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Background 

Surgery and public health 
Surgery and public health concern the provision, organisation, distribution and 
quality of surgical care in a wider societal perspective, in entire populations and 
healthcare systems. 

The healthcare organisation is a frequent topic of debate among politicians, 
professionals and laypeople. In Sweden, healthcare spending accounts for more than 
one-tenth of the economy, and about 50,000 SEK1 on average are spent per capita 
each year (1). Provision of the highest quality healthcare, equitably accessible to all 
citizens regardless of social background or geographical circumstances, is one of 
the most important responsibilities for national and regional administrations (2–4). 
Does the population get what is intended? And if so, do all citizens benefit from 
these services? Or is access restricted for parts of the population, perhaps due to 
geographical or other types of barriers? How do we even know that? Which 
detectors of public health can provide relevant answers to these questions? 

Healthcare providers, funding bodies and governmental and private bodies in the 
healthcare sector have strong motives to improve quality and reduce costs. 
However, decision-making when it comes to healthcare planning requires expertise 
in economics and organisational matters, as well as evidence-based quality 
improvements and public health statistics. 

There are strong public interests in making healthcare more universally accessible 
to the population, more resource-effective and more reliable in terms of treatment 
outcomes and safety. A widely held view among professionals, hospital 
administrators and politicians has been that centralisation of resources is the key to 
meet the ever-increasing demands of specialised care. Centralisation as a 
phenomenon seems to come with positive expectations, without reflections. During 
the last decades, hospitals have merged, clinics have been co-localised, and smaller 
healthcare providers have been drained of resources, in order to improve cost-
effectiveness and capacity at a smaller number of centres of excellence. 

                                                      
1 Equals about 5500 USD or 4800 EUR (2019). 
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The centralisation process is logical and rational; numerous evidence points at the 
benefits of concentrating certain kinds of advanced medical and surgical treatments, 
including cardiothoracic surgery and transplant surgery, advanced cancer treatment 
and neonatal care, and rare or complex paediatric surgical conditions such as biliary 
atresia. In the 1990s, Swedish paediatric cardiothoracic surgery was centralised to 
two centres, informally since 1993, and formalised by the Swedish Board of Health 
and Welfare in 2007 (5,6). In 2018, specialised neonatal surgery was also considered 
of national, rather than of regional interest, and surgical treatment of oesophageal 
atresia, congenital diaphragmatic hernias, anorectal malformations and a few more 
neonatal conditions were centralised to two designated centres in Sweden (7,8). 

These processes have not been straightforward. Whereas evidence points out that 
certain conditions may be better treated at high-volume centres, this may not 
necessarily be generalisable to all types of conditions, and extrapolations may be 
misleading.2 Overall, very limited attention has been directed at the potential risks 
associated with centralisation and evidence is lacking. 

In 2015, the report ‘Practice makes perfect’ [Swedish: Träning ger färdighet, 
authored by Måns Rosén on the assignment of the Swedish Government] concluded 
that surgical outcomes, including overall survival, is a function of facility caseload 
volume of surgery (9). The author suggested that an estimated 500 lives may be 
spared in Sweden each year, if not only highly specialised or risky surgery, but all 
surgery was performed in high-volume centres. The report caused a heated public 
debate about the consequences of the centralisation-related drainage of surgical 
resources and competence from smaller hospitals, and the validity of the report has 
been questioned (10–12). The lack of evidence for centralisation interventions 
became very apparent. 

Historical perspectives and global outlook 
Public health issues related to surgical care have historically gained little academic 
attention. Public health statistics and advocacy, brought to public attention by 
inspiring personalities such as the late Professor Hans Rosling, have focused 
primarily on the massive global burden of disease related to infectious diseases, 
malnutrition and child and maternal mortality. Impressive improvements have been 
achieved by tremendous efforts and successful interventions within these areas. 

Yet, the epidemiologic transition3 in low- and middle-income countries has 
introduced a double burden of disease in many of these populations; meanwhile 
                                                      
2 Further discussion on centralisation benefits are found later in the Background-chapter, in the 

section on Organisation of paediatric surgery. 
3 The epidemiological transition refers to the dramatic societal and demographic shift, seen when 

populations in low- and middle-income countries face increasing economic standard and 
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poor nutrition and living conditions in sections of a population may still lead to a 
large societal burden of communicable diseases and nutrition deficiencies: the 
general increase in living standard and nutrition introduces a panorama of non-
communicable conditions, such as diabetes, arthrosis, and increased burden of 
cancer and cardiovascular diseases. This double burden of disease is, naturally, a 
financial and organisational challenge to handle for healthcare systems. 

Surgical care in low- and middle-income countries has been considered too 
advanced in infrastructure, too expensive and too unreliable in terms of financial 
sustainability and know-how to be implemented in resource-scarce settings. In 
2008, surgery was attributed as ‘the neglected stepchild of global health’, and the 
field quickly expanded in the following years (13). The vast insufficiency and 
skewed distribution of the global surgical resources are now gaining increasing 
attention (14–16). It has become clear that a large proportion of morbidity and 
mortality worldwide could be prevented simply by adequate surgical care; surgical 
conditions account for 15% of disability-adjusted life years (DALY) globally and 
surgical conditions are among the top 15 causes of disability (17,18). Additional 
studies revealed the cost-effectiveness of basic surgical interventions such as 
inguinal hernia repair, basic trauma care, club-foot treatment and cataract surgery 
in resource-scarce settings. The estimated cost per averted DALY for these surgical 
interventions was on par with many immunisation programmes and far less than oral 
rehydration therapies, HIV mother-to-child transmission prevention or short-course 
tuberculosis treatment (19–21). 

In 2015, the Lancet Commission of Global Surgery estimated that 5 billion people 
worldwide do not have access to safe and affordable anaesthesia and surgical care 
when needed; that 143 million additional procedures are needed each year to meet 
basic population demands4; that 33 million people face catastrophic health 
expenditure directly related to basic surgical care each year, and that more than 
twice this number are financially ruined just by the effort to obtain anaesthesia and 
surgical care (22). The Lancet Commission on Global Surgery also concluded that 
safe surgery is affordable, saves lives, prevents disability, and it is a good investment 
for countries as it promotes economic growth. 

A number of surgical indicators and targets were proposed by the Commission for 
national health systems to monitor. These indicators are now incorporated in the 

                                                      
improved living conditions for parts of the population. This shift in living conditions leads to a 
general decrease in child and maternal mortality, less susceptibility to epidemics and 
communicable diseases and higher median age in the population. The epidemiological transition 
can be rather quick, in a demographical context, and may occur within one or two generations. 

4 It could be argued that these numbers provide an overly simplified picture of the reality in discrete 
countries, as they were derived by extrapolations from data provided only by a few countries 
[authors’ comment]. 
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WHO’s Global Reference List of 100 core health indicators, the World Bank’s 
World Development Indicators, and the Sustainable Development Goals. They 
include Specialist surgical workforce density (number of surgical, obstetric and 
anaesthesia specialists per 100,000 population) and Perioperative mortality and 
surgical volume (annual procedures per 1000 or 100,000 population) (23,24). 
Through this process, the field of Global Surgery was defined and settled. 

Studies on sustainable surgical systems in relation to global trends in population 
growth, economic transition, epidemiological shifts, and health system development 
are key questions in the field of Global Surgery. As advanced by this thesis, such 
science is also equally relevant for national health system strengthening in high-
income countries. 

Controversies in measures of surgical output 
Measures of surgical care, in terms of incidence, outcome and access, require 
uniform definitions in order to make the results meaningful and interpretable. 
Defining surgery is not straightforward, however. Debas and colleagues proposed a 
widely used definition of surgery as: 

‘Anything that requires suture, incision, excision, manipulation, or other invasive 
procedure that usually, but not always, requires local, regional or general anaesthesia’ 
(25). 

This rather wide definition may be correct. Nonetheless, Debas definition proves 
less useful for the purpose of measuring surgical output on a population level, as it 
is too inclusive. An alternative and less inclusive definition of surgery, widely used 
in the global surgery and public health settings, refers to: 

‘Any procedure requiring general or neuroaxial anaesthesia, sometimes with the 
procedures performed in a hospital operation theatre’ (26,27). 

There have been efforts to estimate population-level surgical output (26,28). Based 
on such estimations, the Lancet Commission on Global Surgery proposed that a 
minimum annual output of 5000 surgical procedures per 100,000 population may 
meet basic surgical needs in most populations (22). 

Problems arise when significant parts of the healthcare system are not included in 
the analysis of surgical output. Relevant procedures may be performed in other 
places than the operating theatre of a hospital, such as in the radiology department, 
the emergency room or in the outpatient clinic, and surgical procedures may be 
performed with or without anaesthesia according to local guidelines and available 
resources. 
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Controversies in defining surgical needs for a population 
Indicators of surgery, in terms of incidence, outcome or access are sensitive to the 
data input. Estimations on surgical need in healthcare systems have commonly been 
derived from measures of operative volumes in relation to the population at risk. 
Collection of surgical data currently exists in 74 countries worldwide. Many 
countries started their systematic collection of data only recently, and the 
comparability is limited due to diverging definitions of surgery (29). 

Measures of surgery reflect a) the dimensions, organisation and financial 
incitements of the healthcare system itself, b) the health insurance system serving 
the population, and c) the general population characteristics. Thus, surgical 
indicators (for example, surgical output, such as annual number of procedures per 
1000 or 100,000 population) reflect the need for surgery in a certain population, but 
may also be a product of demographics and expectations in that specific population, 
or reflect limitations in access to surgical care (such as financial or geographical 
barriers). Therefore, to some extent surgical indicators are population-specific as 
well as system-specific (or legislation-specific). 

Table 1. Sources of information of surgical output. 
Hospital records from operation wards or hospital administration, health insurance companies documentation of 
costumers utalization of healthcare, and national databases, can provide valuable information on surgical data. 

Source of surgical output Comment on appropriateness 
Hospital output derived from operation 
records 

Widely used, even if the population at risk (i.e. the population served 
by that specific hospital) may be less well-defined. 

Private health insurance databases Have the advantage that the population at risk is well-defined.  
These datasets are commonly restricted to certain kinds of 
treatments, depending on the extent of health insurance, and the 
population covered by a certain health insurance may not be 
representative of the total population in a specified region or country. 

National healthcare databases Rare but valuable, as they tend to include the entire population. 
Several national databases include the public sector only. 
Procedures performed in outpatient settings (day surgery), or within 
the private sector are seldom included. 
In this context, the Swedish national healthcare databases are rare 
(yet not unique) exceptions as they includes private and public 
healthcare in both inpatient and specialised outpatient settings and 
day surgery. 

 

Depending on the administrative infrastructure available, various methods have 
been applied for estimations of population surgical needs (Table 1). Critiques of 
surgical indicators point out that facility-based surgical measures (such as hospital 
records) are unreliable, as they are merely surrogate measures of the true ‘population 
need’ of surgery, but rather the ‘met need’, or even, in some settings, the 
expectations in the population (30). Epidemiological survey studies may be more 
accurate in estimating the ‘unmet need’ for surgical morbidity, than deriving it from 
population-based national records (31). 
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Knowledge gap – the population need for paediatric surgery 
The efforts to put surgical care on the agenda have brought new insights to the role 
of surgery in public health. However, previous estimations of surgical need on 
population level have come with major limitations. Most estimations are derived 
from scarce data sources, based on diverging definitions of surgery, and either 
including only the public, or the private sector of the healthcare system. Surgical 
needs in females have not been differentiated from those in males, and various age 
groups have not been explored. In particular, surgical needs in the paediatric 
population have never been analysed. Therefore, earlier extrapolations of population 
need of surgery have been overly simplified. Such estimations would potentially 
improve if they could adjust for demographic variations. Age- and gender-specific 
incidences are therefore needed. 

Only very few studies have considered the surgical care provided for children and 
adults in outpatient settings, such as day surgery. Excluding outpatient surgery is 
problematic, as a large proportion of surgical care is transitioned from inpatient 
settings to day surgery (27,32,33). This transition has been facilitated by 
achievements in anaesthetic and surgical techniques, but also a consequence of the 
reduction of hospital beds over the last decades. The number of hospital beds per 
1000 population has been reduced or unchanged in all OECD country between year 
2000 and 2015, except in China and Korea (34). In Sweden, this development has 
been dramatic; hospital beds were reduced from 3.6/1000 population in the year 
2000, to 2.3/1000 population in the year 2017. In comparison, the OECD average 
was 4.7/1000 population in 2015 (34,35). 

In summary, the reliability of population surgical volumes would improve if: 

(a) All parts of a healthcare system were studied including both public and 
private sector, and both inpatient and outpatient care, 

(b) All kind of surgery were studied, regardless of whether it was performed in 
an operating theatre, in a hospital or elsewhere, and independent of the 
anaesthetic method, and 

(c) The entire population was eligible to seek care with no considerable 
financial or other barriers. 

Addressing these knowledge gaps formed the rational for the first part of this thesis.
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Organisation of paediatric surgery 

Paediatric surgery in Sweden and abroad 
Paediatric surgery is the surgical speciality to care for children with diseases 
requiring surgical intervention during infancy, childhood and adolescence. 
Traditionally, paediatric surgeons treat conditions of the thoracic or abdominal 
cavity, the genito-urinary system, trauma, solid tumours and vascular 
malformations. In addition, conditions of the musculoskeletal system, ear-nose-
throat surgery, surgical conditions affecting the central nervous system and plastic 
surgery may be considered under the umbrella of paediatric surgery by some 
institutions. 

In Sweden, advanced paediatric surgery is centralised to the university hospitals, 
whereas most surgical clinics provide general paediatric surgery. Even if there is no 
clear age cut-off, children of age 15-18 years or older are considered to be beyond 
the paediatric surgery spectrum of diseases and they are referred to general surgery 
clinics for care. 

Studies have indicated that increasing volume and experience of rare paediatric 
conditions, or conditions requiring advanced medical care, are associated with better 
treatment outcome in terms of survival, complications and patient satisfaction (36–
38). Consequently, surgical care for such conditions has been targeted for 
centralisation, including surgery for advanced congenital anomalies (5,39–43). The 
Nordic countries are considered suitable for centralisation of paediatric surgery, as 
the populations are relatively small and widespread (44). 

In Sweden, advanced paediatric surgery has been centralised to four regional clinics: 
Uppsala University Hospital, Astrid Lindgren’s Children’s Hospital/Karolinska 
University Hospital in Stockholm, Queen Silvia’s Children’s Hospital/Eastern 
Hospital in Gothenburg and Children’s Hospital/Skåne University Hospital in Lund. 
To improve the quality of care for a number of rare diseases, further centralisation 
of paediatric surgical care was implemented in 2018 when the National Board of 
Health and Welfare allocated all surgery for congenital diaphragmatic hernias, 
oesophageal atresia, anorectal malformations and Hirschsprung’s disease to two 
national paediatric surgery centres (Stockholm and Lund) (7,8). 
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Controversies in centralising surgery 
Centralisation of surgical care is a balance between creating centres of excellence 
on the one hand, and the drainage of resources elsewhere on the other. There are 
controversies related to this balance: while there is plenty of evidence that increasing 
volumes and experience of rare conditions or advanced treatment lead to improved 
outcome, less is known about the negative effects related to centralisation. 

Increasing distance to the hospital also forces some patients to travel longer for 
optimal treatment, and this may become a barrier to optimal care (45). Allocating 
advanced surgical care to a limited number of surgical facilities may also have 
negative effects on more common conditions. As surgeons at low-volume general 
surgery facilities face a narrower spectrum of diseases, and their exposure to 
complicated cases becomes diluted, their familiarity with advanced surgery is 
reduced. 

To what extent procedures need to be allocated to fewer hands has been debated 
within the surgical profession and academia. Reports suggest that common surgical 
procedures such as inguinal and femoral hernia repairs, have lower complication 
rates and lower risk of recurrence when treated at high-volume centres or by 
experienced surgeons (46,47). However, proper comparisons of outcomes are not 
performed easily (48), and there is diverging evidence of the beneficial effects of 
volume. No clear effect of further centralisation was seen in the treatment for 
paediatric appendicitis, and surgery by surgeons performing at least four 
pyloromyotomies annually was not associated with significantly more 
complications than surgery performed by surgeons at high-volume centres (49). 

Knowledge gaps 
Only a few studies have focused on the potential negative effects of centralisation 
of surgical care. Risk factors for suboptimal treatment due to access problems to 
paediatric surgery are largely unknown. To what extent family background, socio-
economic status or language barriers influence children’s chances to obtain proper 
and timely medical care is unclear. Do children need their parents to be healthcare 
literate, or financially stable to successfully attain the optimal level of care? Do they 
need their parents to access social networks in order to access timely surgery? Are 
there threshold effects, so that those children who are offered optimal surgical care 
do well, as intended, whereas some children are at risk of never really reaching all 
the way through these barriers? 

If so, does it matter whether the child needs emergency surgical care or surgery that 
can be identified and planned well in advance? 
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The elective care example – Surgery for cryptorchidism 
Early in their training, paediatric surgeon trainees will learn to identify, diagnose 
and treat cryptorchidism. This is one of the few conditions in boys that is seen 
frequently. It is not emergent or overly complex, yet timely treatment with the right 
level of care is recommended to avoid perioperative complications or comorbidities 
later in life. Therefore, the diagnosis and treatment of cryptorchidism is suitable to 
study as an indicator for outcome and access of non-emergent paediatric surgery. 

