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Clinical
Investigation Intracutaneous 

versus Transcutaneous
Suture Techniques
Comparison of Sternal Wound Infection 
Rates in Open-Heart Surgery Patients

In open-heart surgery, sternal wound infection after median sternotomy is a critical
complication. The intracutaneous suture is conventionally used in closing sternal inci-
sions. In this prospective, randomized, controlled clinical trial, intracutaneous and trans-
cutaneous suture techniques for closing the sternum were compared with respect to
postoperative sternal wound infections and cosmetic results.

In this study, we included 100 patients who had undergone open-heart surgery. Skin
wounds were closed with intracutaneous suture in 50 patients and with transcuta-
neous suture in the remaining 50. Superficial or deep sternal infections that developed
within 6 postoperative weeks were evaluated.

Cosmetic results were similar in the 2 groups. Deep wound infections were not ob-
served in either group. Superficial infection of postoperative sternal wounds occurred
at rates of 2% (n=1) and 16% (n=8) for transcutaneous and intracutaneous techniques,
respectively (P=0.016). One patient in the transcutaneous group and 6 patients in the
intracutaneous group who developed superficial sternal infections were diabetic.

Although the use of the transcutaneous suture technique in closing sternal incisions
of cardiac surgery patients provided no cosmetic improvement, it decreased the risk of
superficial sternal infection and reduced the length of postoperative hospital stay, par-
ticularly in diabetic patients. (Tex Heart Inst J 2005;32:277-82)

ternal wound infections after median sternotomy in open-heart surgeries
are a major complication; they are associated with extended hospital stay,
increased hospital costs, and higher mortality and morbidity rates.1-4

The incidence of mediastinal wound infection in patients undergoing median
sternotomy for cardiopulmonary bypass has been reported in various studies to be
between 0.9% and 20%.5 Sternal dehiscence concomitant with mediastinal or ster-
nal infection is observed in 0.4% to 5% of patients. Mortality rates in these pa-
tients are 13% to 39.6%.6,7 A study carried out in 2000 by Puc and colleagues8 on
1,039 patients established that the incidence of morbidity in association with ster-
nal wounds was 2.4%, while 6 out of 19 patients with sternal wound infections ex-
perienced dehiscence.

Severity can range from superficial wound infections, which do not reach the
sternum, to fulminant mediastinitis that involves the sternum, heart, and major ar-
teries.1,2 While superficial infections are limited to the skin and subcutaneous tissues,
deep infections involve sternal osteomyelitis, sternal dehiscence, and mediastinitis.9,10

The rate of deep sternal infection after open-heart surgery is about 0.2% to 2.9%.1-4

Staphylococci are the most important pathogens in sternal infections.1,2,4 The devel-
opment of sternotomy complications is multifactorial,11 and many studies demon-
strate the variables in patients and procedures.11-15

In this study, we compared intracutaneous (IC) and transcutaneous (TC) suture
techniques in open-heart surgery with respect to superficial and deep sternal
wound infection development, pathologic agents, therapy, cosmetic results, and
possible risk factors.

The transcutaneous suture technique can also be described as an interrupted
mattress suture technique. The intracutaneous technique is alternatively called a
subcuticular suture technique.
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Patients and Methods

One hundred consecutive patients who were under-
going open-heart surgery at our institution from Oc-
tober 2002 through March 2004 were enrolled in this
prospective randomized trial. The approval of the
Ethics Committee of Dokuz Eylul University was 
obtained (Ethics Committee Protocol No. 211), and
informed consent forms were signed by all the pa-
tients before the study began. Sixty-nine men and 31
women (mean age, 64.52 ± 10.44 years; range, 19–82
years) were enrolled. Patients who were on immuno-
suppressive or steroid therapy, who were obese (body
mass index ≥30), or who had insulin-dependent dia-
betes mellitus were excluded. There were 31 men
(62%) and 19 women (38%) in the TC group (mean
age, 64.82 ± 11.32 years; range, 19–76 years), and the
IC group had 38 men (76%) and 12 women (24%)
(mean age, 61.14 ± 10.08 years; range, 24–82 years).
Of the patients, 89 underwent coronary artery bypass
grafting (CABG); all surgical procedures are listed in
Table I. 

Surgical Techniques. Before surgery, each patient
took a chlorhexidine hydrochloride (4%) shower for
preoperative skin preparation. After the operative site
was washed with 4% chlorhexidine in the operating
room, it was further treated against cutaneous infec-
tion with Poviiodeks Antiseptic (KIM-PA; Istanbul,
Turkey), which contains 10% polyvinylpyrrolidone-
iodine complex (a solution chemically identical to Be-
tadine); then it was covered with a sterile drape.

