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Ozet

Amagc: Bu calismada, hastanemiz kardiyovaskiiler cerrahi kliniginde son 12 yil i¢inde yapilan izole koroner arter baypas greft cerrahisinden sonra gelisen
safen ven greft insizyon alani cerrahi alan enfeksiyonu olgularnin, etken olan mikroorganizmalari, risk faktérlerini ve klinik 6zelliklerini ortaya koymak
amaciyla degerlendirilmesi amaglanmistir.

Gereg¢ ve Yontemler: Mart 2009-Kasim 2020 tarihleri arasinda hastanemiz kardiyovaskiiler cerrahi kliniginde izole koroner arter baypas greft cerrahisi ya-
pilan ve postoperatit dénemde safen ven greft insizyon alani enfeksiyonu gelisen ve cerrahi alan enfeksiyonu olarak kabul edilen toplam 34 hasta (23 kadin,
11 erkek; ort. yas 68.0+9.0 yil; dagilim 51-86 y1l) calismaya alindi. Calismaya dahil edilen hastalarin demografik verileri, altta yatan hastaliklari, preoperatif,
intraoperatif ve postoperatif risk faktorleri retrospektif olarak incelendi.

Bulgular: Yaklagik 12 yillik bir periyotta yapilan izole koroner arter baypas greft cerrahisinde safen ven greft insizyon alani cerrahi alan enfeksiyonu orani
%0.8 olarak belirlenmistir. Bunlarm 23’ (%67.6) yiizeyel insizyonel cerrahi alan enfeksiyonu, 11’1 (%32.4) derin insizyonel cerrahi alan enfeksiyonu olarak
degerlendirilmistir. Cerrahi alan enfeksiyonu gelisen hastalarda yas, kadin cinsiyet, obezite, diabetes mellitus, sigara, acil cerrahi, 1’den fazla safen ven greft
kullanimi, operasyon, kardiyopulmoner baypas ve aortik klemp siirelerinin uzun olusu, intraoperatif kan transfiizyonu, yogun bakim tnitesi’nde kalma siiresi
uzunlugu, inotrop kullanimi ve toplam hastanede yatis siiresi uzunlugu anlamli bulundu. Piiriilan akint: kiiltiirlerinde tireyen mikroorganizmalarin 18’ini
(%53) Gram negatif bakteriler, 12°sini (%35.3) Gram pozitif bakteriler ve birini (%2.9) mantarlar olusturmustur. Bes (%14.7) hastada ise patojen mikroorga-
nizma tiretilemedi. Cerrahi alan enfeksiyonu tespit edilen hastalardan en sik izole edilen iki etken koagiilaz negatif stafilokoklar (%17.6) ve Escherichia coli
(%17.6) idi.

Sonugc: Kardiyovaskiiler cerrahi girisim gegiren hastalarda 6zellikle cerrahi alan enfeksiyonuna dikkat edilmelidir. Koroner arter baypas greft cerrahisi sonrasi
cerrahi alan enfeksiyonunun, risk faktorlerinin belirlenmesi, cerrahi tekniklerin modifikasyonu ve postoperatif donemin siki tutulmast ile azaltilabilecegi akil-
da tutulmalidir. Taburcu olduktan sonraki takip ve kisisel bakim dnemlidir ve enfeksiyon ortaya ¢iktiginda ampirik tedavi yaklagimi hastanemizde onde gelen
enfeksiy6z ajanlarin koagiilaz negatif stafilokoklar ve E. coli oldugu dikkate alinarak belirlenmelidir.

Anahtar kelimeler: Cerrahi alan enfeksiyonu, Greft, Kardiyovaskiiler cerrahi, Safen ven

Abstract

Objective: This study aimed to evaluate surgical site infection patients developing saphenous vein graft incision site infection after isolated coronary artery
bypass graft surgery performed in the cardiovascular surgery clinic of our hospital in the last 12 years to reveal the causative microorganisms, risk factors,
and clinical characteristics.

Material and Methods: A total of 34 surgical site infection patients (23 females, 11 males; mean age 68.0+9.0 years; range 51-86 years) who underwent
isolated coronary artery bypass graft surgery in the cardiovascular surgery clinic of our hospital between March 2009 and November 2020 and who postopera-
tively developed saphenous vein graft incision site infection were included in the study. The patients’ demographic data, underlying diseases, and preoperative,
intraoperative, and postoperative risk factors were analyzed retrospectively.

Results: In all isolated coronary artery bypass graft surgeries performed over a period of about 12 years, the rate of saphenous vein graft incision site surgical
site infection was found to be 0.8%. Of these, 23 (67.6%) were evaluated as superficial incisional surgical site infection and 11 (32.4%) as deep incisional
surgical site infection. In the patients who developed surgical site infection, the parameters of age, female sex, obesity, diabetes mellitus, smoking, emergency
surgery, use of more than 1 saphenous vein graft, prolonged operation, cardiopulmonary bypass, and aortic clamp durations, intraoperative blood transfusion,
length of stay in the intensive care unit, use of inotropes, and total length of hospital stay were all found to be significant. The microorganisms in purulent
discharge cultures consisted of Gram-negative bacteria in 18 (53%), Gram-positive bacteria in 12 (35.3%), and fungi in 1 (2.9%). No pathogenic microorga-
nism growth was observed in 5 (14.7%) patients. In the patients with surgical site infection, coagulase-negative staphylococci (17.6%) and Escherichia coli
(17.6%) were the most frequently isolated agents.