Normal testicular development 
Early in foetal development, during gestation week 6-7, gonadal tissue located in 
the genital ridge differentiates into testicular structures. As Leydig cells develop in 
the testicles, local testosterone levels rise. This stimulates the formation of Wolffian 
structures, which form into the epididymis and vas deferens. The testicles and the 
kidneys are formed adjacent to the internal inguinal ring in the abdominal cavity. 
As the foetus grows, the kidneys migrate in a rostral direction to their retroperitoneal 
position in the posterior part of the upper abdomen where they are protected by the 
lower ribs. Meanwhile, the testicles remain in position at the internal inguinal 
orifice, presumably anchored to this position by the gubernaculum. The 
gubernaculum then plays an active role in guiding the testicles downward through 
the inguinal canal, and down to the scrotum, where the gubernaculum transforms 
into a fibrous structure in the lower part of the scrotum (50,51). 

The entire process is directed by the hormonal interplay between activating and 
inhibiting factors (52,53). The process of testicular descent is not fully understood, 
and several theories of gubernaculum physiology have been proposed. The 
migration through the inguinal canal is initiated in gestation week 22 and usually 
completed by week 27, even if evidence suggests that this process takes only a few 
days (50). By week 32, most testicles are in the scrotal position. Some normal 
variation in this migration process exists, and the rate of undescended testicles at 
birth is relatively high in full-term infants as well as those who are premature (54–
57). In clinical praxis, however, it is considered that further testicular descent after 
6 months of age is unlikely (52,58,59). 

Cryptorchidism 
Cryptorchidism5 is the most common genital anomaly in boys. Previous studies have 
reported prevalence between 1.0-10.7% (54,57,60–62). The wide range in 

                                                      
5 Greek: kryptos = hidden, orchis= testicle. See Text box 1 for a discussion on the nomenclature. 
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prevalence6 can be attributed to variation in methods and classification of 
cryptorchidism, and to the accuracy of the diagnosis. The testicular development is 
a dynamic process and, therefore, the prevalence is sensitive to the age at evaluation. 
The prevalence also varies in different population and risk groups (55,57). The term 
secondary cryptorchidism refers to cases where a testicle has been properly 
positioned in the scrotum, and later ascends up to a suprascrotal position. 

 

Aetiology and risk factors for disease 
As outlined, the physiology of the normal testicular development and descent is 
complex. Several hormonal and genetic factors have been identified to cause 
disturbances in the hormonal interplay, including diseases affecting androgen 
secretion and functioning (Table 2) (63,64). However, associated abnormalities are 
found only in 15% of children with cryptorchidism, and in most cases the aetiology 
is unknown. Risk factors for secondary cryptorchidism include previous inguinal or 
scrotal surgery, where the testicle or the cord may be trapped and retracted due to 
the scarring. Well-established risk factors for cryptorchidism include birth 
characteristics associated with prematurity and poor intrauterine development, 
which can be expected as the normal testicular descent occurs in the third trimester 
of pregnancy. Thus, shorter pregnancy length, lower birth weight and being born 
smaller sized than expected are all associated with higher risk of high testicular 
position at birth (54–56,60). Even if large variations have been reported between 
countries, it is unclear as to what extent environmental or genetic factors impact on 
the risk (55). Recently, two large epidemiological studies based on Swedish and 
Danish register data on risk factors during pregnancy suggested that maternal 
                                                      
6 In study II, the term prevalence is used to report cryptorchidism in the population, whereas in study 

IV, incidence is used. See Text box 2 for discussion on prevalence and incidence. 

Text box 1 
 
Cryptorchidism, undescended testis and retractile testicle 
There are terms for cryptorchidism that are used interchangeably, and a few words on the nomenclature would be 
appropriate.  
Whereas undescended testes relate to a testicle that is retracted in the descendance to the scrotum, 
cryptorchidism relates more broadly to a testicle that is not properly palpable in the scrotal position. A cryptorchid 
testicle may thus be undescended, or ectopic (i.e. descended to an improper position, such as the groin, the 
perineum, femoral canal, perineum, or even the contralateral hemiscrotum), or absent (due to aplasia or testicular 
atrophy) (53).  
A retractile testicle, in contrast to the cryptorchid testicle, has a clear tendency to retract to a position superior to 
the scrotum, usually by an active cremaster muscle. The retractile testicle can be pulled down to the scrotum when 
the cremaster muscel is relaxed, and the condition is not considered to be pathological. No treatment is indicated, 
yet active follow-up should be consiedered with regular intervals until the testicular position is fully acceptable. 
The term cryptorchidism will be used throughout this thesis. The rational for this is that the exact cause of a clinical 
unpalpable testicle, will in some cases remain unknown until the surgery is performed, yet the same diagnostic 
workup and treatment algorithm is applicable. 
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smoking and obesity (measured as maternal BMI during pregnancy) were associated 
with higher risk of cryptorchidism (65,66). Since smoking and obesity are 
associated with preterm birth and intrauterine growth retardation, it is unclear to 
what extent smoking and obesity explain the general risk of prematurity and low 
birth. 
Table 2. Known comorbidities associated with cryptorchidism (64) 

Mechanism affecting testicular development and 
descendent 

Syndrome 

Affecting the hypothalamic and gonadal axis Kallmann syndrome 
Prader-Willie syndrome 
Isolated hypogonadotrophic hypogonadism 

Testiclular testosterone secretion dysfuntion Kleinefelter’s syndrome 
Testicular dysgenesis syndrome 
Noonan syndrome 
Congenital adrenal hypoplasia 

Insufficient testosterone effect Androgen insensitivity syndrome 
Developmental disorders of the abdominal cavity Gastroschisis 

Omphalocele 
Bladder exstrophy 
Prune belly syndrome 

 

Classification 
There is no uniform classification system for cryptorchid testicles, even if most 
surgeons differentiate the palpable testicle from the non-palpable testicle. The 
cryptorchid testicle is commonly located in the inguinal region, such as in the 
inguinal canal or outside the external inguinal ring. The ectopic testicle is usually 
found deviated slightly lateral to the expected canal down to the scrotum, and less 
commonly in the groin or even medially towards the peno-pubal or perineal region 
(53). The ectopic testicle can prove rather difficult to locate with clinical palpation. 
The non-palpable testicle is usually located just proximal to the internal inguinal 

orifice, and sometimes the 
experienced clinician may be 
able to manipulate the testicle 
out through the inguinal canal. 
However, the non-palpable 
testicle can also be located 
outside the internal inguinal 
orifice and the exact position 
may not be revealed until the 
time of laparoscopy. In some 
cases, the suspected non-
palpable testicle is in fact an 
absent testicle, due to aplasia 
or atrophy. 

Text box 2 
 
Prevalence, incidence and cumulative incidence in the case 
of cryptorchidism 
Prevalence (or prevalence poroportion) is the proportion having 
the disease in a population at a specified point of time, whereas 
incidence (or incidence rate) refers to the number of new cases 
of disease in a specified period of time. The cumulative 
incidence (or cumulative incidence rate) is also a proportion, 
and describes the risk over time. 
While most authors consider incidence rate as the intuitive way of 
reporting cryptorchidism in populations, some authors argue that 
prevalence would be more correct in the case of cryptorchidism. 
The rational to report prevalence is that cryptorchidism is 
considered a congenital condition, and consequently, the 
condition is present over time regardless of the timing of 
diagnosis. 
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Clinical characteristics and diagnosis 
The cryptorchid child is in general a perfectly healthy boy with no specific 
symptoms or problems (Text box 3). The experienced clinician (or parent) may 
notice that the affected hemiscrotum is less developed and flatter than expected, and 
the parent may confirm that only one testicle has been visible.7 The clinical 
diagnosis is made when the clinician determines the testicle to be non-palpable, 
malpositioned or not reducible to the scrotum. 

In cases where the testicle is reducible to the scrotum, retractile testis must be ruled 
out. This is done by gentle traction of the testicle cord to evaluate the tension of the 
cord and whether the testicle remains in the scrotum when the cremaster muscle is 
relaxed.8 A retractile testicle requires no intervention, but active monitoring of the 
progression is warranted to rule out secondary cryptorchidism. Annual controls are 
recommended for retractile testes (67,68). 

Clinical evaluation by experienced physicians has proven higher in sensitivity than 
ultrasonography, computed tomography and magnetic resonance imaging, and 
routine radiological imaging has usually no role in the diagnosis (53). However, 
imaging can be used as a diagnostic aid in selected cases. 

In most cases, clinical evaluation 
provides enough information to 
decide on surgical treatment. 
However, bilateral non-palpable 
testes are considered special cases, 
where underlying gonadal anorchia 
(complete lack of gonadal tissue), 
androgen insensitivity syndrome 
and chromosomal abnormality 
must be ruled out (53,67). In the 
Nordic countries as well as in the 
American guidelines, 
endocrinological and genetic 
workup is recommended in these 

cases, as diseases of sexual differentiation must be considered, particularly in cases 
of suspected micro-penis or hypospadias (67,68). 

                                                      
7 Testicles in neonates and children are usually easy to detect when the child is relaxed and warm, 

such as when sleeping in a warm bed or having a warm bath. On the other hand, the same 
testicles can prove rather uncooperative when a clinical evaluation is conducted with cold hands, 
in a freezing hospital room with a nervous and frightened child (and an equally nervous parent). 

8 At our institution, traction for about 30 seconds has been recommended to exhaust the cremaster 
muscle in most cases, but this routine may vary between institutions. 

Text box 3 
 
Screening, timely referral and level of treatment 
Children in Sweden are enrolled in a healthy child screening 
programme from birth to school-age. The check-ups are 
conducted by paediatricians or primary care physicians 
(usually specialists in general medicine with special interest 
in paediatrics), or by paediatric nurses. Until 2017, testicular 
status was assessed by a physician at birth, 4 weeks, six 
months, and at 12 months of age. Suspected cases of 
cryptochidism should be referred to a surgical or urological 
clinic for evaluation when the child is 6 months or older. The 
treatment is offered at most general surgery or urological 
clinics, but the lower age for safe anasthaesia and surgery 
may vary between clinics. Referral to a dedicated paediatric 
surgical centre is encurraged for all children <12 months of 
age with cryptorchidism. 
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Treatment and timing of surgery 
Surgical treatment of cryptorchidism is the gold standard. Non-surgical treatment is 
not recommended in American guidelines (68). According to the European 
guidelines and the Nordic guidelines hormonal treatment may be an option in 
selected cases (67,69). Hormonal treatment is rarely used, however, due to the low 
success rate, high risk of recurrence and problematic side-effects.  

The standard surgical treatment is orchidopexy (53,67–69). In cases of 
cryptorchidism where the testis is palpable, an inguinal or scrotal incision is 
recommended, and an orchidofundicolysis9 is conducted (67–69). In this procedure, 
the processus vaginalis (the fibrous structures covering the funiculum), is dissected 
and divided, and when a hernia sac is present, this is carefully isolated and ligated. 
The flexible and gracile vasal duct (vas deferens) and the spermatic vessels are 
carefully isolated. In most cases, this provides adequate length of the spermatic cord 
to allow the testicle to be fixed in a subdartos pouch in the scrotum without tension 
(53,70). 

In cryptorchidism with a non-
palpable testicle, laparoscopy is 
recommended and provides high 
sensitivity and specificity for the 
identification and evaluation of 
an intra-abdominal testicle. The 
standard technique is to begin 
with an umbilical port for 
diagnostic evaluation of the 
internal inguinal rings. In the 
presence of a viable testicle, or if 

testicular vessels enter the inguinal canal, the testicle can usually be manipulated 
laparoscopically and the operation can proceed with an open inguinal incision. If 
the spermatic duct or the testicular vessels are short and do not allow for a primary 
orchidopexy, other techniques may be considered, including the staged orchidopexy 
or Fowler-Stephens procedure (Text box 4) (71). The laparoscopy-aided 
orchidopexy has been associated with success rates of 96-100% in various series, as 
defined by the fixation of the testicle in a scrotal position, or finding of an atrophied 
testicle (53,68). 

                                                      
9 The term orchidopexy is used consistently in this thesis, in line with the European Association of 

Urology (EAU), and the European Society for Paediatric Urology (ESPU), even if the American 
Urology Association (AUA) prefers the term orchiopexy for this operation (68,69). 

Text box 4 
 
Fowler-Stephens orchidopexy for high abdominal tests. 
The Fowler-Stephens procedure is a one- or two-step 
operation where the spermatic vessels are divided and the 
testicle either positioned in the scrotum immediately, or left in 
the intra-abdominal position for about 6 months, to develop 
collateral blood supply from the cremaster muscle and the 
vasal vessel surrounding the spermatic duct. In the second 
operation (Fowler-Stephens II), the testicle is manipulated 
down the inguinal canal and the operation proceeds with 
standard orchidopexy with the aim of positioning the testicle in 
the scrotum. 
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Cryptorchidism increases the risk for complications during childhood and adult life, 
and this is the motive for early surgical intervention (Text box 5 on testicular 
malignancy10). The risks include impaired semen quality and reduced fertility later 
in life, and an increased risk of testicular malignancies (72–76). Also, an increased 
risk of testicular trauma and testicular torsion in cryptorchid testicles has been 
reported, and this risk is believed to be lowered by surgical fixation in the scrotum. 

During the last decades, the recommended age for treatment has been lowered, as 
the complication risks have been shown to correlate with the treatment age. 
Currently, guidelines in the Nordic countries recommend that surgery should be 
performed at 6-12 months of age or, if later, as soon as the diagnosis is established 
(67). European and American guidelines are somewhat more flexible and 
recommend treatment before 12 months of age if possible, and no later than 18 
months of age (68,69). 

Treatment delay 
The age at treatment may be adjusted to the circumstances in each individual, such 
as comorbidities, and the benefits of early treatment may not outweigh the risks or 
efforts in every case. It has been suspected, however, that disadvantages in 
socioeconomic circumstances or financial barriers to paediatric surgical care may 
also increase the risk of treatment delay. Suggested risk factors for treatment delay 
include low socioeconomic status11, lower insurance level or rural area of residence 
(as compared to urban area of residence) (61,77,78). However, the evidence is not 
entirely conclusive, and socioeconomic risk factors are context-specific, as outlined 
                                                      
10 References for Text box 5: Petterson et al. (2007)(76). 
11 In most studies, socioeconomic status is measured as the average income level, the average 

educational level or a weighted index of socioeconomic status for the ZIP-code area. 

Text box 5 
 
Cohort studies of rare outcomes – an outlook 
Risk factors for outcomes that require very long exposure time are not easily determined, and causal 
relationships can prove very hard to establish. The association between cryptorchidism in childhood and 
testicular malignancy many decades later in life has been suspected for quite some time; the risk of testicular 
cancer was increased 2-8 times in men with previous cryptorchidism, and 5-10% of men with testicular cancer 
have had cryptorchidism. Still, for a long time it was unclear if the association was due to common underlying 
factors causing both diseases, or if it de facto was a causal relationship. 
However, when a large cohort of Swedish children was evaluated for the length of the exposure (i.e. age at 
cryptorchidism) and followed for many decades in medical registers to estimate differences in this rare outcome 
(testicular malignancy), it was found that lower treatment age was.associated with lower risk of testicular 
malignancies. A causal relationship is thus likely. 
The study was based on data from the National Patient Register and the Swedish Cancer Register and published 
in the New England Journal of Medicine in 2007. 
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previously (79). For example, a large Danish study could not establish any 
association between socio-occupational class and the age at cryptorchidism (80). 

Knowledge gaps 
When initiating this thesis work, it was unclear to what extent the Nordic guidelines 
were followed in terms of treatment age, and provision of surgical treatment at 
paediatric surgery facilities for children under the age of 12 months. Furthermore, 
it was not known if children were treated equally throughout the country, or if there 
were regional differences that should be addressed. 

It was also unclear as to which extent socioeconomic status was to be considered a 
risk factor in a country where paediatric healthcare, including surgical care, is free 
of charge. Previous studies on risk factors for treatment delays have considered 
insurance status and average socioeconomic status in the area of residence, but have 
not been able to adjust for these factors on an individual level. Therefore, these 
estimates were rather proxies of socioeconomic status, than the actual circumstances 
in the families included for the study. 

Despite ongoing centralisation of both paediatric surgery and paediatric anaesthesia, 
no previous study has addressed the association between distance to hospital and 
the timing of treatment in the case of cryptorchidism. In fact, very few studies have 
addressed travel distances to hospital in the paediatric population. Only two studies 
have been able to include ‘rural place of residence’ as dependent variables for 
analysis, with no specification of what the distances or travel times to hospital were 
and no adjustment for individual-level risk factors (61,77). 
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The emergency care example – Surgery for appendicitis 
In analogy with cryptorchidism, appendicitis is one of the common conditions in 
general surgery and paediatric surgery that surgeons must learn to diagnose and treat 
quickly. Unlike cryptorchidism, however, most children with appendicitis require 
prompt attention and emergency surgery. For these reasons, paediatric appendicitis 
has generally been considered suitable to study for outcome and access of 
emergency paediatric surgery (81–86). 

Appendix vermiformis 
The appendix vermiformis is a short blindly-ending segment of the large intestine, 
usually less than 10 centimetres in length. When the intestines develop in the 
embryo, the appendix vermiformis is formed as a bud and elongates from the 
caecum12, a process starting in the 6th week of pregnancy and is completed in the 
12th week.  

