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An audit of risk factors for wound infection in
patients undergoing coronary artery bypass grafting
or valve replacement

Objectives To investigate the epidemiology of surgical site infection in
cardiac surgery patients operated on in 2006.
Design Retrospective study of a case-control sample.
Setting Cardiac surgery unit of a university teaching hospital in Hong
Kong.
Patients Cardiac surgery patients with surgical site infection were

matched by procedure type, sex, and year of surgery with non-
infected patients.

Main outcome measures ldentification of risk factors for surgical site infection.

Results The infected and non-infected cardiac surgery patients did not
differ in age, sex, or smoking history; however, patients with
surgical site infection were significantly heavier (mean body mass
index, 26.6 vs 23.9 kg/m?, P<0.046). Almost 41% of the subjects
had a history of diabetes mellitus, there being a significantly
greater proportion among infected than non-infected patients
(53.1% vs 28.1%, P<0.042). All 37 of the patients without a
diagnosis of diabetes had normal (ie <8 mmol/L) preoperative
glucose levels, but 99% of them yielded evidence of subsequent
glycaemic dysfunction during or after surgery. Overall, 50% of
the patients had a blood transfusion during the operation, with
infected patients significantly more likely to have been transfused
than the non-infected ones (65.6% vs 34.4%, P<0.008).

Conclusions There appears to be a relationship between surgical site
infection in cardiac surgery patients and pre-existing (diagnosed
and covert) diabetes mellitus and blood transfusion. Future
studies should consider these factors in relation to surgical site
infections, both in the wider surgical population and from a risk-

minimisation perspective.

Introduction

As many as 5% of patients develop surgical site infections (SSls)," of which approximately
two thirds are confined to the incision. Wound infections are either superficial or deep,
and may involve the organs or spaces accessed during the operation.? Classified according
to the extent of wound contamination, SSls are described as clean, clean contaminated,
contaminated, or dirty, depending on wound appearance, discharge, and the likelihood
of peri-operative bacterial contamination from disruption of specific structures. The
incidence of SSls varies for each operative procedure, surgeon, and institution, suggesting
that there are modifiable workplace and practice contributing factors.

Following open-heart surgery, sternal wound infections (SWIs) occur in up to 5%
of patients and can be potentially life-threatening.? Significant preoperative risk factors
associated with SWI include diabetes mellitus (DM), respiratory disease, a history of
smoking, peripheral vascular disease, renal failure, obesity, hypertension, and angina
(class 3 or 4).** The risk for SWI is increased if surgery involves both internal thoracic
arteries, a valve procedure, or a ventricular assist device.** Leg wounds at donor sites
account for more than 70% of cases with severe infection following cardiac surgery.® In
over 50% patients with SSls, the pathogen implicated is staphylococcus. In one study, they
comprised methicillin-susceptible Staphylococcus epidermidis (26.7%), methicillin-resistant
S epidermidis (15.5%), methicillin-resistant Staphylococcus aureus (12.1%), and methicillin-
susceptible S aureus (3.2%).® Up to 20% of such clinically suspected wound infections are

Hong Kong Med J Vol 14 No 5 & October 2008 & www.hkmj.org 371



@ Bower et al &

5| Bui% 32 73 Ak B AR H5 45 1 =5 8 X B Al 9 A
HIRE O RER R bR R Z= 5T

E:H)

EE
aX A

ZHk
BE

FTEERAE

372

LEES

fitam

BL2006 5552 O B o Im B AR B IBRA » B
FMTEPALRERTRATIREE R ©

HR B BRI A ES T B BT 3% ©
EHB—FTRBHBETHOIEINLED

REMESE 0~ BAKR - IBFMEPAIT R
DEREEERETRHANEERY -

TERTFRE R BBl s Bk T 1T 2R A R 2 89 B B R
? o

= RCAFN B R DR B E TR ~ ERIUE R E
BRTEEZR > BERRENEARERE (Y58
BEIEBILE | 26.6%23.9 kg/m?, P<0.046) ° A 5E
IR AR G EERRAVARIT41% » A2 EE
FriGm b pIRREEER S (53.1%%28.1%, P<0.042) -
32 R B EHE BRERFNREA 0 MEIIMAEKFEY
BIEE (Bl<8 mmol/L) - {B99%iB#4EFE T AT
HIRMABINAER & - ZEEE2RGE AW ARZ TR
m > ERXUZRENRBANAZRLES (65.6%%
34.4%, P<0.008) °

