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Background: Surgical site infections (SSIs) are associated with morbidity, mortality and
costs.
Aim: To identify the burden of (deep) SSls in costs and disability-adjusted life years (DALYs)
following colectomy, mastectomy and total hip arthroplasty (THA) in the Netherlands.
Methods: A retrospective cost-analysis was performed using 2011 data from the national
SSI surveillance network PREZIES. Sixty-two patients with an SSI (exposed) were matched
to 122 patients without an SSI (unexposed, same type of surgery). Patient records were
studied until 1 year after SSI diagnosis. Unexposed patients were followed for the same
duration. Costs were calculated from the hospital perspective (2016 price level), and cost
differences were tested using linear regression analyses. Disease burden was estimated
using the Burden of Communicable Disease in Europe Toolkit of the European Centre for
Disease Prevention and Control. The SSI model was specified by type of surgery, with
country- and surgery-specific parameters where possible.
Findings: Attributable costs per SSI were €21,569 (THA), €14,084 (colectomy) and €1881
(mastectomy), mainly caused by prolonged length of hospital stay. National hospital costs
were estimated at €10 million, €29 million and €0.6 million, respectively. National dis-
ease burden was greatest for SSls following colectomy (3200 DALYs/year, 150 DALYs/100
SSls), while individual disease burden was highest following THA (1200 DALYs/year, 250
DALYs/100 SSIs). For mastectomy, these DALYs were <1. The total cost of DALYs for the
three types of surgery exceeded €88 million.
Conclusion: Depending on the type of surgery, SSIs cause a significant burden, both
economically and in loss of years in full health. This underlines the importance of
appropriate infection prevention and control measures.
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Introduction

Surgical site infections (SSIs) are frequently occurring
nosocomial infections, accounting for approximately 25—30%
of hospital-acquired infections (HAIs) [1]. In the Netherlands,
0.9—-19.6% of all surgical patients will develop an SSI,
depending on the type of surgery [2]. SSIs can have major
implications for patients, hospitals and society; they increase
morbidity as well as mortality [3], and as such may contribute
to the burden on society in terms of healthcare costs (economic
burden) and loss of years experienced in full health [disease
burden, commonly measured in disability-adjusted life years
(DALYs)]. As part of a larger European project on the disease
burden of HAls, a disease progression model was developed
estimating that SSIs cause 58 DALYs per 100,000 European
inhabitants, with 0.5 DALYs per SSI [4]. However, this estimate
was based on SSIs in general, without distinction by type of
surgery, while it is likely that the burden of disease varies
between different types of surgery.

SSIs may also result in excess healthcare utilization and
costs. With increasing overall healthcare costs, hospitals are
encouraged to use their resources more efficiently and to
avoid preventable costs. Currently, knowledge on the costs of
SSls in the Netherlands is limited. In 1996, a Dutch paper [5]
estimated the attributable costs of an SSI following car-
diothoracic surgery to be $16,878. A few years later, Geubbels
estimated the cost of a superficial SSI to be between €900 and
€2600, and that of a deep SSI to be between €3200 and
€19,900 [6]. This study, however, based the costs of extra
care on several assumptions and reported data on surgical
specialty level instead of surgery level. Previous international
studies have shown that costs can double, triple or even
increase six-fold for patients with an SSI compared with
patients without an SSI [7—9], depending on the type of sur-
gery, setting and type of infection. The increased length of
stay (LOS) is responsible for the majority of additional
healthcare costs [10—13], followed by parenteral medication
and additional surgical procedures [14,15]. However, due to
different international healthcare systems and healthcare
financial systems, costs calculated in these mostly UK- and US-
based studies cannot be translated directly to the Dutch set-
ting. Moreover, studies vary greatly in methodology, including
evaluated cost components and unit costs [7]. Hence, to
obtain useful estimates, country-specific data and surgery-
type-specific data should be assessed for the Netherlands.

As such, this study determined the burden of disease in
DALYs and the hospital costs for (deep) SSIs following three
different, but commonly performed, types of surgery: colec-
tomy, mastectomy and total hip arthroplasty (THA).

Methods
Costs

Data source and study design

This study was performed using data available from the
national surveillance system on hospital-associated infections
(PREZIES). Almost all Dutch hospitals participate voluntarily in
this network, and may undertake SSI incidence surveillance for
one or more selected types of surgery. In this surveillance,
hospitals collect data on patients, surgeries, risk factors and

the presence of an SSI [16,17]. SSls are diagnosed using infor-
mation described in the patient files and meet the criteria of
the (European) Centre of Disease Prevention and Control (CDC
and ECDC) [18—22]. Superficial SSls are distinguished from deep
SSIs, which include deep incisional and organ space SSIs. By
definition, SSIs in the surveillance and in this study occurred
within 30 days after surgery, or within 1 year after implant
surgery (deep SSIs alone). Detailed information on PREZIES has
been published previously [16,23].