Even if several theories have been put forward on the physiological function of the 
appendix vermiformis, its purpose remains a well-hidden mystery of the human 
body. I am therefore not intending to burden the reader with unproven theories on 
its physiological function. However, an insight into its function has been provided 
by observations of how removal of the appendix vermiformis modifies the risk for 
other diseases (87,88). In the lack of proven use, creative surgeons have introduced 

                                                      
12 The caecum is the very first part of the large intestine (the large intestine is also known as the 

colon), where the small intestine ends.  

Text box 6 
 
Of an inguinal rupture with a pin in the Appendix Coeci, incrusted with stone, and some 
observations on Wounds in the Guts 
The patient was a boy of 11 named Hanvil Anderson, and the hernia had been present from infancy. 
Amyand decided that an associated faecal fistula could be cured only by cure of the hernia. He explored the 
scrotal swelling and found the appendix perforated by an encrusted pin. With some difficulty, he separated 
the omentum and the appendix. The latter was doubled on itself. It was amputated and a stump one inch 
long was left because a fistula was anticipated. The hernial sac was removed and the fistuolus tract excised. 
Healing was rapid and the stump ligature separated on the tenth day without incident. This operation took 
‘near half an hour’ – a tribute to the skill of the surgeon and the fortitude of the small boy. 
 

- Published in original in the Philosophical Transactions in 1736, by Claudius Amyand, surgeon to 
St George’s Hospital, fellow of the Royal Society (as quoted by Dr P. G. Creese, in Surgery, 
Gynecology & Obstetrics, (1953;97:643) 
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more concrete uses of the appendix vermiformis, including reshaping it as a canal 
for urinary deviation13 or for bowel enemas14. 

Appendicitis 

Historical outlook 
Historically, appendicitis has been a feared condition with high mortality. Prior to 
the introduction of anaesthesia and abdominal surgical techniques, the treatment of 
choice was, naturally, a conservative wait-and-see approach. Sporadic reports of 
appendicitis cases, and more or less remarkable (and successful) attempts to treat it 
with surgery, have been documented since the early half of the 18th century (89). 
These early appendectomies were usually incidental, it seems, as many were 
performed when inguinal or scrotal hernias were ligated (Text box 6). The first 
description, written in English, of a perforated appendicitis was made in London in 
1812; a 5-year-old boy deceased with 2 days’ history of acute illness and general 
peritonitis, and the necropsy revealed a perforation of the appendix distal to a 
faecolith (89). 

During the first half of the 19th century, series of appendicitis15 were reported. In the 
second half of the 19th century, the first case series of successful surgical treatments 
was published. In Britain, the conservative regimen prevailed to the end of the 19th 
century (considering the perioperative risks at that time, conservative treatment may 
well have had the best outcomes – do no harm, we have all been taught), but in the 
1880s, case reports and series of laparotomies for acute appendicitis were published 
in Britain and other European countries, and in the USA (Text box 7) (89). 

                                                      
13 The Monti canal is where the appendix vermiformis is disconnected from the bowel and sutured to 

the urinary bladder instead, with the other orifice placed through the abdominal wall and sutured 
to the skin. The Monti canal allows urine to be evacuated via the artificial stoma on the abdomen.  

14 The Malone antegrade continence enema (MACE) is where the appendix is still attached to the 
caecum, and the blind end opened and deviated trough the abdominal wall to be sutured to the 
skin. This allows the antegrade infusion of enemas in the large intestine, and has proven effective 
in severe cases of obstipation. 

15 Commonly referred to as thyphilitis or perithyphilitis at the time.  
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Epidemiology 
Appendicitis is the most common cause of abdominal surgery in children, and is 
also the gastrointestinal condition that brings the highest societal costs in children 
(83,86,90,91). The lifetime risk of appendicitis has been estimated as 9% in males 
and 7% in females (92). 

In Sweden, the overall incidence of perforating and non-perforating appendicitis 
between 1970-1989 was estimated at 116 per 100,000 population, with a higher risk 
in males than females (relative risk 1.27 [95% confidence interval 1.16 to 1.38]) 
(93,94). The risk is increased dramatically during childhood and adolescence and 
peaks at age 10-20 years, but this risk was mainly attributed to non-perforating 
appendicitis (92,93,95).  

The incidence has decreased during the last decades in most Western countries (91–
93,96–98). In Sweden, the incidence of appendicitis in children declined between 
year 1987 to 2013 from 177 to 100 cases per 100,000 person-years; the decline of 
non-perforated appendicitis was from 139 to 68 and perforated appendicitis from 28 
to 20 per 100,000 person-years) (94). Even if improved diagnostics, including 
improved specificity in radiology and laboratory testing, explains this decline to 
some extent, most authors agree that there has been a shift in incidence in Western 
populations during the last half century. 

Aetiology and risk factors for appendicitis 
The aetiology of appendicitis has not been clarified. 

As indicated by the age variation in incidence, there is a peak in risk for appendicitis 
during adolescence and childhood, and males are at a generally increased risk 
compared to females (92–94). However, the youngest children (<5 years of age) 
rarely suffer appendicitis. Differences in incidence in various parts of the world and 

Text box 7 
 
Sir Frederick Treves –the pioneer who introduced the interval appendectomy 
Among many pioneers to mention, a few words on Sir Frederick Treves are appropriate. Sir Treves has been 
attributed to the first appendectomy in Britain (1888), and introduced the concept of interval appendectomy as a 
safe strategy of appendicitis treatment. He had quite a reputation in the British medical and surgical community  
at the time, and became famous to the public for the successful drainage of an appendicitis abscess in King 
Edward VII in 1902. Unfortunately, he lost his own daughteras a result of a generalised peritonitis, most likely due 
to an perforated appendicitis, which he hesitated to operate upon. [Authors’ comment: His hesitation may reflect 
the perioperative risks related to abdominal surgery at the time] 

The interested reader may find the biography on Sir Frederick Treves rather fascinating:  
Sir Frederick Treves, the extraordinary Edwardian by S Trombley. London, Rutledge, 1989. 
The book was not easy to locate but is now at the Lund Univerity Library, due to the willing 
efforts provided by the medical faculty librarians. 
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various populations, suggest an impact of either genetic or environmental factors. 
Whereas appendicitis is relatively common in Caucasian populations, the incidences 
are lower in Afro-American, Latino and Asian populations (99). This difference is 
seen on a national level, but also in subgroups of populations in Western countries 
and in adoptees, suggesting variations in genetic proclivity for disease (100). 

Theories of the aetiology of acute appendicitis include changes in the 
microenvironment and microbiota in the appendix vermiformis. It also seems clear 
that an obstruction of the appendiceal lumen may lead to appendicitis, supposedly 
by obstructing the drainage of secretions from the lumen and initiating an 
inflammation in the tissue, which ultimately leads to perforation. This hypothesis is 
supported by the numerous radiological and perioperative findings of solid bodies 
in the appendiceal lumen, just proximal to the inflammation or perforation. 
Commonly, such bodies consist of hardened faecal matter (faecalith), but may also 
be seeds from grapes, oranges or other fruits, rice, or parasites. However, faecalith 
or other visible obstructions of the appendix have been found in 20-30% of 
paediatric appendicitis cases, and only 41% of those with perforation or gangrene, 
suggesting other aetiologies in the majority of cases (101,102). 

Risk factors for perforated appendicitis 
There are a few known risk factors for appendiceal rupture or gangrene: young age, 
and the presence of a faecalith in the appendiceal lumen are the two factors that are 
generally accepted (101–103). A few additional factors have been associated with 
rupture rates; prolonged time with symptoms seems to allow for disease progression 
and consequently higher rupture rates, whereas, just recently, IgE-mediated 
allergy16 has been associated with a reduced risk in children (103,104). 

For the last century, it has generally been accepted that prolonged symptoms 
increase the risk of perforation or gangrene of the appendix. Urgent treatment has 
therefore been advocated to avoid complications. Results from numerous studies 
support this ‘old truth’ (104–106). It must be stressed, however, that most of these 
studies have methodological limitations, as it is very hard to confirm time chains in 
the development of appendicitis prospectively. Instead, they commonly rely on self-
reported onset of symptoms, and are vulnerable to reporting bias and, more 
importantly, selection bias.17  

                                                      
16 IgE-mediated allergy is linked to an predominantly Th2-mediated immune response, and the 

finding of an association between IgE-mediated allergies and less perforated or gangrenous 
appendicitis is in line with previous results; perforated appendicitis is characterised by a 
predominantly Th1 and Th17 mediated T-helper cell immune response, whereas non-perforated 
appendicitis is characterised by a predominantly Th2-mediated immune response (145,146). 

17 The selection bias in studies of appendicitis symptom progression relates to the risk of not 
including mild cases of appendicitis that resolve spontaneously, and which therefore never reach 
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The view of appendicitis as an emergent condition has been challenged during the 
last two decades. Some authors argue that perforation rates are not related to the 
timing of treatment, but to access of care and, therefore, relate to variations in 
incidence of either complicated or non-complicated appendicitis, rather than 
prevented perforations by timely treatment (93,107). The impact of symptom 
duration is further confused by findings that prehospital, but not in-hospital, delay 
increases the risk of perforation or complicated paediatric appendicitis (108,109). It 
must be stressed that these studies are susceptible to severe biases, as they are based 
on retrospective healthcare records and confounding by indication is highly likely. 
Also, retrospective observational studies on the risk for complicated appendicitis 
may be biased by the selection of cases with uncomplicated appendicitis; if mild 
appendicitis cases seek care early, they will likely be treated with surgery, whereas 
mild cases with prolonged prehospital delay may as well go in spontaneous regress 
before even reaching the hospital, and thus never be exposed to the surgeon’s eye 
(107). 

Socioeconomic-, societal- and healthcare-related factors have been associated with 
the risk of perforated or complicated appendicitis, presumably due to treatment 
delays in certain risk groups. Worse insurance status18, low average income and low 
average educational level in the area of residence have been associated with higher 
risk of complicated appendicitis (81,83,85,95,98,110,111). In addition, rural area of 
residence has been associated with increased risk (95,98,110,112,113). Even if 
ethnicity has been associated with perforation risk, it is unclear to what extent 
complication rates between different ethnic groups reflect genetic or socioeconomic 
risk (81,109). 

Classification 
Appendicitis is usually classified as uncomplicated or complicated (see Text box 8 
for clinical characteristics and diagnostic aid). This definition does not come with 
clear criteria. However, perforated appendicitis is always considered complicated, 
as would most gangrenous appendicitis cases and appendicitis abscesses. Since 
there is a progressive inflammation, from the mildly phlegmonous appendix to the 
gangrenous or perforated appendix, and even abscess formation later in the course 
of perforated disease, the classification may be arbitrary. Until 2010, the Swedish 
version of ICD-10 classified acute appendicitis based on the perioperative finding 
                                                      

the hospital. Thus, there is a ‘selection’ of more severe cases in the hospitals, and these are the 
ones included in the studies (107). 

18 Insurance status as a determinant of health are mainly seen in studies from the United States, and 
usually refers to the expected principal payer on admission to medical services. Medicaid and 
private insurances, such as fee-for-service and private pre-payed health insurance plans, are 
frequently reported. Insurance status is expected to be reported rather accurately in healthcare 
records. 
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(or the pathological evaluation), so that perforation, gangrene or abscesses were 
confirmed by visual inspection. From 2010 and onwards, the classification changed 
to a clinical determination of the abdominal status, based on the presence or absence 
of localised or generalised peritonitis (114). 

Treatment 
The standard treatment for acute appendicitis is open or laparoscopic 
appendectomy, and the surgical technique in children does not differ from the one 
in adults. Postoperative intravenous antibiotics are recommended in complicated 
appendicitis19. No particular postoperative treatment is recommended in 
uncomplicated appendicitis. 

In selected cases, non-surgical (conservative) treatment is provided, usually with 
fasting, antibiotic and supportive care. Sometimes, drainage of abscess via local 
incision or laparotomy, with or without appendectomy, may be indicated. Non-
surgical treatment is applied when the potential gain of surgical intervention does 
not motivate the surgical risks. This may be an alternative in selected cases of 
uncomplicated appendicitis when the symptoms are very mild or already clearly in 
regress and the patient is doing well, or more often in cases of complicated 
appendicitis with abscesses where the patient is stable with no signs of deterioration. 
However, non-surgical treatment is not recommended for uncomplicated 
appendicitis due to lack of evidence of effectiveness and safety (53). 

Appendicitis is a common condition in both children and adults, and most hospitals 
in Sweden have the necessary routine and experience to diagnose and treat the 
condition any time of the week. However, radiological resources may be limited 
during out-of-office hours at some hospitals, particularly ultrasonographical 
competence, and the surgical or anaesthetic competence may not be adequate for 
smaller children with appendicitis. Therefore, children may be transferred to clinics 
with paediatric-experienced surgeons or anaesthetists. The youngest children, or 
those with comorbidities or particularly advanced disease may be transferred to any 
of the tertiary paediatric surgery centres for surgery or advanced perioperative care. 

Knowledge gaps  
Even if family background, in terms of socioeconomics (income, education, 
insurance) has been associated with the appendicitis perforation risk, all previous 
studies have been based on retrospective register data, and used proxies for 
socioeconomic determinants of health (such as average income, average education 

                                                      
19 A treatment length of about 10-12 days has been recommended, with transition from parenteral to 

oral antibiotics no earlier than postoperative day 5 (or when clinical symptoms have resolved), 
and 7 days of oral treatment (53,147,148). 
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or general socioeconomic deprivation index in ZIP-code area of residence) rather 
than individual-level data. 

Even if rural status has been included in previous analyses, this is a vaguely defined 
variable, and only one study has considered the geographical distance to hospital 
(112). In that study, distance was estimated by a straight line from the ZIP-code area 
of residence to the hospital, rather than by analysis of the actual road route net. 

Text box 8 

Clinical characteristics of appendicitis and diagnostic aid 
The classical early symptoms in appendicitis are seen in about 50% of patients, 
and include abdominal pain, nausea, mild fever and abdominal tenderness in the 
right lower quadrant. The pain is usually unspecific or localised to the umbilical 
region initially, and migrates to the right lower quadrant and escalates during the 
first hours or day. While loss of appetite and nausea are early symptoms, sub-
febrility develops later when the inflammation spreads and the fever is usually 
accompanied by a localised or generalised peritonitis.  

Needless to say, symptoms and clinical signs are less pronounced in children and 
the diagnosis can prove to be a real challenge in the youngest ones. A high degree 
of suspicion may help. 

Laboratory tests may add to the clinical evaluation of suspected appendicitis, but 
all tests have low specificity. Mild leucocytosis may be detected early in blood 
samples, whereas elevation of C-reactive protein (CRP) usually requires >6 
hours from symptom onset for detection. A urinalysis may be obtained to 
exclude bacteriuria (suggestive of differential diagnosis such as pyelonephritis), 
and is usually normal in the case of appendicitis, or may show red and white 
blood cells due to local inflammation in the vicinity of the urinary tract.  

The diagnosis may be confirmed by abdominal ultrasonography (US) or 
abdominal computed tomography (CT). Both modalities provide high sensitivity 
(85-95%) and specificity (90-95%), even if US is particularly sensitive to the 
experience of the radiologist. US is also free from radiation and contrast, which 
is a clear advantage as compared to CT. Magnetic resonance imaging (MRI) is 
an attractive option due to very high diagnostic accuracy with no disadvantage 
of radiation exposure, yet its use is still limited due to low availability and the 
need to lie still for quite some time to obtain an optimal result. Plain abdominal 
X-rays may capture faecaliths, but they are of little use, unless a differential 
diagnosis is more likely (such as bowel perforation with free intra-abdominal gas 
or bowel obstruction). 
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Aims of the thesis 

The overall purpose of this thesis was to describe the incidence of surgery for 
children and adults in Sweden, and to analyse treatment outcome and patient access 
to timely elective and emergency surgical care for Swedish children. Five separate 
epidemiological studies were conducted. The specific aims and research questions 
is presented below.  

First, population needs of surgery were analysed in adults and children during an 8-
year period, and overall incidences were determined. Then, two representative 
paediatric surgical conditions with considerable public health impact were analysed 
in the entire population of Swedish children – one was an elective and the other was 
an emergency surgery procedure. Finally, these two conditions were analysed 
regarding patient access to timely surgical care. 

The rationale for study I was our hypothesis that previously reported estimates of 
basic surgical outputs on population level (5000 operations per 100,000 population 
and year) severely underestimated the surgical needs in high-income populations, 
as most outpatient surgeries were excluded from these estimates. We aimed to 
provide gender- and age-specific incidence estimates of surgery, to improve the 
accuracy in population estimates of surgical needs. 

The rationale for studies II and III was the general lack of reliable data on peri-
operative and postoperative surgical risks related to paediatric surgery in Sweden. 
In study II, we specifically aimed to assess whether children were treated equally 
throughout the country. 

The rationale for studies IV and V was our hypothesis that socioeconomic and 
geographical circumstances had an impact on children’s access to optimal and 
timely surgery. In particular, we hypothesised that the distance to a surgical facility 
would be a barrier to non-emergent and emergency surgical care for children. 

