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Abstract
Purposes Unfortunately, surgical site infections (SSIs) are a
quite common complication and represent one of the major
causes of postoperative morbidity and mortality, and may
furthermore lead to enormous additional costs for hospitals
and health care systems.
Methods In order to determine the estimated costs due to
SSIs, a MEDLINE search was performed to identify articles
that provide data on economic aspects of SSIs and
compared to findings from a matched case-control study
on costs of SSIs after coronary bypass grafting (CABG) in
a German tertiary care university hospital.
Results A total of 14 studies on costs were found. The
additional costs of SSI vary between $3,859 (mean) and
$40,559 (median). Median costs of a single CABG case in
the recently published study were $49,449 (€36,261) vs.
$18,218 (€13,356) in controls lacking infection (p<
0.0001). The median reimbursement from health care
insurance companies was $36,962 (€27,107) leading to a
financial loss of $12,482 (€9,154) each.
Conclusion Costs of SSIs may almost triple the individual
overall health care costs and those additional charges may
not be sufficiently covered. Appropriate measures to reduce
SSI rates must be taken to improve the patient’s safety. This

should also diminish costs for health care systems which
benefits the entire community.
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Introduction

Surgical sites infections (SSI) are a serious operative
complication and consequences may affect both, the patient
(morbidity and mortality) as well as the hospital [presum-
ably by leading to an increased length of hospital stay
(LOS) and costs] [1, 2]. Previous studies have reported that
SSI rates may range from 0.2% for laparoscopic surgery
(abdominal surgery) to 3.7% for open surgery [deep sternal
wound infections (DSWI)] [3, 4]. Mortality rates may vary
between 15% and 40% [5, 6].

Only few studies have yet described the economic
impact of DSWI after coronary artery bypass grafting
(CABG) surgery via sternotomy. We herewith present the
corresponding findings as determined in a matched case-
control study [7]. Furthermore, this article summarizes
economic aspects of SSIs from various other surgical
disciplines.

Materials and methods

Matched case-control study

As previously described [7], Hannover Medical School is
a German tertiary care university hospital. Approximately
2,300 patients per year undergo median sternotomy in the
department of cardiac, thoracic, transplantation, and
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vascular surgery for various reasons. From January 2006
until March 2008 (27 months), prospective surveillance of
DSWI was performed continuously by trained infection
control personnel. Patients who underwent CABG and
developed a nosocomial DSWI according to the criteria as
defined by the Centers for Disease Control and Prevention
(CDC) [8]. Patients with sterile dehiscence or superficial
sternal wound infections were excluded from the study.
Readmitted patients were not eligible as case patients also.
Control patients also needed to undergo CABG but did not
suffer from DSWI afterwards. Controls were matched to
cases in 2:1 ratio applying the following matching criteria:
age, gender, and identical diagnosis-related group in the
same year. Adjusting for time at risk before surgery was
done by matching for the preoperative LOS +/− 2 days.
Adjusting for time at risk after surgery was done by
matching for the LOS after the thoracic surgical procedure
of controls being at least as long as that of cases before the
onset of DSWI. During the investigation period, the
frequency of DSWI occurrence ranged from 1.8% to
3.6%. Costs for the hospital and reimbursement from
health insurance companies for DSWI cases and control
patients were determined at the time of follow-up and
include costs of surgery, treatment on intensive care units
(ICUs), stay on peripheral wards, and laboratory tests.
Raw data were provided in euro (€) but got converted into
US dollar ($) for easier comparison to findings of others
using currency rates as valid on February 7, 2011. In order
to check for any variables or conditions that might
influence the costs of a single patient, we checked for

the presence of several potential risk factors and comor-
bidities (Table 1).

Review of the current literature on SSI

Retrieval of data To identify articles about costs of SSIs, a
MEDLINE search was performed using the following
search strategy: (“SURGICAL SITE INFECTION” or
“HOSPITAL INFECTION” or “NOSOCOMIAL INFEC-
TION”) and (“COST” or “COSTS” or “ECONOMICS” or
“ECONOMIC ASPECTS”).

Inclusion criteria The study must provide primary data
on costs of some kind of SSIs. Reporting facility is
located within Europe or USA. Articles must be written
in English language. Publication of data must have
occurred recently (time frame: January 2005 through
December 2010, January 2000 through December 2010
for Cardiothoracic Publications due to the small number
of articles).