This study was designed as a retrospective cohort study. The
focus was on deep SSls because of the expected higher addi-
tional costs and LOS compared with superficial SSIs [13,24].
Colectomy, mastectomy and THA were selected as these types
of surgery are performed frequently in many hospitals, and
represent deep SSIs that differ in incidence, treatment options
and adverse impact [24]. As distinguishing the type of SSI has
been notoriously ambiguous for mastectomy without implants,
both deep and superficial SSIs were included for this type of
surgery. At the start of data collection, the most recent year
with a complete database in PREZIES (including postdischarge
surveillance of 1 year) was 2011. From 2011 PREZIES data,
adults (>18 years) undergoing one of the three types of surgery
were selected. Hospitals were considered for the study if they
had reported at least five (deep) SSls for one of the studied
types of surgery. Further selection was based on the size, type
and geographic distribution of the hospitals, the possibility to
include two or more of the studied types of surgery, and per-
mission to obtain and use data. For each hospital, patients in
the surveillance data with an SSI (exposed patients) were
pairwise matched to two patients without an SSI (unexposed
patients). Besides hospital, matching criteria consisted of type
of surgery, age (+15 years), sex, American Society of Anes-
thesiologists physical status examination score (ASA score,
ranging from 1 to 5) [25], duration of surgery (£25%), surgical
wound class (ranging from 1 to 4) [20] and pre-operative hos-
pital stay (categorized in 0, 1, 2—5 and >5 days) [26]. If more
than two unexposed patients were available, two were selec-
ted at random. Patients exposed to an SSI were followed from
the day of surgery up to 1 year after the diagnosis of the SSI.
Follow-up for unexposed patients was the same number of days
as their matched exposed patient (with an SSI). According to
the Central Committee on Research Involving Human Subjects,
ethical approval and informed consent were not necessary for
this retrospective study. The boards of the participating hos-
pitals approved the study.

Data collection

Patient records were studied to measure the use of health
care by type of surgery and to compare comorbidity between
groups. To assess resource use, data were collected on
admissions, readmissions, admissions to the intensive care unit
(ICU), inpatient physical therapy, inpatient dietician con-
sultation, outpatient visits, emergency department visits, tel-
ephonic consultation, laboratory investigations, cultures,
packed cells, and radiology or additional operative procedures
possibly related to an SSI (see Appendix 1). As data on total
parental nutrition and antibiotics could not be retrieved reli-
ably from the different systems, these data were not collected.

To compare pre-operative comorbidity among the exposed
and unexposed groups, comorbidity data needed to calculate
the Charlson Comorbidity Index (range 0—33) were collected
(see Appendix 1) [27,28].
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Unit costs were based on the hospital’s perspective, starting
from the day of surgery, and retrieved from several sources
(Appendix 1). All prices were converted to the 2016 price year
using the Dutch consumer price index [29]. Discounting of costs
was not needed because all costs were incurred within a single
year.

Statistical analysis

Characteristics, including matching variables, of patients
with and without an SSI were checked for significant differ-
ences. Values for laboratory investigations were missing for
<5% of all patients, and were replaced using multiple impu-
tation techniques. In two hospitals, reports on dietician and
physiotherapy consultations were not available for research,
resulting in missing values for all patients of these hospitals.
Using the above-mentioned imputation technique, missing
values were replaced for physiotherapy consultations (17% of
all patients) in THA (38%, of which 31% were in one hospital)
and colectomies (34%, all in one hospital). Missing values for
dietician consultations (24% of all patients) were replaced for
colectomies (42%, all in two hospitals). Differences in costs
between patients with an SSI and the unexposed patients were
analysed using linear regression methods. The covariates hos-
pital, sex, age, ASA score, wound class, obesity, pre-operative
stay, duration of surgery, previous surgery, surgery (not for SSl)
during follow-up, Charlson Comorbidity Index and pairwise
matching were tested for possible inclusion in the models in
order to account for possible remaining differences in baseline
characteristics. Models were fitted using the proportion
explained variance (adjusted R?) while taking into account a
minimum number of subjects per variable [30]. In addition to
linear regression models, generalized linear models (GLMs)
with gamma distribution [31] were applied to the data. GLM
results were comparable to those of linear regression (1—8%
change) but were generally slightly less conservative. Due to
the latter and because the GLM method did not always produce
results for partial costs (caused by problems calculating the
inverse of the identity link), the results of linear regression are
presented as the main results. Scatterplots of the predicted
values against the residuals and normal probability plots (Q-Q
plots) are presented in Appendix 1. To correct for possible
overestimation of bed-day costs, two sensitivity analyses were
performed. In the first sensitivity analysis, the number of bed-
days between surgery and SSI for patients with SSIs was maxi-
mized to the number of bed-days between surgery and dis-
charge of the matched patients. In the second sensitivity
analysis, in addition, the costs of bed-days during readmission
were only included if the SSI was explicitly described as the
reason for readmission. As such, all costs of bed-days during
readmissions that were indirectly related to SSls or related to
possible other reasons were excluded from this sensitivity
analyses. National hospital costs were calculated by multi-
plying the attributable costs at patient level with the esti-
mated annual number of SSls in 2011. Multiple imputation and
data analyses were performed using SPSS Statistics Version
24.0.0.1 (IBM Corp., Armonk, NY, USA) and final models were
checked in SAS Version 9.4 (SAS Institute, Cary, NC, USA).