Two paediatric conditions were chosen for evaluation in studies II-V: 

a. Cryptorchidism – to exemplify elective paediatric surgery 

b. Appendicitis – to exemplify emergency paediatric surgery. 

Both conditions are relatively common in children, and both could potentially be 
treated at most surgical facilities in Sweden. 
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Aims and research questions in study I 
Specific aims were to describe the age- and gender-specific incidences and trends 
of surgical procedures in Sweden, including in both inpatient and outpatient settings. 
Incidences of surgery in the paediatric population were thereby put in relation to the 
overall population. A secondary aim was to assess the distribution of surgical 
procedures across major disease groups. 

Specific research questions included: 

1. What were the age- and gender-specific incidences of surgery in the 
Swedish population? 

2. To what extent was surgery performed in outpatient settings? 

3. To what extent was surgery performed in children, as compared to adults? 

Aims and research questions in study II 
This study aimed to describe the incidence and outcome in an elective surgical 
condition for children, exemplified by the treatment for cryptorchidism. Specific 
aims were to evaluate treatment characteristics and complications, and differences 
between geographical regions of the country were assessed. A secondary aim was 
to evaluate if treatment age was in line with national guidelines throughout the 
country. 

The specific research questions included: 

1. What was the risk of cryptorchidism among Swedish boys up to age 18 
years? 

2. How did the risk of disease correlate with known risk factors, including 
prematurity, low birth weight and size for gestational age? 

3. What kind of hospital (local, regional or university hospital) provided the 
care, and were there any trends in referrals? 

4. To what extent were operations performed as day surgery, and what 
treatment modalities were used (open procedure or minimally invasive 
surgery)? 

5. At what age were boys in Sweden treated for cryptorchidism? Were there 
any time trends in treatment age? Does the age at treatment vary within 
Sweden? 

6. What were the surgical risks in terms of 30-day mortality and surgical site 
infections? 
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Aims and research questions in study III 
This study aimed to describe the treatment characteristics and outcome in a 
condition requiring emergency surgery in children, exemplified by acute 
appendicitis. Specific aims were to evaluate how paediatric appendicitis was treated 
in Sweden, and to assess how the complication risks were associated with disease 
severity and treatment modality. 

The specific research questions included: 

1. What treatment modalities were used in complicated and uncomplicated 
appendicitis in children, and were there any trends over time? 

2. What were the risks for postoperative complications (surgical site infection, 
re-admission, re-operation or mortality within 30 days from discharge)? 

3. What was the long-term risk of small bowel obstruction after appendicitis? 
Was the risk different in complicated as compared to uncomplicated 
appendicitis? 

4. Was treatment modality, adjusted for disease severity, associated with the 
risk of adverse postoperative events? 

Aims and research questions in study IV 
This study aimed to describe the access to timely treatment in an elective surgical 
condition for children, exemplified by the age at surgery for cryptorchidism. 
Specific aims were to determine the incidence of cryptorchidism in known risk 
groups of the population, and the timing of treatment for children in potentially 
unfavourable socioeconomic and geographical risk-groups. 

The specific research questions included: 

1. What was the risk of cryptorchidism among Swedish boys, by levels of 
known or suggested risk factors, adjusted for socioeconomic determinants 
of health? 

2. How was the travel distance to hospital associated with timely treatment, 
when multiple birth-related risk factors and socioeconomic determinants of 
health were adjusted for? 

3. Where there any socioeconomic determinants in particular that were 
associated with treatment delays (including parental education level, 
parental employment, family income, social security benefits or parental 
migration status)? 
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Aims and research questions in study V 
This study aimed to describe the access to timely treatment in an emergency surgical 
condition for children, exemplified by the risk of complicated appendicitis. Specific 
aims were to describe the incidence of paediatric appendicitis in Sweden, and if the 
risk of suffering complicated appendicitis was higher in potentially unfavourable 
socioeconomic and geographical risk-groups. 

The specific research questions included: 

1. What was the childhood risk of appendicitis, and how common was 
complicated appendicitis in children? 

2. Did the risk of complicated appendicitis differ between gender or by age 
during childhood? 

3. Were there any trends in operative volume per surgical facility, suggesting 
that treatment for paediatric appendicitis had been centralised during the 
study period? 

4. How was the travel distance to hospital associated with appendicitis 
severity, when socioeconomic determinants of health were adjusted for? 

5. Were gradients in socioeconomic determinants associated with higher risk 
of complicated appendicitis (including parental education level, parental 
employment, family income, social security benefits or parental migration 
status)? 
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Patients and methods 

Study population 
This thesis was based on the entire Swedish population, or subsets of it, as it was 
between 2001 and 2015. The population in Sweden increased during the study 
period from 8.9 million to 9.9 million; birth rates were higher than death rates and 
immigration was larger than emigration (Figure 1 population size, SCB) (Figure 2 
birth/death/migration, SCB). 

 

Figure 1. The Swedish population, 2000-2017. 
There was a population growth in Sweden throughout the study period for both males and females. (Data from 
Statistics Sweden (115)) 
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Figure 2. Annual number of births, deaths, immigrations and emigrations in the Swedish population, 2000-2017. 
(Data from Statistics Sweden (115)) 

Demography in Sweden 
The Swedish population is currently about 10.2 million people.20 Overall, the 
distribution of males and females is equal, except in the upper age strata where 
females are in the majority (Figure 3: SCB population pyramid). This relates to the 
gender difference in life expectancy: 80.7 years for men and 84.1 years for women 
in 2017, measured as the average age at death. The gender difference in life 
expectancy is lower than the European average of 6 years (2014) (116). There are 
no major variations in life expectancy between geographical regions within Sweden. 
Yet a gradient in life expectancy that follows the educational level can be detected 
(117). The fertility rate was 1.6-1.9 children per woman during the study period (1.8 
child per woman in 2017). The under 5 mortality (years old) was 2.7 per 1000 live 
births in 2013, which is almost half that compared to the UK, and lower than all 
European countries except for Iceland and Andorra (118,119). 

                                                      
20 SCB population statistics: 10,223,505 citizens, as at November 2018 (115). 
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Figure 3. The population pyramid in Sweden. 
The Swedish population in 2017, by gender and 5-year age groups. The population pyramid of Sweden takes the 
shape of a tower rather than a pyramid. (Source: Statistics Sweden (115), with permission to reprint) 

Population at risk for disease 
In this thesis, the study population was either: 

1. All people eligible for seeking healthcare in any hospital or specialised 
outpatient clinic in Sweden between January 1, 2006 and December 31, 
2013 (study I), or 

2. Any Swedish boy (study II), or any Swedish child (study III and V), who 
was between 0-18 years of age during the study period (January 1, 2001 and 
December 31, 2014), or 

3. Any boy born in Sweden between January 1, 2001 and December 31, 2014 
(study IV). 
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With these definitions, the study population for each study could be readily 
identified in the population registers.21 

In studies II-V, additional definitions of the study population were applied: children 
were excluded from the study population at the time of migration from Sweden or 
when the first outcome event occurred. 

Considerations in epidemiological studies 
In epidemiological research, it is crucial to define the population at risk of the 
particular event studied. This may not be as straightforward as expected, however. 
The Swedish population is suitable for epidemiological studies due to reliable 
information of the size and demographics, births, deaths and migration in the 
population. 

All citizens have a unique personal identity number, and this makes it possible to 
trace individuals through the course of their life, from birth to death. The unique 
personal identity number also links individuals to various social, financial and 
health-related events in life, such as educational achievements, parental status, 
taxation and social security financial support, place of residence and migration, and 
health-related events. 

The Swedish population is suitable for epidemiological studies when homogeneity 
of the study population is an advantage, such as the studies performed in this thesis. 
The access to education, social security and healthcare is high and distributed rather 
equally in the population. However, it is important to point out that the 
generalisability (also known as the external validity) of epidemiological studies 
performed in Sweden may be limited in some aspects. The socialised society and 
generally high standard in terms of income, education, social security and health in 
the population, is rather unique for Sweden (and a few other countries). 
Extrapolations to other countries, which may differ in demography or social 
determinants of health, must therefore be made with caution. 

  

                                                      
21 To be correct, study I was an exception: the population at risk who sought medical care in Sweden 

was merely a proxy of the Swedish population at the time. Non-Swedish citizens may seek 
healthcare in Sweden during visits to the country, and therefore be eligible for inclusion.  
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Setting 

The Swedish healthcare system 
The Swedish healthcare system is a socially responsible system with an explicit 
public commitment to ensure the health of all citizens (4). Several of the indicators 
of health outcomes and quality of care are better than the OECD average, while 
health expenditure is only slightly above the OECD average (120). The healthcare 
governance is decentralised into 21 local governments (counties, regions or 
municipalities), and the national government is responsible for general healthcare 
policies. The state policies are outlined by the Ministry of Health and Social Affairs, 
and executed through the governmental agencies (4). 

The current primary care model in Sweden originates from 1970. Primary care is 
responsible for most primary and secondary preventive healthcare for the 
population, and provides guidance to the right level of specialised care (121). Every 
third medical doctor with a specialist degree in Sweden possesses a degree in 
general medicine, which is rather low compared to other OECD countries. The 
continuous decrease in hospital beds during last decades, and the demographical 
changes with increasing number of ageing people have increased the need for 
primary healthcare dramatically (120). The burden of disease in the ageing 
population, along with the limited amount of specialists in general medicine, has 
drained financial and human resources from the primary care and increased the 
financial risks for the primary care units (122). 

Specialised care in Sweden is mainly located to the approximately 70 public and six 
private hospitals, with most of them being dimensioned for acute care around the 
clock (4). In 2013, 44 hospitals in Sweden offered 24-hour services including the 
Bellwether procedures (emergency laparotomy, Caesarean section and open fracture 
repair) (123). There are seven university hospitals serving the six healthcare regions 
(Table 3). Besides providing tertiary care, they are centres for medical research and 
education. Unlike most countries in northern Europe, primary care in Sweden has 
no gate-keeping function, and citizens can choose to seek healthcare at the 
emergency department of their choice (120). 

Child health care includes healthy child visits on a regular basis from birth until 
school age. The healthy child visits reach most of the paediatric population, with 
attendance being over 98% of children born in 2015 (124). 

Despite the generally high standard of care and top scorings in public health 
indicators and various metrics of cost-efficiency in the healthcare system, there are 
areas with great potential of improvement. Patient satisfaction has been impaired by 
access problems to timely care, and by restricted continuity. Waiting times have 
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increased at all levels: in the emergency department, for the specialist clinics and 
for elective as well as emergency surgery. Doctor continuity in both primary care 
and specialised care has been reduced due to organisational shifts, but also due to 
legislation and restrictions in working hours. 
Table 3. Healthcare regions and univeristy hospitals in Sweden 

Healthcare region University hospital Location 
Northern Healthcare Region University Hospital of Umeå Umeå 
Uppsala-Örebro Healthcare Region Uppsala University Hospital 

Örebro University Hospital 
Uppsala 
Örebro 

Stockholm Healthcare Region Karolinska University Hospital22 Stockholm 
South-eastern Healthcare Region Linköping University Hospital Linköping 
Western Healthcare Region Sahlgrenska University Hospital Göteborg 
Southern Healthcare Region Skåne University Hospital23 Lund and Malmö 

 

Health insurance and financial aspects of Swedish healthcare 
All citizens in Sweden are covered by the tax-financed health insurance system. The 
national public health insurance includes primary care as well as specialised care 
throughout the course of life. The average total health expenditure was 5511 USD 
per capita (about 50,058 SEK) annually in 2017, of which 83.6% was publicly 
funded and 16.4% was user-financed, mainly through out-of-pocket fees (1). The 
expenditures accounts for 10.9% of the gross domestic product24, which is just 
above the average of the OECD countries. Whereas adults contribute with a limited 
payment for healthcare visits and medications25, the child health insurance is 
extensive, so that there are no direct out-of-pocket expenses related to health care 
visits, treatments or medications for children. 

  

                                                      
22 : Karolinska University Hospital in Solna and Huddinge University Hospital were fused to form 

Karolinska University Hospital in 2004. They were both entitled University Hospitals and 
connected to the Karolinska Institute prior to the fusion. For simplicity, Karolinska University 
Hospital refers to both hospitals in this thesis. However, they are considered to be two separate 
entities in the geographical information system analyses of travel times in studies IV and V. 

23 Lund University Hospital and Malmö MAS University Hospital were both linked to Lund 
University, and fused to Skåne University Hospital in 2010. For simplicity, Skåne University 
Hospital refers to both hospitals in this thesis. However, they are considered to be two separate 
entities in the geographical information system analyses of travel times in studies IV and V 

24 GDP [Swedish: bruttonationalprodukt, BNP] 
25 The fee in the Skåne Region is currently (2018) limited to 1150 SEK (equals to 112 EUR) on an 

annual basis for healthcare visits, and varies slightly between counties. The national limit for 
expenses for prescribed medications is currently 2300 SEK (equals 225 EUR). 
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Public and private healthcare in Sweden 
Most Swedish healthcare is still publicly owned and managed. However, in 2016 
almost every second primary care unit in Sweden (42%), and two out of three in 
Stockholm (67%) were privately owned (122). Of the few privately owned 
hospitals, most offered non-emergency healthcare only; in 2016 St Görans Hospital 
in Stockholm was the only one that offered acute care. 

Inpatient and outpatient care – what is the difference? 
Specialised care is provided either as inpatient care or outpatient care. Inpatient care 
is always hospital-based in some form, and requires the patient to be admitted for 
healthcare or treatment, and ends with a discharge from the unit providing the care. 
Outpatient care and day surgery can be either hospital-based or provided at clinics 
separate from the hospital. 

In the last decades, as a result of better and safer anaesthetic methods and technical 
advancements in surgical procedures, such as minimal-invasive techniques, the 
demand for perioperative care, post-surgical surveillance and pain management has 
decreased markedly. Therefore, increasing types of surgical procedures can now be 
performed as day surgery. This has led to reduced costs and more effective use of 
surgical resources, fewer societal costs, and also fewer obstacles for the patient in 
terms of pain and wound management, sick-leave and rehabilitation. 

Data sources 

The national registers in Sweden 
As concluded in the OECD Review of Health Care Quality report (120): 

‘Sweden has an impressive track record around measuring and publishing indicators 
on the quality of care, both at provider level and at population level. In particular, a 
broad range of national quality registers have been developed covering defined 
diagnostic areas.’ 

The national registers of the total Swedish population provide an important piece of 
information for epidemiological research in Sweden, as the background population 
can be identified quite accurately. Size, demographics, geographical distribution 
and other characteristics of the Swedish population are available from the Register 
of the Total Population, provided by Statistics Sweden since 1968 and based on 
administrative data from the Swedish Taxation Agency (125). Statistics Sweden 
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provides several additional sources of information regarding social and financial 
activities and public intervention in the population. Therefore, migration status and 
place of birth, education, marital status and family composition, employment and 
profession, social security intervention and sick-leave, place of residence and 
income can be followed during the course of life at an individual level. 

National registers 
In this section, the national healthcare and population registers utilised in the thesis 
are described briefly. These registers form the foundation of the preformed studies. 

The National Patient Register 
The National Patient Register (NPR) is administered by the Swedish Board of 
Health and Welfare (Socialstyrelsen), and it is currently a register of all inpatient 
care and specialised outpatient care in both the public and private sectors. The 
register started in 1968, and in the early days coverage was very limited to a few 
counties. Since then, the register has expanded to cover all counties, and since 1987 
it includes both somatic and psychiatric inpatient care. In the 1990s, day surgery 
was also reported to the register, and since 2001 all public and private specialised 
outpatient care and day surgery are obliged by law to report to the register. It has 
been estimated that since 1987 the coverage of inpatient care exceeds 99%, with 
99% of diagnoses being reported correctly (126). The overall coverage of 
specialised outpatient care since 2004 was estimated to be 80%.26 Missing data are 
mainly found in psychiatric care and private care providers. The register is limited 
to healthcare provided within the healthcare legislation, whereas other sectors (such 
as privately financed cosmetic care) do not report to the NPR. Primary care and 
school care are not reported to the NPR. The register collects information on every 
admission to inpatient care and every visit to outpatient care and day surgery, 
including primary and additional diagnoses, procedures, date of admission and 
discharge or visit, clinic, place of residence, and links these to the unique personal 
number of the patient. 

The Swedish Prescription Register 
The Swedish Prescription Register has been administered by the Swedish Board of 
Health and Welfare (Socialstyrelsen) since it began in July 2005. The register 
collects information on all pharmaceutical prescriptions within Sweden, and links 

                                                      
26 The National Patient Register claims to have full coverage of outpatient visits in the public 

specialised healthcare since 2004. Visits to private caregivers account for nearly all the missing 
data. 
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the type of medication, date of prescription and date of delivery to the unique 
personal identity number. 

The Swedish Cause of Death Register 
The Swedish Cause of Death Register is a register of all deaths in Sweden, and the 
impressive history dates back to the Swedish parliament decision to collect cause of 
death statistics in 1749 (127). It was initially limited to deaths of particular public 
health interest, such as maternal and plague-related mortality. In 1911, when 
Statistics Sweden became responsible for the register, the register expanded and 
information on all deaths in the population was recorded. Thus, records include all 
deaths in Sweden since 1911, and the electronic part of the register dates back to 
1952. In 1993, the Cause of Death register was transferred to the Swedish Board of 
Health and Welfare (Socialstyrelsen). 

When a person in Sweden dies, the death must be confirmed immediately to the 
Swedish National Tax Agency, and the primary cause of death and underlying 
causes of death must be determined and reported to the Swedish Board of Health 
and Welfare within 3 weeks. This is usually done by the patient’s physician or the 
last physician seeing the patient in life. Both the information from the Tax Agency 
and the causes of death from the physician are included in the register, along with 
the date and place of death, and linked to the unique personal identity number of the 
deceased individual. The register is considered virtually complete, and information 
about the underlying cause of death is reported in 96% of deaths (127). 

The Population Register and the Total Population Register 
These two registers are records of the Swedish population and include trajectories 
of life recorded on an individual level. The Population register is administered by 
the Swedish National Tax Agency and linked to the Total Population Register, 
which is administered by Statistics Sweden. Information about births, deaths, 
country of birth, domestic and international migration, child-parental relationships 
and family composition, are all linked to names and unique personal identity 
numbers of each individual. It is estimated that the coverage is 100% of all births 
and deaths and 95% of immigrations and 91% of emigrations are reported to the 
register (125). The Total Population Register is the source of several special 
registers provided by Statistics Sweden, including the Multi-generation Register, 
and the Sibling Register. 

The Longitudinal Integration Database for Health Insurance and Labour market 
Studies (LISA) 
The Longitudinal Integration Database for Health Insurance and Labour Martet 
Studies (Longitudinell Integrationsdatabas för Sjukförsäkrings- och 
Arbetsmarknadsstudier, LISA) is a longitudinal database administered by Statistics 
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Sweden. The database integrates information on several registers, including the 
Total Population Register, Income and Taxation Register (IoT, provided by Swedish 
National Tax Agency), Education Attainment Register (Utbildningsregistret, 
Statistics Sweden), Datalagret (The register of unemployed persons in Sweden, 
provided by the Swedish Public Employment Service -Arbetsförmedlingen), 
STORE-database by the Insurance agency (Försäkringskassan27), and several other 
sources of information. The LISA database provides longitudinal socioeconomic 
information on individuals in Sweden, including education, income, employment 
and work sector, social security benefits and sick-leave benefits. 

Acquisition of healthcare data 
The purpose and rationale to keep registers may vary, even if they are generally kept 
to provide accurate administrative information for the governance of Sweden, 
provide statistics on the population status or provide estimates of quality or effects 
from interventions by authorities and organisation, and for research purposes (128). 
Even if registers are run for purposes other than research, national registers are 
encouraged to facilitate research, as already collected and maintained data have 
great potential to contribute to knowledge gains, public health and economic growth 
of the country (128). Efforts to facilitate register-based research in Sweden, and the 
Nordic countries have been made on both the national (129) and international level 
(130). 

To access healthcare and administrative data on the Swedish population from the 
national registers, formal application must be made to each authority responsible for 
the register. It must be stressed, however, as these registers contain multiple pieces 
of personal information on citizens, that can be directly or indirectly linked to 
individuals, they are considered highly sensitive and access is highly restricted 
(130). In line with the Helsinki Declaration (131), all acquisition of individual-level 
data for research purposes is subject to ethical vetting, and requires approval from 
one of the six regional Ethical Review Boards, or the Central Review Board (132). 

  

                                                      
27 Försäkringskassan (the national Insurance agency), responsible for public health maintenance and 

social security has, to my knowledge, no official English translation.  
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Methods: studies I-V 
This chapter briefly describes the methods applied in the included studies. Statistical 
tests used in this thesis for assessing differences between groups and estimating 
associations between exposures and outcomes are summarised in Table 4: Detailed 
descriptions are found in the method section of each study (appendix I-V), and 
complementary discussions on the applied methods are found in the Discussion 
chapter. 
Table 4. Statistical tests applied in study I-V. 

Application Test 
Testing differences in categorical variables  
  between two groups Chi2-test 
   Fisher’s exact test 
Testing differences in continous variables  
  between two groups Student’s t-test (parametric test) 
   Wilcoxon rank-sum test (non-parametric test) 
 Mann-Whitney U-test  

(similar to Wilcoxon rank-sum test) 
  between two groups or more  Kruskal-Wallis 
Testing correlation between continous variables Spearman rank correlation 
Estimating exposure-outcome associations  
  Outcome is continous  Linear regression 
  Outcome is a rate (events per unit of time) Poisson regression 
  Outcome is binary Logistic regression 
Estimating differences in time-dependent variables  
  Univariate analysis of time-to-event outcome Log rank test 
  Analysis of time-to-event outcome, one or more variable Cox regression 

 

Study I 

Study population, outcomes and independent variables 
The design was a retrospective register study of healthcare provided by all public 
and private care givers in inpatient and specialised outpatient care in the Swedish 
healthcare system. Primary care was not eligible for inclusion. The study population 
was an open cohort of all citizens in Sweden, 2006-2013. The primary outcomes 
were occurrence of healthcare contacts and surgery during inpatient or outpatient 
care and day surgery. Secondary outcome was cause of admission or visit, as defined 
by the primary diagnosis. Independent variables were study year, age and gender. 
No exposure variable was assigned. 
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Statistics 
Data on inpatient and outpatient care were grouped by age, gender, year, and 
primary diagnosis. Incidence of surgery was calculated by dividing the number of 
surgical procedures in each age- and gender-specific strata for each time-period, 
with the Swedish population in that specific strata, and reported as the annual 
number of operations per 100,000 population-years. Linear regression was used to 
estimate univariate time trends. Multivariate Poisson regression was used to 
estimate changes in incidence over time, with adjustment for demographical 
changes (age- and gender) in the background population, and the obtained incidence 
rate ratio was reported as percentages. 

Study II 

Study population, outcomes and independent variables 
The design was an observational study based on longitudinal register data, and the 
study population was an open cohort of all boys born in Sweden, aged 0-18 years 
between 2001 and 2014. The main outcome was age of treatment for cryptorchidism 
in Swedish inpatient or specialised outpatient care. Secondary outcomes were age 
at cryptorchidism diagnosis, use of laparoscopy, outpatient surgery, and occurrence 
of surgical site infection or death within 30 days. Independent variables were birth 
characteristics (birth weight, birth week and intrauterine growth restriction), place 
of residence, hospital type, and year of treatment. 

Statistics 
Descriptive statistics were performed. The cumulative childhood prevalence, 
overall and per dependent variable, was calculated by dividing annual cases in each 
age group for each study year with the particular population at risk, and then 
calculating the mean incidence for each year of age across the study years. The sum 
of these age-specific mean incidences was presented as the cumulative prevalence 
of cryptorchidism. Differences between groups were tested with the Chi2-test for 
categorical variables and with the Mann-Whitney U-test or Kruskal-Wallis for two 
or more continuous variables, respectively. Trends over time were assessed with the 
Spearman rank correlation in continuous variables. Multiple imputation was applied 
to test for robustness of results. 

 

 



51 

Study III 

Study population, outcomes and exposures 
The design was an observational study based on longitudinal register data, and the 
study population was a cohort of all children in Sweden, 0-18 years of age, with a 
first episode of acute appendicitis in 2001-2014. The outcomes were length of stay 
in hospital, risk of postoperative infection, readmission or re-operation or death 
within 30 days, and the risk of small bowel obstruction requiring surgery during 
long-term follow-up (median follow-up 7.4 years). Exposure was type of 
appendicitis (classified as complicated or uncomplicated), and treatment modality 
(categorised as open, laparoscopic or converted appendectomy, drainage only, or 
non-surgical treatment). Independent variables were gender, age and study year. 

Statistics 
Descriptive statistics were performed. Univariate differences between groups were 
assessed using the Chi2 or Wilcoxon rank-sum test, and multivariable associations 
were presented as odds ratios obtained by logistic regression. Survival analysis was 
applied to length of hospital stay and long-term risk of small bowel obstruction, 
presenting univariate associations with Kaplan-Meier curves and log rank test, and 
multivariable associations using Cox regression estimates. 

Study IV 

Study population, outcome and exposures 
The design was an observational study of longitudinal register data, consisting of 
two parts. All boys born in Sweden between 2001-2014 were included, and the main 
outcome was occurrence and age at treatment for cryptorchidism. In the first part of 
the study the exposure was the birth-related risk factors for cryptorchidism: 
prematurity, birth weight, size at birth and maternal age and smoking status. The 
exposure in the second part of the study was distance to the treating hospital, 
measured in minutes by car, and applied only to those treated for cryptorchidism 
(see Figure 4). Dependent variables were socioeconomic determinants of health, 
including parental education, employment and income. Independent variables were 
year of birth and place of residence. 

Statistics 
Kaplan-Meier curves, with follow-up from birth to day of surgery and censoring at 
31 December 2014, presented the outcome by levels of each birth-related risk factor 
and the trend over time, and cumulative incidences were calculated. Univariate 
differences were assessed with the log rank test. Cox regression analysis was applied 
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to obtain multivariable estimates of associations, and overall contribution of each 
variable was assessed with the F-test and presented as p-values. In the second part 
of the analysis, where travel time was the exposure, an age cut-off of 3 years was 
chosen to assess probability of being treated by levels of travel time. 

Study V 

Study population, outcome and exposure 
The design was an observational study of longitudinal register data, and the study 
population was a cohort of all children in Sweden with a first episode of appendicitis 
2001-2014. The population at risk of being diagnosed with appendicitis in Swedish 
hospitals was estimated by identifying all Swedish children in the respective age- 
and gender strata for each year. Primary outcome was appendicitis severity 
(dichotomised as complicated or uncomplicated), and the exposure was distance to 
the treating hospital, measured in minutes by car (see Figure 4). Dependent variables 
were socioeconomic determinants of health, including education, employment and 
income. Independent variables were gender, year and age at diagnosis, place of 
residence and treating hospital. 

Statistics 
Primary outcome was calculated as new cases of appendicitis in each age and gender 
group for each year divided by the official population for each study year, and 
reported as incidence per 1000 person-years per age and gender. The corresponding 
mean incidences of appendicitis for each gender and age across the study years were 
calculated and the sum of these age-specific incidences up to 18 years of age were 
reported as the cumulative childhood incidence. Multivariate Poisson regression 
was used to estimate trends in incidence over time. The association between the 
exposure and the dependent variables, and the risk of complicated appendicitis were 
estimated with logistic regression, and overall contribution of obtained odds ratios 
was assessed with the F-test for categorical variables and presented as p-values. 
Trend in hospital caseload volume was estimated with linear regression. 
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Figure 4. Estimated travel times by car to hospitals providing surgical services within Skåne county. 
Geographic Information System (GIS) methods were applied to estimate the distance in minutes to the nearest 
hospital, using the most time-eficient route by car, considering speed limitations, trafic lights, right-turns and left-turns, 
as they were at the year of interest. Based on annual data from the Swedish Road Database (Trafikverket) and the 
small area for market studies (SAMS-areas, Statistics Sweden). (Graphic by Chloe Näslund, with her kind permission 
to reprint) 
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Ethical considerations 

Appropriate ethical permissions were obtained for the studies conducted in this 
thesis (Table 5). 

Study I was based on aggregated data on admissions and operations performed per 
age and gender over the entire country. As no individual level data were accessed at 
any step in the analysis, and no indirect identification of study subjects was possible, 
ethical vetting was not applicable for this study (as advised by the ethical review 
board in Lund). The internal ethical review at the Swedish Board of Health and 
Welfare did not consider the aggregated dataset sensitive from an ethical point of 
view, as it did not differ substantially from the open datasets available on their web 
page (http://www.socialstyrelsen.se/statistik/statistikdatabas/). 

In contrast, data in studies II-V were considered highly sensitive. The data consisted 
of multiple health-related information on an individual level, and linked individuals 
by time of birth, place of residence and place of treatment. The dataset used in 
studies IV and V contained individual-level healthcare information for all children 
in Sweden (or substantial proportions of them), and they were linked to longitudinal 
information on place of residence, parents’ biometrics and health determinants over 
time. 

Even if the data for study II-V were deidentified, and key-only accessible for the 
register holder for a maximum of 3 years, indirect identification of individual study 
subjects would be possible in theory. For data security reasons, storage of data, data 
management and statistical analyses were restricted to a secure server, accessed only 
by a limited number of researchers. 
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Table 5. Ethical Review Board approvals for studies I-V. 

Study Ethical Review Board Comment 
I Surgery in Sweden Internal review board at Swedish 

Board of Health and Welfare 
Aggregated data only.  
No formal vetting required.  

II Cryptorchidism - outcome Regional Review Board in Lund 
(diary number 2014/791) 

Access to individual-level 
healthcare data approved 

Swedish Central Review Board in 
Stockholm (diary number Ö 19-
2015) 

Access to data on postoperative 
prescriptions and mortality 
approved. 

National Board of Health and 
Welfare (diary number 5.2.1-
12821/015) 

Access to medical birth data 
approved. 

III Appendicitis - outcome Regional Review Board in Lund 
(diary number 2014/792 and 
2015/430) 

Access to individual-level 
healthcare data and postoperative 
mortality approved 

Swedish Central Review Board in 
Stockholm (diary number Ö 18-
2015) 

Access to data on postoperative 
prescriptions approved. 

IV Cryptrochidism - access Regional Review Board in Lund 
(diary number 2014/791 and 
2015/429) 

Access to individual-level 
healthcare data approved 

Swedish Central Review Board in 
Stockholm (diary number Ö 19-
2015) 

Access to data on socioeconomic 
determinants and birth-related risk 
factors approved. 

V Appendicitis - access Regional Review Board in Lund 
(diary number 2014/792 and 
2015/430) 

Access to individual-level 
healthcare data approved 

Swedish Central Review Board in 
Stockholm (diary number Ö 18-
2015) 

Access to data on socioeconomic 
determinants approved. 
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Main findings 
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Study I 
Surgery in Sweden 
Of all inpatient healthcare in Sweden, both children and adults considered, 30.6% 
of admissions were related to surgery of any kind. As many as 8% of all healthcare 
contacts, and 27% of inpatient care in the paediatric population (0-19 years of age), 
resulted in surgery. There were large variations in surgical incidences in different 
age groups, with highest incidence rates seen in the elderly (Figure 5). 

All ages considered, women had a 9.8% higher incidence rate of surgery than men 
(95% confidence interval 5.6 to 14.0%, p<0.001), and the difference was most 
pronounced in inpatient care. 

The incidence rate of paediatric surgery increased for each year, so that in 2013, a 
minimum of 6784 operations were conducted per 100,000 children in the age 0-19 
years [range 6784–8515 operations per 100,000 person-years] (Figure 6). In 
comparison, the incidence rate of surgery in adults (≥20 years of age) was estimated 
to be a minimum of 21,152 annual operations per 100,000 population [conservative 
estimate: 21,152 annual operations, and liberal estimate: 25,806 annual operations 
per 100,000 adults]. 

Most surgery was conducted in outpatient settings (day surgery), and this proportion 
increased over time. In 2013, at least two-thirds of all surgery in children and adults 
was conducted in outpatient settings (overall conservative estimate: 75.4%, liberal 
estimate: 66.9%). 
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Figure 5. Incidence of inpatient and outpatient sugery among males (left) and females (right) in Sweden 2006-
2013. 
Incidence expressed per 5-year age group as annual number of major surgical procedures per 100,000 population. 
On average, individuals 75-89 years of age had almost one major operation every second year (conservative and 
liberal estimates for men: 53,390 to 63,970 operations per 100,000 person-years, and for women: 42,310 to 51,990 
operations per 100,000 person-years). 

 

Figure 6. Incidence rate of major surgery in inpatient and outpatient care among children 0-19 years of age in 
Sweden, 2006-2013. 
Incidence rate was expressed as the annual number of operations per 100,000 population in ages 0-19 years. The 
incidence rate among children was estimated to be 6320 annual operations per 100,000 persons on average during 
the 8-year study period [conservative to most liberal estimated range 6320–7890 per 100,000 person-years]. 
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Study II 
Cryptorchidism in Sweden – treatment and complications 
1.8% (95% confidence interval 1.5-2.0%) of Swedish boys were diagnosed and 
treated for cryptorchidism by age 18, and the risk increased dramatically for those 
born prematurely, those with low birth weight, or small for gestational age. 

The median age at treatment decreased from 6.2 (IQR 3.1-9.4) years in 2001 to 3.4 
(IQR 1.5-7.6) years in 2014. Most children were treated first years in life, and a 
smaller peak in treatment were seen in early school age (Figure 7). 

In 2014, the vast majority of all boys with cryptorchidism (94.1%, 95% confidence 
interval 92.7-95.6%) were older than 1 year of age at treatment, and there were 
considerable variations in treatment age in different counties (Figure 8). 

Treatment age was lower in university hospitals than non-university hospitals 
(median age at surgery: 3.3 [IQR 1.6-7.5] years at university hospitals versus 5.6 
[IQR 2.4-8.7] years at non-university hospitals, p<0.001), with a trend towards more 
surgery being referred to university hospitals (p<0.001) and more surgery being 
localised to outpatient settings (49% of cryptorchidism treatments were conducted 
as day surgery in 2001. The corresponding number in 2014 was 87%). 

Complications were rare: surgical site infection rate was 1.4% (95% confidence 
interval 1.1-1.6%), and stable over time, with no geographical variation, and there 
were no deaths within 30 days. 
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Figure 7. Distribution of age at cryptorchidism treatment in Sweden, 2001-2014. 
Treatment age for Swedish boys up to 18 years of age. Most boys were treated early in life. A second peak was seen 
in early school age. 

 

Figure 8. Median age at treatment for cryptorchidism in Sweden, 2001-2014. 
The median age at treatment differed considerably for boys in Sweden, depending on the county of residence. 
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Study III 
Paediatric appendicitis in Sweden – treatment and complications 
Median hospitalisation was twice as long in complicated appendicitis compared to 
uncomplicated appendicitis, and the length of hospitalisation was also associated 
with the treatment modality (Figure 9). 

Postoperative infections were more common following complicated appendicitis 
than uncomplicated disease (5.9% versus 2.3%, adjusted OR 2.64 [95% confidence 
interval 2.18-3.18], p<0.001). 

Complicated appendicitis increased the 30-day risk of readmission (5.5% versus 
1.2%, adjusted OR 4.75 [95% confidence interval 4.08-5.53], p<0.001) and 
additional abdominal surgery (2.2% versus 0.6%, p<0.001). 

Complicated appendicitis increased the risk of small bowel obstruction requiring 
surgical intervention (Figure 10). 

The use of laparoscopic appendectomy increased throughout the study period and 
was the preferred treatment modality by the end of the study period (Figure 11). 

Laparoscopic appendectomies were associated with fewer postoperative infections 
compared to open appendectomy (2.0% versus 3.1%, adjusted for disease severity, 
age, gender and study year: OR 0.65 [95% confidence interval 0.54-0.79], p<0.001), 
and the risk increased after converted appendectomies (5.0%, adjusted OR 1.41 
[95% confidence interval 1.02-1.95], p=0.04). 

Laparoscopic appendectomy, compared to open appendectomy, reduced the risk of 
small bowel obstruction (Figure 12). 
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Figure 9. Length of stay in hospital at first episode of appenditis among Swedish children, 2001-2014.  
Left: Median hospitalisation was 2 [IQR 1-3] days of uncomplicated appendicitis, and 4 [IQR 3-6] days for complicated 
appendicitis. Right: Length of stay (with 95% confidence intervals) by treatment modality.  

 
 
Figure 10. Cumulative risk of small bowel obstruction after paediatric appendicitis in Sweden, 2001-2014. 
The risk of small bowel obstruction increased after complicated appendicitis (0.7% versus 0.2%, adjusted HR 3.89 
[95% confidence interval 2.61-5.78], p<0.001). 
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Figure 11. Treatment modality at first admission for paediatric appendicitis in Sweden 2001-2014. 
Laparocsopic appendectomy increased from 10% in 2001 to 52% in 2014, and the conversion rates decreased by 
half, from 4.9% to 2.3%. 

 
 
Figure 12. Cumulative risk of small bowel obstruction after paediatric appendicitis in Sweden. 
The cumulative incidence of small bowel obstruction requiring surgical intervention was <0.1% after laparoscopic 
appendectomy and 0.3% after open appendectomy (HR after laparoscopic compared to open appendectomy 0.27 
[95% confidence interval 0.11-0.63], p=0.002, adjusted for gender, age, year and appendicitis severity). 
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Study IV 
Cryptorchidism –risk factors for disease and for treatment delay 
Cumulative incidence of cryptorchidism up to 14 years of age was 1.4% (95% 
confidence interval 1.3-1.5%) (Figure 13). 

Prematurity, birth weight and intrauterine growth restriction were all associated with 
the incidence of cryptorchidism (Figure 14, Kaplan Meier curves). However, 
maternal age (p=0.42) and maternal smoking during pregnancy (p=0.19) were not 
considered to be independent risk factors for the condition. 

Each 30-minute increase in travel time to the treating hospital, adjusted for birth-
related risk factors and potential socioeconomic confounders, was associated with a 
reduced probability of being treated at 3 years of age (adjusted HR 0.91 [95% 
confidence interval 0.88-0.95], p<0.001) (Figure 15). 

The association between travel distance and age at treatment remained stable in all 
performed sensitivity analyses, and was robust to changes in classification of travel 
distance, to changes in age cut-off in the survival analysis and to the introduction of 
the Nordic Guidelines in 2007. 

 

Figure 13. Cumulative incidence of cryptorchidism treated with surgery among Swedish boys born in 2001-
2014. 
Of 748,678 boys born, 7351 cases of cryptorchidism were identified and evaluated for timing of surgical treatment. 
The 2-year birth cohorts were followed in Swedish healthcare registers until December 31, 2014. 
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Figure 14. Birth-related risk factors for cryptorchidism in Swedish boys born in 2001-2014; pregnancy length 
(left), birth weight (centre) and size for gestational age (right). 
The cumulative incidence among 748,678 boys, in percentages.  

 

Figure 15. Multivariable estimates of association between travel time by car to the treating hospital and the 
probability of being treated at 3 years of age among all boys treated for cryptorchidism in Sweden 2001 and 
2011 (minimum 3 years of follow-up). 
Estimated associations between all dependent variables included in the multivariable Cox regressoin model. The 
model was adjusted for study year and stratified by county of residence. 
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Study V 
Paediatric appendicitis – Cumulative incidence and risk factors for complicated 
disease 
The incidence of appendicitis up to 18 years of age was 2.5% (Figure 16). 
Complicated appendicitis accounted for 17% of all cases of paediatric appendicitis 
[95% confidence interval 16.6 to 17.4%], with no gender differences (Figure 17). 
The risk of complicated disease peaked in the youngest children, and decreased by 
age. 

The caseload volume of paediatric appendicitis in the seven university hospitals 
remained unchanged between 2001 and 2014. The number of non-university 
hospitals providing treatment for paediatric appendicitis decreased from 54 to 44 
hospitals during the study period, and the median annual caseload volume decreased 
from 35 [IQR 19 to 59] to 24 [7 to 39] (B=-0.77 [95% confidence interval -1.19 to 
-0.35], p<0.001). 

There was no evidence of a linear association between travel time to hospital by car 
and the risk of complicated appendicitis in Swedish children (adjusted for age, 
gender, place of treatment, year and socioeconomic variables: OR 1.00 [95% 
confidence interval 0.96 to 1.05], per 30-minute increase in travel time, p=0.93) 
(Figure 18). 

 

Figure 16. Age-specific incidence of appendicitis in Swedish children 0-18 years of age, 2001-2014.  
Adjusted for age and study year, boys had 27% [95% confidence interval 25-30%]) higher incidence than girls 
(p<0.001). 
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Figure 17. Uncomplicated and complicated paediatric appendicitis in Swedish children 0-18 years of age, 2001-
2014.  
Left axis (black line): Complicated appendicitis as a proportion of all cases of paediatric appendicitis. Right axis: Age-
specific incidence of uncomplicated and complicated appendicitis in age 0-18 years. 

 

Figure 18. Multivariable effect estimates of travel time to treating hospital on the risk of complicated 
appendicitis in Swedish children 0-18 years of age, 2001-2014. 
Model stratified by county of treatment and adjusted for socioeconomic determinants, age and year. 
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Discussion 

Incidence, outcome and access of paediatric surgery 
In this thesis, three aspects of surgery and public health have been targeted for the 
paediatric population in Sweden: 

1) The incidence of surgical care for children has been placed in relation to the 
entire population. 

2) Disease-specific incidences and outcomes, in terms of surgical-related risks, 
have been analysed for one congenital condition (cryptorchidism, requiring 
non-emergency surgical care), and one acute condition (appendicitis, 
requiring emergency surgical care). 

3) Access to paediatric surgery has been evaluated by estimating geographical 
and socioeconomic risk factors for delayed surgical treatment or disease 
progression, respectively, in one elective and one emergency paediatric 
condition. 

In summary, the studies presented in this thesis suggest that: 

a) The need for surgery on a population level was even greater than previous 
estimations had indicated. 

b) Surgery affected 1 in 20 children every year of childhood on average, and 
1 in 4 hospitalised children underwent surgical procedures. 

c) One in 55 boys was treated for cryptorchidism, and 1 in 40 children was 
treated for appendicitis. Overall, the surgery-related risks for these two 
conditions were low. 

d) The risk of morbidity after appendicitis increased substantially after 
complicated appendicitis, with more postoperative infections, readmissions 
and reoperations, and higher risk of later small bowel obstruction. 

e) There was an access gradient to timely treatment for cryptorchidism by 
increasing distance to treatment facility. Such a gradient was not seen in 
paediatric appendicitis. 
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Methodological considerations and limitations 
The studies performed in this thesis all have their associated strengths and 
limitations that affect the validity and generalisability of the results. These 
considerations need to be addressed in order to interpret the results correctly and 
draw balanced and sound conclusions. This chapter provides a general discussion 
on these aspects, with special regard to methodology and suitability of the chosen 
study designs. 

Validity of data sources 
The five studies in this thesis are based on longitudinal data, collected from national 
healthcare and administrative registers. Data in these registers were longitudinally 
collected; the data points were collected in chronological order and the complete 
trajectory of each individual’s course of life was not known at the time of inclusion 
in the registers.28 In terms of coverage and accuracy, these registers are excellent 
and highly reliable sources of information. 

The Register of the Total Population is considered to provide virtually complete 
coverage of births and deaths in Sweden (127). The Medical Birth Register includes 
all births in Sweden with few exceptions, and with very few missing data for birth 
characteristics and maternal risk factors (Table 6). The National Inpatient Register 
covers close to 100% of inpatient care and 85% (2007) of specialised outpatient care 
and day surgery, and >99% of primary diagnosis are reported to the register 
correctly (133,134). Dates of admission and discharge from hospital care or dates 
of visits to outpatient clinics are highly accurate. Nonetheless, even if overall 
coverage is good in most registers, parts of them may be incomplete and missing 
data can be a real problem for some variables.29 

The accuracy in the administrative registers is expected to be high, as the registers 
are based on the taxation authorities and public services reports, including the 
public-funded education system and social services. Nonetheless, under-reporting 
of incomes and other financial assets must be expected to some extent and 
unemployment may be voluntary and not always captured by the authorities. 
Consequently, the true validity of the administrative registers is unknown. 

                                                      
28 The inclusion in the Swedish Cause of Death register being an exception, as this de facto defines a 

completed life trajectory. 
29 The variable indicating ‘date of surgery’ in the National Patient Register was only available for a 

minority of inpatient care for appendicitis in children, and the anaesthetic codes were virtually 
not registered in these patients (unpublished data). 
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Data coverage is related to incitements to systematically fulfil reports and conduct 
registrations. Even if the reporting of surgical procedures in outpatient care has been 
mandatory by law since 2001, the coverage was progressively increasing initially 
and reached 85% by 2006. On the other hand, incitements such as financial and 
other benefits may promote rigorous reporting, particularly if economic profit is to 
achieved. 

Table 6. Data coverage of birth characteristics and maternal risk factors in the Medical Birth Register. 
All registered male births in Sweden 2001-2014 (n=728,678). 

MBR variable Data records in MBR Missing data, n (%) 
Births 748,678 - 
Birth weight (grams) 747,240 1438 (0.2) 
Size for gestational week 748,678 0 
Length of pregnancy 748,363 315 (<0.1%) 
Maternal age 748,674 4 (<0.1%) 
Maternal smoking status 701,616 47,062 (6.3%) 

 

To what extent the considerable increase in outpatient care, seen in study I, can be 
explained by shifts in reporting propensity is not known. 

Register studies come with inherent limitation in granularity. In studies IV and V, 
parental education is categorised as attendance to compulsory school only (<10 
years of studies), high school education (10-12 years of studies), or higher education 
(>12 years of studies). These categories were chosen in the studies, as they reflect 
levels of formal education for most people in Sweden, but do not necessarily capture 
all forms of education or skills. There may also be some miss-classification as only 
completions of educations are registered, and people may have attended longer 
educations than indicated in the registers. 

Misclassification of data may introduce a serious threat to validity in the geographic 
information system (GIS) analysis of estimated travel times to the treating hospital 
(study IV and V). In the GIS analysis, the estimated travel times by car from the 
population centroid30 of each SAMS area31 to the geo-coordinates of the treating 

                                                      
30 Children 0-18 years of age defined the population in each area, and the centroid was calculated as 

this population density centre. 
31 Small Area for Market Studies (SAMS) is a system of rather small geographical areas, defined by 

the Statistics Sweden and used since 1994, that allows the analysis of demographical and 
socioeconomic distribution in the population with a rather high geographical granularity. There 
are just over 9200 defined SAMS areas in Sweden, with 80% of the areas covering 500-4000 
inhabitants and an average of 1000 inhabitants. The system provides rather high granularity (there 
are 128 SAMS areas in Stockholm City) but has been criticised for large variations (Gothenburg 
has 876 SAMS on a similar area, and Surahammar 33 SAMS). The SAMS areas are to be 
replaced by the Demographic Statistical Areas (DeSO, Demografiska statistsikområden), a new 
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hospital were calculated, using the road net as it was in the year of the diagnosis, 
considering speed limits, stop signals and turns as they were then. This estimation 
is expected to be rather accurate under the assumption that the child lived at the 
registered address at the moment of diagnosis. If this assumption is not fulfilled, the 
GIS analysis will be invalid. 

It is all about definitions 

Incidence of surgery 
Register content needs to reflect the reality in order to be useful, and when 
interpreting register-based studies, it is important to understand to what extent this 
is fulfilled. The studies in this thesis are all sensitive to misclassification, and to 
interpretation errors. 

In study I, major surgery was defined as any procedure listed in chapter A-Q of the 
Nordic Medico-Statistical Committee (NOMESCO) Classification of Surgical 
Procedures (NSCP) version 1.16 (135). This definition of surgery excluded 
procedures listed in Table 7 from the analysis, yet there may be specific procedures 
found in chapter A-Q that occasionally, or never, should be considered as major 
surgery by most physicians. 

Table 7. Definition of major surgery and exclusion of other surgical and investigative procedures in study I. 
As defined by the Nordic Medico-Statistical Committee (NOMESCO) Classification of Surgical Procedures (NSCP) 
version 1.16 . 

NOMESCO NSCP version 1.16 
Chapter(135) 

Description of procedures Major surgery in study I 

Chapter A-Q Disease-sepcific or organ-
specific invasive procedures 

Yes, analysed for primary 
outcome 

Chapter T Superficial incisions 
Excisions 
Punctures 
Needle aspirations 
Needle biopsies 

No, reported separately. 

Chapter U Endoscopies No, reported separately 
Chapter X Radiological investigations No, reported separately 
Chapter Y Procedures related to transplant 

of organs or tissue 
No, reported separately 

 

Outcome and access of paediatric surgery 
Cryptorchidism and appendicitis are defined by their specific ICD-10 codes. In 
studies III and V, acute appendicitis was classified by disease severity as either 

                                                      
system for geographical analyses; the DeSO, containing 5985 areas of rather equal population 
sizes but less geographical granularity (149). 
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complicated or uncomplicated (Table 8). In study III, levels of appendicitis severity 
were assigned as the exposure, and in study V, they represented the outcome. 
Grading of appendicitis severity from ICD-codes is not straightforward, however. 
Both these studies are therefore sensitive to misclassification of several reasons, 
outlined in Table 9. In this context, a validation of the clinical subtypes of 
appendicitis by their respective ICD-10 codes would be valuable to assess the 
correlation between the diagnostic code and the severity of disease. However, such 
validation would require access to medical records. 

Table 8. The categorisation of appendicits severity in study III and V ws based on ICD-10 codes. 
The Swedish version of ICD-10 was revised in 2010, and the classification and coding of appendicitis changed from 
being based on radiological, perioperative or pahtological findings, such as abscess or perforation of the appendix, to 
clinical findings, such as abcence of peritonitis, localised or generalised peritonitis. 

Appendicitis type ICD-10 (2001-2009) ICD-10 (2010-2014) 
Complicated K35.0 (with generalized peritonitis) 

K35.1 (with abscess) 
K35.2 (with generalised peritonitis) 

Uncomplicated K35.9-K37.9 (other forms of appendicitis) K35.8-K37.9 (other forms of appendicitis) 

 

In studies II and III, the risks of surgical site infections were studied. Estimations of 
postoperative infection rates in register-based research are highly dependent on the 
definition of a postoperative infection, and how well these are captured in the 
registers. In study III, the postoperative infection rate was 5.9% in complicated 
appendicitis, and 2.3% in uncomplicated appendicitis. These are reasonable rates 
when compared to some register-based studies of paediatric appendicitis (136). 
However, in studies where wider definitions of surgical site infections were used, 
or with active follow-up in medical chart records and telephone questionnaires, 
much higher rates have been reported: 20-30% for complicated appendicitis and 5% 
for uncomplicated appendicitis (136–139). 

In this thesis, the definition of surgical site infections included patients who had 
either a registered diagnostic code of infection related to surgery (ICD-10 code 
T81.4) within 30 days from discharge from any hospital or specialised outpatient 
clinic, or a prescription within Sweden of any of the antibiotics used for surgical site 
infections within 30 days of discharge. This definition is likely to capture most 
surgical site infections of clinical significance (i.e. severe enough to render clinical 
follow-up at a specialised clinic, or treatment with antibiotics, or a re-admission to 
the hospital). However, this definition excludes cases where patients were able to 
treat the infection by themselves, or with the aid of primary care, and where no 
antibiotics were prescribed. 

Finally, as complicated appendicitis is more likely to be treated with antibiotics to 
prevent abdominal complications related to appendicitis perforation, it is possible 
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that the rates of surgical site infection following complicated appendicitis have been 
underestimated to some extent. 

Table 9. Sources of misclassification of appendicitis subtypes in the National Patient Register. 
Potential explanations for variations in accuracy of diagnosis, and hypothesised direction of the error. 

Source of 
misclassification 

Likely direction of error Rational 

Judgement errors by 
the surgeon 

Any  Ignorance of symptoms or findings,  
or over-interpretations of symptoms and findings may 
cause individual cases to be misclassified as more (or 
less) complicated than motivated. 

Reporting bias Towards more 
complicated disese 

Individual surgeons may systematically report more 
severe disease than motivated by the symptoms. 

Any Local traditions of describing symptoms or applying 
diagnostic codes may systematically bias the 
classification of complicated disease in some clinics. 

Coding errors Any Stress, ignorance or lack of interest in proper coding by 
the surgeon. 
Ignorance or mishaps by the clinical administrator when 
reporting clinical data to the register. 

Changes in 
classification of 
appendicitis subtypes 

Towards less complicated 
disease 

The revision of the Swedish version of ICD-10 in 2010 
introduced appendicitis with local peritonitis as a 
subtype, and appendicitis with abscess was removed as 
an subtype of appendicitis. Most surgeons would 
consider appendicitis with an abscess as a complicated 
subtype, whereas local peritonitis is not necessarily 
complicated. Thus, the change in coding caused a 
systematic reduction of appendicitis cases being 
classified as complicated in the registers. 

 

Study design suitable for the questions asked?  

Observational studies of longitudinal register data 
The five studies presented in this thesis share common properties: all are register-
based, observational studies of longitudinal data. It is worth pointing out that the 
data were collected prospectively, so that individuals in the cohorts were followed 
longitudinally in the registers, from the time of inclusion to the event of interest, 
censoring or death. Yet, the study designs impose limitations and even if trends and 
associations can be estimated quite accurately, it is not possible to derive causal 
relationships in these studies, and reported incidences are to be considered 
estimates. 

Calculations of incidence rates 
Incidence rate is, as mentioned previously, the number of events in a designated 
population per person and unit of time. In this thesis, estimates of incidence have 
been derived using various methods and accuracy: 

a) In study I, incidences of major surgery were estimated in an open cohort of 
an entire population. 
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b) In studies II and V, the incidences of treatment for cryptorchidism and 
appendicitis, respectively, were estimated in an open national cohort of 
children. 

c) In study III, the cumulative incidence of small bowel obstruction was 
estimated with survival analysis in a cohort of children treated with 
appendectomy, with prospective follow-up in the national healthcare 
register. 

d) In study IV, the cumulative incidence of treatment for cryptorchidism was 
estimated using survival analysis in a total population of boys, with 
prospective follow-up in the national healthcare register. 

The accuracy of incidence calculations is the product of the accuracy in recorded 
events and to what extent the population at risk is defined properly. These aspects 
need to be considered when incidences are interpreted.  

In study I, the minimum number of events recorded in the register may rather 
accurately reflect the reality in the surgical clinics reporting to the register, yet some 
healthcare providers did not report at all and thus the true incidence would be higher 
than estimated. Furthermore, the background population was an open cohort of 
Swedes, and individual level data were not available, and none-Swedish citizens 
visiting the country were at risk of seeking medical care as well. Thus, the 
population at risk was not well defined, and the Swedish population was merely a 
proxy for the true population at risk in study I. 

In studies II and study V, the definition of the population at risk was again slightly 
problematic due to the non-individual data of the background population. In these 
two studies, however, the error was reduced as only Swedish-born children were 
eligible for inclusion and outcome. 

Unlike studies I, II and V, estimations of incidences in studies III and IV, were 
highly reliable. The exact population at risk was known from the start of follow-up 
and throughout the study periods, and the outcomes were likely to be captured in 
the registers.  

It is worth pointing out that the method chosen in studies II and V allowed for 
calculation of cumulative incidence until 18 years of age, but the estimates were not 
completely accurate. In contrast, the method chosen for incidence analysis in studies 
III and IV is highly accurate, but limited in the sense that full follow-up is required 
during the entire study period for incidence calculations. The cumulative incidence 
in studies III and IV could therefore only be reported up to the age equal to the 
length of the study period (i.e. 14 years of age, from the beginning of 2001 to the 
end of 2014). 
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Observational studies and causality 
In study III, the estimated associations between laparoscopic appendectomy and 
fewer surgical site infections, and also reduced risk of small bowel obstruction, was 
of particular interest. Yet, it is not possible to determine if the observed association 
represents a causal relationship. Even if the association seems plausible and there 
was a temporal association between the exposure (which was the treatment 
modality), and the outcome (which was the risk of adverse events during follow-
up), and even if several possible confounders were controlled for in the analysis, 
other factors not captured in the registers may still explain this observed association. 
The surgeon’s decision of treatment modality (for example open versus 
laparoscopic appendectomy) is not random, in general. There may have been a 
systematic skewness in this decision, so that children with milder symptoms were 
more likely to be treated with laparoscopic appendectomy, whereas more worrying 
cases, in terms of comorbidities or symptoms, were chosen for open appendectomy 
to reduce perioperative risks.32 Furthermore, as the propensity for postoperative 
follow-up may be higher after open appendectomy or converted procedures, than 
after laparoscopic procedures, there may be a selection bias33 in which cases are 
clinically evaluated for surgical site infections. 

Randomised trial – a costly dream in epidemiology 
To avoid selection bias, the preferred study design to capture outcomes such as 
postoperative risks by treatment modality, would be a randomised trial where 
eligible cases for any of the treatment modalities of interest were assigned one of 
the treatment modalities in a randomised pattern, and followed for complications. 
Given the low expected rates of adverse outcomes, a randomised study for this 
research question would require inclusion of a large cohort of children, which is a 
costly and time-demanding process. 

Selection bias, confounding and sensitivity analyses 
There are several threats to the internal validity in the studies presented in the thesis. 
The study designs, being observational in nature, and the data sources, being 
registers rather than first-hand information or journal transcripts, open up for 
different sources of bias and confounding. 

In this section, the validity of the results reported in this thesis will be discussed, 
and the following potential sources of bias and confounding will be addressed: 

                                                      
32 This systematic skewness is commonly referred to as confounding by indication. We return to this 

term later in the chapter. 
33 Selection bias will be discussed later in this chapter. 
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a) Selection bias is a common and serious threat to the validity in all 
observational epidemiological studies and may cause the observed study 
sample to differ systematically from the background population in 
important aspects. The risk is considerable in cohort studies, but also to 
some extent in total population studies.34 

b) Reporting bias is relevant in all register studies, even if the risk may be 
reduced in registers with prospective inclusion and follow up as compared 
to retrospectively collected datasets. 

c) Misclassification of variables may systematically skew the data in registers. 
Both reporting bias and misclassification are especially relevant in cases 
where the data collection has dual purposes, such as quality comparisons, 
or financial benefits linked to the registration of data. 

d) Confounding may arise when there is a propensity for one particular 
exposure among patients who exhibit certain characteristics (such as a risk 
factor, that may not be captured properly in the data), and when this 
exposure is also associated with the outcome.35 This includes confounding 
by indication (in several aspects closely related to selection bias), and 
unmeasured confounding. 

Risk of selection bias, reporting bias and misclassification in studies II-V 
Selection bias can be introduced at multiple levels in observational epidemiological 
studies. Even a representative study cohort, such as a total population, may still be 
subject to selection bias on other levels. It is possible that some groups of individuals 
(for example an individual possessing a certain risk characteristic, a beneficial 
background or whatever) systematically are selected for more interventions or 
screened for more outcomes. Consequently, selection bias may have skewed the 
results of postoperative adverse events in study III (see also the discussion on 
Observational studies and causality above). 

Selection bias may also have skewed the results in study IV, in which the age at 
treatment was assessed by levels of the distance to the hospital. Travel distance to 
the hospital could only be estimated accurately for those children who de facto had 
the treatment. Therefore, the cohort analysed for this outcome included only those 
children who successfully manged to receive medical attention for correct diagnosis 
and treatment. It is possible that some cryptorchid children actually remained 
undiagnosed throughout the study period, and if these children differed 
                                                      
34 What is to be considered a total population may be up for debate and is usually sensitive to the 

research question and the intended application of the results. 
35 Confounding is by definition the occurrence of an independent risk factor for the outcome, that has 

a systematically imbalanced distribution in the studied exposure groups (150). 
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systematically from those receiving medical attention (such as living relatively close 
to the hospital, or living in a relatively wealthy family), a selection bias may have 
been introduced that potentially could explain away to the observed associations of 
travel distance and income on the age at surgery. 

Reporting bias is commonly referred to when some events are more likely to be 
reported than others. Reporting bias may have been present in the coding process of 
appendicitis severity (studies III and V), either by the physician responsible for the 
coding, or influenced by local clinical routines. This reporting bias may have caused 
misclassification of appendicitis severity in the National Patient Register. If more 
severe types of appendicitis were reported systematically following open or 
converted appendectomy (to motivate the more invasive procedures), we would in 
fact expect the results to be biased towards fewer adverse events following open or 
converted appendectomies. 

Risk of confounding of results in study III-V 
Confounding by indication may have skewed the results in study III, so that the 
association between treatment modality and risk of postoperative adverse events 
became inflated. As mentioned earlier in this chapter, the decision of suitable 
treatment modality for the appendicitis is made for each individual rather than at 
random, yet gradients in appendicitis severity are not easily captured by the register 
data. A systematic propensity towards laparoscopic appendectomy in suitable cases 
without risk factors, and towards open appendectomy in cases with comorbidities, 
previous history of abdominal surgery or other factors that increase the general risks, 
may explain some of the observed associations. 

Related to confounding by indication, unmeasured confounding is a relevant source 
of error in observational studies (Text box 9). In this context, unmeasured 
confounding relates to hypothetical remaining factors that may explain away part 
of, or the entire observed association between the exposure and the outcome. In 
studies III and V, we were not able to adjust for comorbidities and other risk factors 
that have been shown or suggested to impact the probability of timely treatment or 
risk for more complicated disease.36 

In the GIS analyses (studies IV and V), we were not able to adjust for the fact that 
some children may have been referred further away to a paediatric surgery centre to 
receive timely (i.e. early) treatment, and consequently these children were classified 
as living far from the treating hospital. This may explain the (unadjusted) 

                                                      
36 The few known or suggested risk factors for complicated paediatric appendicitis include the 

radiological or perioperative finding of faecalith (a solid faecal concrement causing obstruction in 
the appendiceal lumen), whereas co-morbidity of IgE-mediated allergies, and a history of prior 
healthcare visits indicating connectivity to the healthcare system have been associated with lower 
complication rates (86,103).  
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observation that the treatment age among those with longest distance to the hospital 
was equal or even more optimal, than for those living close to the treating hospital 
(Figure 19). 

 

 

Text box 9 
 
Unmeasured confounding and the use of E-value 
Causality can generally not be claimed from observational studies, even when a temporal association are found. 
The reason is that observational studies are vulnerable to various forms of bias (of which selection bias may be the 
most serious threat to validity in general) and confounding; Even if multiple relevant variables have been adjusted 
for, there may be residual explanations for an association that have not been captured by the included variables in 
the data. The term unmeasured confounding is used for unknown, and more or less plausible factors, that 
influences both the exposure and the outcome, and may explain away some or all of an association in observational 
studies. 
There are methods to assess how sensitive an observed association is to unmeasured confounding. The 
calculation of the E-value provides such a measure.(Vanderweele, 2017) Even if the true size and the direction is 
unknown for a particular unmeasured confounder, the E-value method estimates how much such a confounder 
would need to be associated with the exposure and the outcome, to explain away the observed main association. 
It is worth to point out that the method assumes the presence of only one unmeasured confounder, and that it is 
associated equally to both the exposure and the outcome, even if this is a simplification of reality in most cases. 
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Figure 19. Travel time to the hospital and the probability of having been treated for cryptorchidism. 
Swedish boys treated for cryptorchidism (2001-2009), with a minimum of 5 years’ follow-up. 

An interesting observation in study V, which may as well be attributed to an 
unmeasured confounder, was the finding of a non-linear association between travel 
time to the treating hospital and the risk of complicated appendicitis in children. As 
previously presented in the Result chapter, the primary multivariable logistic 
regression analysis suggested no dose-response association (linear trend) in the risk 
by levels of travel distance. However, in the sensitivity analyses, where the 
categories of 30-minute intervals in travel time to hospital were considered 
categorical (nominal scale) rather than ordered categorical (ordinal scale), the 
multivariable estimates indicated an increased risk for those children living 
approximately half an hour from hospital, as compared to those living less than 30 
minutes, or more than 1 hour, from the hospital (Figure 20A). These results were 
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even more granularly reviled when travel time was categorised in quintiles instead 
of fixed intervals (Figure 20B). It is possible that this non-linear trend would be 
explained by an unmeasured risk factor for complicated appendicitis, that is 
geographically unequally distributed in the population. The results in Figures 20A 
and 20B suggest that this yet unknown risk factor (perhaps just not captured in our 
data?) for complicated appendicitis would be most abundant in the population living 
10 minutes to 60 minutes from the hospital. 

  

Figure 20A. Sensitivity analysis with travel time as 30-minute categories. Association between travel time to 
the treating hospital and the risk of complicatred appendicitis in Swedish children, 2001-2014. 
Multivariable logistic regression model with socioeconomic determinants of health in the model as dependent 
variables. Model adjusted for age, gender and year, and clustered by county of treatment. 
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In order to explain away the entire observed association between travel time and the 
risk of complicated appendicitis (i.e. an adjusted odds ratio of 1.18 [95% confidence 
interval 1.04 to 1.34] for distances in the interval of 21 to 34 minutes by car to the 
hospital, see Figure 20B), the derived E-value suggests that this unknown factor 
would need to be associated with both the travel time to the hospital and disease 
severity with a odds ratio of 1.6-fold each (and 1.2-fold for the 95% confidence 
interval) (140).  

  

Figure 20B. Sensitivity analysis with travel time in minutes categorised as quintiles. Association between travel 
time to the treating hospital and the risk of complicated appendicitis in Swedish children, 2001-2014. 
Multivariable logistic regression model with socioeconomic determinants of health in the model as dependent 
variables. Model adjusted for age, gender and year, and clustered by county of treatment. 
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Whether this unknown risk factor or unmeasured confounder would be medical or 
socioeconomic in nature, remains to be clarified. Baxter et al suggested higher 
connectivity to healthcare services as a protective factor in a large cohort of 
privately insured children in the USA (86). However, no such association was seen 
in a cohort study of all paediatric appendectomies in our tertiary paediatric surgery 
centre in Lund (103). 

Sensitivity analyses 
To test robustness of results in the presented studies in this thesis, several sensitivity 
analyses have been performed. 

a) Subgroup analyses have been performed (study IV) to test robustness to 
changes in the setting or classification frames; the introduction of new 
clinical guidelines for treatment of cryptorchidism in 2007 had a dramatic 
impact on the median age at treatment (as observed in study II). Therefore, 
a sensitivity analysis of robustness of results to this organisational shift was 
performed in study IV and the results indicated that the multivariable 
association between travel time and the probability of being treated at 3 
years of age remained stable despite this shift. 

b) Subgroup analyses have been performed (study III and V) to test robustness 
to the changes in the coding of appendicitis subtypes in the ICD-10 revision 
in 2010. 

c) Multiple imputation analyses have been performed (study II) to assess 
whether missing data were likely to impact the results. 

d) Multiple sensitivity analyses were performed (study IV and V) to test 
robustness in results to changes in classification of social determinants of 
health. The estimated associations between travel time and the risk of 
complicated appendicitis, and treatment age at cryptorchidism, 
respectively, were stable to changes and granularity in the classification of: 

i. Education (to six categories instead of three), 

ii. Parental migration status (to five categories instead of three) and 

iii. Categorisation of age (continuously, 3-year or 5-year age intervals). 

e) Multiple sensitivity analyses were performed (studies IV and V) to test 
robustness in results to changes in classification of the exposure (travel time 
to hospital was categorised in 30-minute intervals, in quintiles and as a 
continuous variable) and changes in the cut-off age for treatment in the 



86 

survival analysis (censoring at 2 years, 3 years and 5 years of age). The 
results remained largely stable.37 

Generalisability – the external validity 
The studies presented in this thesis may be rather accurate reflections of healthcare 
provided for children in Sweden. However, as indicated in the introduction and 
background, population characteristics, societal structures and healthcare provision 
in Sweden differs in several aspects from other countries. This needs to be 
considered when results from these studies are interpreted, and extrapolations to 
other populations and different settings must be made with great caution. 

Few countries in the world offer universal healthcare free of charge for their 
children, and this affects the generalisability of the results from the studies on 
incidence of surgery (study I) as well as on access to timely care (studies IV and V). 
The relative high incidence of surgery found in the Swedish population may not be 
confirmed in countries where healthcare is limited or expensive for some groups of 
the population, such as the elderly or those outside the labour market. Complication 
rates reported in healthcare registers may be sensitive to costs for seeking care, and 
also to expectations of provided care to some extent. Timely treatment and effects 
of travel distance are expected to be more differentiated in healthcare systems where 
the financial barriers are higher. 