Results

Matched case-control study

During the study period, a total of 4,130 cardiac surgical
procedures were performed. One hundred twenty case
patients with DSWI were detected by surveillance (SSI

Before surgery Age

Gender

Diabetes mellitus

Body mass index (BMI) >25

Chronic obstructive pulmonary disease (COPD)

Renal insufficiency

Nicotine abuse

Immune suppression of any kind

Hospital length of stay (LOS) before surgery

During surgery Type of surgical procedure

Date of surgery

American Society of Anesthesiologists (ASA) score

Wound contamination class

Blood glucose levels

Appropriate application of antibiotic prophylaxis using a third generation cephalosporin

Overall duration of the surgical procedure

Duration of extra corporal circulation (ECC)

After surgery Duration of mechanical ventilation

Length of stay (LOS) on a intensive care unit

Total hospital length of stay (LOS) until discharge

Table 1 Demographic parame-
ters and potential risk factors
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rate: 2.9%), and, thus, got included in cost calculation
study. One hundred (83%) cases were diagnosed during
their hospital stay in our facility already or during their
subsequent stay in a rehabilitation clinic. The remaining
20 (17%) patients were diagnosed after readmission to
our hospital. Overall 27 (23%) events of DSWI occurred
after the initial discharge of the patient. Causative
microorganisms were cultured in specimens from a total
of 112 (93%) sites of clinical DSWI. Most frequently,
cultured isolates were coagulase negative staphylococci
(39%), Staphylococcus aureus (23%; with a proportion of
52% methicillin-resistant S. aureus (MRSA), and entero-
cocci (10%). Up to four different microorganisms were
detected in swab from a single DSWI site. The mean time
after surgery until the diagnosis of DSWI was 13.4 days
(median: 19 days). Treatment of cases included debride-
ment, vacuum therapy, and omental reconstruction if
considered necessary. After applying the matching criteria
as described above, 17 cases remained for which 34
controls were found (out of 120 potential control patients).
The total number of patient days of cases was 585 days
compared to 560 day of controls. As shown in Table 2, the
median hospital LOS was twice as long in cases compared
to controls (34.4 days vs. 16.5 days, p=0.0006). The
median LOS on ICU was also increased for cases but
failed to reach statistical significance (6.3 days vs.
5.3 days). The median postoperative LOS was approxi-
mately four times longer in cases (32.2 days) compared to
all controls without infection (8.0 days; p=0.04). In a 30-
day follow-up, the mortality rates of the cases were 17.6%
vs. 8.8% in controls. Table 3 indicates that, besides the
preoperative LOS, the control patients as chosen for our
case-control study are a representative subgroup of all
patients lacking DSWI. Table 4 presents an overview on
costs of cases and controls. The median cost of cases
which required DSWI treatment was $49,449. These
include costs for ward care (24.7%), surgical costs
(19.0%), costs for ICU care (27.7%), costs for laboratory
tests (15.0%), and other costs (13.6%). The median
reimbursement from health care insurance companies
was $36,962 per case patient (equivalent to a financial

loss of $12,482 per case). The median reimbursement of
controls undergoing CABG without developing SSI was
$18,674 per control patient (equivalent to a financial profit
of $484 per control). Noteworthy, the financial loss most
probably underestimates the situation as costs of cases due
to additional admissions were not even included in this
calculation. In contrast, the median cost of cardiac surgery
procedure in control patients was $18,218 comprising
ward care (13.0%), surgical costs (28.3%), ICU care
(29.6%), laboratory tests (16.4%), and other (12.7%).
More detailed information on the findings of this study are
described elsewhere [7].

Review of the current literature on SSI

Included studies Overall, 14 articles were identified by the
search strategy as described. Six of those were performed in
hospitals in USA [4, 9–13]. The remaining eight studies
took place in European countries (Sweden, UK, Turkey,
Spain, Switzerland, and France) [5, 14–20]. No other study
on DSWI cost calculation from Germany was found.
Authors from 11 studies described in detail that infections
were identified based on the abovementioned CDC guide-
lines [8]. The exact way of data acquisition remains
unknown in some studies as only in 11 articles the
collection of data by specialized infection control personnel
was stated.

Cost of SSI in medical literature Depending upon the type
of surgical procedure, the median costs (presented as either
“additional” or “total” costs) of SSI varied from $2,342 to
$38,554 per patient. A detailed overview about costs of SSI
in general and DSWI costs in particular are shown in
Table 5. The additional LOS due to SSI ranged between 6
and 14 days in median, being DSWI, the type of infection
causing the longest extent of LOS (14 days). There were
only three studies that provided either data on total costs
due to DSWI [4, 5] or on costs of DSWI therapy only [19].
The additional costs of DSWI were calculated between
$6,851 [5, 21] and $20,012 [4, 22] for the first 12 months
after the surgical procedure, while the corresponding extra

Table 2 Median costs and hospital length of stay of cases and controls

Cases (n=17) Controls (n=34) p valuea

LOS in hospital (days) 95% CI 34.4 (30.1–38.6) 16.5 (14.0–17.5) 0.0006

LOS on ICU (days) 95% CI 6.3 (5.5–6.7) 5.3 (4.1–5.9) n.s.

