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Abstract
Garland, A. 2017. Early Mortality After Total Hip Arthroplasty In Sweden. Digital
Comprehensive Summaries of Uppsala Dissertations from the Faculty of Medicine 1309.
63 pp. : Uppsala University. ISBN 978-91-554-9842-9.
Every year 16 000 individuals receive a total hip arthroplasty (THA) in Sweden. Even though
THA is a common procedure, adverse events do occur. The most dramatic complication is death
in the postoperative phase. The overall aim of this thesis was to describe and investigate early
mortality after THA in Sweden.
Sweden has an ideal platform for national observational registry studies, thanks to the use
of personal identity numbers. Operation-specific information was collected from the Swedish
Hip Arthroplasty Register, medical information from the National Board of Health and Welfare,
and socioeconomic information was collected from Statistics Sweden. Main outcome was 90day mortality.
Study I was a prospective observational register study investigating the risk of mortality after
a simultaneous bilateral THA compared with staged bilateral THA. There was no clinically
relevant difference in early postoperative mortality between the two groups.
Studies II and III were nation-wide matched cohort studies, with adjustment for comorbidity
and socioeconomic background. Adjusted early mortality in femoral neck fracture patients
receiving a THA is about double compared with a matched control population. Young (60-69
years) femoral neck fracture patients receiving a THA have a low absolute mortality risk, while
those who are older than 80 years with a higher degree of medical comorbidity run a high risk of
early death (II). In study III healthier, younger patients with higher socioeconomic status tended
to be selected for cementless THA, resulting in selection bias. Even after accounting for this
bias, however, there remains a small absolute and adjusted increase in the risk of death within
14 days after elective THA surgery using fully cemented implants.
Study IV was a nationwide prospective cohort study comparing different comorbidity
measures in terms of predicting early postoperative mortality after THA. A less data-demanding
comorbidity measure is better at predicting 90-day mortality than more commonly used coding
algorithms.
In conclusion, socioeconomic background and the presence of comorbidities have an
important influence on early mortality after THA, while the type of fixation is of less importance.
Future mortality studies could benefit from the use of data that are routinely collected, and thus
avoid the logistically complicated procedure now necessary to merge national databases.
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Populärvetenskaplig sammanfattning

Varje år får ca 16 000 individer “en ny höft” i Sverige. Det innebär att ledskålen i bäckenet ersätts med en konstgjord skål, oftast tillverkad av plast,
och ledhuvudet ersätts med ett metall- eller keramiskt huvud förankrat på en
stam av metall. Höftproteskirurgi är att betrakta som rutinkirurgi idag men
det är ett stort kirurgiskt ingrepp som inte är riskfritt för patienten. De vanligaste orsakerna till att man får en höftprotes är artros eller brott på lårbenshalsen. Indikationerna för proteskirurgi har under åren vidgats vilket gör att
fler både yngre och äldre patienter opereras än tidigare. Äldre patienter har
av naturliga skäl en högre risk för allvarliga komplikationer medan de yngre
som opereras förefaller oftare ha andra sjukdomar utöver höftsjukdomen.
Idag opereras fler riskpatienter än tidigare.
I avhandlingen ingår fyra registerbaserade delarbeten där dödligheten efter höftproteskirurgi har studerats. Information om protessort och operationsdetaljer har hämtats från Svenska Höftprotesregistret, information om
diagnoser, läkemedel och dödsorsaker från Socialstyrelsens patientregister,
läkemedelsregister och dödsorsaksregister, och information om socioekonomisk bakgrund från Statistiska Centralbyrån. Datan har analyserats med
avancerade statistiska metoder medan frågeställning (val av studiedesign)
och tolkning av resultaten har en klinisk utgångspunkt. Död inom 90-dagar
är ett utfallsmått som ofta används för att värdera risker med olika medicinska behandlingar. Orsakerna till att en patient avlider i samband med eller
inom 90 dagar efter en höftledsoperation kan vara många men de dominerande orsakerna borde vara hjärt-och kärlsjukdom, sjukdomar i hjärnans
blodkärl eller blodproppssjukdom. Det huvudsakliga utfallsmåttet i analyserna har genomgående varit död inom 90 dagar.
Samsjuklighet mäts ofta med komplexa index som beräknas utifrån vilka
diagnoser som har registrerats. Dessa index är inte tillämpbara i den kliniska
vardagen och ett väletablerat kliniskt riskvärderingsinstrument saknas. I
studie fyra utvärderas olika samsjuklighetsmått och deras förmåga att förutsäga död inom 90 dagar efter höftprotesoperation. Med statistiska värderingsmetoder tar jag fram en kombination av klinisk lättillgänglig information som i framtiden skulle kunna utvecklas till ett riskvärderingsinstrument.

Sammanfattningsvis ger resultaten av delarbete I-IV följande:
• 90-dagarsdödligheten efter höftprotes har ett medelvärde i riket på 7,1
‰ (det vill säga ca 7 dödsfall per 1000 opererade patienter).
• Höftproteskirurgi på båda sidorna vid samma operationstillfälle ger inte
någon relevant skillnad i risken att dö inom 90 dagar jämfört med att
operera en höft i taget.
• För patienter som opererats med höftprotes efter höftfraktur är risken att
dö inom 90 dagar ungefär dubbelt så hög som för en matchad kontrollgrupp. Höftfrakturpatienter under 70 har en låg risk medan de över 80 år
med multipla sjukdomar har en hög risk att dö inom 90 dagar efter höftprotesoperation.
• Såväl samsjuklighet i andra sjukdomar som socioekonomisk bakgrund
har betydelse för risken att dö inom 90 dagar efter operation medan val
av protesens fixationssätt har ett mer marginellt inflytande. Då cementerad protes används vid höftprotesoperation på grund av artros ses en liten höjning av dödligheten de första två veckorna jämfört med en icke
opererad kontrollpopulation. Denna höjning motsvarar 5 dödsfall per 10
000 opererade patienter. Motsvarande höjning ses inte då ocementerad
protes används.
• Studie IV visar att en att ett litet antal utvalda riskfaktorer tillsammans är
bättre på att förutsäga död inom 90 dagar än mer komplexa index.

Mortality
: the way that people do not live for ever
: the number of deaths within a particular society and within a
particular period of time

Definition from www.dictionary.cambridge.org

Prologue

Welcome to my book. I know that some of you who hold the book in your
hands won’t actually read it. But since it might be the only book I will ever
write I would like to give you a warm welcome. Then we will see how it
goes. No pressure.
I often find myself reflecting about all those small things that lead to other
small things that in turn, however insignificant, in the end might lead to
something overwhelmingly important like “Life or Death” or even “a book
or no book”. In early spring 2009, my last day as a visiting registrar doctor, I
sat in a small, overcrowded office at Södersjukhuset in Stockholm with a
breathtaking view over the city. Thanks to that view I didn’t mind too much
that my designated mentor was more into talking about “pros and cons” of
life in general than about my own “pros” and “still to develops”. We rounded up the performance appraisal with a little small talk about our plans for
the future. He was planning to retire. I was planning to return to Gotland.
With our goodbyes said he stopped me when I already was more than halfway on my way out, looked at me sternly above his glasses and said:
- Dr Garland, you’re not planning to die “dissertation-less”, are you?*

That’s been bugging me ever since. It was a small thing, but it led to other
small things that in the end led to this book. Welcome to my book “Early
Mortality After Total Hip Arthroplasty In Sweden”.