RS BB F MR RO F BB E T A E BHERB

(FHREBEZEHEINNERMN) UEBMEE -
HEEETERANRT » BLUEZHNFITR AR
o WLERBREERENAE  ERELRNKEF
AR AL BEAR -

culture negative.

Not surprisingly, patients who develop SSIs
manifest a significant decline in the mental health
component of quality-of-life scores.” Patients with
wound infections in the early postoperative phase
experience greater morbidity, require longer periods
of hospitalisation, and incur greater treatment
costs.® Cardiac SSI increases the length of hospital
stay and costs in proportion to the severity of the
infection; costs increase by 3.8%, 14.7% and 29.4% in
mild, moderate and severe infections, respectively.®
The corresponding figures for increase in length of
hospital stay have been reported as 5, 9, and 15 days,
respectively.®

The majority of SSlIs are diagnosed after
discharge, necessitating out-patient consultations,
emergency room visits, radiology services, hospital
readmissions, and home care services. The average
total cost during the 8 weeks following discharge
for an SSI patient has been estimated at US$5155.”
Clearly, SSIs impose a substantial strain on health
care personnel and hospital resources.’

Treatment is often confounded by the
emergence of antibiotic-resistant pathogens' and
because a substantial proportion of infected patients

are elderly or have co-existing medical problems, in
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the past they would not have been considered for
surgery.? As the population ages, it is reasonable to
assume that older and sicker patients will be admitted
for surgery, which will inevitably increase the risk and
incidence of SSls.

Within our institution, the infection rate of
postoperative wounds has been under surveillance
by the Infection Control Team since 2005. The aim of
this study was to audit and report on SSlIs, and identify
likely risk factors among cardiac surgery patients
receiving coronary artery bypass grafting (CABG)
or valve replacement at our institution in 2006. The
corresponding caseload ratio for our team was 60%
versus 31%, whilst 9% of cases involved other forms
of cardiac surgery.?

Methods

All patients attended the preoperative work-up
out-patient clinic and were admitted to the cardiac
ward the day prior to surgery. Preparation for
surgery included routine showering and standard
preoperative antibiotic prophylaxis with cefuroxime
1.5 g on induction of anaesthesia. Postoperative
antibiotic cover was maintained for 48 hours using
intravenous 750 mg cefuroxime boluses three times
per day.

The US National Nosocomial Infection
Surveillance System (NNIS) was used to identify
patients with SSI. All surgical patients were observed
on postoperative day 2 and then telephoned before
day 30 and asked a standard set of questions related
to their wounds. Classification of SSI was based on
the report of purulent discharge, pain, erythema
or swelling, the organisms cultivated, and any
intervention by the surgeon or local doctor.

A case-control design was used to match the
identified SSI cardiac surgery patients by gender and
procedure type with non-wound infected patients
for the year 2006. Patients were considered to be
cases if they had been reported by the Infection
Control Team to have an SSI following either a
CABG or a cardiac valve replacement procedure
during 2006. Control patients were selected based
on matching the SSI cases by gender and procedure
and also having been operated on in our department
in 2006.

The exposures of interest were selected
following a comprehensive review of independent
risk factors for SSI in cardiac patients.>**'"° These
variables included: smoking history, diagnosis of
DM, infection site, postoperative number of days
before the SSI, duration of surgery, American Society
of Anesthesiologists (ASA) score, blood transfusion,
and blood glucose levels at different time points
(preoperative, intra-operative, recovery, intensive
care unit [ICU], and high dependency unit). Data



were extracted from patient charts and the cardiac
surgery data registry by an independent auditor.