Conclusion: Particular attention should be paid to surgical site infection in patients undergoing a cardiovascular surgery intervention. It should be noted that
post coronary artery bypass graft surgery surgical site infection can be reduced by determining its risk factors, modifying surgical techniques, and postopera-
tive close monitoring of patients. Follow-up and personal care are crucial after discharge and an empirical treatment approach should be determined when an
infection occurs, taking into account that coagulase-negative staphylococci and E. coli were the two leading infectious agents in our hospital.
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INTRODUCTION

Coronary artery bypass graft (CABG) surgery provi-
des good symptomatic improvement and long life expe-
ctancy in most coronary artery disease patients with a
suitable vascular structure (1). Many complications can
occur after CABG surgery. Among these complications,
surgical site infections (SSI) are of particular importan-
ce. SSI ranks first (38%) among postoperative infections
and third (14-16%) among nosocomial infections (2).
Despite the increased use of arterial grafts in recent ye-
ars, saphenous vein grafts (SVG) are still used to treat
most patients undergoing isolated CABG surgery be-
cause multiple grafts are needed and they are easy to
access (3). The standard conventional method for the
removal of the saphenous vein has been open dissecti-
on with continuous or intermittent skin incisions. As it
requires long incisions on and under the skin, wound
complications are still one of the most important prob-
lems of cardiovascular surgery (CVS). SSI developing
in the incision site due to the SVGs prepared during
CABG surgery can prolong patients’ postoperative peri-
ods, increase re-hospitalization, decrease quality of life
by increasing pain, and negatively affect postoperative
morbidity (4,5). The incidence of SVG incision site SSI
after CABG surgery ranges from 1% to 24% (6-8). There
is limited data on the risk factors and outcomes of these
infections.

Therefore, this study aimed to evaluate SSI patients
developing SVG incision site infection after isolated
CABG surgery performed in the CVS clinic of our hos-
pital in the last 12 years to reveal the causative microor-
ganisms, risk factors, and clinical characteristics.

MATERIALS AND METHODS

Patient Selection and Demographic

Characteristics

A total of 34 SSI patients who underwent isolated
CABG surgery in the CVS clinic of our hospital betwe-
en March 2009 and November 2020 and who develo-
ped SVG incision site infection postoperatively were
retrospectively identified. The patients’ age, sex, body
mass index (BMI), preoperative hospitalization time,
total hospital stay, history of diabetes mellitus (DM),
renal failure, cerebrovascular event (CVE), congestive
heart failure (CHF), immunosuppression, ejection fra-
ction (EF), hypertension (HT), hyperlipidemia (HL),
peripheral vascular disease (PVD), myocardial infarcti-
on (MI), smoking history, New York Heart Association
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(NYHA) functional class, nasal carriage of Staphylococ-
cus aureus, and suitability of their antibiotic prophylaxis
were recorded as preoperative risk factors. Their elective
or emergency surgery status, ASA (American Society of
Anesthesiology) physical condition classification score,
use of internal mammarian artery (IMA), use of mul-
tiple SVGs, blood and blood product transfusion, ope-
rative time, cardiopulmonary bypass time, and aortic
clamp time were recorded as operative risk factors. Risk
categories were determined for each operation and cal-
culated in accordance with the National Nosocomial In-
fections Surveillance (NNIS) risk index (9). This index
performs scoring based on the degree of contamination
of the surgical site, the ASA score, and operation time.
Mechanical ventilation time, length of stay in the inten-
sive care unit (ICU), >72 hours of stay in the ICU, use
of an intra-aortic balloon pump (IABP), and use of inot-
ropes were retrospectively recorded from patient files as
postoperative risk factors. A BMI of 30 and above was
considered as a basis for obesity (10).

Surgical Preparation

The cleaning of patients’ body hair in the surgical site
was performed the night before the operation using a
3M Remington 9604 medical shaver device to prevent
infection. We determined that the patients were made
have bath with hibitanol antiseptic solution the night
before the operation (for elective operations). The surgi-
cal sites were sterilized with 10% povidone iodine before
the operation. All patients received surgical prophylaxis,
as is routinely performed in our clinic. The patients were
given cefazolin sodium 1-2 g intravenously (3 times a
day) starting 60 minutes before the operation and for
48 hours postoperatively, alternatively cefuroxime 1.5 g
intravenously (twice a day).

Surgical Technique

The extremity (right/left, lower/upper) for SVG pre-
paration was recorded. SVG was prepared by a classical
incision starting anteriorly to the medial malleolus. Sap-
henous vein was dissected continuously without using
cotherization. Surgical area of the saphenous vein was
closed during the period of heparinization, and all the
patients with above knee saphenous vein dissection
were placed small surgical drain near surgical incisions
of the above knee wound. Both the grafts and the ve-
nous side branches were ligated using 4/0 silk sutures.
The veins were inflated with low-pressure using hepari-
nized isotonic sodium chloride to check for leaks and to
prevent venous spasm. Bleeding control was performed
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by ligation throughout the dissection. The subcutaneo-
us tissue was closed up with 2/0 absorbable suture and
the skin was closed up with 3/0 absorbable suture. Then,
the leg was intraoperatively wrapped with a sterile elas-
tic bandage from the wrist to the groin. The removal of
SVG by open surgery was often in parallel to the remo-
val of mammarian arteries by a different surgical team.
No endoscopic technique was used on any patient for
the removal of SVGs.