Costs per patient ($) 95% CI 49,449 (42,505–65,835) 18,218 (16,520–24,561) <0.0001

Costs per patient day ($) 1,385 1,599 n.s.

Mortality rates (%) 17.6 8.8 0.03

LOS length of stay, ICU intensive care unit, CI confidence interval, ns not significant
aWilcoxon signed rank test was used
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LOS were 35 days [5] and 46 days [4], respectively
(statistically not significant).

Discussion

Our analysis confirms once again that SSIs increase the
mean LOS and costs. The results of the present study as
well as the findings of others [4, 5, 19] clearly demonstrate
that especially DSWI in thoracic surgery are a severe
complication combined with an exceptionally strong clin-
ical and economical impact compared to SSIs after other
types of surgical procedures [19, 23]. The DSWI infection
rate after open heart surgery of at least 1.8% as determined
in our facility is in line with earlier reported rates of 0.5%
through 3.2% [24, 25]. The choice of inclusion criteria for
cases in our case-control study also fits the patient
characteristics as defined by others before [26–29]. Thus,
we believe that our data are both valid and representative.

In our study, patients with sternotomy who developed
DSWI had a doubled mortality rate, a need for 18
additional (expensive) days of hospital LOS, and caused
significantly increased attributive costs ($31,199 per case)
when compared to controls undergoing sternotomy but
lacking developing DSWI which is concordat in principle
to previous descriptions [30]. The main share of costs in
DSWI case patients were split among care on peripheral
wards, costs for additional surgical procedures, and costs
for prolonged ICU care. Because DSWI are associated with
by far more costly outcomes already [19], we refrained
from including superficial chest infections and leg infec-
tions in our cost estimates, too.

As the implementation and/or enforcement of infection
control measures may lower infection rates, a multimodal
but hence cost-effective approach is desired. One should
always keep in mind the SSI pathogens may endogenously
derive from the patient’s physiological flora, e.g., from the

skin, or they may be transmitted to him from others or from
the environment, e.g., through leaking gloves during the
operation [31, 32]. An appropriate infection control method
must take both of these sources into account. In the
following, we would like to highlight a selection of
valuable measures for SSI prevention that, unfortunately,
get frequently neglected.

Surveillance of SSI by infection control staff is impor-
tant for the hospital to get an overview of the current
situation and will also contribute to the prevention of
infection. Evaluation procedures, prospective recording of
SSI, comparison of infection rates to reference data, and
(confidential) feedback of results to the corresponding
surgical department are integral parts of a successful
intervention program. By this, SSI rates may be reduced
up to 50% [1, 33, 34].

One of the main risk factors for SSI is nasal carriage of
S. aureus by the patient [35]. Although it is well-known
that approximately one third of inpatients in fact are
carriers, a corresponding nasal screening is not widely
performed [36–38]. However, this should be encouraged
because preoperative decolonization measures will most
probably reduce the incidence of SSI due to gram-positive
aerobic bacteria [39]. This is true especially in the case that
screening results will not be available before beginning of
the surgical procedure. If elective surgery procedures are
planned, nasal screening of both, MRSA and methicillin-
sensitive S. aureus could be done in advance. This way,
appropriate decolonization measures could be accomplished
in the ambulant setting (before admission to the hospital),
and infection control measures could also get implemented
at an early most time point. Without doubt, this tactic will
reduce the risk of transmission and, thus, the frequency of
nosocomial infections [35].

Another important item is timely administration of
perioperative antimicrobial prophylaxis. Unfortunately, the
optimal time point chosen is often inconsistent with
recommendations from international guidelines, and appli-

Matched controls only (n=34) All controls (n=120) p valuea

Preoperative LOS (days) 95% CI 2.0 (2.4–3.0) 4.0 (3.4–4.8) 0.02

LOS on ICU (days) 95% CI 5.3 (4.1–5.9) 3.6 (1.6–7.0) n.s.

LOS in hospital (days) 95% CI 16.5 (14.0–16.5) 14.0 (9.0–17.0) n.s.

Age (years) 95% CI 72 (68–73) 72 (65–73) n.s.