The data were presented as means and standard
deviations (or medians and interquartile ranges,
wherever appropriate). The differences in variables
between the groups were tested using either
Student’s unpaired t tests or the Mann-Whitney U
test. The differences in variables between different
time points were compared using the paired t test.
Associations between variables and the outcomes
were tested by the Chi squared or Fisher’s exact test.
Logistic regression analysis on the variables identified
with P<0.1 in the univariate analysis, was used to
create a predictive model for outcome. Significance
was set at P<0.05.

Results

According to the NNIS criteria and surveillance
by the Infection Control Team at our institution,
the point prevalence of SSI in our surgical patients
ranged between 7.6% and 10% over the last 3 years.
In 2006, there were 32 cases among our cardiac
patients; the entire case-control group consisted of
63 patients. Their characteristics are shown in Table
1. The overall mean age was 61 (range, 29-78) years.
The SSI and non-infected cardiac surgery patients
did not differ in terms of age, gender, or smoking
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TABLE I. Patient demographics, clinical characteristics, and surgery undergone

history. However, the SSI patients were significantly TABLE 2. Blood glucose levels at different peri-operative time points

heavier, being classified as overweight (mean body
mass index [BMI], 25.7 kg/m?), whereas the non-SSI
patients were within the normal BMI range (mean,
23.9 kg/m?% P=0.047); BMI >25 kg/m? is considered
overweight.

A total of 50% of the SSI cases occurred in the
sternum, and 34% of infections were in the lower
limb donor sites. The mean number of postoperative
days before infection was 17, with a range from 5 to
30 days. Diabetic patients had wound breakdown at
a mean of 16.6 days (range, 9-29 days), no difference
from the mean of 17.4 days (range, 5-30 days) was
noted in non-diabetic patients.

The overall mean duration of surgery was 175
minutes, being 177 minutes for CABG and 165 minutes
forvalve replacements. There was no difference in the
duration of surgery between the infected and non-
infected groups. The wound infection patients had
a mean ASA co-morbidity score of 3, which denotes
severe systemic disease that limits activity but is not
incapacitating. Our non-infected patients had a mean
ASA score of 2.9, despite evidence that an ASA score
higher than 2 is associated with wound infections.

Almost 41% of the 63 patients had a history
of DM. Significantly more SSI than non-infected
patients were known to be diabetic (53% vs 28%,
P<0.042). The mean intra-operative blood glucose
levels did not differ, nor was there any difference in

Characteristic Cases (n=32) Controls (n=31) P value
Sex
Male 19 19 0.877
Female 13 12
Mean age (SD) [years] 59.1 (11.7) 63.0 (9.4) 0.156
Mean body mass index (SD) 25.7 (4.0) 23.9(2.7) 0.047
(kg/m?]
Smoking status*
Never 14 14 1.000
Ever 17 17
Type of surgery
Coronary artery bypass 25 24 0.946
grafting
Valve replacement 7 7
Mean (SD) No. of 17 (7) - -
postoperative days before the
infection
Site of infection - -
Sternum 16
Lower limb 11
Septicaemia 1
Multiple 4
* Data were missing for one case
Time points* Mean=SD glucose level (mmol/L) P value
SSI group” Control group
Preoperative 6.5+2.5 5.8+1.7 0.207
Mean for intra-operative period 9.6+2.9 8.7+2.0 0.140
Mean during recovery 10.2+2.7 9.2+1.9 0.183
Peak during recovery 11.7+3.6 10.6+2.5 0.298
Mean during ICU stay 9.5+1.3 9.3+1.8 0.051
Peak during ICU stay 10.5+1.9 10.0+1.9 0.040
Mean during HDU stay 10.0+£2.9 9.9+1.7 0.152
Peak during HDU stay 14.0+4.4 11.5+2.5 0.618
Peak glucose level at any one 13.1+£3.9 11.3+2.8 0.914

time

* ICU denotes intensive care unit, and HDU high dependency unit

* SSlI denotes surgical site infection

the absolute change of blood glucose levels between
the infected and non-infected groups (Table 2). As
can be seen from the Figure, in both groups the mean
blood glucose levels remained significantly elevated
from the baseline at all time points during the
postoperative phase. A preoperative blood glucose
level of 8 mmol/L or higher (the acknowledged cut-
off point for hyperglycaemia) was noted in nine SSI
patients and three without wound infections (P<0.055).
The mean blood glucose levels of all patients at peri-
operative and postoperative time points were within
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the dysfunctional range. At all time points, higher
blood glucose readings were noted in the DM than
non-DM patients.

All 37 of the patients without a diagnosis of DM
had normal (ie <8 mmol/L) preoperative glucose levels,
but 99% of them manifested evidence of glycaemic
dysfunction (ie blood glucose >8 mmol/L) at some
time point during or after surgery. Intra-operative
hyperglycaemia was significantly associated with
surgery that lasted longer than 3 hours (P<0.005). Half
of the patients who developed hyperglycaemia did so
during the operation, whereas in the rest its onset was
during recovery or in the ICU. There was a significant
association between hyperglycaemia during the
operation and the duration of the recovery period
(P<0.028), but no association with the ASA score, a
BMI over 25 kg/m?, or in-hospital blood transfusion.

Overall, 50% of the patients had blood
transfusions during the operation or at some point
before discharge from the hospital. Patients with SSIs
were significantly more likely to have had a blood
transfusion thanthe controls (65.6% vs 34.4%, P<0.008).
Patients who had received a blood transfusion and
those who had not, manifested their SSI after a mean
of 18 and 17 days, respectively.

Table 3 shows the association between exposure
and SSI. The logistic regression retained the two
variables of ‘known diagnosis of diabetes’ (P=0.031)
and having received a ‘blood transfusion while
hospitalised’ (P=0.003) as the significant independent
risk factors.

Discussion

The incidence of wound infection in our service was
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high compared to that of other institutions in Hong
Kong. As it is known that wound infection occurs
when bacterial contamination overcomes a host’s
defenses against bacterial growth,” the parameters
of the individuals should also be considered. It is
possible that some patients had greater systemic
compromise, more severe disease, or had received
dissimilar peri-operative management. Our findings
suggest that, at least in the sub-population of
cardiac surgery patients, the first two factors may be
important.

Inthis study, therisk of SSlincreased nearly four-
fold if a blood transfusion had been given, and three-
fold if the patient was either known to be a diabetic
or obese. Smoking status and absolute blood glucose
values and changes at various time points were not
associated with the subsequent development of an
SSI.

Although blood transfusions are regarded as
essential in many surgical procedures, they carry
significant risks, including: transfusion reactions,
receipt of infectious agents, contaminated red
blood cells? and compromised immunity.”? The
pro-inflammatory effects of transfused blood can
mediate tissue destruction. Our finding related
to the association between blood transfusion and
SSls is in agreement with other recent reports that
it is an independent risk factor for postoperative
bacterial infection (odds ratio=1.18, P=0.007), SSI, and
post-injury multiple-organ failure.™" The risk from
blood transfusions does not appear to be related
to the type of surgery, as the association has been
described in cholecystectomy patients (7.7 times
greater risk after =4 units of blood). It is also present
in colorectal cancer sufferers, as well as those having
major pulmonary resections,” ileal-pouch anal
anastomoses,” oral cavity cancer surgery,” bowel
surgery,® and cardiac surgery.”