Disease burden

The disease burden was estimated using the healthcare-
associated SSI model of the Burden of Communicable Disease

in Europe Toolkit Version 1.4 [32]. The national number of SSls
was applied, stratified by type of surgery and by ASA score,
derived from 2011 PREZIES data. PREZIES data were extrapo-
lated to country level using the national estimated number of
surgeries in 2010 (final year of registration available, Statistics
Netherlands [33]), and multiplication factors were 4.98
(colectomy), 1.97 (mastectomy) and 1.88 (THA). ASA class 4
(N=1 for mastectomy and N=1 for THA) was grouped with ASA
class 3. SSls with unknown ASA class (3.4% for colectomy and
<1% for mastectomy and THA) were added to the ASA class 1
and class 2 stratum. Case fatality was specified as 8.4%, 0% and
16.8%, respectively, based on Astagneau et al. [34]. Duration of
infection was specified as the differences in total LOS between
SSI patients and unexposed patients in this paper, and disability
weights of 0.125 for general hospitalization and 0.655 for ICU
admission were applied [35]. For remaining life expectancy,
general population life expectancies (as in the Global Burden of
Disease study 2010) for patients with ASA class 1 or 2 were
applied [36]. For ASA class 3 and 4, remaining life expectancies
of 5 and 0.5 years were applied, in analogy to the life
expectancies per McCabe score used by Cassini et al. [4].
Remaining disability or loss of quality of life after treatment of
the SSI was not taken into account.

Models were run with 10,000 iterations. In line with the
methodology used in the Global Burden of Disease Study, future
DALYs were not discounted [37]. Results are presented as the
disease burden at national level (total estimated number of
DALYs due to SSlIs occurring in 2011) and at individual level
(number of DALYs per 100 SSI cases in 2011). To prevent false
precision, the results are rounded to one significant digit for
numbers under 10, and to two significant digits for numbers
between 10 and 10,000. National costs of disease burden were
calculated by multiplying the number of DALYs at national level
by a €20,000 threshold. This threshold is conventionally used in
cost-effectiveness analysis of preventive interventions using
quality-adjusted life years in the Netherlands, and is the lowest
Dutch threshold published [38].

Results
Costs

Eight Dutch hospitals (four general teaching and four non-
teaching hospitals), situated in different parts of the country
and varying from 280 to 675 beds, were selected for the study.
Six hospitals (three teaching/three non-teaching) provided
data for colectomy, five (3/2) for mastectomy and four (2/2)
for THA. One hundred and eighty-six patients were selected
and included using the matching procedure. Numbers of
patients with SSIs (exposed) vs without SSlIs (unexposed) were
26/52, 20/40 and 16/32, respectively. For colectomy, the
patient file was not available for data collection for two
unexposed patients, resulting in data for only 50 unexposed
patients. In Table |, characteristics of exposed (SSI) and
unexposed (non-SSl) patients are shown, including matching
variables and tests for difference.