Postoperative Care and Follow-Up

Bandages were removed at the postoperative 24th
hour and incisional dressings were applied by the rele-
vant surgeon daily during hospitalization. Povidone-io-
dine 10% was used during dressing. No additional pro-
duct or dressing was used for wound care. All patients
wore medium-pressure compression socks up to the
groin. Compression socks were worn until the 3rd pos-
toperative month. The patients were routinely invited to
the polyclinic follow up on day 10 and in the first month
after discharge. SSI was diagnosed based on the definiti-
on criteria published by the Centers for Disease Control
and Prevention (CDC) (11) and the National Nosoco-
mial Infections Surveillance System (12). SVG incision
site SSI was defined as either superficial incisional SSI
or deep incisional SSI. Superficial incisional SSI was di-
agnosed in the presence of at least one of the followings:
pain or tenderness, localized swelling, redness, and war-
mth in the incised skin or subcutaneous tissue, presence
of purulent discharge. Deep incisional SSI was diagno-
sed in the presence of at least one of the followings: ten-
derness in the wound including deep soft tissue, muscle,
and fascia, along with fever, pus or abscess, opening in
the wound lips, exposure of deep tissues (13). The cul-
tures taken from the purulent discharge in the surgical
site and the microbiological examination notes for these
materials were recorded. The isolated microorganisms
and their antibiotic susceptibility were defined based on
standard methods (14). Medical and surgical treatment
and outcomes were recorded as clinical findings.

Statistical Analysis

Statistical data analysis was carried out using the
IBM SPSS Statistics for Windows Version 24.0 (Statis-
tical Package for the Social Sciences, IBM Corp., Ar-
monk, NY, USA) package software. Appropriate data are
presented as descriptive statistics (number and percen-
tage) and data indicated by measurements are presented
as mean, standard deviation. The patients with SVG in-
cision site SSI and those without SVG incision site SSI
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were compared in terms of risk factors. A Chi-squared
test was used for categorical variables. We performed a
multivariate logistic regression analysis to reveal the in-
dependent variables in the patients with SSI in the SVG
incision site.

The ethical approval for the study was obtained by
the medical research ethics committee with the Deci-
sion number of 2019-19/5 at the meeting numbered
2019/19 and dated 05.12.2019. Our study was planned
in accordance with the Helsinki Declaration.

RESULTS

A total of 4349 patients underwent isolated CABG
surgery between March 2009 and November 2020 in the
CVS clinic of our hospital and SVG was used on 4201
patients. Of the 34 patients included in the study, 11
(32.4%) were males and 23 (67.6%) were females. The
mean age was 68.0+9.0 years (age range: 51-86 years).
The patients’ demographic data, underlying diseases,
risk factors, and perioperative findings are presented in
Table 1. There was no statistically significant difference
between patients with and without SSI in terms of pre-
operative length of hospital stay, renal failure, history of
CVE, CHE immunosuppression, EE, HT, HL, PVH, his-
tory of MI, or NYHA functional class 3 or 4, all of whi-
ch were considered as preoperative risk factors. There
was a statistically significant difference in terms of age,
sex, DM, high BMI, length of hospital stay, and smoking
(Table 1). Regarding nasal carriage, preoperative nasal
swab cultures were obtained from all patients and Stap-
hylococcus aureus growth was observed in none.

There was a statistically significant difference in ter-
ms of emergency surgery status, blood or blood produ-
ct transfusion, use of more than 1 SVG, operative time,
cardiopulmonary bypass time, and aortic clamp time, all
of which were considered as operative risk factors (Tab-
le 1). All operations were isolated CABG surgeries and
SVG was removed from the right leg in 3290 (78.3%),
from the left leg in 208 (5%), and from both legs in 703
(16.7%) of the cases. The left internal mammarian artery
(LIMA) was used on all of our patients and more than 1
SVG was used on 31 (91.2%) of the patients.

All operations were evaluated as the clean wound
class. Concerning the ASA scores, all patients were found
to be ASA 3. The mean operative time of the patients
developed SSI was 125.2+27.4 minutes. Accordingly, the
NNIS risk index was calculated for each patient, with no
statistically significant difference with SSI (p>0.05).
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There was no statistically significant difference in
terms of mechanical ventilation time and the use of
IABP, but there was a significant difference in terms of
use of inotrope, length of stay in the ICU, and ICU stay
>72 hours, all of which were considered as postoperative
risk factors (Table 1).

The multivariate logistic regression analysis showed
that sex, age, smoking, DM, emergency surgery, ICU
stay >72 hours, length of stay in the ICU, total length of
hospital stay, use of inotrope, and use of >1 SVG were all
determined to be independent risk factors for SSI in the
SVG incision site (Table 2).

In isolated CABG surgery performed over a period
of about 12 years, the rate of SVG incision site SSI was

found to be 0.8%. These included 23 (67.6%) superfici-
al incisional SSIs and 11 (32.4%) deep incisional SSIs.
Cultures of purulent discharge were obtained from the
surgical sites of all patients postoperatively. Wound
debridement was performed on 11 patients with deep
incisional SSI and cultures of purulent discharge were
obtained from the surgical site. In the patients who de-
veloped postoperative SSI in the SVG incision site, the
most frequent finding was the presence of prominent
purulent discharge from the SVG incision site. This was
followed by, fever in 16 (47%) patients, dehiscence in the
incision site in 11 (32.3%) patients, and pain in the inci-
sion site in 30 (88.2%) patients.

