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Abstract 

Background: Infection of leg wounds is a common complication following great saphenous vein harvesting (GSV) 
for coronary bypass grafting (CABG). This complication can result in increased risk of patient morbidity and mortality 
by causing septicemia, and gangrene, subjecting the patients to amputation. This study aimed to assess the efficacy 
of negative pressure wound therapy (NPWT) compared to conventional wound care in infected leg wounds following 
GSV harvesting for myocardial revascularization.

Results: The NPWT group had a significantly lower rate of deep vein thrombosis (p = 0.013), osteomyelitis (p < 
0.001), bed sores (p < 0.001), shorter duration of tissue edema (p < 0.001), and lesser discharge (p < 0.001). Also, the 
length of hospital stay was significantly shorter in the NPWT group (p < 0.001). Multivariable analysis revealed that 
traditional wound care (without NPWT, p < 0.001) and wound stage IV (p = 0.001) significantly and independently 
prolonged the length of hospital stay.

Conclusions: The use of NPWT in advanced complicated infected leg wounds could improve patients’ outcomes 
and satisfaction by decreasing the rate of complications and the length of hospital stay.

Keywords: Coronary artery bypass grafting, Negative pressure wound therapy, Saphenous vein grafting, Surgical site 
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Background
Complications following great saphenous vein (GSV) 
harvesting for coronary artery bypass graft (CABG) sur-
geries can result in increased morbidity and prolonged 
hospital stay, thus increasing healthcare expenditure [1]. 
Each case of complicated leg wound after CABG results 
in an increased cost per stay by $9,900 and prolongs hos-
pital stay by an average of 12 days [2].

Negative pressure wound therapy (NPWT) is an alter-
native treatment that gained popularity for the care of 
surgical wounds, including chronic and infected wounds 

[3]. The therapeutic effects of NPWT are attributed to 
the enhancement of angiogenesis as well as stimulation 
of cellular proliferation and the formation of granula-
tion tissue. In addition, NPWT can reduce local toxins 
and bacteria, enhance lymphatic drainage, and decrease 
interstitial edema [4, 5].

The NPWT consists of a closed system that applies 
intermittent or continuous negative pressure to the 
wound surface. The wound is covered with an open-cell 
foam or gauze dressing and sealed with an occlusive 
drape. The typically applied negative pressure rates are 
between – 50 mmHg and – 125 mmHg [6]. The vac-
uum-assisted closure (VAC) system (KCI, San Antonio, 
TX) is among the oldest devices that are still commonly 
used for NPWT [7]. Meanwhile, advances in technol-
ogy produced new devices with additional advantages 
[8]. Currently, portable NPWT devices are available and 
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used in community settings [9]. New NPWT for wounds 
with instillation (NPWTi) systems have been developed 
such as V.A.C. VeraFlo Therapy (KCI, San Antonio, TX), 
which enables the instillation of sterile water, saline, anti-
septics, or antibiotics besides the NPWT [10, 11].

Previous studies showed controversial results regarding 
the superiority of NPWT for the care of surgical wounds 
compared to conventional wound care, whether as a pro-
phylactic treatment immediately after surgery or as a 
treatment for complicated surgical wounds. