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Background: The WHO and the World Bank ask countries to report the national volume of surgery.
This report describes these data for Sweden, a high-income country.
Methods: In an 8-year population-based observational cohort study, all inpatient and outpatient care
in the public and private sectors was detected in the Swedish National Patient Register and screened
for the occurrence of surgery. The entire Swedish population was eligible for inclusion. All patients
attending healthcare for any disease were included. Incidence rates of surgery and likelihood of surgery
were calculated, with trends over time, and correlation with sex, age and disease category.
Results: Almost one in three hospitalizations involved a surgical procedure (30⋅6 per cent). The
incidence rate of surgery exceeded 17 480 operations per 100 000 person-years, and at least 58⋅5 per
cent of all surgery was performed in an outpatient setting (range 58⋅5 to 71⋅6 per cent). Incidence rates
of surgery increased every year by 5⋅2 (95 per cent c.i. 4⋅2 to 6⋅1) per cent (P < 0⋅001), predominantly
owing to more outpatient surgery. Women had a 9⋅8 (95 per cent c.i. 5⋅6 to 14⋅0) per cent higher
adjusted incidence rate of surgery than men (P < 0⋅001), mainly explained by more surgery during their
fertile years. Incidence rates peaked in the elderly for both women and men, and varied between disease
categories.
Conclusion: Population requirements for surgery are greater than previously reported, and more than
half of all surgery is performed in outpatient settings. Distributions of age, sex and disease influence
estimates of population surgical demand, and should be accounted for in future global and national
projections of surgical public health needs.

Paper accepted 9 June 2017
Published online 13 November 2017 in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.10643

Introduction

Reliable information on the delivery of surgical services is a
new priority in advancing global health1. In 2015, all mem-
ber states of the WHO unanimously passed Resolution
68/15 calling for the collection of meaningful and reliable
measures on access to surgical care2. Initiatives to standard-
ize the reporting of such information include the core indi-
cators of the Lancet Commission on Global Surgery and
the Organisation for Economic Co-operation and Devel-
opment (OECD) consensus on surgical data collection3,4.
As a measure of the rising importance of surgical metrics,
the fundamental surgical indicator – number of surgical

procedures – was recently integrated into both the Global
Reference List of 100 Core Health Indicators promoted by
the WHO, and in the World Development Indicators by
the World Bank5,6.

A great challenge exists in quantifying surgical output
and need for surgery at the population level. In most parts
of the world, surgical procedure volume is unreported,
or unknown, and it has proven methodologically difficult
to benchmark population requirements for surgical care7.
Recently, national facility-based data registries in the USA
and New Zealand advanced understanding of rates of sur-
gical procedures for discrete disease categories8,9. How-
ever, these studies excluded large volumes of operations
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performed in the outpatient setting and the private sector,
and hence the public health requirement for surgical pro-
cedures at the population level is not yet fully known.

The purpose of this study was to quantify the com-
plete volume of surgical procedures for a population, and
to describe the relationship between age and sex and the
panorama of diseases requiring surgical intervention across
multiple healthcare settings. The intention was to mini-
mize sampling errors in a national cohort by including all
significant components of a comprehensive healthcare sys-
tem with low barriers to care, such as public and private
sectors, and all inpatient and outpatient care. The Swedish
National Patient Register was used to analyse healthcare
utilization, and to estimate the total need for surgical pro-
cedures and its distribution within a population.

Methods

This was a register-based cohort study of the entire
Swedish population. Data for all inpatient and outpatient
care in Sweden between 2006 and 2013 were retrieved
from the Swedish National Patient Register, which con-
tains prospectively collected demographic, administrative
and medical information, including primary and secondary
diagnoses, and procedure codes for every registered inpa-
tient admission or outpatient visit in both public and
private parts of the healthcare sector10–12. Aggregated
population data by age and sex were collected from Statis-
tics Sweden13. The Swedish National Board of Health
and Welfare provided ethical approval for the study. No
sensitive information was accessed. Only aggregated data
were collected and indirect disclosure was not possible.

Study setting

Sweden is a high-income country with a mean population
of 9 374 052 during 2006–201314,15. In 2013, the net
health expenditure per capita was US $5003 (€4402,
exchange rate 3 July 2017), of which 83⋅4 per cent was
publicly funded at a cost of 9⋅3 per cent of the gross domes-
tic product16. Governmental health insurance covers 100
per cent of the population, and most indicators of health
outcomes and quality of care are equal or above the OECD
average17,18. At any given time, there are 44 hospitals pro-
viding comprehensive emergency surgical care, with an
estimated 99⋅6 per cent of the population having access to
such hospitals within 2 h travelling time19. The number
of hospital beds has decreased during the past decade to
2⋅59 per 1000 population in 2013, which is just over half
of the OECD average of 4⋅84 per 100020. As citizens enjoy
equitable and high access to care, and because there are

well developed registers and administrative infrastructure,
Sweden is suitable for studies of population needs and
health service delivery16,21.

Inclusion and exclusion criteria

All patients who received any kind of inpatient or out-
patient care in Sweden between 1 January 2006 and 31
December 2013 were identified. Outpatient care included
day surgery and outpatient clinic visits, except primary
care, homecare and school care. Medical services not
covered by the Swedish healthcare jurisdiction, such as
private providers of aesthetically motivated procedures, do
not report to the register and were not included. Strictly
aesthetic procedures were reported to the register only
if they were performed within the healthcare sector and
coded according to the ICD-10 system. Primary diagnoses
were classified according to ICD-10, with three-digit
resolution22. Surgical procedures were classified according
to the Swedish version of the Nordic Medico-Statistical
Committee (NOMESCO) Classification of Surgical Pro-
cedures version 1.16, with three-digit resolution (chapters
A–Q)23. A heterogeneous group of additional procedures
were not included in the overall analysis, but reported
separately from the open data sets provided by the Swedish
Board of Health and Welfare: superficial incisions, punc-
tures, needle aspiration and needle biopsies (chapter T);
transluminal endoscopy through natural or artificial body
orifices (chapter U); ultrasonography and other investiga-
tive procedures connected with surgery (chapter X); and
the procurement of organs or tissue for transplantation
(chapter Y)24,25.

Definitions

The terms ‘admission’ and ‘hospitalization’ were used syn-
onymously for inpatient care, and the term ‘visit’ was used
for outpatient care and day surgery. Medical doctors coded
all the care events. The primary diagnosis was considered
the cause of surgery. Admissions and visits were unique and
individual patients may have presented multiple times dur-
ing the study interval.

The incidence rate of surgery was the annual number of
operations per 100 000 person-years and the population
denominator for each year was the mean for the official
Swedish population at the beginning and end of the year14.
The data source detailed the total number of surgical pro-
cedure codes per admission, which may have occurred dur-
ing one or several unique surgical operations. The most
conservative estimate was that all registered inpatient sur-
gical procedures were performed during one single opera-
tion and the most liberal estimate was that every surgical
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Table 1 Incidence rates of surgery during inpatient and outpatient care in Sweden, 2006–2013

Incidence rate (per 100 000 person-years)

Inpatient care Outpatient care

Age (years) n* All admissions† Surgery‡ All visits§ Surgery
Total

surgery‡

0–4 550 606 11 050 2020–4030 93 400 4230 6250–8260
5–9 510 683 3610 1350–2710 59 330 4100 5450–6810
10–14 512 505 4000 1500–2930 61 040 3990 5490–6920
15–19 606 991 6650 2010–3480 72 720 5810 7820–9290
20–24 613 358 9210 2680–4560 71 710 6900 9580–11 460
25–29 581 776 12 310 4020–6930 80 370 7900 11 920–14 830
30–34 589 876 13 590 4810–8450 86 580 8830 13 640–17 280
35–39 625 583 10 590 3830–6890 84 640 9670 13 500–16 560
40–44 655 637 8940 3080–5640 81 710 9680 12 760–15 320
45–49 632 247 10 040 3350–6190 88 010 10 680 14 030–16 870
50–54 586 228 12 250 4080–7600 99 210 12 600 16 680–20 200
55–59 583 810 15 010 5170–9610 111 760 14 840 20 010–24 450
60–64 606 237 19 190 6790–12 510 129 340 18 120 24 910–30 630
65–69 526 007 24 470 8590–15 690 150 510 22 860 31 450–38 550
70–74 388 598 32 590 10 790–19 300 175 760 27 980 38 770–47 280
75–79 308 947 44 060 13 030–22 830 195 810 32 240 45 270–55 070
80–84 247 218 56 710 14 330–24 380 191 590 32 500 46 830–56 880
85–89 163 935 69 000 14 840–24 820 165 000 28 440 43 280–53 260
≥ 90 83 810 73 120 13 670–22 940 116 190 18 990 32 660–41 930