Beyond the aims 
The research questions addressed in this thesis concerns general and specialised 
surgical care for children and relates to the local and regional organisation and 
distribution of surgical facilities in Sweden. However, this thesis does not claim to 
address the organisation and distribution of highly specialised paediatric surgery 
that is eligible for national centralisation, as defined by the Swedish Board of Health 
and Welfare and includes rare congenital anomalies such as congenital 
diaphragmatic hernias, oesophageal atresia and advanced anorectal and genito-
urinary malformations (7). Nor does this thesis address advanced paediatric surgical 
care in conditions requiring multi-disciplinary approach to a large extent, such as 
neonatal surgery and paediatric oncology. 

                                                      
37 Of particular interest, however, was the estimated association between travel time and risk of 

complicated appendicitis (study V) when travel time was categorised by quintiles. See discussion 
earlier in this chapter, and Figures 20A+B. 
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It is beyond the aims of this thesis to address centralisation in terms of minimum 
critical annual exposure to surgical procedures (case-load volumes) to maintain and 
transfer competence at a healthcare provider level or organisational level. 
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Significance 

Putting pieces together 
The overall aim of this thesis was to frame paediatric surgical care in Sweden in 
terms of incidence of all types of surgery in children, treatment outcomes and timely 
access to surgical care. 

In summary the obtained results from the conducted studies suggested that 
paediatric surgery affected 1 in 20 children every year on average, throughout 
childhood. The incidence of any major surgery for children was at least 6784 
operations per 100,000 person-years [range 6784 to 8515], and the incidence 
reached 21,152 operations per 100,000 person-years for adults [range 21,152 to 
25,806]. 

The results suggested that surgery in outpatient settings provided a considerable 
contribution of the national volume of surgery in the Swedish population for both 
children and adults. 

In the case of cryptorchidism, the most common genital anomaly in boys, only a 
fraction of all boys with the diagnosis were treated before 1 year of age. This was 
remarkably low, considering the known risks of future testicular malignancies and 
reduced fertility, and the explicit recommendations of early treatment in the current 
guidelines. 

One in 55 Swedish boys (1.4%) were diagnosed and treated for cryptorchidism up 
to 14 years of age, and at 18 years of age, approximately 1.8% were treated. Even if 
the treatment age varied largely within the country, the overall surgical-related risks 
appeared low, with no regional variations; virtually no mortality was observed and 
a 1.4% risk of surgical site infection after the surgery was detected. 

In the case of appendicitis, the most common cause of emergency abdominal 
surgery in children, approximately 1 in 40 Swedish children (2.5%) have had the 
condition during childhood, and 1 in 235 children had experienced a severe form of 
appendicitis. Even if the general risk for complications were low, those children 
with complicated appendicitis faced twice as many postoperative infections and a 
many-fold increase in risk of readmission during the first month after surgery. 
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Furthermore, they also faced a many-fold increase in the risk of surgery due to small 
bowel obstruction later on. 

Postoperative risks were not only related to the appendicitis severity; also type of 
operative treatment seemed related to the risk of complications. Even if the validity 
of these results was less certain, as they were vulnerable to confounding, a strong 
association was detected between treatment modality in appendicitis and the 
immediate as well as the later risk for complications, so that fewer complications 
were seen after laparoscopic appendectomies compared to open appendectomies. 

Finally, the results presented in this thesis suggested that children with a long 
distance to the surgical facility that provided the treatment were treated later for 
cryptorchidism. This finding was also stable when multiple risk factors and potential 
social determinants were adjusted for. No such clear association was found in 
paediatric appendicitis. 

Implications for future measures of surgery 
The transition from hospital-delivered surgical care to outpatient clinics and day 
surgery provision has revolutionised the Swedish healthcare system in slow motion. 
Yet, the extent of this transition has been unclear. As previous estimates of surgical 
output on population level are almost exclusively based on inpatient (i.e. hospital-
based) care, we hypothesised that the proposed annual basic surgical demands of 
5000 operations per 100,000 population were severely underestimated, and the 
demand for surgical care during childhood was previously not known. As presented 
in this thesis, estimations of the surgical output in the Swedish population were 
significantly greater than expected, mainly due to the inclusion of day surgery in 
this analysis. 

The Swedish population has a different demography, and the healthcare system is 
also rather unique, as compared to many other countries. These two circumstances 
may explain the relatively high incidences of surgery observed in Sweden. 
Nonetheless, the results indicated large variations in surgical incidence between 
males and females in different age groups. The specific incidences per age and 
gender are of particular interest, as these can be used for derivation of population 
need in countries with similar healthcare systems and disease panorama, and form 
the basis in projections of population surgical needs in countries where the 
demography is changing. 

In summary, the main conclusion from study I is that surgery provided in outpatient 
settings needs to be included in estimations of national output of surgery. 
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Implications for paediatric surgery in Sweden 
Results presented in this thesis suggest that complicated appendicitis in children 
increases the risk of serious complications such as surgical site infection and later 
surgery for small bowel obstruction. Even if efforts to provide timely and accurate 
diagnosis and treatment are warranted to avoid disease progression, no modifiable 
factor in particular has been identified that can prevent the risk of more severe 
appendicitis disease in children. 

There has been a trend during the last two decades towards more centralised, or 
regionalised, surgical treatment for paediatric appendicitis. The use of laparoscopy 
in the treatment of paediatric appendicitis has increased concomitantly. Even if 
Sweden has been relatively slow to introduce minimal-invasive techniques in 
paediatric appendicitis, as compared to other countries (141–144), laparoscopic 
appendectomy accounted for more than half of paediatric appendicitis treatments 
since 2014 and is now the most common treatment modality. The finding of a rather 
strong association between laparoscopic appendectomy and fewer postoperative 
complications is therefore of particular interest, as open appendectomy is still a 
relatively common treatment modality. It might be possible to reduce the 
postoperative risks further by advocating laparoscopic appendectomy as the first 
choice of treatment for children. Therefore, further clinical studies on the beneficial 
effects of laparoscopic appendectomy in children, as compared to open 
appendectomy, are encouraged. 

In the case of cryptorchidism, the results presented in this thesis (study IV) suggest 
that geographic access to healthcare matters; children with a longer distance to the 
surgical facility that provided the treatment were at an increased risk of having their 
treatment later, as compared to children with a shorter distance to the treatment. If 
distance to the surgical facility is a factor for timely cryptorchidism treatment in 
children, this needs to be considered in future planning of paediatric surgical care 
on a regional and national level. 

It is worth to point out that the evidence for geographic access being a determinant 
of optimal treatment in cryptorchidism, as presented in this thesis, is not sufficient 
to draw firm conclusions. Causality between distance to hospital and treatment 
delay cannot be claimed, as outlined in the Discussion chapter. Also, avoiding 
extrapolations to other diagnoses and other settings are paramount, as associations 
found in the case of cryptorchidism does not necessarily translate well to other 
settings. 

Nonetheless, very little evidence is available, and to my knowledge, no study has 
thoroughly and convincingly either confirmed nor rejected the hypothesis that 
geographic distance determines the probability of timely treatment in the case of 
elective or emergency paediatric surgery. Therefore, the true value of the results 
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presented in this thesis remains unclear. They need to be discussed, scrutinized and 
questioned in the light of further evidence. In the meantime, a humble 
acknowledgement of the lack of evidence when it comes to overall beneficial effects 
of centralizing surgical care may be appropriate. 
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Svensk sammanfattning 

Kirurgi och folkhälsa handlar om hur kirurgi bidrar till god hälsa i befolkningen, 
och berör frågor som var, när och hur kirurgisk vård bäst organiseras och utförs för 
att uppnå störst nytta. Detta avhandlingsarbete ägnas åt att studera just hur dessa 
frågor besvaras för barn i Sverige, med avsikten att förstå förutsättningarna för 
kirurgisk vård av svenska barn. 

Syfte 
Det övergripande syftet med detta avhandlingsarbete är att 

1) beskriva omfattningen av kirurgisk vård av barn ur ett nationellt perspektiv, 

2) beskriva förekomst och behandling av vanliga barnsjukdomar som kräver 
planerad respektive akut kirurgisk vård, samt de risker som den kirurgiska 
behandlingen kan medföra, 

3) beskriva hur organisatoriska riskfaktorer kan inverka på barns tillgång till 
optimal kirurgisk vård 

Studie I 
Studien sätter barnkirurgin i relation till övrig kirurgisk vård i Sverige. All sjukvård 
som producerats på svenska sjukhus, specialistmottagningar och inom dagkirurgin 
under åren 2006-2013 analyserades och volymen av kirurgi hos barn och vuxna 
dokumenterades. Incidensen av kirurgiska operationer i hela den svenska 
befolkningen beräknades för kvinnor och män i olika åldrar. Resultaten visade att 
8% av alla pediatriska sjukvårdskontakter (0-19 år), och 27% av pediatriska 
slutenvårdstillfällen, inkluderade någon form av kirurgi. Incidensen ökade varje år, 
och beräknades år 2013 till minst 6784 operationer årligen per 100,000 barn i 
åldrarna 0-19 år. Motsvarande siffra i den vuxna populationen var 21,152 
operationer årligen per 100,000. I genomsnitt opererades 1 av 20 barn varje år under 
uppväxten, medan i genomsnitt varannan 75-80-åringar opererades årligen. 
Dagkirurgin stod för minst två tredjedelar av all kirurgi år 2013 (intervall 67- 75%). 
Kvinnor, alla åldrar inkluderade, erhöll i genomsnitt 10% mer kirurgi än män. 
Studien visade att beräkningar av kirurgiska behov på befolkningsnivå bör ta hänsyn 
även till dagkirurgisk vård för att vara rättvisande. Tidigare beräkningar har 
underskattat behoven av kirurgi på populationsnivå och är således ej applicerbara 
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på ett höginkomstland som Sverige med en relativt åldrad befolkning och god 
tillgång till kirurgi och väl utbyggd dagkirurgisk vård. 

Studie II 
Kryptorkism (testikel som inte har utvecklats till korrekt läge) bör enligt gällande 
riktlinjer opereras före 12 månaders ålder, eller så snart därefter som möjligt. I 
studien beskrivs omfattningen, förutsättningarna och riskerna vid planerad kirurgi 
av kryptorkism hos svenska pojkar under åren 2001-2014. Förekomsten av 
kryptorkism beräknades i olika riskgrupper, och åldern vid kirurgi kartlades i olika 
delar av landet. Förekomst av laparoskopisk (”titthålskirurgisk”) behandling och 
dagkirurgi kartlades och risken för postoperativa komplikationer beräknades. 
Resultaten visar att en av 55 svenska pojkar (1.8%) opererades för kryptorkism före 
18 års ålder, och att de flesta som opereras (94.1%) är äldre än 12 månader vid 
operationen, med betydande geografiska skillnader i operationsålder. Riskerna med 
operationen är dock små oberoende av vart man opereras, med låg förekomst av 
sårinfektion (1.4%), utan några registrerade dödsfall inom 30 dagar efter 
operationen. 

Studie III 
Blindtarmsinflammation är en av de vanligaste orsakerna till akut bukkirurgi hos 
barn, och barn har relativt stor risk att drabbas av mer komplicerad 
blindtarmsinflammation (”sprucken blindtarm”) än vuxna. Även om tidigare mindre 
studier har visat hur det går efter behandling av blindtarmsinflammation hos barn så 
saknas det kunskap hur behandlingen utförs på nationell nivå, och det är oklart hur 
risken påverkas av sjukdomens svårighetsgrad samt om risken kan relateras till valet 
av behandlingsmetod. I studien inkluderades alla barn med blindtarmsinflammation 
i Sverige 2001-2014 (n=38,939) och grupperades efter blindtarmsinflammationens 
svårighetsgrad och efter vilken behandling som gavs. Resultaten visade att den 
genomsnittliga vårdtiden fördubblades vid komplicerad blindtarmsinflammation, 
och även om riskerna generellt är små så ökade risken markant för sårinfektion, 
återinläggning och ny bukoperation inom 30 dagar. Dessutom sågs en tydligt ökad 
risk för tarmvred hos de med mer komplicerad blindtarmsinflammation. Valet av 
operationsmetod visade sig kunna relateras till risken för sårinfektion och risken för 
tarmvred; färre komplikationer sågs efter laparoskopisk (”titthåls-kirurgisk”) teknik 
än vid öppen operationsteknik, och fler komplikationer sågs när en laparoskopisk 
operation konverterades till en öppen operation. 
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Studie IV 
Studie IV syftade dels till att så exakt som möjligt beskriva hur vanligt kryptorkism 
är hos svenska barn, och hur kända riskfaktorer påverkade förekomsten, och dels till 
att analysera om avståndet till sjukhuset inverkade på möjligheten till optimal 
behandling. I studien inkluderades alla pojkar som föddes i Sverige 2001-2014 
(n=748,678). Barnen grupperades utifrån kända riskfaktorer (graviditetslängd, 
födelsevikt och storlek för åldern, samt utifrån moderns ålder och rökvanor under 
graviditeten). Socioekonomiska förhållanden dokumenterades. Operationsålder 
dokumenterades för de som fick kryptorkism (n=7351), och analyserades med 
överlevnadsanalys. Avståndet till sjukhus beräknades för de barn som blev 
opererade. Resultaten visade att en av (1.4%) av alla svenska pojkar blev opererade 
för kryptorkism före 15 års ålder, med markant ökad risk hos förtidigt födda eller 
de med låg födelsevikt. När avståndet till sjukhus ökade, ökade också risken för 
försenad behandling, hänsyn tagen till socioekonomiska riskfaktorer (per 30-
minuters ökning, justerat för socioekonomiska riskfaktorer; HR 0.91 [0.88-0.95], 
p<0.001). Låg inkomst (p<0.001) och arbetslöshet (p=0.02) uppvisade samband 
med risken för sen behandling. 

Studie V 
Blindtarmsinflammation är en akut bukåkomma som snabbt kan utvecklas till ett 
allvarligt tillstånd om inte rätt behandling sätts in i tid. Operation är den vanligaste 
behandlingen. Studie V syftade dels till att beräkna hur vanligt förekommande 
blindtarmsinflammation är hos svenska barn, och dels till att analysera om avståndet 
till sjukhuset uppvisade samband med blindtarmsinflammationens svårighetsgrad. I 
studien inkluderades alla barn med blindtarmsinflammation i Sverige 2001-2014 
(n=38,939). De grupperades efter blindtarmsinflammationens svårighetsgrad, och 
avståndet från bostadsområdet till sjukhuset beräknades. Bakgrundspopulationen 
för incidens-beräkningen inhämtades från befolkningsregistret. Resultaten visade 
att blindtarmsinflammation var mycket ovanligt före skolåldern, men desto 
vanligare senare under uppväxten och att 1 av 40 barn (2.5%) i Sverige drabbas av 
blindtarmsinflammation före 18 års ålder. En av sex blindtarmsinflammationer hos 
barn (17%) var av mer allvarlig art, med en tydligt ökad risk hos de yngre barnen, 
men utan skillnader mellan könen. Under studieperioden reducerades antalet 
sjukhus som behandlade blindtarmsinflammation hos barn, och en relativt större 
andel av barnen skickades till universitetssjukhusen för behandling. Däremot sågs 
inget övertygande samband talande för att ökat avstånd till sjukhuset påverkade 
blindtarmsinflammationens svårighetsgrad, när hänsyn togs till övriga riskfaktorer 
och familjens socioekonomiska bakgrund.  
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Betydelse 
Kirurgisk vård utgör en betydande komponent av barnsjukvården, då motsvarande 
1 av 20 barn genomgår någon form av kirurgi varje år fram till vuxen ålder, och 
drygt var fjärde barn som vårdas på sjukhus genomgår någon form av kirurgiskt 
ingrepp. Generellt sett förefaller kirurgi hos barn vara behäftat med låga risker för 
komplikationer. Däremot är det förvånansvärt få pojkar som opereras i tid för 
kryptorkism, trots att operationen inte är akut och kan planeras med relativt god 
framförhållning. 

Vid akut blindtarmsinflammation hos barn ökar risken för komplikationer markant 
vid svårare former av blindtarmsinflammation. Likaså förefaller risken till viss del 
vara sammanlänkad med valet av operationsmetod, så att laparoskopisk operation 
medför färre sårinfektioner och lägre risk för tarmvred senare. Då bara hälften av 
operationerna utförs med laparoskopisk teknik i nuläget, kan det finnas vinster med 
att välja laparoskopisk operation i första hand. Nyttan av laparoskopisk 
blindtarmsoperation behöver dock först bekräftas även i kliniska studier. 

Resultaten antyder att geografiskt avstånd till sjukhus har betydelse för 
operationsåldern vid behandling av kryptorkism. Om detta samband kan bekräftas, 
har det betydelse för hur barnkirurgisk vård bör organiseras i framtiden, för att nå 
ut till befolkningen och förebygga avståndseffekter på den kirurgiska 
vårdkvaliteten. 

Sammanfattningsvis visas i avhandlingsarbetet hur förekomsten av kirurgi för barn 
och unga ser ut i Sverige, och vilka risker som kan ses vid planerad respektive akut 
kirurgi på barn. Avhandlingen har även visat på hur medicinska och geografiska 
faktorer samspelar i risken för sjuklighet och optimal behandling. 
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