Interestingly, the occurrence of wound
infections appears to increase incrementally with
each unit of blood transfused,” and is also greater if
the blood has been in storage for 21 days or more*
or has been depleted of nitric oxide. An individual’s
disease process and systemic compromise are likely
to provide an intermediate link with these factors in
the causal pathway to SSls.

The length of hospital stay is a variable
commonly used as an outcome of efficacy. Although
it was not measured in this study, cardiac surgery
patients who received more than 4 units of blood have
been reported to stay significantly longer in ICUs
than those who were not transfused (6.1+7.2 days vs
3.7+2.8 days, respectively; P<0.01)." This finding may
be confounded by the severity of cardiac disease
and the associated co-morbidities that precipitate
haemorrhage.

Within our institution, one of the initiatives
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TABLE 3. Association of exposure with surgical site infection (SSI)

Variable* SSI Non-SSI Odds ratio (interquartile range) P value

Known diagnosis: diabetes mellitus
Yes 17 9 2.770 (0.978-7.845) 0.052f
No 15 22

Obesity (BMI =25 kg/m?)
Yes 18 10 2.70 (0.967-7.541) 0.055"
No 14 21

Blood transfusion in hospital
Yes 21 11 3.818 (1.332-10.942) 0.0117
No 10 20

Smoking
Yes 17 17 1.00 (0.368-2.719) 1.00"
No 14 14

ASA score
1 0 1 - 0.5597
2 1 2
3 27 19
4 3 2

Preoperative mean blood glucose >8.0 mmol/L
No 23 28 0.274 (0.066-1.131) 0.0621
Yes 9 3

Intra-operative mean blood glucose >8.0 mmol/L
No 11 14 0.636 (0.230-1.757) 0.382f
Yes 21 17

Recovery mean blood glucose >8.0 mmol/L
No 4 9 0.254 (0.067-0.959) 0.036"
Yes 28 16

Recovery peak blood glucose >8.0 mmol/L
No 3 5 0.414 (0.089-1.931) 0.280*
Yes 29 20

ICU mean blood glucose >8.0 mmol/L
No 4 6 0.452 (0.112-1.821) 0.380*
Yes 28 19

ICU peak blood glucose >8.0 mmol/L
No 3 2 1.190 (0.183-7.727) 1.000*
Yes 29 23

HDU mean blood glucose >8.0 mmol/L
No 5 3 2.222 (0.442-11.18) 0.434+
Yes 12 16

HDU peak blood glucose >8.0 mmol/L
No 1 0 - 0.472%
Yes 16 19

Blood glucose >8.0 mmol/L at any one time point
No 1 0 - 1.000*
Yes 31 28

Surgery duration >3 hours
Yes 16 15 1.067 (0.397-2.865) 0.898"
No 16 16

* BMI denotes body mass index, ASA American Society of Anesthesiologists, ICU intensive care unit, and HDU high dependency unit

* Chisquared test
¥ Fisher’s exact test

supported by the infection control service was
comprehensive  peri-operative  blood glucose
control. Following in-service presentations from this
unit, surgeons are becoming aware of the association

between high blood glucose levels in diabetic
patients and the risk of SSIs. However, to date no
consensus protocol for managing blood glucose in
non-diabetic patients has been established. During
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the cardiopulmonary bypass phase of cardiac surgery,
blood glucose levels can increase by 20% in non-
diabetics and fall by 10% in known diabetic patients.*
An increase of only T mmol/L of blood glucose during
surgery has been associated with a greater risk of
postoperative complications.?

Diabetes mellitus is a prevalent condition in
Hong Kong. The age-adjusted prevalence (known
and unknown) for the 35-64 age-group was 9.7% in
men and 10.6% in women in 19952 Among Hong
Kong's elderly (aged 65-74 years), the prevalence
increases sharply to 21.7% in men and 29.3% in
women.” Previous studies have shown that nearly
50% of patients with DM are undiagnosed.”? In our
study, 99% of the non-diabetic patients manifested
glycaemic dysfunction at some time point during or
after surgery. Blood glucose levels are expected to
fluctuate, but if glucose regulatory systems are intact,
they should not extend beyond 3 to 7 mmol/L despite
prolonged fasting or extreme stress. At-risk patients,
notably those who carry genetic factors for DM, may
be expected to decompensate during surgery.