Overall 9 374 052 16 200 4960–8900 101 880 12 520 17 480–21 420

*Mean Swedish population per year during the 8-year study interval. †Inpatient admission for any disease; ‡most conservative and most liberal estimates;
§outpatient visit for any disease.
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Fig. 1 Incidence rates of surgical procedures in Sweden,
2006–2013

procedure code represents a unique operation. For in-
patient care, the most conservative value was used as a point
estimate and the most liberal value as the range. For out-
patient care, no more than one operation could be per-
formed per visit. The likelihood of surgery was defined
as the number of admissions or visits associated with

surgery divided by the total number of admissions or visits,
expressed as a percentage.

Outcomes and independent variables

The primary outcome was incidence rate of surgery during
inpatient and outpatient care. Secondary outcomes were
likelihood of surgery, primary diagnosis, and type of pro-
cedure during admissions and visits. Independent variables
were year, age and sex.

Coverage and validity of registers

All public and private providers of inpatient care, and all
outpatient somatic and psychiatric clinics in Sweden are
by law required to report to the Swedish National Patient
Register11. The coverage in the National Patient Register
is close to 100 per cent for inpatient care, and 80 per cent
for outpatient care10. The validity is high, with 99 per
cent of inpatient diagnoses and 86⋅5 per cent of outpatient
diagnoses being reported correctly10.

Statistical analysis

The incidence rate of surgery and likelihood of surgery
were analysed for trends over time. Inpatient admissions
and outpatient visits were analysed both separately and in
combination. Sex-specific incidence rates were calculated.
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Fig. 2 Incidence rates of surgical procedures by age and sex in Sweden, 2006–2013

Data were grouped into 5-year age intervals, and were
stratified by year and sex. Diagnoses were grouped accord-
ing to the main disease categories in the WHO Global
Health Estimates (GHE) and according to the ICD-10
system22,26 (Tables S1 and S2, supporting information).

Linear regression with log transformation of the depen-
dent variable was used for univariable analysis of trends
over time and results presented as percentages. Multi-
variable Poisson regression models were used to obtain
estimated trends over time using a robust function,
adjusted for age and sex variations in the population to
compensate for demographic changes over time. The
incidence rate ratios are presented as percentages with 95
per cent confidence intervals.

Microsoft Excel® for Mac 2011 version 14.4.8
(Microsoft, Redmond, Washington, USA) was used
for data processing, and SPSS® version 22 release
22.0.0.0 (IBM, Armonk, New York, USA) for statistical
analyses.

Results

During the 8-year study interval, 2006–2013, there were
12 million inpatient admissions and 76 million out-
patient visits, and more than 13 million unique surgi-
cal procedures (conservative to most liberal estimated
range 13 111 172–16 06 003) (Table 1). Surgery was
performed in 30⋅6 per cent of all inpatient admissions
and this was stable over time (B= 0⋅003, P < 0⋅001), but
most surgical procedures were undertaken in an outpa-
tient setting (range 58⋅5–71⋅6 per cent) (Table 1). The
incidence rate of surgery over the entire study period
was 17 480 (conservative to most liberal estimated range
17 480–21 420) per 100 000 person-years. In 2013, the
final year of study, the overall incidence rate of surgery
was at least 20 748 (20 748–25 058) operations per 100 000
person-years, corresponding to 5110 (5110–9420) inpa-
tient operations and 15 638 outpatient operations per
100 000 person-years (Fig. 1). In the same year, additionally
4598 (4598–4702) superficial incisions, punctures, needle
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Fig. 3 Incidence rates of surgical procedures in Sweden for WHO Global Health Estimates (GHE) disease categories, 2006–2013

aspiration and needle biopsies, and 4187 (4187–4321)
transluminal endoscopies were carried out per 100 000
population.