*

“Dr Garland, du tänker väl aldrig dö odisputerad?”

This thesis is the result of collaboration between the Institute of
Surgical Sciences Uppsala University, Region Gotland
and the Swedish Hip Arthroplasty Register.
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Abbreviations

ASA
CCI
CI
DAG
HR
ICD
NARA
NPR
RxRiskV
SMR
SHAR
THA

American Society of Anesthesiologists
Charlson Comorbidity Index
Confidence Interval
Directed Acyclic Graph
Hazard Ratio
The International Classification of Diseases
Nordic Arthroplasty Register Association
National Patient Register/ Patientregistret
Prescription-based comorbidity measure
Standardized Mortality Rate
Swedish Hip Arthroplasty Register/ Svenska Höftprotesregistret
Total Hip Arthroplasty
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Introduction

Total Hip Arthroplasty - “The operation of the century”
Osteoarthritis (OA) is a painful, often disabling condition but not a threat to
life itself. Non-invasive treatment alternatives include physiotherapy, learning coping strategies including the use of walking aids, non-steroidal antiinflammatory drugs and sometimes morphine. When non-invasive treatment
no longer gives satisfactory pain relief a total hip arthroplasty (THA) becomes an option. A successful THA can give the patient with OA in the hip
a pain-free joint, the possibility to keep an active lifestyle without impairment, and an improved quality of life.67
Sir John Charnley made an invaluable contribution to the treatment of hip
OA by introducing the THA.13 The THA is a surgical procedure in which the
hip joint is replaced by an artificial implant. The hip implant consists of two
components, a cup that is placed in the acetabulum of the pelvis and a stem
that is inserted into the femur. A ball at the proximal end of the stem fits in
the acetabular cup. Modern cups are made of either polyethylene alone or of
a metal shell (i.e. titanium alloy, cobalt chromium alloy, stainless steel, and
polymer composites) with a polyethylene liner. Stems are made of metal (i.e.
titanium alloy, cobalt chromium alloy, stainless steel, and polymer composites). Excellent functional results have been reported and today THA is
considered a cost-effective and safe alternative to non-invasive treatment
alternatives. Early postoperative mortality after elective primary THA is low
and has decreased over the last years.6, 24, 35, 41, 47 THA has been so successful
that it was even named “the operation of the century” in 2007.36
THA is used in the treatment not only of primary hip OA but also for deformities, sequelae after childhood hip disease, rheumatoid arthritis, idiopathic femoral head necrosis, secondary OA after trauma, tumours, and dislocated femoral neck fracture. However these patient groups vary in age,
gender, comorbidities, and socioeconomic background. Over the years it has
become evident that there is a need to take these differences into consideration when evaluating postoperative results.
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THA- Different Fixation Methods
There are different ways to fixate the chosen implants (Figure 1). Cemented
implants are fixated using bone cement that chemically consists of polymethyl methacrylate (i.e. Plexiglas). Cementless implants are designed to allow
bone ingrowth and the implant adheres over time. The term ”classic hybrid”
fixation is used to describe the combination of a cementless implant in the
acetabulum and a cemented implant in the femur. A ”reversed hybrid” is
made up of a cemented implant in the acetabulum and a cementless implant
in the femur. ”Resurfacing” describes an implant design that allows less of
the original bone to be removed. The head of the femur is preserved and
fitted with a metal cap dimensioned to fit into the acetabulum cup. The internal diameter of the acetabulum cup is wider.

Figure 1: Cemented (left) and cementless (right) fixation of THA implants. © Åke
Karlbom
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It has previously been suggested that cemented fixation of THA increases
perioperative mortality when compared with cementless THA, due to fat
embolism and cardiopulmonary adverse events caused by the cementation
process.41 However, in the cited work41 there was an evident issue of selection bias where younger and healthier patients are selected for hipresurfacing and hence that group has a lower mortality. After this study a
debate followed regarding the importance of residual confounding and its
role in the interpretation of register-based research results.31, 71

Evaluating Mortality After Total Hip Arthroplasty
The most common outcome used for analyses of mortality in relation to a
surgical intervention is 90-day mortality, since this parameter captures both
perioperative deaths, early postoperative and delayed postoperative deaths
such as those caused by thromboembolic events.46, 66 Hence, 90-day mortality is the primary outcome in our studies. Two recent systematic reviews
conclude that the average 90-day mortality after primary THA performed for
any indication is 0.65 or 0.7%.9, 58
Other commonly used outcomes are 30-day mortality, 180-day mortality,
and in-hospital mortality. 30-day mortality captures perioperative and early
postoperative deaths - like 90-day mortality - but the capture of deaths
caused by thromboembolic events and severe infections (i.e. pneumonia or
urosepsis) is incomplete since the debut of symptoms related to these disorders often is delayed. 180-day mortality is more complete in capturing the
delayed deaths related to the surgical procedure, but it also includes other
deaths unlikely to be related to the surgery and is therefore more imprecise.
In-hospital mortality does not capture deaths outside the hospital, as indicated by the chosen expression, even though they may be related to the procedure. Taken together, the various measures of early post-operative death
described above are all a trade-off between sensitivity and specificity when it
comes to differentiating death related to surgery, and death due to other reasons.

Mortality After Bilateral Total Hip Arthroplasty
Simultaneous bilateral surgery (i.e. one-stage surgery with both hips operated on sequentially during one anaesthesia) is also described as feasible and
safe, and early postoperative mortality after this procedure is reported to be
low. A 90-day mortality of 0 to 0.14% 46, 66 for patients after simultaneous
bilateral surgery and a peri-operative mortality (without specification of the
exact time frame) of 0.31% (vs. 0.18% when compared with unilateral surgery) 32 are reported. There remain, however, concerns about the safety of
19

simultaneous bilateral THA procedures. Earlier studies have reported a higher instance of haemorrhage, an increased number of thromboembolic events
and cardiopulmonary complications, and a reduced range of motion after
simultaneous bilateral operations 8, 39, 54.