Table 1. Demographic characteristics and preoperative and perioperative findings of patients

Characteristics Patients with SSI, n=34 | Patients without SSI, n=4167 P

Age (years) 68.0£9.0% 59.5+10.0* <0.05
Female sex, n (%) 23 (67.6) 1569 (37.6) <0.01
Obesity or BMI> 30 kg/m?, n (%) 16 (47.1) 1305 (31.3) <0.05
Diabetes mellitus, n (%) 19 (55.9) 1130 (27.1) <0.01
Peripheral vascular disease, n (%) 1(2.9) 85 (2.0) >0.05
Renal failure, n (%) 1(2.9) 103 (2.5) >0.05
Congestive heart failure, n (%) 4(11.8) 467 (11.2) >0.05
Ejection fraction 60.0+8.73* 58.2+8.9* >0.05
History of ML, n (%) 12 (35.3) 1435 (34.4) >0.05
Hypertension, n (%) 12 (35) 1562 (37.5) >0.05
Hyperlipidemia, n (%) 9 (8.8) 379 (9.1) >0.05
Cerebrovascular event, n (%) 1(2.9) 93 (2.2) >0.05
Immunosuppression, n (%) 1(2.9) 115 (2.8) >0.05
Smoking, n (%) 13 (38.2) 1388 (33.3) <0.05
NYHA 3 or 4, n (%) 6 (17.6) 668 (16) >0.05
Emergency surgery, n (%) 3(8.8) 201 (4.8) <0.05
Use of >1 SVG, n (%) 31 (91.2) 3241 (77.8) <0.05
Operative time (min) 125.2+27.4* 116.7+£21.7* <0.05
Cardiopulmonary bypass time (min) 73.2428.7* 67.4+28.8* <0.05
Aortic clamp time (min) 41.3+24.0* 36.4+16.1* <0.05
Intraoperative blood transfusion, n (%) 26 (76.5) 2784 (66.8) <0.05
NNIS risk index 2, n (%) 2(5.9) 241 (5.8) >0.05
Length of stay in the ICU (hours) 40.4+34.8* 28.1+12.3% <0.01
>72 hours of stay in the ICU, n (%) 5(14.7) 365 (8.8) <0.05
Use of inotropes, n (%) 14 (41.2) 1390 (33.4) <0.05
Use of intraaortic balloon pump, n (%) - 18 (0.5) >0.05
Mechanical ventilation time (hours) 5.7+2.1* 5.5+2.1* >0.05
Total length of hospital stay (days) 7.3%3.6* 5.7+0.7* <0.01
Preoperative length of hospital stay (days) 1.4+0.8% 1.4+0.8* >0.05

*Mean =+ standard deviation, BMI:Body Mass Index, MI:Myocardial Infarction, NYHA:New York Heart Association, NNIS:National Noso-
comial Infections Surveillance, ICU:Intensive Care Unit, SVG:Saphenous Vein Graft, SSI: Surgical site infections
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Table 2. Multivariate analysis results of risk factors for the development of SVG incision site SSI

Variables P OR 95% CI
Body mass index (kg / m?) 0.104 0.564 0.283-1.126
Diabetes mellitus 0.006 2.36 1.28-4.35
Sex 0.009 0.257 0.123-0.538
Age 0.023 0.922 0.884-0.961
Smoking 0.005 2.743 1.362-5.523
Emergency surgery 0.008 0.005 0.001-0.018
>72 hours of stay in the ICU 0.009 0.60 0.14-0.248
Aortic clamp time (min) 0.908 1.001 0.984-1.019
Cardiopulmonary bypass time (min) 0.524 0.998 0.992-1.004
Use of >1 SVG 0.018 0.416 0.202-0.861
Operative time (min) 0.410 0.426 0.056-3.236
Intraoperative blood transfusion 0.309 0.991 0.973-1.009
Length of stay in the ICU (hours) 0.008 0.508 0.22-0.925
Use of inotropes 0.038 0.853 0.645-0.957
Total length of hospital stay (days) 0.027 1.002 0.927-1.215

OR: Odds Ratio, CI: Confidence Interval, ICU: Intensive Care Unit, MI: Myocardial Infarction

SVG: Saphenous Vein Graft, SSI: Surgical site infections

Of the patients, 28 (82.4%) were diagnosed with SVG
incision site SSI in the first month postoperatively, while
6 (17.6%) were diagnosed in the first three months pos-
toperatively, with a mean diagnosis time of 27.2 days.
All patients were treated with long-term parenteral an-
tibiotics based on their culture antibiogram results and
they all recovered and were discharged. None of the pa-
tients died. The mean treatment duration was 2-6 weeks.

Regarding the purulent discharge cultures, Gram-ne-
gative bacteria were isolated more dominantly than
Gram-positive bacteria and fungi. The microorganis-
ms grown in purulent discharge cultures consisted of
Gram-negative bacteria in 18 (53%) patients, Gram-po-
sitive bacteria in 12 (35.3%) patients, and fungi in 1
(2.9%) patient. Single growth was detected in 26 (76.5%)
patients and mixed growth was found in three (8.8%)
patients. No pathogenic microorganism growth was ob-
served in 5 (14.7%) patients. In the patients with SSI, the
two most common isolated agents were coagulase-nega-
tive staphylococci (17.6%) and Escherichia coli (17.6%).
The distribution of the microorganisms is presented in
Table 3. Considering the antimicrobial resistance pat-
terns in Gram-positive bacteria, methicillin resistance
was found as 25% in Staphylococcus aureus strains and
as 83% in CNS. No vancomycin resistance was detected
in the enterococci. No carbapenem resistance was dete-
cted in Gram-negative enteric bacteria.
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Table 3. Distribution of microorganisms in purulent

discharge cultures [Number (%)].