Anesthesia was induced by diazepam and fentanyl
and was carried out with fentanyl, midazolam, isoflu-

rane, and nitrous oxide. The skin was incised with a
sterile lancet, and pericardial and presternal tissues
were cut by electrocauterization. Bone wax was used in
only 3 patients in each group, for a total of 6 patients
who had sternal bleeding after sternotomy. The surgi-
cal approach for all of the patients consisted of median
sternotomy, cardiopulmonary bypass (CPB), and mod-
erate systematic hypothermia (28–32 °C). While ice
slush was used routinely for topical cooling, 72% of
the patients were given crystalloid cardioplegic solu-
tion, and the remaining 28%, cold blood cardioplegic
solution. All CPB patients were heparinized with non-
fractionated heparin and were oxygenated by means 
of a Dideco D-708 membrane oxygenator (Simplex; 
Mirandola, Italy). An initial heparin dose of 3 mg/kg
was given until the activated coagulation time (ACT)
reached 480 seconds. After CPB, protamine sulphate
was given (10 mg/mL) until preoperative ACT values
could be achieved. Heparin and protamine quantities,
ACT values, mediastinal blood loss, and transfused
blood volumes were recorded during the first 3 post-
operative days for all of the patients. All patients un-
derwent standard placement of mediastinal and left
pleural chest drains.

In both groups, steel wires were used for closing the
sternum, and 2 layers of polyglactin 910 suture (Vi-
cryl 2.0, Ethicon, Inc.; Somerville, NJ) were used to
close subcutaneous tissues. We selected at random 50
patients to undergo IC and 50 patients to undergo
TC. Intracutaneous closure was performed with poly-
caprolate absorbable polyfilament (Dexon 4.0, Unit-
ed States Surgical Corporation; Norwalk, Conn).
Transcutaneous closure was performed with nonab-
sorbable monofilament (Prolene 4.0, Ethicon, Inc.;
Somerville, NJ).

In the transcutaneous suture technique, the surgeon
starts the suture at a point at least 1 cm from the edge
of the incision. Then, as deep a bite as possible is per-
formed, in order to hold both the cutaneous and sub-
cutaneous tissues. After the suture comes through the
contralateral side, a small bite is taken in proximity to
the incision edges, to complete the suture. The non-
absorbable transcutaneous sutures were removed on
the 14th day postoperatively.

Antibiotic therapy was as follows: an initial 1-g dose
of intravenous (IV) cephazolin, a 1st-generation ceph-
alosporin, was administered 30 minutes before the op-
eration, followed by 1-g IV cephazolin every 8 hours.
Those patients who were allergic to penicillin received
1-g IV vancomycin every 12 hours, until their drains
were removed.

Postoperative wound inspection was done regularly
every day during the first 5 days, at the end of the 2nd
week, and at the end of the 6th week. The cosmetic
results were evaluated at the end of the 6th postopera-
tive week. Wound infections were evaluated according

TABLE I. Surgical Procedures Undertaken in 100
Sternotomies

Operation N

CABG 91
LIMA 86
No LIMA 5
Off pump 7
CABG + valve replacement 2
CABG + carotid endarterectomy 1

AVR 2

MVR 2

AVR + MVR 1

Tricuspid repair 1

Other* 3

Total 100

AVR = aortic valve replacement; CABG = coronary artery 
bypass grafting; LIMA = left internal mammary artery; 
MVR = mitral valve replacement

*Two patients had primary repair of a secundum atrial septal
defect, and 1 had cardiac cyst excision.



to the specific wound site evaluation scheme.16 Each
wound was assigned a score of 0 to 7, in which 0 was
the optimal postoperative wound. The wound site
evaluation scheme is as follows: Grade 0: Optimal
wound appearance; Grade 1: One infection finding
(erythema, edema, increased pain); Grade 2: Two in-
fection findings or hemo-serous discharge; Grade 3:
Three infection findings or hemo-serous discharge;
Grade 4: Two infection findings and hemo-serous dis-
charge; Grade 5: Three infection findings and hemo-
serous discharge; Grade 6: Two infection findings and
purulent discharge; and Grade 7: Three infection
findings and purulent discharge.1

The following criteria for identifying deep sternal
wound infections and mediastinitis, as reported by the
Centers for Disease Control and Prevention,17 were
considered:

1) Isolation of an organism from a culture of non-
purulent mediastinal tissue or fluid