Table 3 Median length of stay
of potential and matched con-
trols patients [7]
LOS length of stay, ICU inten-
sive care unit, ns not significant,
CI confidence interval
aWilcoxon signed rank test was
used

Cases (n=17) Controls(n=34)

Costs per patient ($) 49,449 18,218

Reimbursement per patient ($) 36,962 18,674

Financial loss or profit per patient ($) –12,482 +484

Financial loss or profit per patient day ($) –366 +29

Table 4 Median differences of
costs and reimbursements for
deep sternal wound infections in
matched pairs of cases and
control patients
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cation of substances occurs too late [40]. Furthermore, the
overall duration of perioperative prophylaxis should be
reconsidered in many surgical departments. An antibiotic
prophylaxis longer than 24 h rarely has a positive impact on
the SSI rate, but rather promotes the selection of multi-drug
resistant organisms or Clostridium difficile-associated dis-
ease [41]. This way, good antimicrobial stewardship will
benefit both epidemiology and economy.

Particularly the site of incision deserves attention.
Preoperative hair removal should be done by using clipping
machines instead of razor blades, as those are likely to
injure the surrounding skin and significantly increase the
risk of SSI [42, 43]. The initial dressing of the wound
should remain for at least 48 h post-surgery [44], and
removal of any plastic devices should be done postopera-
tively as soon as wound secretion has terminated and
drainages are no longer required [45].

Finally, proper hand hygiene by the use of alcohol-based
hand rub of staff should be general practice in the field of
surgery [46].

There are several guidelines addressing to prevention of
SSI [47–49], but to our knowledge, a bundle of hygiene

measures is useful for the reduction of SSI, as it was shown
before [50].

Some limitations have to be kept in mind particularly when
interpreting the data presented in our study. (a) As mortality
rates were determined by a 30-day follow-up only, we do not
know for sure whether all fatal cases were detected by our
surveillance. A longer post-discharge surveillance time frame
would be necessary in order to clarify this issue. Thus, our
data might even underestimate the true mortality rate due to
DSWI. (b) We only included the costs of patients with DSWI
that derived from their first stay in our hospital but not from
readmissions later on. Thus, our data might also even
underestimate the true costs due to DSWI. (c) This is a single
institution survey in a tertiary care German university hospital.
Thus, generalization of results should be done with caution as
our findings may not apply the same way for thoracic surgery
departments in every other setting, e.g., in hospitals in other
countries. (d) Costs as calculated in this study were based on
the hospital costs as generated by the financial controlling
department of our hospital only. Thus, we cannot rule out that
there might have been some additional—hidden—costs that
have been missed by our approach of cost determination. (e)

Table 5 Results of literature review on increased costs and prolonged length of stay and comparison to our own study

Author/year Type of surgical
discipline

Median costs of SSI cases
patient ($)

Additional median LOS of SSI
cases (days)

Additional median costs
of SSI ($)

Hollenbeak et al.
2000 [4]

Cardiothoracic surgery – 20 20,012

McGarry et al.
2004 [9]

Various 79,118 11b 40,559b

Coello et al. 2005
[14]

Various – 12a,b 5,436b

Coskun et al. 2005
[5]

Cardiothoracic surgery – 28a,b 7,992a,b

Herwaldt et al.
2006 [10]

Various 8,222 3b 3,903b

Monge et al. 2006
[15]

Orthopaedic surgery – 33 20,573a

Pollard et al. 2006
[16]

Orthopaedic surgery 29,669 35a 20,563a,b

Anderson et al.
2007 [11]

Various – – 11,087a

Alfonso et al. 2007
[17]

Various – – 3,859a

Sparling et al. 2007
[12]

Paediatric surgery 57,850a 11a 29,951a

Mokhtari et al.
2008 [19]

Cardiothoracic surgery 44,244a,b – 26,667a,b

Olsen et al. 2008
[13]

Breast surgery 18,530 4 11,890b

Penel et al. 2008
[18]

Head and neck cancer
surgery

42,945a 16a 18,738a

Graf et al. 2009 [7] Cardiac surgery 49,449 18 12,482

SSI surgical site infection, LOS length of stay
a Data presented as mean only (as no median data was available)
b As calculated ourselves during the review process
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Finally, although highly suggestive, we cannot prove for sure
that the prolonged stay of cases after developing DSWI is
caused by the infection itself only or if other comorbidities
may rather have had an influence on the LOS.

Conclusion

Obviously, SSI represents a serious clinical complication. In
addition, our data show that SSIs also have a high impact on
the overall expenses for hospitals and health care systems. SSI
may almost triple the individual costs with DSWI being the
most expensive ones—but those additional charges may not
be sufficiently covered. Considering the clinical consequences
of SSI, it is crucial that all appropriate measures for the
reduction of SSI rates are implemented or get enforced—
primary for the patient’s safety. Furthermore, any effort taken
in the field of infection control will also subsequently diminish
the costs for health care systems which will bring benefit for
the entire population. Further studies that deal with cost-
effectiveness of infection control in surgery and especially in
thoracic surgery due to the small number of currently existing
studies are therefore very much appreciated.

Conflicts of interest None.
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