Mortality After Total Hip Arthroplasty Due To Femoral
Neck Fracture
The mortality after THA due to hip fractures in the elderly is high compared
to the elective THA procedures performed due to chronic diseases such as
OA. In this patient group the mortality is around one per cent within the first
48 hours after surgery, if patients treated with internal fixation are included.
22
In the fracture group, early mortality after THA seems to be lower when
compared to hemiarthroplasty or internal fixation. 30-day mortality has been
estimated at 1.4% and 90-day mortality at 3.2% after THA due to hip fracture.28, 63 In comparison, an in-hospital mortality of 5.6% after hemiarthroplasty and of 3.9% after internal fixation has been reported.64 However, this
difference in mortality can presumably be explained by selection bias, i.e.
less frail patients are selected for THA. One-year mortality after treatment of
hip fractures with internal fixation or hip arthroplasties has been estimated at
approximately 20%. There has been no obvious change in one-year mortality
rates over the last three decades.42

Comorbidity
Medical comorbidity is known to strongly influence the outcome of different
medical interventions, including THA9, 24 (Figure 2), and there are different
ways to investigate this influence. Several indices have been constructed for
this kinds of analyses. The most commonly used would be the modified
Charlson (Charlson/Deyo) comorbidity index (CCI)12, 15, the Elixhauser
comorbidity score16 and the RxRiskV.17, 60 However, none of these were
constructed for the purpose of investigating outcomes after THA.
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Figure 2: Comorbidity. © The Swedish Hip Arthroplasty Register

Both the CCI and the Elixhauser score are based on ICD-codes. ICD is a
classification system used since 1964 (ICD-7) in which every disease, condition, and trauma event is given an alphanumeric code. This number can be
used for epidemiological, health management, and clinical purposes.23 CCI
can be calculated by using ICD-codes registered for outpatient visits, for inhospital care or by using ICD- codes from both outpatient visits and from inhospital care. However, outpatient visits were not included in the NPR until
2001, and hence our dataset is incomplete with regard to this parameter.
The Charlson Comorbidity Index is a diagnose-based coding algorithm
introduced in 1987.12 It was developed through defining numerous clinical
conditions and assessing their relevance in the prediction of one-year mortality. In the original index, each of the 19 categories was assigned a weighted
score based on their relevance in predicting one-year mortality. The original
index was based on a breast-cancer reference population. The index has
evolved over the years with modifications to the weights and to the list of
specific International Classification of Diseases (ICD)-codes that are used.15,
48, 55
The most recent update of the CCI was made in 2010 by Quan et al who
re-evaluated the index, reassigned weights to each condition and applied the
index to populations from six different countries.49 For clarity I reasoned that
only one CCI version should be included in studies II-III and chose the version modified by Deyo15, with the original weighting adapted to ICD-codes,
since it is validated for the majority of the study period of 1992 to 2012. In
study IV both the original weighting (Deyo) and the weighting according to
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Quan were investigated.12, 49 In order not to underestimate the CCI calculated
on ICD- codes, we used ICD-codes registered both for outpatient visits and
for in-hospital care was included in our analyses (II and III).
The Elixhauser Score is a diagnose-based coding algorithm that was introduced in 1998.16 The Elixhauser Score is more detailed than the CCI, with
30 categories included in the original algorithm. The Elixhauser score has
also evolved over the years. In study IV the weighting algorithm according
to van Walraven was used. The van Walraven weighting algorithm is based
on the association between comorbidity and death and gives an overall score
for the Elixhauser Index.69
The RxRiskV Score is a prescription-based coding algorithm developed
for research purposes and introduced in 2003.17, 60 In recent years, prescription based comorbidity measures have been increasingly used. It has been
argued that a prescription-based algorithm would be more reliable than a
diagnosed based algorithm, giving that it would have less of the limitations
of incomplete or inaccurate coding.27, 29
CCI, the Elixhauser and the RxRiskV coding algorithms all have their limitations. They are based on the availability of extensive databases including a
large number of ICD-codes or detailed information on drug prescriptions
prior to surgery and are hampered by the usual limitations such as incompleteness and inaccuracy of coding.10 As described above, modifications of
the weighting of certain items contained in the comorbidity measures and
revalidations of the scores have been necessary over time.14, 15, 49, 65, 69 As a
result, numerous variations of the same score co-exist, which can result in
interpretation uncertainty. CCI, the Elixhauser and the RxRiskV are not used
in clinical settings since the administrative burden is unrealistic. Thus,
comorbidity measures based on patient administrative data are only accessible to researchers. The clinician seeks a more easily accessible tool, i.e. the
American Society of Anaesthesiologists physical status classification.
The American Society of Anaesthesiologists physical status classification (ASA) is a six-category physical status evaluation system developed in
1941.56 The ASA has remained unchanged except for a sixth category having
been added (brain-dead person). Information on the ASA grade was included
in the SHAR in 2008. The ASA grade is easily assessed in a clinical setting,
but it is known to have a high degree of internal variability20 and it has not
been validated as a predictor of mortality after THA. The ASA grade has
previously been compared to the CCI, but not with respect to mortality after
THA.33, 72
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Table 1. The American Society of Anesthesiologists (ASA) classification
ASA Physical Status
1

Healthy person

2

Mild systemic disease

3

Severe systemic disease

4

Severe systemic disease that is a constant threat to life

5

A moribund person who is not expected to survive without the operation

6

A declared brain-dead person whose organs are being removed for donor purposes

In search of an alternative to the ASA grade, attempts have been made to
quantify the individual patients’ risk profile. This has resulted in the creation
of several universal and arthroplasty-specific risk prediction tools of varying
degrees of complexity. However, none has been broadly accepted.40 Thus, an
easily applicable tool with few dimensions is needed, both in research and in
clinical practice.

Socioeconomic Background
We know that socioeconomic background influences health and mortality.44,
74
Socioeconomic factors are also known to influence the outcome after
THA.11, 18, 50 In order not to overlook the effect socioeconomic background
has on the investigated outcome, it is advisable to adjust for it in a chosen
statistical model. The variables most often used are educational level, income, and residence. Still, adjustment for socioeconomic background is
lacking in many studies on mortality after THA. In Sweden, socioeconomic
information can be collected from Statistics Sweden (see below). In 2004
Statistics Sweden changed the way by which the registered income variables
are calculated. These changes unfortunately resulted in the variables being
uncomparable before and after 2004. To overcome this problem I used quartile splits (II and III).

Sources of Epidemiological Data
The Swedish Hip Arthroplasty Register
The SHAR is a nationwide prospective THA database founded in 1979. The
data was initially aggregated based on hospital units, but since 1992 the data
are individualized based on personal identity numbers. The SHAR includes
patient-related information (i.e. personal identity numbers, gender, diagnosis, height and weight) as well as procedure-related information (i.e. date of
23

surgery, type of procedure, laterality, hospital, surgical approach and implant
details). Since 2002 patient-related outcome such as pain relief, satisfaction
and gain in quality of life have been included. Through linkage to the patient
registers of the National Board of Health and Welfare, further analyses regarding adverse events have been made possible. In 2014 the SHAR reported 100% coverage, with all hospitals performing THA participating and with
98% of all THAs reported.1 The coverage of the SHAR has been stable for
many years. The SHAR has been repeatedly validated, and on a national
level the completeness of registration has been stable at around 96-98% 2, 61,
62
, although some studies have reported lower completeness for the endpoint
revision surgery.2, 43

Statistics Sweden
Statistics Sweden is a state-owned registry collecting information on the
entire Swedish population. It includes detailed baseline demographics, i.e.
level of education, income (both on a household and on an individual level),
ethnicity and residence.

The National Patient Register
The National Board of Health and Welfare is a government agency under the
Ministry of Health and Social Affairs in Sweden. It has been collecting information on in-patients treated in public hospitals in the National Patient
Register (NPR) since the 1960s. In 1987 information from private hospitals
was included, and since 2001 outpatient visits have also been included in the
NPR. The registry has been validated on several occasions and has good
external validity.34, 53, 68
The National Board of Health and Welfare has several other national registers concerning the health of the Swedish population, i.e. the Medical Birth
Register, the Cancer Register, the Drug register, and the Cause of Death
Register.

The Drug Register
The Drug register was started in 2005 by The National Board of Health and
Welfare and includes information on all collected prescriptions. Information
on prescriptions needed to calculate the RxRiskV score in study IV was collected from the Drug register.
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Ethics and Legislation
I feel it appropriate to reflect upon the ethics and legislation surrounding my
research. Sweden gives an ideal platform for national observational studies
with a long tradition of medical and socioeconomic registers, and personal
identity numbers that enable linkage of data. Traditionally, the Swedish people’s trust in the government and the research community has been robust,
which has facilitated the construction of broad national registers.
The ethical principles regarding human research are compiled in the Declaration of Helsinki.73 It was developed in 1964 by the World Medical Association and the last revision was made 2013. It is not a legally binding instrument but it has had a vast influence on legislation and regulations
worldwide. The research subjects’ interests when it comes to integrity and
autonomy are regulated as is the researchers’ obligation to ”do no harm” and
to take responsibility for potential complications. These values are ever relevant and essential to protect.
In Sweden, research databases linked to personal identity numbers are only allowed for a predetermined period of time in order to protect the research
subjects’ integrity. You do not need to collect individual written consent for
observational register studies. In order to protect the research subjects' autonomy while still enabling large observational studies, all research subjects
are informed about being included in a register and are given the choice not
to be part of the register or associated research at any time. This is regulated
in the Swedish Patient Data Law of 2009 and the Personal Data Act of 1998.
Authorship of published scientific results is also protected by ethics and
regulations. According to the Vancouver protocol25, “Each author should
have participated sufficiently in the work to take public responsibility for the
content.” In the more recent ICMJE guidelines26 it is stated that authorship
also requires “Agreement to be accountable for all aspects of the work in
ensuring that questions related to the accuracy or integrity of any part of the
work are appropriately investigated and resolved.” And yet, author lists
sometimes have a tendency to lengthen unproportionally. I believe there still
may be room for improvement.
Trust needs to be continuously earned. In order to keep society’s trust the
science community needs to strictly adhere to our ethical principles.
THA is overall a safe procedure, but adverse events do occur. The most
dramatic complication is death in the postoperative phase. Earlier research
on the subject has shown that mortality after THA was low (90 mortality
between 0.4%-0.8%) and that it had decreased over the last years.6, 9, 24, 35, 41,
47, 59
However, many previous studies had small study populations (i.e.
n=7,4786, n=12,72859 and n=71,81235), and comorbidity and socioeconomic
background were not included in most studies (for exceptions see Hunt24,
Pedersen47, Whitehouse71). It remained unclear whether cemented fixation or
25

simultaneous bilateral THA surgery was associated with a higher early postoperative mortality. Due to the described diversity in the choice and size of
study populations, and in the choice of included variables, the influence of
comorbidity and socioeconomic factors on mortality after THA was also still
unclear. In order to better understand how patient-related variables influence
the outcome of THA surgery they need to be included in our analyses.
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Aims

The overall aim of this thesis is to describe and investigate early mortality
after THA. The specific study objectives are the following:

I

To describe and investigate the risk of mortality when conducting a simultaneous bilateral THA compared with staged
bilateral THA.

II

To investigate early mortality and morbidity after THA performed in elderly patients with femoral neck fractures, adjusted for medical comorbidities and socioeconomic background.

III

To investigate whether cemented fixation of THA increases
early postoperative mortality when compared with cementless
THA, with adjustment for medical comorbidities and socioeconomic background.

IV

To investigate the capacity of the following to predict early
mortality after THA:
a) established comorbidity coding algorithms i.e. the Elixhauser score, Charlson Comorbidity Index (CCI), and the
prescription-based RxRiskV
b) easily accessible data that are routinely collected in daily
clinical practice.
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Methods and Study Populations

Ethics
Ethical approval was applied for in 2013 and approved by The Regional
Ethical Review Board in Gothenburg (2013: 360-13). All individuals registered in the SHAR have received written information about the register and
have access to the SHAR’s open webpage.

Methods
The works of this thesis are all register-based. As mentioned in the introduction, Sweden gives us an ideal platform for national observational studies
thanks to the personal identity numbers. Every person who remains in Sweden more than a year receives a personal identity number and, since 1947, is
entered into the Total Population Register.38 The number consists of ten digits, based upon the date of birth and four added numbers where the last is a
calculated control digit. Each personal identity number is unique for one
resident in Sweden at a specific time, but the numbers are recycled. The
identity number may show up several times in large register analyses over
long time periods. These duplicates were excluded from the analyses since
they represent different individuals.
Socioeconomic information was collected from Statistics Sweden (see
above). Residence, level of education and personal as well as family income
were registered per the year-end prior to index surgery.

Study I
Study I was an observational register study with data obtained only from the
SHAR. 42,238 patients that had received bilateral primary THA between
1992 and 2012 and that had been reported to the SHAR were included in the
analyses. For comparative reasons patients who had had a unilateral primary
THA during the same time period (1992 to 2012) were also analysed. This
“unilateral cohort” consisted of 148,718 patients.
Main outcome was 90-day mortality after simultaneous bilateral THA
compared with staged bilateral THA. Secondary outcomes were
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30-day-, 10-year-, and overall mortality after the second THA surgery.
Revision surgery of any hip after the second THA surgery was also explored
as an additional outcome.

Study II
Study II was designed as a nation-wide matched cohort study. 24,699 patients in the SHAR who had received a THA due to a femoral neck fracture
were compared with 118,518 controls from the general population. Patients
with pathological fractures on the femoral neck were excluded. In patients
with bilateral THA, we included only the side which was operated on first.
The controls were matched for age, gender and residence, and in multivariable analyses adjustment was made for medical comorbidity and socioeconomic background. Primary outcome was death for any reason within 90
days of the index surgery. Secondary outcomes included 90-day mortality
for cardiovascular reasons and the risk of admission to hospital care within
90 days from the index date.

Study III
Study III was designed as a nation-wide matched cohort study of primary
THA patients and matched controls, with adjustment for medical comorbidity and socioeconomic background in multivariable analyses (Figure 3).
178,784 primary THA patients with primary and secondary OA and 862,294
controls matched for age, gender and residence were included. In bilaterally
operated patients, only the first surgery was included. Patients with femoral
neck fractures, rheumatoid arthritis, and tumours were excluded. The main
outcome was mortality within the first 90 days after surgery. The unadjusted
survival curves of the THA patients and the controls crossed around day 15.
The observation period was therefore divided into the three periods: day 0 to
14, day 15 to 29, and day 30 to 90.
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Figure 3: Flowchart for study III.