The use of resources is shown in Table Il. Using the unit costs
from Appendix 1, the costs of treatment and hospital costs
attributable to SSIs were calculated (Table Ill). The total
attributable hospital costs per SSI were €21,569 [95% con-
fidence interval (Cl) 15,169—27,970] for THA, €14,084 (95% CI
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Table |
Patient characteristics
Colectomy Mastectomy Total hip arthroplasty
Deep SSI (N=26) No SSI (N=50) P-value® SSI (N=20) No SSI (N=40) P-value® Deep SSI (N=16) No SSI (N=32) P-value®
Age, y(—:-arsb 69.7 (13.1) 70.9 (11.7) 0.664 64.6 (13.0) 63.3 (11.0) 0.681 69.6 (8.8) 71.1 (7.7) 0.548
Female 42% (11) 40% (20) 0.846 100% (20) 100% (40) NA 75% (12) 75% (24) 1.000
ASA score 1 19% (5) 14% (7) 0.690 35% (7) 30% (12) 0.792 19% (3) 19% (6) 1.000
2 50% (13) 58% (29) 50% (10) 55% (22) 50% (8) 50% (16)
3 31% (8) 26% (13) 15% (3) 13% (5) 31% (5) 31% (10)
4 - 2% (1) - 3% (1) - -
Wound class 1 - - 0.642 100% (20) 100% (40) NA 100% (16) 100% (32) NA
2 96% (25) 98% (49) - - - -
3 4% (1) 2% (1) - - - -
Obesity Yes 4% (1) 2% (1) 0.738 45% (9) 45% (18) 0.456 31% (5) 22% (7) 0.748
No 19% (5) 26% (13) 30% (6) 18% (7) 38% (6) 47% (15)
UNK 77% (20) 72% (36) 25% (5) 38% (15) 31% (5) 31% (10)
Pre-operative stay, days” 1.5 (3.1) 0.8 (1.0) 0.235 0.5 (0.5) 0.3 (0.5) 0.346 0.4 (0.5) 0.4 (0.5) 1.000
Duration of surgery, min® 145.2 (94.9) 139.3 (81.7) 0.774 137.9 (96.1) 129.6 (87.0) 0.734 81.8 (25.9) 81.3 (26.0) 0.942
Previous surgery® Yes 4% (1) 4% (2) 0.993 20% (4) 20% (8) 1.000 - - 0.619
No 31% (8) 32% (16) 60% (12) 60% (24) 25% (4) 19% (6)
UNK 65% (17) 64% (32) 20% (4) 20% (8) 75% (12) 81% (26)
Surgery (not for SSI) Yes - - 0.871 5% (1) 3% (1) 0.884 6% (1) - 0.325
during follow-up No 15% (4) 14% (7) 25% (5) 25% (10) 19% (3) 19% (6)
UNK 85% (22) 86% (43) 70% (14) 73% (29) 75% (12) 81% (26)
Elective procedure 4% (1) 4% (2) 0.974 100% (20) 100% (40) NA 100% (16) 100% (32) NA
Charlson Comorbidity Index” 3.1 (1.3) 2.8 (1.6) 0.383 2.8 (1.2) 2.4 (0.6) 0.198 1.2 (1.3) 0.9 (1.2) 0.398
Death during follow-up 19% (5) 12% (6) 0.403 5% (1) 5% (2) 1.000 - - NA

20£—€6Z (6102) €01 uoi1dafuj |p3idsoH fo jpuinor / )b 13 330y *O°g'W

ASA, American Society of Anesthesiologists; SSI, surgical site infection; UNK, unknown, NA, not available.
Values presented are percentages (N of cases) unless stated otherwise.

@ P-values were calculated using logistic regression and Chi-squared analyses.

b Values presented for continuous variables are mean (standard deviation).

¢ Previous surgery on same organ or area.



Table Il
Use of resources by patients undergoing colectomy, mastectomy and total hip arthroplasty