Differences over time

Every year, the incidence rate of surgery increased by
5⋅4 per cent on average (P < 0⋅001); after adjusting for
demographic changes in age and sex, the estimated annual
increase in surgery was 5⋅2 (95 per cent c.i. 4⋅2 to 6⋅1 per
cent; P < 0⋅001). The increase was most pronounced in
outpatient care; after adjusting for demographic changes
in age and sex, the annual increase was 1⋅3 (–0⋅001 to
2⋅7) per cent in inpatient surgery (P = 0⋅066), and 6⋅7
(5⋅9 to 7⋅5) per cent in outpatient surgery (P < 0⋅001).
In contrast, the overall consumption of inpatient care in
Swedish society did not change during the study interval
(0⋅2 (–1⋅0 to 1⋅4) per cent; P= 0⋅763), whereas the overall
consumption of outpatient care increased by 4⋅1 (3⋅4 to
4⋅9) per cent per year (P < 0⋅001). In effect, the annual

increase in the proportion of surgery being performed in
an outpatient setting was on average 1⋅5 percentage points
(B= 0⋅015, P < 0⋅001), so that in 2013 up to 75⋅4 per cent of
operations (range 75⋅4–66⋅9 per cent for conservative and
liberal counts of inpatient procedures) were performed in
outpatient care.

Sex

Men underwent significantly less surgery than women, and
were less likely to be admitted for surgical care (Fig. 2).
After adjusting for age and changes over time, the incidence
rate of surgery was 9⋅8 (95 per cent c.i. 5⋅6 to 14⋅0)
per cent higher among women (P < 0⋅001). The adjusted
sex difference reached 16⋅4 (9⋅9 to 23⋅0) per cent for in-
patient care (P < 0⋅001) and 7⋅2 (3⋅7 to 10⋅7) per cent for
outpatient care (P < 0⋅001). In 2013, the incidence rate of
inpatient surgery was 5710 (conservative to most liberal
estimated range 5710–10 580) per 100 000 women, and
4510 (4510–8260) per 100 000 men. In outpatient care the
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Fig. 4 WHO Global Health Estimates (GHE) disease categories and their contribution to surgery performed in Sweden, 2006–2013:
a inpatient admissions and b outpatient visits. Box areas represent counts, and the colour intensity in each box (also presented as a
percentage) indicates the proportion of contacts in each disease category with at least one surgical procedure. A, intentional injuries,
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per cent. Further details can be found in Table S1 (supporting information)
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Table 2 Most common inpatient and outpatient surgical procedures for men and women in Sweden, 2006–2013

Incidence rate
(per 100 000 person-years)

Inpatient surgery
Men

Expansion and recanalization of coronary artery 295
Intraocular operations on vitreous body and retina 194
Fracture surgery of femur 176
Primary prosthetic replacement of hip joint 162
Partial excision of prostate 137
Appendicectomy 123
Fracture surgery of ankle and foot 113
Primary prosthetic replacement of knee joint 107

Women
Caesarean section 396
Fracture surgery of femur 345
Primary prosthetic replacement of hip joint 255
Surgical induction or advancement of labour 232
Repair of obstetric lacerations 231
Total excision of uterus 158
Operations on gallbladder 153
Primary prosthetic replacement of knee joint 153

Outpatient surgery
Men

Extracapsular cataract operations with phacoemulsification 607
Excision and repair of lesion of skin of head and neck 340
Excision and repair of lesion of skin of trunk 247
Procedures for wounds of skin of upper limb 240
Repair of inguinal hernia 237
Procedures for wounds of skin of head and neck 219
Intraocular operations on vitreous body and retina 213
Operations on meniscus of knee 198

Women
Extracapsular cataract operations with phacoemulsification 931
Intrauterine operations and biopsy of uterus and ligaments 455
Dilatation, curettage and biopsy of cervix uteri 411
Excision and repair of lesion of skin of head and neck 365
Intraocular operations on vitreous body and retina 302
Excision and repair of lesion of skin of trunk 254
Operations for impaired function of peripheral nerves 206
Operations on lens for secondary cataract 171

same year, women had an incidence rate of 17 040 proce-
dures per 100 000 person-years, compared with 14 230 per
100 000 person-years for men.