Microorganisms n (%)
Coagulase-negative staphylococcus 6(17.6)
Escherichia coli 6(17.6)
Proteus mirabilis 4(11.7)
Pseudomonas aeruginosa 4(11.7)
Staphylococcus aureus 4(11.7)
Klebsiella pneumoniae 3(8.7)
Enterococcus spp. 2(5.8)
Enterobacter cloacae 1(2.9)
Stenotrophomonas maltophilia 1(2.9)
Candida parapsilosis 1(2.9)
No growth 5(14.7)
DISCUSSION

Among the hospital infections (HI) that develop af-
ter CVS, SSI is most frequently reported and studied.
SVG incision site SSI, which is observed after coronary
artery bypass graft surgery, is a serious complication and
its outcomes have not yet been adequately evaluated.

The incidence of developing SSI in the SVG incisi-
on site after coronary artery bypass graft surgery ranges
from 1 to 24% in various publications (6-8). In a ret-
rospective study by DeLaria et al. on 2545 CABG cases
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using the saphenous vein, the incidence of SVG incision
site SSI was reported to be as low as 1% (15). We found a
rate of 0.8%, similar to the literature. The most likely re-
ason for our low SSI incidence (0.8%) was due to the fact
that the patients were closely followed up for HI posto-
peratively, ensuring early diagnosis and treatment when
an infection is suspected in the surgical site.

Compared to the initial years of cardiovascular sur-
gery, complications such as SSI are more common today,
which is thought to stem from the increased number of
more complicated operations that can be performed on
the elderly and more risky patient groups with modern
techniques. The risk of SSI is higher at advanced ages.
Advanced age weakens the innate defense mechanisms
(16). It has been reported that complications associated
with the leg where an SVG is prepared are seen particu-
larly in women after mobilization (17). However, there
is no clear information as to why it is more common in
women. Coronary artery disease often occurs in women
in the postmenopausal period. Some researchers think
that the changes in estrogen levels in women during this
period impair wound healing. The correlation between
female sex and the incidence of SVG incision site SSI
depends on obesity, sex-related fat distribution, and
microtrauma due to shaving and removal of leg hair. In
our series, age and sex were found to be significant risk
factors for the development of SSI.

Wound complications most commonly appear as
SSI, neuropathy, or lymphocele, rarely requiring surgi-
cal intervention. However, some studies have reported
debridement or amputation of the extremity at different
levels, as well as some reporting death, although very ra-
rely (18). Wound site complications increase morbidity,
prolong the length of hospital stay, and increase hospital
costs (2). In our study, the clinical manifestations con-
sisted of superficial and deep SSIs and 11 patients un-
derwent wound debridement. All patients were success-
fully treated with antibiotics. None of the patients died.

Particular attention should be paid to SSI in patients
undergoing cardiovascular surgery. Given the increa-
sed mortality rates, prolongation of intensive care, and
increased costs in patients with surgical site infection,
having the knowledge of the risk factors of SSI and ta-
king necessary precautions to reduce its incidence have
been inevitable. Considering that age and diabetes are
the leading factors of SSI occurrence, the significance of
diabetes and glucose control comes to the fore. Due to
the negative interaction with the development of cicat-
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rization due to microvascular changes and high blood
sugar, diabetes is a risk factor for the development of in-
fection. In diabetic patients, the immune system cannot
exhibit enough resistance to infectious agents due to the
existing disease. The new hypothesis regarding the inc-
reased incidence of SSI in diabetic patients suggests that
it is associated with uncontrolled blood glucose levels in
contrast to congenital or acquired immune deficiency
(19). We found DM to be a significant risk factor for
SVG incision site SSI.

For patients developing with SSI, especially advanced
age, female sex, obesity, peripheral vascular disease, and
the use of intraaortic balloon pumps during intensive
care have been found to play a role in the development
of complications (15-20). SVG incision site SSIs are an
important postoperative morbidity, particularly in obe-
se patients and those with a high body mass index. The
reasons for the higher risk of infection in obese patients
include insufficient doses of prophylactic antibiotics
used, difficulty of proper skin cleaning, adipose tissue
creating an environment for infection, and difficulties
in removing vascular grafts. In this patient group, the
decreased blood flow in adipose tissue has been found
to be associated with a higher incidence of deep incisio-
nal SSI following CABG surgery (2). Our study showed
obesity to be a risk factor for the development of SVG
incision site SSI.

Studies to date have reported that S. aureus carriage
poses a high risk for all superficial SSIs (21). It has been
reported that preoperative nasal carriage of S. aureus is
found at a significant rate of 27% in cardiac surgery pa-
tients, which makes it an independent risk factor for the
development of SSI in this population, increasing mor-
tality (22). In the CVS department of our hospital, cul-
ture screening for nasal carriage of S. aureus is routinely
performed for all patients preoperatively. We observed
no S. aureus growth in the nasal swab cultures of our
patients who developed SSI.