Study IV
Study IV was designed as a nationwide prospective observational cohort
study. 38,735 patients who had received a THA due to primary OA between
2008 and 2012 were included. The starting point of 2008 was chosen because ASA grade and BMI were included in the SHAR from that year onwards. In order to avoid dependency issues, only the first surgery was accounted for in bilaterally operated patients. Patients were excluded if a second THA surgery was performed within 12 months after the first THA surgery. Clinically easily accessible data, i.e. ASA grade, BMI, age, and gender,
were investigated, as were three commonly used comorbidity coding algorithms i.e. CCI, Elixhauser, and RxRisk V, with their respective included
dimensions. Relevant candidate predictors from the separate dimensions of
the comorbidity algorithms were identified based on lower bounds of the CI
being larger than one and were combined in a larger model together with
age, gender, BMI, and ASA. Predictors were excluded from the model one at
a time until the combination of predictors with the highest degree of predictability was found. Primary outcome measure was 90-day mortality after
THA surgery. Both the risk of death and the degree of predictability for potential predictors separately and in combination was analysed.
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Statistical Methods
In the linkage process and building of the original combined database for
study II and III, assistance was provided from statisticians at the SHAR,
Statistics Sweden, the National Board of Health and Welfare, and from Uppsala Clinical Research Centre. Information from the different registers was
linked by personal identity number. 5,572 individuals had recycled or incorrect identity numbers and hence were excluded. If the excluded individual
was a case, then the respective controls were also excluded. Some controls
had emigrated or died prior to index date, as controls were age-matched by
year but not by exact date of birth. These controls were excluded. Surprisingly, 11 controls also had information in the SHAR. These were also excluded.
For all four studies, follow-up started on the day of the THA surgery and
ended on the day of death, emigration, or December 31st 2012, whichever
came first. Some death dates were unspecific: “Month X 13th 2001”, “Month
X Yth 2001”, or “August Yth 2001”. Where this occurred, the unknown
month was set to “May” and unknown day to “15” in order to avoid
over/under estimating the survival time.
For comparative reasons I chose to primarily use the CCI in studies II and
III. CCI has been calculated separately for outpatient visits, hospital admissions, and for all healthcare contacts together. The modified CCI was calculated based on the ICD-codes registered one year (366 days) prior to the
index date for each individual. In the described analyses on databases reaching back to 1992, the ICD 9 and 10 classification systems are used. The ICD
9 and 10 codes used are identical to those described in Quan’s adaptation of
the Charlson/Deyo algorithm.15, 48, 65 ASA grade was first included in the
Swedish Hip Arthroplasty Register (SHAR) in 2008 and was therefore not
available for all cases. It was by definition unavailable for all controls since
it is only registered in the medical records prior to surgery and reported to
the SHAR but not to the NPR.
The choices of covariates included in the different multivariable regression models were based upon assessment of relevance and non-interference
using directed acyclic graphs as previously suggested57 (example Figure 4). I
have adhered to the suggested guidelines on statistical analyses of register
data51, 52.
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Figure 4: Directed acyclic graph for study I.

Mortality within 90 days after THA is a rare event. Assuming that 90-day
mortality is around 0.7 %, 1,346 exposed individuals and 13,460 controls
would be required to detect a difference of factor 2 according to the performed power calculations (alpha=0.05, power 80%). For comparison, if a
difference of factor 1.5 is to be detected, 5,831 exposed individuals and
29,153 controls would be required (alpha=0.05, power 80%).
Continuous data were described using means, medians and ranges, and
95% confidence intervals (CI) were used to describe estimation uncertainty.
Categorical data were cross-tabulated and a Chi-square test was used to investigate whether observed and expected frequencies differed significantly
between groups of data. The chosen age categories (< 50 years, 50-59, 6074, and ≥ 75 years) are the same age categories that are used in the annual
reports of the SHAR.
Unadjusted cumulative survival was calculated using the Kaplan-Meier
method.
In studies I to III, Cox regression models were fitted for each covariate at
a time in order to calculate crude hazard ratios (HR) with CI. Covariates
were then subsequently included in multivariable regression models in order
to calculate adjusted HR with CI (Adjustment for gender, age, Charlson’s
comorbidity index and socioeconomic background data i.e. personal income
and education). Model assumptions were investigated by calculating and
plotting the correlation coefficient between transformed survival time and
the scaled Schoenfeld residuals. No imputation for missing data was performed.
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The level of significance was set at p<0.05 in all analyses. The R software
(package 3.0.232) and SPSS (version 22) were used.
In studies II to IV, only the first surgery was accounted for in bilaterally
operated patients in order to avoid dependency issues, i.e. the number of
investigated procedures and the number of THA patients is identical.
Given that neither age nor income are treated as linear variables, age and
income in study III were additionally modelled by restricted cubic splines,
also known as natural splines, in separate analyses. In order not to over-fit
the spline, the number of knots was chosen by the Bayesian information
criterion. Theoretically it is possible to increase the likelihood of an event
occurring by adding parameters to a chosen statistical model, but this may
result in overfitting. The Bayesian information criterion attempts to resolve
this problem by introducing a penalty term for the number of parameters in
the model.
In studies II and III, results on relative mortality risks derived from Cox
regression models were also validated by fitting Aalen additive risk models,4
which have been suggested to have advantages over Cox regression models.
The main advantage of the additive risk model is that no assumption of proportionality needs to be fulfilled, since no time variable is included in the
calculation. In that sense, an Aalen additive risk model is rather similar to a
logistic regression model.
In study IV the expected number of events to be censored was relatively
low. I therefore chose logistic regression models and not Cox regression
models as in studies I - III. These logistic regression models were fitted for
each covariate at a time in order to calculate crude hazard ratios (HR) with
CI. Subsequently ASA, Elixhauser, CCI, and RxRiskV were one at a time
combined with age, gender, and BMI in four separate models. The performance of the logistic regression models was evaluated by its discrimination
capacity using c-statistics. The c-statistic represents the area under the curve
(AUC in the plotted ROC [receiver operated characteristic] graph) and
stands for the degree of predictability. An AUC of 50% (0.5) implies a discrimination capacity equal to pure chance (i.e. if A there is a 50% chance of
B). An AUC of 100% (1.0) implies a definite predictive relation (i.e. if A
then B in 100% of cases). All relevant candidate predictors were combined
in a larger model together with age, gender, BMI, and ASA. Through backwards elimination, the predictors were excluded one at a time, until the optimal combination with the highest degree of predictability was found. Then
the excluded predictors were reinserted one at a time to see whether this
would strengthen the degree of predictability with statistical significance. In
study IV, I also chose to keep all continuous variables continuous in order
not to weaken the precision of the statistical analyses.5 No imputation for
missing data was performed.
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Results

Study I
During the study period patients selected for simultaneous bilateral surgery
were younger, male, and had lower ASA grade than patients receiving staged
procedures. The adjusted 90-day mortality after the second procedure did not
differ between the four investigated groups. Patients older than 75 years at
index surgery, men, patients with ASA grade 3 or above and patients with
rheumatoid arthritis (RA) had an increased 90-day mortality (Table 2). The
unadjusted risk of implant revision of any hip was slightly higher for patients
with simultaneous bilateral THA compared to those with a staged procedure
within one year, but after adjustment for age, gender, diagnosis and implant
fixation these differences were no longer statistically significant (Table 3).
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Table 2: Hazard ratio for 90-day mortality in study I. Adjustment for sex, age, diagnosis, type of prosthesis fixation and time interval.