Resource Colectomy Mastectomy Total hip arthroplasty
Deep SSI No SSI SSI No SSI Deep SSI No SSI
(N=26) (N=50) (N=20) (N=40) (N=16) (N=32)
Bed-days inpatient (24 h)® 347 (27.4) 9.0 (7.6) 7.9 (7.5) 6.9 (7.7) 49.8 (31.4) 6.6 (4.9)
Ambulatory care (<24 h) - - 0.1 (0.2) - 0.1 (0.3) -
ICU-days (24 h) 2.0 (3.4) 0.4 (1.8) 0.1 (0.2) 0.2 (1.3) — —
(<24 h) 0.1 (0.3) 0.04 (0.2) - - 0.1 (0.3) -
Visit hospital physiotherapist® 3.6 (4.6) 2.1 (1.6) 0.8 (1.2) 0.7 (2.1) 18.0 (8.0) 11.1 (7.8)
Visit hospital dietician® 5.0 (3.9) 2.6 (2.9) 1.1 (2.6) 0.3 (1.1) 1.1 (3.5) 0.2 (0.9)
Visit emergency department 0.3 (0.7) 0.1 (0.5 0.7 (0.9) 0.4 (0.7) 1.1 (1.0) 0.1 (0.3)
Visit outpatient department 11.7 (9.2) 10.4 (7.4) 22.0 (9.8) 16.1 (9.1) 13.2 (7.8) 6.2 (3.8)
Telephonic consultation 2.9 (4.5) 2.0 (2.5) 2.4 (2.6) 1.7  (2.0) 0.7 (1.3) 0.4 (0.8)
Laboratory investigation 64.5 (81.8) 18.9 (16.4) 15.6 (12.6) 10.1  (9.3) 52.0 (52.2) 11.5 (13.4)
(sample)d
Culture 6.1 (5.0) 1.3  (2.8) 2.0 (1.4) 0.9 (1.6) 9.9 (5.1) 0.8 (1.2)
Blood culture 2.9 (3.7) 0.4 (0.8) 0.4 (1.0) 0.2 (0.5) 2.8 (4.7) 0.03 (0.2)
Packed cells 0.6 (0.9) 0.2 (0.5) 0.1 (0.4) 0.03 (0.2) 1.0 (1.3) 0.3 (1.0)
Radiology
Abdominal ultrasound 0.8 (1.0) 0.7 (0.8) Breast ultrasound 0.4 (0.7) 0.4 (0.6) Hip ultrasound 0.3 (0.4) -
Abdominal X-ray 0.5 (0.9) 0.1 (0.3) Chest X-ray 0.8 (1.4) 0.6 (1.1) Hip/pelvis X-ray 5.6 (2.6) 3.6 (1.4)
Abdominal CT scan 2.2 (1.5) 0.5 (0.8) Chest CT scan 0.1 (0.3) 0.1 (0.2) Lumbal spine X-ray 0.1 (0.3) 0.2 (0.4)
Mammography 0.7 (0.7) 0.8 (0.5) Hip/pelvis MRI scan 0.1 (0.3) -
Surgery during follow-up
Relaparotomy 0.9 (0.7) 0.1 (0.4) Incision and drainage 0.6 (0.8) 0.1 (0.3) Debridement 1.9 (1.9) -
Drainage abscess 0.2 (0.6) — Drainage and ultrasound 0.1 (0.3) 0.03 (0.2) Removal prosthesis/spacer 0.1 (0.3) -
Revision one stage 0.3 (0.7) 0.03 (0.2)
Girdle stone 0.1 (0.3) -

SSI, surgical site infection; ICU, intensive care unit; CT, computed tomography.
Values are mean (standard deviation, SD). Radiology and surgery during follow-up are restricted to procedures possibly related to an SSI.

@ Bed-day >24 h while admitted to ICU was calculated as ICU-days.

b Missing values of physiotherapy consultations for colectomy and total hip arthroplasty were imputed. The original values [mean (SD)/N observations] for colectomy were 4.3 (3.9)/N=15 and
2.0 (1.8)/N=29 for patients with and without SSI, respectively. For total hip arthroplasty, the original values were 15.9 (9.7)/N=10 and 5.6 (2.8)/N=20, respectively.

¢ Missing values of dietician consultations for colectomy were imputed. The original values [mean (SD)/N observations] were 5.3 (4.8)/N=15 and 2.4 (3.5)/N=29 for patients with and without
SSI, respectively.

94 Missing values of laboratory investigations were imputed. The original values [mean (SD)/N observations] for colectomy were 59.6 (77.6)/N=24 and 19.3 (16.5)/N=48 for patients with and
without SSI, respectively. For mastectomy, these values were 14.7 (12.7)/N=18 and 8.7 (8.1)/N=37, respectively, and for total hip arthroplasty, they were 52.0 (52.2)/N=10 and 11.3 (13.5)/
N=20, respectively.

Z20£—€6Z (6102) €01 uot3dafu] 1p3idsoH fo Jpuinor / *)p 13 430y ‘O°g'W
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Table Il

Mean costs of treatment, mean costs of surgical site infections (SSIs), and the economic and disease burden of SSIs following colectomy, mastectomy and total hip arthroplasty

Colectomy Mastectomy Total hip arthroplasty

Costs per patient Deep SSI No SSI Diff. Adjusted diff. Sl No SSI Diff. Adjusted diff. Deep SSI No SSI Diff. Adjusted diff.