2) Observation of mediastinitis during operation
3) Isolation of a microorganism from blood or from

a culture of purulent mediastinal drainage f luid
accompanied by chest pain or sternal instability
or fever above 38 °C.9

Hematologic and biochemical values were assessed
for all the patients in each group, both preoperatively
and postoperatively. C-reactive protein and white
blood cell values were checked frequently, and wound
smear and aspiration cultures were obtained from pa-
tients who developed infections. An agar plate that
contained hematin, blood, cysteine, lactose, and elec-
trolyte was used for the culture. The proliferation was
evaluated after 2 days of incubation in CO2 at 35 °C.
Tissue cultures were incubated for 5 days in thiogly-
colate. Upon detection of bacteria, agar plates were
used with antibiotic disks to establish antibiotic resis-
tance. Antibiotic therapy was initiated in accordance
with the results of an antibiogram and after consulta-
tion with infectious disease specialists.

Follow-up was completed in 100% of the 100 pa-
tients. Patients were informed regarding compli-
cations that might develop after being discharged.
Wound sites were evaluated by the same surgeon who
performed the operation. Similarly, follow-up evalua-
tion of all patients was carried out by the same sur-
geon during hospital appointments, and the study was
completed at the end of the 6th week.

Statistical Methods. The χ2 test and Fisher’s exact test
were used for univariate analysis, and Student’s t-test
was used for continuous variables. The major find-
ings evaluated were the total numbers of infected pa-
tients, of superficial wound infections, and of patients
with diabetes mellitus. We used a multivariate logistic
model for predicting the efficacy and determining
the risk factors associated with both therapeutic ap-
proaches.

Results

In each group, 2 early deaths (4%) were observed,
and those patients were excluded from the study. Pre-
operative (Table II), operative (Table III), and postop-
erative (Table IV) values were recorded and analyzed
statistically. Differences between the 2 groups were
compared.

Postoperatively, patients were observed in the car-
diovascular intensive care unit until they were hemo-
dynamically stable and extubated. The drains were
retained until drainage was less than 100 cc in 12
hours. Wound inspection was performed daily, and
infection findings were assessed clinically on the 5th
postoperative day. The total incidence of early wound
infection for the 6-week follow-up period was 2% for
the TC group and 16% for the IC group (P=0.016).
No late wound infections were observed in either
group.

Six of the 8 IC group patients who developed super-
ficial wound infections were diabetic. Six (27.3%) of
the 22 diabetic patients in the IC group developed su-
perficial wound infections, whereas only one (7.7%)
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TABLE II. Demographic Characteristics of 100 Cardiac
Surgery Patients

Intracutaneous Transcutaneous
(n=50) (n=50)

Age 61.14 64.82

Female 12 19

Male 38 31

Angina pectoris 36 42

Left main coronary lesion 9 7

History of cardiac surgery 2 2

History of MI 36 30

Diabetes mellitus 22 13

Chronic renal failure 2 1

Atherosclerosis obliterans 6 4

COPD 8 8

Smoking 27 26

Reoperation - 1

LVEF 0.53 0.54

Emergency surgery 9 8

Dyspnea 22 21

Hypertension 33 29

Obesity/body surface area 1.83 1.81

COPD = chronic obstructive pulmonary disease; LVEF = left
ventricular ejection fraction; MI = myocardial infarction 



of the 13 diabetic patients in the TC group was ob-
served with a superficial wound infection. This pa-
tient, a woman, was also the only patient in the TC
group who developed a superficial infection. Three of
the 8 patients in the IC group who developed superfi-
cial wound infections were women, but sex was not
observed to be a significant factor regarding superficial
wound infections. On the other hand, the incidence of
wound infection was higher in diabetic patients in the
IC group than in the TC group (P=0.007). The mean
ages of the patients with superficial sternal infection
were comparable for the 2 groups, and all patients with
such infection had undergone CABG by means of a
left internal mammary artery (LIMA) graft. The in-
fection score for the only patient in TC group who de-
veloped a superficial wound infection was 1. In the IC
group, the infection scores of 1 (3 patients), 2 (2 pa-
tients), and 3 (3 patients) were higher.