It is not routine practice in our institution
to include glucose tolerance testing or determine
haemoglobin A, _(to seek out glycaemic dysfunction)
during the preoperative work-up. It is possible that
due to the cardiovascular disease risk factors, carrying
out baseline tests would increase the proportion of
known diabetic patients entering cardiac surgery
theatres. Thus, the association between known DM
and SSI (marginally significant in our study) may be
stronger in a larger patient group whose true diabetic
status was known. Indeed, DM has previously been
identified as a risk factor for the development of
deep SWIs following cardiac surgery, with a 2.5-fold
increased risk.>

The increased infection risk in diabetics can be
attributed to the impaired neutrophil chemotaxis,
phagocytosis, the adherence and glycosylation
of collagen matrix proteins, all of which lead to
weakened antibacterial defenses and delayed wound
healing.® However, a recent study reported similar
rates of deep SWIs in both diabetic and non-diabetic
cardiothoracic patients."” Moreover, the level of
glucose dysfunction and its control at the point of
surgery and in the postoperative period are highly
predictive of wound infection.®*® Studies of ICU
patients have demonstrated significantly fewer SSls
when the blood glucose level is maintained below
7 mmol/L.3"

The current study found obesity to be associated
with the development of SSls. Although a link with
SWIlwas recently reported in a large cohort of cardiac
patients,® there is also a clear causal link between
DM and being overweight. This study did not control
for body weight, as it would have compromised the
investigation of DM as an exposure of interest.
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The fact that smoking status was not associated
with SSIs in our sample of cardiac patients was
surprising. If the classification had been based on
current smoking status, then it would have been
expected that patients with known disease may
have ceased smoking in an effort to reduce their
risk of death. However, we compared ‘ever smoked’
with ‘never smoked’ and were unable to find any
association.

The current study has the obvious limitation
of being small and covering a short period. This was
necessary to capture the incidence of SSls in the cardiac
surgery population, before procedural changes were
implemented. Several variables have become more
tightly controlled since 2006. Preoperative showering
has become a three-stage process instead of a one-
shower event. The intra-operative antibiotic regimen
has been revised so that drugs are re-administered
after 4 hours of surgery to provide greater cover
during long procedures. Following an audit of blood
product use, there has been a significant reduction
in the number of blood transfusions in cardiac
surgery patients; now 58% of patients receive blood
versus 73% previously (P<0.002). These changes have
coincided with a marked reduction in the incidence
of SSls in this patient group.

A further drawback was that our findings
cannot be generalised to other types of surgery,
due to the intermediary link in the causal pathway
between co-morbidities and coronary disease. The
logical progression of this audit is to extend it across
the various divisions of surgery and to evaluate the
risk factors for SSI in the wider surgical population
more comprehensively. It is well known, for example,
that procedures that involve anastomosis are more
often associated with wound infection than cleaner
procedures such as CABG.

Similarly, studies of stress hyperglycaemia have
primarily reported its incidence and association with
morbidity and mortality in cardiac surgery or acutely
ill patients admitted to 1CUs, rather than in general
surgery patients.>#>30333¢ Future work should collect
routine glucose tolerance data from all surgical
patients, to allow a more accurate DM classification
and facilitate and unravel the role of glycaemic
dysregulation in all types of surgery.

Conclusions

The costs of surgical wound infections in terms of
prolonged hospital stays, increased medical expenses,
and impaired quality of life are enormous. This audit
identified an association between SSI and pre-
existing diabetes and receipt of a blood transfusion
but could not determine the direction of causality.
The findings justify a review of available evidence
and scrutiny of blood glucose and blood transfusion



practices during all major surgical procedures.
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