(2016 Euros) (95% Cl)? (95% CI)® (95% CI)®

Bed-days 16,662 4303 12,359 9472 (6503—12,440) 3786 3310 476 1375 (-858—3607) 23,943 3167 20,776 17,520 (12,148—-22,893)

ICU-days 3338 707 2631 2549 (316—4781) 83 373 -290 -374 (-1177—429) 133 0 133 125 (-15—265)

Inpatient 118 70 48 43 (-30—116) 25 22 3 3 (-30-36) 598 369 229 172 (-23—-366)
physiotherapist

Hospital dietician 150 78 73 45 (-114—-203) 31 9 22 24 (-11—60) 34 5 29 -5 (-19—10)

Emergency 90 37 54 64 (-16—145) 183 105 78 32 (-76—140) 278 25 253 213 (128—-298)
department visits

Outpatient 1074 957 117 -17 (-395—361) 2020 1474 546 451 (-78—980) 1211 571 640 506 (240—772)
department visits

Telephonic 132 90 42 12 (-55—80) 108 77 31 25 (-26—76) 32 17 14 8 (-18 —33)
consultations

Laboratory 858 252 606 480 (143—817) 208 134 74 85 (-17—-187) 692 153 539 417 (194—639)
investigation

Culture 115 24 91 90 (54—126) 38 16 21 22 (9-36) 185 15 171 141 (111-171)

Blood culture 84 12 72 68 (35—100) 10 5 5 3 (-11-18) 79 1 78 71 (16—126)

Packed cells 134 44 91 106 (30—182) 22 5 16 20 (-16—56) 218 75 143 53 (-103—209)

Radiology 499 160 339 337 (222—451) 151 141 10 -7 (-72-59) 291 170 121 80 (30—129)

Surgery during 943 121 821 836 (597—1074) 203 30 173 221 (107—-335) 2599 47 2552 2268 (1404—3132)
follow-up

Total 24,198 6854 17,344 14,084 (9474—18,694) 6868 5701 1167 1881 (-946—4709) 30,293 4613 25,680 21,569 (15,169—27,970)

Burden of disease (95% Cl)

Number of surgeries/yearb 14,012 7475 33,339

Number of SSls/year: 2100 (2000—2100) 330 (330—330) 480 (480—480)

National burden (DALYs/year)“ 3200 (3200—3200) 0.10 (0.1-0.1) 1200 (1200—1200)

Individual burden (DALYs/100 SSls)¢

150 (150—160)

0.03 (0.03—0.03)

250 (250—250)

Costs at national level (2016 Euros, per year) (uncertainty range)

Hospital costs®d
Costs of DALYs'
Total

29,580,000 (18,950,000—39,260,000)
64,000,000 (64,000,000—64,000,000)
93,580,000 (82,950,000—103,260,000)

621,000 (-312,000 to 1,550,000)
2000 (2000—2000)
623,000 (-310,000—1,550,000)

10,350,000 (7,280,000—13,430,000)
24,000,000 (24,000,000—24,000,000)
34,350,000 (31,280,000—37,430,000)

ICU, intensive care unit; DALY, disability-adjusted life year; Cl, confidence interval.

@ The adjusted differences and 95% Cls were calculated using linear regression techniques while taking into account matching of the cohorts and possible remaining differences in baseline
characteristics and comorbidity. Adjusted attributable total costs calculated using generalized linear models with gamma distribution and identity link were 15,266 (10,728—19,804) for
colectomy, 1855 (-101 to 3610) for mastectomy and 22,340 (16,301—28,380) for total hip arthroplasty. The costs per SSI of the two sensitivity analyses were 12,691 vs 11,738 for colectomy, 1852

vs 1690 for mastectomy, and 21,070 vs 20,925 for total hip arthroplasty.
b Derived from Statistics Netherlands (CBS) [33].
¢ Estimated using PREZIES data and CBS data [33]. Deep SSls for colectomy and total hip arthroplasty, all SSIs for mastectomy.

4 Rounded to one significant digit for numbers <10, to two significant digits for numbers between 10 and 10,000, to three significant digits for numbers between 10,000 and 1,000,000, and to

nearest 10,000 for numbers >1,000,000.

€ Number of SSls (national/year) x adjusted difference in costs per SSI. To calculate uncertainty around the estimate, the lower limits of the 95% Cl of number of SSls and of the 95% CI of

hospital costs were multiplied, and similarly the upper limits of the 95% Cls were multiplied.
f Number of DALYs at national level x 20,000 Euro threshold for prevention (willingness-to-pay).
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9474—18,694) for colectomy and €1881 (95% Cl -946—4709) for
mastectomy (2016 price level). LOS on non-ICU wards was the
main driver for hospital costs in general. Attributable costs for
THA were mainly driven by the extra bed-days during read-
mission, with a mean of 44.7 days for patients with an SSI vs 1.8
days for patients without an SSI. For colectomy, the additional
LOS was partially caused by readmission (12.1 vs 2.0 days) and
partially caused by prolonged LOS during the initial admission
(24.6 vs 7.4 days). For mastectomy, the additional LOS for
patients with an SSI was 1 day. The results of the sensitivity
analyses adjusting for possible overestimation of the attribut-
able costs of bed-days before and after diagnosis of the SSI are
described in Table Il (footnote a).