The most important source for SSI is the patient’s own
body flora. SSI occurs more frequently in patients with
longer length of preoperative hospital stay since their
body flora is deteriorated. Therefore, it is extremely im-
portant to clean the body with antiseptic solutions prior
to surgery. We determined that patients were made have
bath with hibitanol antiseptic solution the night before
the operation (for elective operations). The mean length
of preoperative hospital stay was 1.41 days. The length
of preoperative hospital stay was not statistically signifi-
cant in terms of SSI development.
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Cleaning body hair preoperatively also plays a role
in the development of SSI. Bacterial colonization occurs
in microscopic incisions, increasing the risk of SSI furt-
her as the time between shaving and surgery increases.
So, if the surgical site is to be shaved, it should be done
just before the surgery using scissors, electric shavers, or
hair removal creams instead of a razor or scalpel (23).
In our study, the hair in the surgical site was cleaned the
night before the operation using a 3M Remington 9604
medical shaver device in all patients (for elective opera-
tions).

Operations that lead to prolonged contact with the
environment intraoperatively lead to longer durations
of cardiopulmonary bypass and aortic clamping, incre-
asing the negative effect of cardiopulmonary bypass on
white cells and the risk of SSI development by increasing
the possibility of contamination. In CABG surgeries, the
use of bilateral IMA and using more than 1 SVG prolon-
gs the operative time. The use of left IMA (LIMA) was
present in all our patients. However, more than 1 SVG
was used only on 31 patients. In our study, the durati-
on of operation and cardiopulmonary bypass and aortic
clamp time were found to be significantly different in
patients with SVG incision site SSI compared to those
without. This was associated with the multiple SVGs
used in patients with SSI, increasing the probability of
microorganisms to reach the surgical site due to longer
operative times.

Another risk factor that causes SSI development is
emergency operations. For patients undergoing emer-
gency surgery, failure to clean the surgical site electively
and ignoring asepsis-antisepsis rules due to rapid action
are among the main reasons increasing the risk of SSI.
In this study, emergency surgeries were performed on 3
patients, which was statistically significant in terms of
SSI development.

The technique used to remove the SVG has an im-
portant role in the development of SSI. When preparing
SVG by a classical incision, the incision starts from an-
teriorly to the inner malleolus and is extended upwar-
ds depending on venous graft requirement. However,
this region has less supportive subcutaneous tissue and
wound healing is therefore impaired. Various studies
have reported that the highest rates of SSI after CABG
surgery occur where the vein graft is removed, with the
rate exceeding 15% (20-24). The use of endoscopic tech-
niques has been reported for the preparation of SVG in
various publications in the past 15 years (25). Many ran-
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domized studies have reported the positive aspects of
endoscopic SVG removal. Endoscopic SVG removal has
lower rates of wound infection and lower requirement
for re-hospitalization compared to conventional open
removal (26). In the present study, no endoscopic tech-
nique was used on any patient for SVG removal. Since
it has begun to be used recently and only in a limited
number of centers, further data on number of cases and
experiences can help show that SSI is encountered less
frequently using this technique.

Today, blood and blood product transfusions are of-
ten used in CABG surgery (27). Blood transfusions are
thought to increase susceptibility to infection, particu-
larly in patients undergoing cardiac surgery. One study
investigated the correlation between postoperative infe-
ctions and blood transfusion in cardiac surgery patients
and found that the frequency of postoperative infections
was increased in patients receiving 4 or more units of
blood or blood products (28). Again, transfusion has
been shown to be the best determinant in terms of pos-
toperative infection (28). The study by Gol et al. (29)
conducted in Turkey reported the use of blood as a risk
factor for the development of infection in the postope-
rative period in patients undergoing cardiac surgery. In
our study, the rate of blood transfusion intraoperatively
was found to be 76.5%, making it significant in terms of
the development of SVG incision site SSI. This increased
risk may be caused by the immunosuppressive effect of
blood transfusion. Moreover, the high number of SVGs
used on patients with SSI led to more bleeding, increa-
sing the requirement for blood transfusions.

Studies in the literature have used the NNIS risk in-
dex to determine the risk level for SSI. This scoring inc-
ludes parameters related to ASA score, wound class, and
operative time (30). In this study, the NNIS risk index
was calculated for each patient, with no significant cor-
relation in terms of SSI.

Another reason that may lead to contamination is
non-sterile operating room air. Cultures taken from
operating room air show that organisms are mostly con-
centrated above the operation table (31). A laminar flow
ventilation system has been available for 12 years in the
CVS rooms of our hospital. This system allows for ste-
rile air to be delivered with pressure over the operating
table, providing a continuous flow of sterile air and pre-
venting dust and microorganisms from approaching the
table. In addition, the internal doors of our operating
rooms are automatic and are always kept closed between
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entrances and exits. The CVS intensive care unit is wit-
hin the operating room and no visitors are allowed. In
the CVS unit, patients stay in single rooms. In our study,
the appropriate physical conditions of our hospital were
thought to contribute to our low SSI incidence.

Patients may require staying in intensive care for
longer times due to reasons such as prolonged mecha-
nical ventilator support or the requirement for IABP use
postoperatively. Prolonged stay in intensive care leads to
cutaneous and mucosal colonization with nosocomial
pathogens, causing increased SSI postoperatively (32).
In this study, the mean duration of postoperative mec-
hanical ventilation time was 5.68 hours in patients with
SSTand no IABP was used on any patient. The mechani-
cal ventilation time and the use of IABP were found to
be statistically insignificant in terms of the development
of SSI, while the length of stay in the ICU was signifi-
cantly higher compared to those without SSI.