Table 3: Risk of implant revision in study I. Adjustment made for sex, age, diagnosis and type of prosthesis fixation.

Simultaneous
≤6 months
7- 12 months
1
>12 months

1

No of events

Crude HR (CI 95%)

Adjusted HR (CI 95%)

240 (7.1%)
495 (5.1%)
828 (5.3%)
3 573 (6.4%)

1.6 (1.3-1.9)
1.2 (1.1-1.4)
1.1 (1.0-1.3)
-

1.1 (0.9-1.4)
1.1 (1.0-1.3)
1.1 (1.0-1.2)
-

Reference group
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Study II
Crude survival after femoral neck fracture for all THA patients together was
lower than that of control individuals over the entire observation period. I
found a 3.0-fold (CI 2.7 to 3.2) increase in the crude risk of death within the
first 90 days after the index date for THA patients compared with control
individuals, i.e. the 90-day survival after the index date was 96.3% (CI 96.0
to 96.5) for THA cases and 98.7% (CI 98.6 to 98.8) for control individuals.
Table 4: Crude and adjusted risk of 90-day mortality in study II with 95% confidence intervals. Adjusted hazard ratios (HR) derived from a model adjusting for
gender, age, Charlson’s comorbidity index and socioeconomic background data
(personal income and education). Reference groups by definition have a HR of one.

Risk of 90-day mortality Crude HR 95% CI
Case 1
Arthroplasty
Gender2
Female
Age
60-69
80-89
90-99
CCI3
1-2
>2
Income4
2nd quarter
3rd quarter
4th quarter
Education5
9 years
High School
University

1

Adj. HR 95% CI

2.96

2.72-3.21

2.18

2.00-2.37

0.69

0.63-0.75

0.71

0.65-0.78

0.53
2.64
6.23

0.44-0.64
2.39-2.90
5.47-7.10

0.58
2.32
4.80

0.48-0.70
2.10-2.56
4.16-5.55

4.03
10.43

3.69-4.41
9.36-11.63

3.14
8.41

2.87-3.44
7.52-9.41

1.04
0.88
0.57

0.94-1.15
0.79-0.98
0.50-0.65

1.02
0.95
0.84

0.92-1.13
0.85-1.06
0.73-0.97

0.46
0.31
0.24

0.42-0.51
0.27-0.35
0.20-0.29

0.74
0.57
0.50

0.66-0.83
0.49-0.66
0.41-0.61

Reference = Controls
Reference = Male
3
Reference = 0, CCI= Charlson Comorbidity Index
4
Reference = First quarter (lowest income)
5
Reference = No school education or unknown level of education
2
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Adjusted 90-day mortality in femoral neck fracture patients receiving a THA
was about double compared with a matched control population. The most
pronounced risk increase was associated with the presence of a CCI of three
or more. An age of 90 years or above was also associated with a high increase in the risk of 90-day mortality. Higher levels of education were associated with a risk reduction while income had smaller effects on the adjusted
risk of 90-day mortality (Table 4). Patients below 80 years of age and without significant comorbidity had a mortality of about the same magnitude as
controls.
The findings in studies I, II and III were derived from multivariable Cox
regression models. The validity of Cox regression models relies on the assumption of proportional hazards. A typical deviation from the assumptions
of the Cox model is the potential time-varying effects of different covariates.
However, there are alternative statistical models used to alleviate this problem. In studies II and III Aalen's additive risk model was used as a complement. In Aalen's additive risk model the effect of the covariates acts on an
absolute rather than a relative scale. In study II, Aalen’s additive models
confirmed the increase in the adjusted risk of early mortality for hip fracture
patients treated with a THA compared to controls (Figure 5).

Figure 5. The additive mortality risk for THA fracture patients compared to control
individuals in study II. Aalen’s additive model with 95% confidence intervals.
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Study III
In this study population there were more females than males, and the age at
surgery varied between 15 and 100 years with a mean of 68.9 years and a
majority in the age category 60-74 years. The characteristics of the two subcohorts based on fixation method are presented in Table 5. Since THA cases
and controls were matched for age and gender the distribution into the chosen gender and age categories was quite similar.
Table 5: Characteristics of the study population in study III, divided by cases (cemented and cementless THA) and controls.

An increased adjusted risk of death during the first 14 days was found in
patients that received cemented THA compared to controls. This corresponds to an absolute risk increase of five deaths per 10,000 observations.
From day 15 to 29 the mortality risk was lower for patients receiving cemented THA. No early risk increase was observed in patients receiving cementless THA. This finding was confirmed with Aalen’s additive risk model
(Figure 6).
The unadjusted survival was lower for those with a classic hybrid fixation
compared to their controls. This was not observed in patients who received a
reversed hybrid. The same pattern was seen after adjustment for age, gender,
comorbidity, and socioeconomic background: an increased risk of mortality
during the first 14 days for the classic hybrid THA compared to controls.
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This effect could not be found among reversed hybrid THA compared to
their controls.

Figure 6: The additive mortality risk for cemented and cementless THA compared
to controls in study III. Aalen’s additive model with 95 % confidence intervals.
Time in years.
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Study IV
This study evaluated to which extent the easily accessible data that are routinely collected in daily clinical practice could be used to substitute a more
complex comorbidity score for prediction of 90-day mortality after THA. In
the study population there were more females (56.2%) than males (43.8%),
and the age at surgery varied between 18 and 100 years with a mean of 68.9
years. The characteristics of the study population in study IV are very similar
to those of study III. This is expected since the cohort of study IV is also a
part of study III’s study population.
Unadjusted cumulative 90-day survival was 99.7 (CI 99.68 to 99.78) and
the number of deaths during this period was 109. As in studies I to III, I
found that age (OR 1.1 [CI 1.09-1.14]) and male gender were associated
with an increased risk of death (OR for female gender: 0.5 [CI 0.37-0.79]).
Patients with a higher degree of comorbidity according to ASA, the CCI, the
Elixhauser score and the RxRiskV score had an increased risk of 90-day
mortality compared with patients with a lower score.
I found that the combination of age, gender, history of heart infarction
and renal disease, and ASA grade was the best predictor of both 90-day mortality (c=0.80) and one-year mortality (Figures 7 and 8). Introducing socioeconomic variables such as education level and marital status into the multivariable regression model only marginally increased its predictive power.
Adding information on BMI to the model did not strengthen the predictive
power. The ASA classification alone had a better predictive strength for 90day mortality than the more complex comorbidity measures CCI, Elixhauser
score and RxRiskV score (Figure 7).
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Figure 7: ROC for the investigated comorbidity measures in study IV: New model
with age, gender, ASA, history of heart infarction and renal disease during the last
12 months included, ASA alone, CCI, Elixhauser and RxRiskV.