Disease burden

The disease burden at patient level was highest for SSls
following THA (250 DALYs per 100 SSlIs), while the disease
burden at national level was highest for colectomy (3200
DALYs/year; see Table Ill). For mastectomy, these numbers
were close to zero: 0.1 DALYs/year and 0.03 DALYs per 100 SSls.

Economic burden

The economic burden in terms of total national hospital
costs for SSls following colectomy were almost €30 million per
year (Table IIl). For THA and mastectomy, the national hospital
costs were approximately €10 million and €0.6 million per
year, respectively. In the two sensitivity analyses, the national
hospital costs for colectomy decreased slightly to €27 million
vs €25 million per year (sensitivity analysis 1 and 2), while the
totals for mastectomy and THA remained approximately the
same. National costs of DALYs were an estimated €64 million
for colectomy and €24 million for THA. Total costs at national
level (hospital costs and costs of DALYs) for SSls following these
three types of surgery combined were over €128 million, with
an uncertainty range from €113 million to €140 million.

Discussion

This study demonstrated that SSlIs have a substantial impact
on disease burden and economic burden. For colectomy and
THA, the adjusted attributable costs were more than €14,000
and 21,000 per SSI, causing a national economic burden of SSls
for these two types of surgery of €40 million per year. The
combined national disease burden was also considerable: 4400
DALYs annually. The total costs for patients with an SSI were at
least three-fold and at least six-fold higher for colectomy and
THA, respectively, than the costs of patients without an SSI.
These additional costs were mainly (>80%) caused by prolonged
LOS, especially during readmission for THA, and during read-
mission as well as during initial admission for colectomy. The
performed sensitivity analyses showed similar results for THA
and mastectomy, but slightly lower costs for colectomy. The
latter is most likely an underestimation, as the attributable LOS
before diagnoses of the SSI was minimized while in reality it may
take time (and additional bed-days) to distinguish leakage and
other complaints from an abdominal SSI. These findings are
considerably higher than the €9900 and €7700 increase in
university hospital costs calculated by a previous Dutch study
[6], probably because the present data are much more detailed

and specified due to collecting inpatient data. The present
results are comparable with the almost U$18,000 (€21,600 in
2016) increase in US hospital costs for orthopaedic SSIs found in
2002 by Whitehouse. The latter study had a similar study design
with similar follow-up durations, but found an excess total LOS
for orthopaedic surgeries of only 14 days. In addition to the
costs, they demonstrated that orthopaedic patients with SSls
experience substantially greater physical limitations and
reductions in their health-related quality of life [12]. The
combined disease burden found for colectomy and THA (4400
DALYs/year) is comparable to that of hepatitis C or human
immunodeficiency virus (HIV) infection in the Netherlands (4600
and 5200 DALYs/year, respectively) [39]. Burden at patient
level was higher for both types of surgery compared with the
results of Cassini et al. (0.5 DALYs/SSI), which might be
explained by the fact that Cassini et al. aggregated all types of
surgery and both deep and superficial SSls [4]. The present study
did not find significantly increased costs, LOS or disease burden
for mastectomy, in contrast to colectomy and THA. However,
there is literature describing increased costs and LOS for SSls
following mastectomy [40,41]. As for mastectomy, superficial
SSls were included (11 out of 20 SSls) and given that superficial
SSIs are mostly treated at home, this may have decreased the
difference in LOS between both cohorts and thereby reduced
the cost difference found in this study. It is also possible that the
standard of care is different between the studies or countries.

Strengths and weaknesses

This paper contributes to the literature in that it provides
evidence for the Dutch situation alongside largely US- and UK-
based studies for the economic burden as well as the disease
burden of SSIs. For the cost study, it was possible to match all
except two SSI patients to two unexposed (no SSI) patients.
Although comorbidity data were not reported to PREZIES, it
was possible to calculate a proxy for comorbidity (i.e. the
Charlson Comorbidity Index) using data from the patient files.
Comparison of this index between both groups suggested that
both cohorts were comparable. Possible remaining differences
in comorbidity and risk factors were taken into account by
including comorbidity and risk factor covariates in the analy-
ses. Being a multi-centre study increases generalizability of the
results. As this study included costs with a follow-up period of 1
year after SSI diagnosis, cost differences were captured as
much as possible [42]. Finally, to calculate disease burden,
country- and surgery-specific estimates were applied where
possible in order to base the results on Dutch data and to dif-
ferentiate disease burden between the types of surgery.

