited ascertainment of comorbidities, as
conditions predominantly managed in primary care may be incompletely
captured in the National Patient Register. Studies I, II, and IV included
only one index operation per patient, thereby avoiding repeated
mortality outcomes within individuals but excluding subsequent surgical
procedures and potentially limiting the representation of the total
surgical burden. Finally, although the large registry cohorts enabled
comprehensive adjustment for available covariates, potentially
important factors such as frailty, functional status, and other aspects of
underlying health were incompletely captured, and residual confounding
therefore remains likely.
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Conclusions

Taken together, the findings of this thesis demonstrate the
importance of considering determinants extending beyond the surgical
procedure itself when evaluating perioperative risk and postoperative
outcomes. Patient-related characteristics were consistently associated
with postoperative mortality, while associations with individual
perioperative and organisational factors were less consistent.
Preoperative anaemia was associated with adverse long-term outcomes
after major noncardiac surgery, whereas perioperative RBC transfusion
did not significantly mediate this association. Socioeconomic status was
associated with several perioperative care processes and with
postoperative mortality across the broader surgical population, while
educational attainment emerged as the socioeconomic factor most
strongly associated with long-term mortality after hip fracture surgery.
These findings support a broad approach to perioperative risk
assessment that considers patient health, healthcare processes, and
socioeconomic circumstances, with attention to outcomes extending
beyond the immediate postoperative period.
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Future Perspectives

Perioperative medicine has evolved from a discipline primarily
focused on short-term surgical safety to one increasingly concerned with
improving long-term health after surgery. As perioperative care becomes
progressively more evidence-based, future advances are likely to depend
not only on new therapeutic interventions, but also on the ability to
collect, integrate, and analyse high-quality data, and translate the
resulting evidence into clinical practice. The studies included in this
thesis highlight several opportunities and challenges that may shape this
development.

The increasing availability of routinely collected health data offers
opportunities to study surgical populations and outcomes at a scale that
would otherwise be unattainable. Such data are likely to remain a
cornerstone of perioperative research for many years to come. However,
current data accessibility remains suboptimal, limited by extensive lead
times for data extraction, complex regulatory procedures, and
considerable heterogeneity in data quality, coding, and structure across
registries. These challenges also hamper meaningful international
comparisons of perioperative care and outcomes.

The ongoing government-commissioned evaluation of adapting
Swedish national health data registers to the Observational Medical
Outcomes Partnership Common Data Model (OMOP-CDM) may
represent an important step towards addressing several of these
limitations.’3® By harmonising data structures with international
standards, such initiatives could facilitate more efficient data extraction,
improve interoperability between registries and countries, and enable
large-scale collaborative studies using common analytical pipelines. For
research infrastructures such as EPeCS, this has the potential to
substantially shorten project lead times while increasing reproducibility
and international comparability. Indeed, data extraction for EPeCS
spanned several years, representing a major bottleneck for the project
and likely the single greatest contributor to the prolonged time from
study conception to dissemination of results.

Based on current evidence and the findings presented in this thesis,
future breakthroughs in perioperative medicine are likely to arise not
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only from advances in surgical and anaesthetic techniques, but also from
a more comprehensive understanding of perioperative risk and its long-
term consequences. This will become increasingly important as surgical
populations age and a greater proportion of patients undergoing surgery
live with multimorbidity and frailty. Future studies should extend follow-
up beyond the immediate postoperative period and include data from the
pre-, peri-, and postoperative phase, including patient-, healthcare-, and
societal-level determinants of long-term outcomes. In parallel, research
should increasingly move beyond traditional endpoints such as mortality
and postoperative complications towards outcomes that matter directly
to patients, including functional recovery, health-related quality of life,
and patient-reported outcome measures.'s”
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Ongoing work within EPeCS

The creation of the Epidemiology of Perioperative Care in Sweden
(EPeCS) database was a central part of my doctoral work. The ambition
was to create a database capable of addressing a wide range of
perioperative research questions. This is reflected by the many ongoing
studies based on EPeCS data, as listed below:
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Ahman R, Fylkner IM, Engerstrom L. The Impact of Hospital
Status on Short- and Long-Term Mortality After Non-Centralized
Surgery in Sweden: A Registry-Based Nationwide Cohort Study.
Ongoing study

Hildebrand I, Ahman R, Rubenson Wahlin R, Chew MS. The
association between surgical delay and postoperative mortality in
emergency surgery.

Ongoing study

Ly J, Ahman R, Froese L, Chew MS. Failure to rescue after
Perioperative Cardiac Arrest in Sweden: A Nationwide Registry-
Based Study.

Under revision, British Journal of Anaesthesia

Admassu H, Ahman R, Winski G, Bjérne H, Chew MS. The
influence of reoperations on outcome after high-risk abdominal
surgery in Sweden.

Ongoing study



Academic Development

Throughout this doctoral project, the intended learning outcomes
for doctoral education according to the Higher Education Ordinance!s8
have been addressed through independent scientific work, including
study design, ethical applications, prospective data collection,
management and analysis of large-scale registry data, scientific writing,
international collaborations, peer review activities, supervision of
Master’s students, and dissemination of research findings at national
and international scientific meetings.
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