Figure 8: ROC for 90-day and one-year mortality for age, gender, ASA, history of
heart infarction and renal disease during the last 12 months combined from study IV.
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Further Results
Comorbidity- Trend over time
By choosing to include the CCI based on ICD-codes registered both for outpatient visits and in-hospital care, I was able to capture more comorbidities
than I would have otherwise (Table 6). THA patients had more comorbidities than controls, even when only taking outpatient visits into account (Table 6).

Table 6: CCI in the original study population of study III. Cemented and cementless
THAs and controls. Only cases with complete data included. Outpatient visits were
not included in the NPR until 2001 and are accounted for as CCI=0 before then.

CCI 0 (%)
Arthroplasty
Control
CCI 1-2 (%)
Arthroplasty
Control
CCI >2 (%)
Arthroplasty
Control
Mean CCI1
Arthroplasty
Control

1

Outpatient
Care

In Hospital
Care

Outpatient and
In Hospital Care
combined

92.2
93.2

86.8
92.4

82.8
87.9

7.0
5.9

12.1
6.3

15.2
10.0

0.8
0.9

1.1
1.3

2.0
2.1

0.14 (0-11)
0.13 (0-12)

0.20 (0-13)
0.15 (0-14)

0.28 (0-14)
0.23 (0-15)

Mean CCI and ranges.
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Over time a slight increase in the presence of any comorbidity was seen in
the study population of study III. For the period 1992-1996 the combined
outpatient and in-hospital CCI was 0 for 87.0% of all observations, 1-2 for
10.9% and >2 for 2.1%. During the period 2007-2012 the combined outpatient and in-hospital CCI was 0 for 82.9%, 1-2 for 13.9% and >2 for 3.2%.
The same trend was seen when looking at THA patients and controls separately.

Mortality- Trend over time
In study III a decrease in mortality over time was seen. The numbers shown
in Table 7 are for the study population of cemented and cementless THA.
Table 7: Trend over time in crude survival in study III with 95% confidence intervals.
Crude 90-day survival
%
CI (95%)
1992-1996
Arthroplasty

99.5

99.44-99.51

Control

99.2

99.22-99.26

Arthroplasty

99.4

99.31-99.48

Control

99.2

99.14-99.22

Arthroplasty

99.6

99.59-99.70

Control

99.3

99.22-99.30

99.7

99.61-99.71

1997-2001

2002-2006

2007-2012
Arthroplasty
Control

99.4

99.33-99.39
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Discussion

There is still much to be done to increase our knowledge of mortality after
THA surgery. There are too many studies in the literature with study populations that are too small to achieve sufficient statistical power, that lack a
relevant control group, or that are insufficiently adjusted and thus do not
account for socioeconomic background and comorbidity. Early postoperative
mortality after THA is so low that it is difficult to gather many patients and
events in one single hospital or region. Studies on nationwide registries can
therefore be of great help. Sweden, with its system of personal identity numbers and its national registries, is an ideal platform for analyses of mortality
after THA.
Based on the results in study I, I concluded that simultaneous bilateral
THA can be considered a safe alternative in Sweden. I was not able to adjust
for comorbidity or socioeconomic background in this study, however. For
this reason, caution should be taken in patients with advanced age, male
gender, rheumatism and high ASA grade since these variables were associated with an increased risk of 90-day mortality.
In study II I found that hip fracture patients treated with THA had a more
than two-fold adjusted mortality rate within the first 90 days after the index
date compared with a matched control population. High mortality in this
patient group has previously and repeatedly been documented, but not in
such a well-defined group (i.e. all THA patients in a country) and after adjustment for comorbidity and socioeconomic factors. Our findings indicate
that THA surgery for femoral neck fracture is a comparatively safe alternative in patients under the age of 80 and with few or no comorbidities. In
more frail and older patients, however, alternatives to THA could be considered. THA patients in our study were considerably sicker with a higher CCI
at the time of injury than their matched controls, which is in line with previous findings on patients with hip fractures. The high degree of comorbidities
in these patients means that they are especially susceptible to falls resulting
in fractures.
Both early postoperative and long-term mortality after primary THA due
to OA was reduced in THA patients compared to controls. This is consistent
with previous studies.7, 21, 37, 45, 47, 70 The prevailing explanation for this phenomenon is that patients selected for THA are healthier than the general
population. This assumption seems to be wrong, at least for our study population: in study III I found that control individuals were healthier than pa44

tients selected for THA, at least when measuring comorbidity along the definitions suggested in the CCI. Of course, a certain amount of detection bias
could explain this phenomenon, i.e., an increased number of healthcare contacts for patients scheduled for THA prior to surgery could give rise to
comorbidities being detected which would otherwise have remained obscure
(Figure 9).9, 35 When calculating the CCI, only which diagnoses are present is
relevant, not how many times the diagnoses have been registered. Chronic
illnesses relevant for calculating the CCI should have been registered beforehand and any emergency illnesses relevant for calculating the CCI ought
to have been an absolute contraindication for surgery. It is doubtful that a
sufficient number of relevant new diagnoses would be registered in connection to surgery to explain the difference in CCI between THA patients and
controls.

Figure 9: © The Swedish Hip Arthroplasty Register

Comorbidity is not static over time. Using the SHAR, Gordon et al. have
previously demonstrated an increase in the presence of any comorbidity over
time on a cohort of patients that received primary THA due to OA.19 The
same phenomenon could be seen in the population investigated in study III,
which is not surprising considering it includes some of the same patients
present in Gordon et al.’s study. Despite an increasing comorbidity over the
study period, we observed a decreasing early postoperative mortality - a
finding consistent with earlier studies.6, 24, 35, 41, 47 Both crude and adjusted
mortality decreased over time, which is reassuring for patients undergoing
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THA. The decreasing early postoperative mortality could perhaps be explained by better pre- and post-operative care, and the increasing comorbidity by a more consistent registration of comorbidity diagnoses.
Socioeconomic background variables such as residence, educational level,
income, and marital status are known to influence the availability and outcome of medical intervention44, 71, 74, i.e. THA.11, 18, 50 Still, they are often not
adjusted for in analyses of morbidity and mortality after THA. In studies II
to IV I found a distinct influence of the included socioeconomic factors on
early mortality. However, in study IV level of education and marital status
only marginally increased the AUC of the statistical model that attempted to
predict early mortality after THA.
I believe there is a consensus that comorbidity has an influence on the
outcome after THA surgery, but there remains an uncertainty as to how to
measure comorbidity. CCI and Elixhauser are two of the most commonly
used comorbidity measures in register-based research. According to our results from study IV, however, a far less data demanding comorbidity measure - the combination of age, gender, history of heart infarction and renal
disease and ASA grade - serves us better in predicting early postoperative
mortality after THA. Even ASA grade alone had a better predictive strength
than comorbidity measures based on more complex coding algorithms. Advancements in information technology offer us impressive possibilities to
combine large quantities of data in our research analyses. But the proverb
“Just because we can, doesn’t mean we should” still stands. I see the result
of study IV as an indication that we may go back to clinical basics and that it
may be advantageous to let those clinical variables be heard/analysed in
large observational data based research as well.
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Methodological Considerations
When reviewing the literature for studies on mortality after THA, one quickly finds discrepancies in the choices of reference groups (Table 8).
Table 8: Chosen control groups in studies on mortality after elective primary THA
due to OA. N= number of studies, SMR= Standardized Mortality Rate.