Age

There was considerable variation in incidence rates of
surgery between different age groups, for both women
and men (P < 0⋅001). In women, the incidence rate of
surgery increased remarkably during childbearing age.
Children had generally a lower incidence rate of surgery
than adults of all ages (Fig. 2). The peak incidence rate
was observed among 80–84-year-olds (conservative to
most liberal estimated range 42 310–51 990 per 100 000
person-years for women and 53 390–63 970 per 100 000
person-years for men), and the lowest incidence rate for

5–9-year-olds (4660–5830 per 100 000 person-years for
girls and 6190–7720 per 100 000 person-years for boys).

Disease category

Surgery was performed for all disease categories (Fig. 3).
However, the likelihood of surgery during an inpatient
admission or outpatient visit varied between disease cat-
egories, from below 1 per cent in both inpatient and
outpatient care of mental disorders, up to 67⋅2 per cent
in inpatient care for other neoplasms, and 34⋅4 per cent
in outpatient care for digestive diseases (Fig. 4). Over-
all, the likelihood of surgery was low in outpatient care
compared with inpatient care. Nonetheless, surgical
volumes in outpatient settings were considerable, and out-
patient surgery outnumbered the volumes in inpatient
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care for most disease categories (Table S1, supporting
information). As a consequence, the overall incidence
rate of surgery varied from fewer than ten procedures
(conservative to most liberal estimated range 6⋅2–8⋅9)
per 100 000 person-years for neonatal conditions, to
more than 2060 (2062–2255) per 100 000 person-years
for sense organ diseases, followed by digestive diseases
(1966–2490 per 100 000 person-years) and unintentional
injuries (1905–2935 per 100 000 person-years) (Fig. 3).
The most commonly performed procedures (Table 2) were
constant throughout the study interval. Detailed informa-
tion on disease categories according to GHE and ICD-10
is available in Tables S1 and S2 (supporting information).

Discussion

Surgical interventions play a prominent role in the pro-
vision of healthcare in Sweden. The overall incidence of
surgical procedures was high, with an annual increase in
recent years, both in absolute numbers and relative to
the total amount of care. Surgical procedures occurred in
nearly one in three hospitalizations, and yet surgery in out-
patient settings outnumbered the volumes performed dur-
ing inpatient care across all age groups and most disease
categories. Surgical disease affects people of all ages, but
more so the elderly and the female population. This study
offers a comprehensive exploration of the role of surgical
care in a healthcare system, and confirms that surgical
care is a fundamental building block of universal health
coverage.

These findings are consistent with other studies regard-
ing the broad spectrum of surgical care and demonstrate
the substantial role of outpatient encounters in meeting
the needs of a population8,9,27. Overall, it could be con-
firmed that surgical procedures are involved in treating
every major disease category of the extensive WHO GHE8.
The proportion of Swedish hospitalizations that included
a surgical procedure was similar to that in national stud-
ies of inpatient services in the USA (28⋅6 per cent) and
New Zealand (24⋅9 per cent)8,9. However, studies evalu-
ating population needs for surgery in the USA and New
Zealand were limited to data sets that excluded large vol-
umes of procedures in outpatient care and the private sec-
tor. When this broader scope of surgical care is included, it
is shown here that roughly two-thirds (58⋅5–71⋅6 per cent)
of the total surgical volume occurs in the outpatient setting,
suggesting that a population’s true need for surgical care is
even greater than previously reported.

Use of surgical measures as core indicators of health
performance at the country level has recently been pro-
moted by both the WHO and the World Bank to guide

implementation of national surgical plans worldwide and
to evaluate their effectiveness2,3,5,6. Data on surgical output
in Sweden may contribute to benchmarking for such core
indicators, and the present sex-specific data on surgical
incidence in different age strata will enable standardized
projections of surgical needs and comparisons with popula-
tions elsewhere. As life expectancy continues to rise in low-
and middle-income countries, the anticipated increase in
demand for surgical care may be more predictable, which is
relevant in the context of recent targets to upscale surgical
services in low- and middle-income countries. In 2015,
the Lancet Commission on Global Surgery3 showed that
a minimum of 143 million additional surgical procedures
are needed each year to cover the current global disease
burden, and an initial target of 5000 surgical procedures
per 100 000 population annually was recommended for
Ministries of Health to improve access to surgical services3.
This target was supported by correlations between national
surgical outputs and key population health indicators (life
expectancy), and benchmarks from disease-specific rates
of surgical procedures in New Zealand’s nationalized
healthcare system28. The present results provide a robust
validation of these findings, and contextualize how a coun-
try could extend an even broader scope of surgical services
to the public.