Deep wound infection was not observed in either
group, and reoperation was not needed for sternal
wound stabilization. Three of the 8 patients who de-
veloped superficial wound infections in the IC group
had microbiologic proliferation in their wound cul-
tures: 1 had Staphylococcus aureus, and 2 had Pseudo-
monas aeruginosa. The remaining 5 patients in the IC
group and 1 patient in the TC group did not have
proliferation. Patients who had proliferation of patho-
genic microorganisms were placed on an antibiotic
regimen set by our infectious diseases clinic. Only 2
patients in the IC group required wound revision,
both on the 7th day. Both of these patients were dia-
betic; their wounds were débrided and resutured by
primary suturing. Cosmetic scores for these 2 patients
who required revision were 8 and 9 at the end of the
6th week after the revision. At the end of the 6th post-
operative week, cosmetic scoring was performed by
assigning a number from 1 to 10 (with 10 as the best
score). Visual scores by the patients themselves aver-
aged 8.7 in the IC group and 8.5 in the TC group,
whereas visual scoring by the surgeons who carried
out the monitoring averaged 8.4 and 8.6 for the IC
and TC groups, respectively. The cosmetic results as-
sessed by the patients and by the surgeons were not
significantly different between the IC and TC groups.
The patient with superficial infection in the TC
group was discharged on the 8th postoperative day;
the mean hospital stay for the 8 patients in the IC
group was 14.2 days (range, 9–18 days).

Discussion

Limited information exists in the literature regarding
superficial infections in open-heart surgery. The most
comprehensive study was carried out by Risnes and
coworkers.10 The pathogenesis of postoperative sternal
infection is rather complex, involving multiple vari-
ables.1-4,12,18,19 In any event, the skin closure technique
is a major risk factor.6 The results established in our
study of 100 patients (9% sternal infection rate; n=9)
are consistent with the mediastinal wound infection
rates of 0.9% to 20% reported in the literature for car-
diac surgery patients who undergo median sternoto-
my.5 Our infection rate in the IC group was rather
high, when compared with most reported series, but
our overall rate of 9% for all 100 patients (2% for TC
group and 16% for IC group) was certainly accept-
able.

It has been proposed that serious noncardiac under-
lying diseases are the determining factors behind deep
and superficial sternal infections.1, 2,6,19 Various other
studies have indicated that the use of strong antimicro-
bial agents in complex cardiovascular operations may
be an important risk factor.20,21 Left ventricular ejec-
tion fraction (EF), the duration of preoperative hospi-
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TABLE III. Operative Information on 100 Cardiac
Surgery Patients

IC TC
(n=50) (n=50)

Duration of the operation (min) 200.3 203.1

CPB time (min) 84.5 86.9

Cross-clamp time (min) 41.9 42.8

IMA usage 42 44

Number of grafts 3.0 2.96

Perioperative MI 2 –

IABP 2 1

CPB = cardiopulmonary bypass; IABP = intra-aortic balloon
pump; IC = intracutaneous; IMA = internal mammary artery;
MI = myocardial infarction; TC = transcutaneous

TABLE IV. Postoperative Information on 100 Cardiac
Surgery Patients

IC TC
(n=50) (n=50)

Mediastinal drainage (mL) 755.5 694.2

Blood transfusion (U) 3.2 2.7

Revision due to bleeding 1 1

Arrhythmia incidence 20 25

Infection incidence (CRP) 1 8

Hospital stay for patients 8 14.2
with infection (day)

Mean hospital stay (day) 6.6 6.4

CRP = C-reactive protein; IC = intracutaneous; TC = transcuta-
neous



intervention was required for this in our 100-patient
cohort study.

When Risnes and colleagues10 compared the 2 suture
techniques, the IC technique had significantly higher
total infection and superficial wound infection than
did the TC technique. Blood pooled in the available
dead zone at the sutured surgical site often promotes
postoperative wound infection.10 It has been reported
that TC suturing minimizes the dead zone, thereby de-
creasing the wound infection incidence.26 Intracuta-
neous suturing, on the other hand, tends to hinder
wound drainage, which can cause subdermal hema-
toma and superficial infections.10 Bacterial adhesion to
surgical suture is also a critical factor in postoperative
wound infection development.10 In general, bacteria
with low virulence, such as Staphylococcus epidermidis,
exhibit high adhesion capacity to biomaterials.27,28

Intracutaneous suturing may promote the passage of
superficial bacteria to the suture and tissue under the
skin. Adhesions here may facilitate interfilamentous
diffusion and protection from phagocytosis, thereby
enabling infection to develop easier. Absorbable sutures
need oxygen in order to dissolve, and when the oxygen
supply is not adequate, that too can promote postoper-
ative wound infections.7,16,26 The relationship between
the prevention of postoperative phagocytosis and the
easier survival of bacteria is of critical importance in
wound healing and in susceptibility to infections.26,27,29

Healing of the surgical wound and connective tissue
depend on fast growth of new cells and on synthesis of
collagens. After initial vasodilation, blood in damaged
vessels coagulates and the larger smooth-muscle vessels
contract.21,27,28 Inadequate circulation limits healing. In
the TC technique, the tissues can be brought together,
and dead spaces generally do not exist. Subsequent
serous or purulent f luids can be drained by applying
pressure on the neighboring area. The disadvantages of
the IC technique can be attributed to the possibility of
dead space and to the inability to drain f luids, when
they collect within the deeper layers.