It is known that patients undergoing cardiopulmo-
nary bypass during open heart surgery have a higher
susceptibility to infections due to the emergence of a
secondary deficiency in the immune response postope-
ratively and greater likelihood for the entry of pathoge-
nic agents. Gram-negative bacteria can contaminate the
skin in the perineal region and take part in the tempo-
rary flora. Assuming that intraoperative wound conta-
minations are the cause for most infections, the primary
pathogens in the perineal flora are pathogens in the de-
velopment of leg infections (20). Because in most SSI
cases, the greater the intraoperative contamination of
the wound in the leg, the more Enterobacteriaceae and
S. aureus are isolated (20). As in previous studies, we
found microorganisms to be similarly significant as the
factors described previously, with Gram-negative bacte-
ria consisting most of these (20). The microorganisms
in purulent discharge cultures consisted of Gram-nega-
tive bacteria in 18 (53%), Gram-positive bacteria in 12
(35.3%), and fungi in 1 (2.9%). It was seen that CNSs
constituted 17.6% of Gram-positive bacteria, 83% of
which were resistant to methicillin. It is noteworthy that
CNS and Escherichia coli have constituted most of the
microorganisms isolated from SVG incision site SSIs af-
ter CVS in our hospital for about 12 years.

In our study, we shared the SSI findings of a single
center. We found that the main risk factors for the deve-
lopment of SSI were age, female sex, obesity, DM, smo-
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king, emergency surgery, use of more than 1 SVG, ope-
ration, cardiopulmonary bypass, and long aortic clamp
time, intraoperative blood transfusion, length of stay in
the ICU, >72 hours of stay in the ICU, use of inotrope,
and total length of hospital stay. Accordingly, our results
were consistent with the general results in the literature.
The CVS clinic should always require effective coopera-
tion with the committee for infection control in terms
of HI surveillance and infection control practices. More
specific studies on this clinic can possibly help keep
HI rates at lower levels. Having knowledge of the type,
frequency, and antibiotic resistance of isolated infecti-
ous agents, determining the antibiotic use policies of
various centers in light of this information and perfor-
ming surgery on patients with deep SSI can significantly
contribute to reducing morbidity and mortality rates, al-
lowing us to create effective infection control strategies

and thus increasing treatment success.

The limitations of this study are that one is single-
center investigation with a small sample size, and the
second is retrospectively.

In conclusion, particular attention should be paid to
SSI in patients undergoing CVS interventions. It should
be noted that SSI after CABG surgery can be reduced
by determining its risk factors, modifying surgical tech-
niques, and close follow-up of patients postoperatively.
Follow-up and personal care after discharge are key, and
an empirical treatment approach should be determined
taking into account that CNS and E. coli were the le-
ading infectious agents in our hospital when infection
occurred. It is important for each center to reveal its
own data of frequency and resistance, in order to dec-
rease infection rates with the infection control measures
and determine the antibiotic using policies.

Conflict of Interest and Financial Status:Our study
has not been financed by an institution and institution.
In this study, there is no conflict of interest among the
authors on any subject.

Author Contribution: All authors contributed equ-
ally to the article.

Ethical Statement: The ethical approval for the study
was obtained by the medical research ethics committee
with the Decision number of 2019-19/5 at the meeting
numbered 2019/19 and dated 05.12.2019. Our study was
planned in accordance with the Helsinki Declaration.

KSU Tip Fak Der 2022;17(3) : 179-187



AKYILDIZ et al.

10.

11.

12.

13.

14.

15.

REFERENCES

Spadaccio C, Benedetto U. Coronary artery bypass grafting
(CABG) vs. percutaneous coronary intervention (PCI) in the
treatment of multivessel coronary disease: quo vadis? A review
of the evidences on coronary artery disease. Ann Cardiothorac
Surg. 2018;7:506-515.

Figuerola-Tejerina A, Rodriguez-Caravaca G, Bustamante-Mun-
guira J, San Roman-Montero JM, Duran-Poveda M. Epidemio-
logical surveillance and surgical site infection and its risk factors
in cardiac surgery: A prospective cohort study. Rev Esp Cardiol.
2016;69:842-848.

Lopes RD, Hafley GE, Allen KB, Ferguson TB, Peterson ED, Har-
rington RA et al. Endoscopic versus open vein-graft harvesting
in coronary-artery bypass surgery. N Engl ] Med. 2009;361:235-
244.

Cove ME, Spelman DW, MacLaren G. Infectious complications
of cardiac surgery. A clinical review. ] Cardiothorac Vasc Anesth.
2012;26:1094-1100.

Lazar HL, Salm TV, Engelman R, Orgill D, Gordon S. Prevention
and management of sternal wound infections. ] Thorac Cardio-
vasc Surg. 2016;152:962-972.

Sharma M, Fakih MG, Berriel-Cass D, Meisner S, Saravolatz L,
Khatib R. Harvest surgical site infection following coronary ar-
tery bypass grafting: risk factors, microbiology, and outcomes.
Am ] Infect Control. 2009;37:653-657.

Swenne CL, Lindholm C, Borowiec ], Carlsson M. Surgical-site
infections within 60 days of coronary artery by-pass graft sur-
gery. ] Hosp Infect. 2004;57:14-24.

Fowler VG, O’Brien SM, Muhlbaier LH, Corey GR, Ferguson
TB, Peterson ED. Clinical predictors of major infections after
cardiac surgery. Circulation. 2005;112:358-365.

O’Hara LM, Thom KA, Preas MA. Update to the Centers for Di-
sease Control and Prevention and the Healthcare Infection Cont-
rol Practices Advisory Committee Guideline for the Prevention
of Surgical Site Infection (2017): A summary, review, and strate-
gies for implementation. Am J Infect Control. 2018;46:602-609.
Bray GA, Heisel WE, Afshin A, Jensen MD, Dietz WH, Long M
et al. The Science of Obesity Management: An Endocrine Society
Scientific Statement. Endocr Rev. 2018;39:79-132.

Horan TC, Andrus M, Dudeck MA. CDC/NHSN surveillance
definition of health care-associated infection and criteria for
specific types of infections in the acute care setting. Am J Infect
Control. 2008;36(5):309-332.

Refik Saydam Hifzissthha Merkezi Baskanligi Ulusal Hastane
Enfeksiyonlar1 Siirveyans ve Kontrol Birimi. Tiirkiye Hastane
Enfeksiyonlar: Stirveyansi Cep Kitabi. Ankara: Saglik Bakanlig1
2010.

Berrios-Torres SI, Umscheid CA, Bratzler DW, Leas B, Stone
EC, Kelz RR et al. Centers for Disease Control and Prevention
Guideline for Prevention of Surgical Site Infection, 2017. JAMA
Surg. 2017;152:784-791.

Garner JS, Jarwis WR, Emori TG, Horan TC, Hughes J]M. CDC
definitions for nosocomial infections. Am ] Infect Control.
1988;3:128-140.

DeLaria GA, Hunter JA, Goldin MD, Serry C, Javid H, Najafi H.
Leg wound complications associated with coronary revasculari-
zation. ] Thorac Cardiovasc Surg. 1981;81:403-407.

KSU Medical Journal 2022;17(3) : 179-187

187

1

[=)}

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Uzunkdy A. Cerrahi alan enfeksiyonlari: Risk faktorleri ve

onleme yontemleri. Ulusal Travma ve Acil Cerrahi Dergisi.
2005;11(4):269-281.

Chukwuemekai A, Lindsay J. Modified incision for long saphe-
nous vein Harvest. Ann Thorac Surg. 1998;66:279.

Paletta CE, Huang DB, Fiore AC, Swartz MT, Rilloraza FL,
Gardner JE. Major leg wound complications after saphenous
vein harvest for coronary revascularization. Ann Thorac Surg.
2000;70:492-497.

Brush Jr JE, Siraj ES, Kemp CD, Liverman DP, McMichael BY,
Lamichhane R et al. Effect of diabetes mellitus on complica-
tion rates of coronary artery bypass grafting. Am J Cardiol.
2019;124:1389-1396.

LEcuyer PB, Murphy D, Little JR, Fraser VJ. The epidemiology of
chest and leg wound infections following cardiothoracic surgery.
Clin Infect Dis. 1996;22:424-429.

Yazkan R. Gogiis cerrahisinde postoperatif komplikasyonlar. In
Toraks Travmalar1 ve Tedavisi. (Ed Yiicel O):149-59. Ankara,
Derman Tibbi Yayincilik, 2013.

Herwaldt LA. Staphylococcus aureus nasal carriage and surgical
site infections. Surgery. 2003;134:2-9.

Olsen MA, Lock-Buckley P, Hopkins D, Polish LB, Sundt TM,
Fraser VJ. The risk factors for deep and superficial chest surgi-
cal-site infections after coronary artery bypass graft surgery are
different. ] Thorac Cardiovasc Surg. 2002;124(1):136-145.

Trick W. Risk factors for radial artery harvest site infections fol-
lowing coronary bypass surgery. Clin Infect Dis. 2000;30:270-
275.

Muhammed Tamim, Aly Al-Sanei, Emad Bukhari, Charles Can-
ver. Endoscopic saphenous vein harvesting: results of our initial
experience. Turkish J Thorac Cardiovasc Surg. 2008;16:162-166.
Cheng D, Allen K, Cohn W, Connolly M, Edgerton J, Falk V et al.
Endoscopic vascular harvest in coronary artery bypass grafting
surgery: A meta-analysis of randomized trials and controlled tri-
als. Innovations (Phila). 2005;1:61-74.

Lako A, Bilali S, Memishaj S, Daka A, Dedj T, Nurka T et al. The
impact of blood use on patients undergoing coronary artery by-
pass surgery: a prospective study. G. Chir. 2014;35:20-26.
Leal-Noval SR, Rincon-Ferrari MD, Garcia-Curiel A, Herru-
z0-Aviles A, Camacho-Lara-a P, Garnacho-Montero ] et al.
Transfusion of blood components and postoperative infection in
patients undergoing cardiac surgery. Chest. 2001;119(5):1461-
1468.

Gol KM, Karahan M, Ulus T, Erdil N, Iscan Z, Karabiber N et
al. Bloodstream, respiratory, and deep surgical wound infections
after open heart surgery. ] Card Surg. 1998;13:252-259.
Friedman ND, Bull AL, Russo PL, Leder K, Reid C, Billah B et al.
An alternative scoring system to predict risk for surgical site in-
fection complicating coronary artery bypass graft surgery. Infect
Control Hosp Epidemiol. 2007;28(10):1162-1168.

Blakemore WS, McGarrity GJ, Thurer R], Wallace HW, MacVau-
gh H, Coriell LL. Infection by airborne bacteria with cardiopul-
monary bypass. Surgery. 1971;70:830-838.

Vos RJ, Van Putte BP, Kloppenburg GTL. Prevention of deep
sternal wound infection in cardiac surgery: a literature review. J
Hosp Infect. 2018;100:411-420.

KSU Tip Fak Der 2022;17(3) : 179-187