Based on these findings, it can be recommended that out-
patient surgical care be considered an integrated part of
surgical systems, and that future research should investi-
gate variations between countries to improve benchmark-
ing. Although hospital bed rates in Sweden have decreased
during the study interval, healthcare utility has increased
in outpatient settings. Whether it is possible that health-
care systems in low- and middle-income countries may
benefit from strengthening outpatient surgical care as a
cost-effective alternative to inpatient care remains to be
addressed by future investigations. Measurement of both
inpatient and outpatient surgery will both enable a more
granular understanding of variations in surgical volume and
ensure that measurements are not influenced by such orga-
nizational shifts in the provision of surgical care.

These findings must be interpreted with certain limita-
tions in mind. The panorama of surgery in Sweden may
differ from what is to be expected in other populations.
Even if the present findings can be standardized to other
populations based on age, sex and ICD-10 distribution,
the value of specific interventions and alternative treatment
options is dynamic over time, and expectations in the com-
munity may differ globally. The method used in the present
study does not provide a means of grading the need for
any given surgical procedures to achieve or improve health.

© 2017 The Authors. BJS published by John Wiley & Sons Ltd www.bjs.co.uk BJS 2018; 105: 86–95
on behalf of BJS Society Ltd.
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The data set did, however, not include exclusively aestheti-
cally motivated surgery in the private sector, and the largely
state-financed healthcare system in Sweden provides rela-
tively low economic incentives for overproduction of surgi-
cal care. As a sensitivity analysis, the data set was screened
for strictly aesthetic procedures (using ICD-10 code Z41
‘procedures performed for reasons other than improving
health’); these represented less than 0⋅1 per cent of all
included procedures, confirming that these procedures are
unlikely to skew the results.

This study also has limitations that are intrinsic to the
Swedish National Patient Register. During the study inter-
val, only 80 per cent of outpatient care providers reported
to the National Patient Register, and as a consequence the
data might slightly underestimate surgery performed in
that sector. In addition, the number of unique trips to the
operating theatre in a single hospitalization could not be
specified, and therefore the most conservative measure is
reported. Although the structure and legislation of health-
care policy did not change dramatically during the study
interval, it is possible that the tendency and ability to report
diagnostic codes or procedure codes could have changed.
Finally, it is possible that surgical procedures are both over-
performed and underperformed for discrete disease cat-
egories. As such, national surgical output should best be
interpreted as a surrogate for surgical need (‘met need’),
but not equal to surgical need as defined by epidemiologi-
cal survey studies29. In fact, as a high-income country with a
long tradition of equal access to socialized healthcare, gen-
eralization of the present results to populations with other
social conditions must be done with great care.

There are also limitations given the non-standardized
definitions of ‘surgery’ in the current literature. Debas
and colleagues30 defined surgery as ‘anything that requires
suture, incision, excision, manipulation, or other invasive
procedures’ under any type of anaesthesia. Weiser et al.31

used Debas’ definition with registry data collected by
OECD Health Statistics to estimate Sweden’s national
surgical volume as 15 610 per 100 000 population in
2012. The present study excludes superficial incisions,
punctures, needle aspiration, needle biopsies, transluminal
endoscopies and ultrasonography procedures related to
surgery, as defined by NOMESCO, and yet 19 812 surgical
procedures per 100 000 population in Sweden the same
year (roughly 27 per cent more) were found23. Rose and
co-workers8 restricted the definition to inpatient proce-
dures in the operating room from a publicly available list
of over 2000 ICD codes to define surgical volume in the
US Nationwide Inpatient Sample. Hider and colleagues9

limited their definition of surgery to any procedure
requiring general or neuroaxial anaesthesia in the inpatient

or day-surgery setting in New Zealand’s National Mini-
mum Dataset. Because of these non-uniform definitions,
comparisons of the present results with those of other
studies should be undertaken with caution. This clearly
illustrates the urgent need for a uniform classification
system for surgical procedures, as well as the need for clear
criteria on which procedures to consider in surgical met-
rics, such as surgical volume and perioperative mortality
rate5,6. By including both inpatient and outpatient surgery,
these findings can nevertheless serve as a public health ref-
erence for countries that seek to expand surgical coverage.
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