However, this study had some limitations. First, although
the combined approach of the analyses reveals that the esti-
mated cost differences are probably close to the true value, it
is acknowledged that the sample sizes of this study were quite
small and hence may have influenced the width of the Cls
(being too wide or too small). Secondly, due to the selections
made for the cost study, the calculated costs may not be
optimally representative for patients with SSls in general. For
instance, by matching patients with an SSI to unexposed
patients, cohorts with more underlying comorbidities were
selected, which may have caused either underestimation or
overestimation of the costs caused by SSIs: underestimation as
the costs of SSIs were compared with the presumably relatively
high treatment costs of comorbid unexposed patients; or
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overestimation because costs of SSls in comorbid patients are
probably higher than costs of SSIs in healthier patients. The
inclusion of non-university hospitals alone may also have
influenced the representativeness of the results, as patients in
university hospitals generally have more severe comorbidities
and cost prices for university hospitals are generally higher
[43]. The latter was partly solved using bed-day costs that were
weighted averages for university and non-university hospitals.
Secondly, some cost components (medication, antibiotics,
total parental nutrition, and treatment or readmissions in
other hospitals) were not included, or were only partially
included, because information collected about these compo-
nents was too difficult to retrieve or even absent. Fourth, there
are several limitations to the use of standard cost prices. For
instance, it is known that short hospital stays are associated
with higher average bed-day costs than longer hospital stays
[44]. This dependency on LOS might not be captured ade-
quately in the use of a standard average bed-day cost. Finally,
data on resource use were from 2011. There is no indication for
a major change in standard of care since then, but PREZIES SSI
incidence surveillance data show that the difference in LOS of
the primary admission (between patients with and without an
SSI) has decreased slightly since 2011. This change varies for
the three types of surgery in this study between -2 days (THA)
and +1.5 days (colectomy). As recent PREZIES prevalence data
show no relevant change over time in LOS of readmissions due
to SSIs (from 2014 onwards, no data available before 2014), the
use of 2011 data is unlikely to have a large impact on the
implications for current practice.

There are also limitations to the estimation of disease bur-
den. First, it was not estimated using patient-based data or
questionnaires, but using a mathematical tool. In this tool, no
long-term sequelae of SSIs besides mortality were included,
such as invalidity due to implant removal surgery. Co-morbidity
was taken into account by adjusting life expectancies to ASA
scores, but the assumed life expectancies are uncertain and
not evidence-based. To the best of the authors’ knowledge,
actual mortality rates from SSIs in the Netherlands remain
unknown. Therefore, case fatalities were derived from a 2001
article from France, representing a different decade and a
different health system. It is plausible that mortality from SSls
had decreased by 2011. Also, mortality due to SSls in the French
paper is different from the (unspecified) mortality seen in the
small cohorts in this study. However, the SSI incidence rates of
both studies were fairly comparable.

Future implications

Despite assumptions and uncertainties, this study gives
detailed information on costs of SSlIs and provides first esti-
mates of the SSI disease burden for the Netherlands. It gives
insight into variability between types of surgery and into evi-
dence that is still lacking. Moreover, by combining costs and
burden of disease, an order of magnitude of the economic
burden of SSls is provided. The SSI disease burden of the three
studied types of surgery alone is comparable to that of hep-
atitis C or HIV in the Netherlands. In addition, for these three
types of surgery, the economic burden of SSls exceeds €128
million per year (€40 million hospital costs and €88 million on
DALY costs). Societal impact could have been even greater than
demonstrated in this study if production losses of SSls occurring

after discharge had been included. By doing so, the total costs
of an SSI can double [45].

The costs and burden in this study account for only a small
part of all types of surgery but they warrant vigorous pre-
vention efforts. For instance, in aiming to reduce the incidence
of SSIs by 50%, the breakeven point to invest in interventions
would be €20 million from the hospital’s perspective, €44
million from the cost of DALYs perspective, and €64 million
when seen from the total cost perspective. Hence, inter-
ventions reducing the incidence of SSIs are very likely to be
cost-effective.

In conclusion, in light of the emergence of highly resistant
micro-organisms and an aging population, SSls are of concern.
The considerable disease and economic burden of SSIs found in
this study underline the importance of infection prevention
and control strategies. Surveillance of SSls to gain insight into
the disease burden and trends over time, in combination with
knowledge about the financial consequences, will help to tar-
get interventions.
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