Gram-positive bacteria are the most common organ-
isms isolated from postoperative sternal infections.
Staphylococcus aureus or S. epidermidis is identified in
70% to 80% of the cases.30,31 The prevalence of mixed
infections is about 40%.7,32 Gram-negative bacteria and
fungal agents lead to severe mediastinitis. The most
common 10 pathogens as reported by Jonkers and as-
sociates18 in 2003 were S. aureus (26%), P. aeruginosa
(10%), Enterococcus faecalis (9.5%), S. epidermidis
(8%), Escherichia coli (7.7%), Proteus mirabilis (6.9%),
Enterobacter cloacae (5.4%), Bacteroides fragilis (2.3%),
other coagulase-negative staphylococci (2.3%), and
Morganella morganii (1.7%). In our study, 3 patients
with microbiologic proliferation in their wound cul-
tures developed wound infections: 1 had S. aureus, and
the other 2 had P. aeruginosa.

tal stay, a history of myocardial infarction (MI), angina
pectoris, dyspnea, and presence of endocarditis are not
critical risk factors in the development of postoperative
sternal infections.10 There is no relationship between
New York Heart Association (NYHA) functional class
and infection rates,10 nor do duration of the operation,
CPB time, and cross-clamp time correlate with the 
incidence of infection.10 Several other variables, such 
as prolonged ventilation time, tracheotomy, reexplo-
ration of the wound because of bleeding, number of
blood transfusions, and postoperative MI, also have no
impact on the incidence of infection.10 In our series,
none of the preoperative, perioperative, and postoper-
ative factors presented in Tables II–IV—other than di-
abetes mellitus—affected superficial sternal infection
in either group.

As might be expected, we found diabetes mellitus
to be the major factor for the development of superfi-
cial sternal wound infections. A more interesting find-
ing is that 27.3% of the diabetic patients in the IC
group developed superficial sternal wound infections,
while only 7.7% of the diabetic patients in the TC
group developed such infections. The incidence of su-
perficial sternal wound infections was therefore 3.5
times higher among the diabetic patients of our IC
group. It is well known that diabetes increases the in-
fection risk through its effects on cellular and humoral
immunity.22 At first glance (Table II), a higher ratio of
diabetes mellitus patients is seen in our IC group than
in our TC group. This, however, can lead a misunder-
standing in comparing the groups. Fisher’s exact test
shows the difference to be statistically insignificant (P
= 0.093). Also, we repeated Fisher’s exact test after 
removing the 35 patients with diabetes. The result
yielded a P value of 0.362, which was also insigni-
ficant. Deep sternal wound infection was found to 
be higher among men2 in a multicenter randomized
trial conducted by the Parisian Mediastinitis Study
Group23 and in other studies.2,11 Furthermore, bilateral
internal thoracic artery (ITA) grafting increases deep
sternal wound infection risk by decreasing sternal
blood circulation;7,24,25 in diabetic patients, it can also
lead to sternal nutritional problems. Radial, inferior
epigastric, or gastroepiploic artery grafts can be used
in diabetic patients, as alternatives to the ITA.

Deep sternal infection (mediastinitis) that develops
after cardiac surgery is a major postoperative compli-
cation,10 which has an occurrence rate of 0.16% to
5%.1-4,9 Mortality rates vary from 14% to 47%.7,24 Ster-
nal dehiscence can lead to deep wound infections by
facilitating bacterial translocation. Osteomyelitis is a
common sequela of dehiscence. Moreover, the absence
of mediastinal drainage can create a suitable culture
medium for translocated bacteria.2-4 Sternal infection
doubles hospital costs.5 Because we had no incident of
deep sternal infection or sternal dehiscence, no surgical
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The pathogenesis of postoperative sternal wound
infections involves many variables. Our study dem-
onstrated that when IC and TC suture closures were
compared, the incidence of superficial sternal wound
infection was significantly higher in IC closures. The
2 techniques produced comparable cosmetic results.
We conclude that the use of TC suture technique in
closing the sternal skin tissue can provide better pro-
tection against the risk of superficial infection.
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