Choice of Reference

N

Authors

SMR

3

Lie SA et al,Parry M et al,
Mahomed NN et al

Selected group within
reach of the department

2

Jones D et al, Visuri T et al

Nationwide cohort

1

Pedersen AB et al

No unoperated control
group

3

Mc Minn et al, Hunt LP et
al, Whitehouse et al

A control group that is comparable to THA patients with respect to gender,
age and socioeconomic background is desirable for correct interpretation of
data, but such a control group has only rarely been available in previous
studies30. In studies II and III, I attempted to relate mortality and morbidity
in the population of THA patients to an adequate control group taken from
the general population in order to strengthen the clinical relevance of our
data. The control group was matched for age, gender, and residence. In studies II and III there is adjustment for socioeconomic background and comorbidity. A limitation of study I is the lack thereof.
In study I the validity could be threatened by the fact that patients scheduled for bilateral procedures but that suffer complications during or after
surgery No 1 never undergo surgery No 2. That would result in an underestimation of the mortality associated with staged bilateral arthroplasty.
All registry studies are based on observational data with possible biases at
different levels.
Selection bias: As clinicians we tend to select certain patients for certain
procedures. We are taking plausible influencing variables into account in our
risk evaluation, i.e. age, gender, comorbidity, etc. We can never with certain47

ty fully compensate for the issue of selection bias with this kind of study
design.
Detection bias: In study III, I found that control individuals had fewer
comorbidities than patients selected for THA. As mentioned above, this
could be an example of detection bias where, prior to surgery, an increased
number of healthcare contacts for patients scheduled for THA could give rise
to comorbidities being detected that would otherwise have remained obscure.
Performance bias: This is the presence of systematic differences between
groups in the care that is provided, i.e. healthcare routines that differ geographically, between hospitals and even between individual surgeons (Figure
10). In studies II and III THA patients and controls were matched by municipality, but this does not fully compensate for the performance bias issue.

Figure 10: © The Swedish Hip Arthroplasty Register

Immortal time bias: This occurs when individuals in one of two groups that
are compared are guaranteed to be alive for period of time during the follow
up time. In studies II and III both THA patients and controls are alive at the
date of exposure, but in study I this phenomenon has not been accounted for.
Confounders: In all research, confounders can be out of reach or not correctly adjusted for. The residual confounding in studies II - IV ought to be
considerably smaller than in many previous studies since socioeconomic
factors were included in our analyses.41, 47 Nevertheless, the possibility of
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residual confounding remains due to other variables that are unknown and
unaccounted for.
Validity: The registries used for our analyses are nationwide and have
been repeatedly validated.2, 34, 53, 61, 62, 68 However, the population-based and
nationwide selection of patients in studies of the kind presented in this thesis
gives a high external validity (the results can be generalized to other settings) but a lower internal validity (the differences in outcome actually derive from the investigated exposure). The results can be generalized to other
countries with similar socioeconomic and healthcare conditions. The nationwide design also provides us with enough statistical power to detect rare
events. Mortality after THA is low, and hence a large number of patients are
needed in order to detect a difference in mortality between different groups
(i.e. cemented/cementless, male/female, different educational levels). Nevertheless, there is the risk of detection bias mentioned above. Let us take
comorbidity as an example: During the study period 1992-2012 there were
changes in the system of reimbursement in the Swedish healthcare system.
More registered diagnoses mean more money for the healthcare provider, to
put it rather crudely. Perhaps the higher comorbidity in the later part of the
study period is a sign of better registration routines due to financial incentives rather than less healthy patients being selected for surgery. That would
be more consistent with the mortality decrease over time.
It is important to make a distinction between explanatory research and predictive research. In the latter, predictive research, the investigated temporal
context is another i.e. futurum. In order for a risk factor to be considered a
predictor, the investigated effect needs to be tested in a different sample of
individuals to capture the “futurum” aspect. In study IV, an external validation has not been done. Hence it is only with extreme caution that we can
extrapolate our findings in study IV to predictions in the clinical setting.
Changes in comorbidities and mortality over time as observed in this thesis
indicate that prediction models derived from data collected in the past might
lose some of their prediction power for future surgical intervention, since the
underlying data set will be different and, at least after some time, lose some
of its relevance.
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Conclusions

I

With the present patient selection made in Sweden, simultaneous bilateral THA can be considered a safe alternative. However, caution should
be taken in patients with advanced age, male gender, rheumatism and
high ASA grade since these variables were associated with an increased
risk of 90-day mortality.

II THA surgery for femoral neck fracture can be considered a safe alternative for patients with few or no comorbidities under the age of 80. Other
treatment options could be considered in older and/or more frail patients.
III The increase in absolute mortality risk up to 14 days after elective THA
surgery for OA using fully cemented implants is small and must be
weighted against the previously reported increased risk of early revisions
in connection with cementless implants. However, the patient’s socioeconomic background and the presence of comorbidities have an important
influence on the outcome and must be evaluated by the clinician.
IV Future mortality studies could benefit from the use of data that are routinely collected, and the logistically complicated procedure of merging
national patient registries and databases might be avoided.
Decisions regarding which patients should be offered what treatment cannot
be taken lightly. Primum non nocere.
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Future Research

This thesis focuses on mortality after THA. However, mortality is only one
adverse event that is of importance to the patient. Investigation of other adverse events, i.e. risk of infection or revision, including comorbidity and
socioeconomic background, would also be of value.
In study I we found that revision surgery was slightly more common
among those receiving simultaneous replacements compared to patients operated in a staged procedure. It would be interesting to analyze this further. I
also find it tempting to investigate the simultaneous replacement group more
closely, i.e. a journal review including causes of death.
In study II, patients who had THA surgery after hip fracture were compared with a matched controlled population. It would be interesting to repeat
the study design for internal fixation and hemiarthroplasty surgery after hip
fracture.
Study IV opens the door for future research in the area of using routine
clinical data to predict mortality after THA. In order to extrapolate the findings from our prediction model (including
gender, ASA, history of heart
infarction and renal disease during the last 12 months) into a predictive tool
in the clinical setting, the results would need to be validated in a separate
cohort. Our study is a first step, indicating that it can be done. This validation still needs to be done, preferably in cooperation with another national
arthroplasty register in a country with similar socioeconomic and healthcare
conditions.
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Epilogue

The answer to my designated mentor’s question as to whether I am planning
to die dissertation-less:
- No, I’m not.
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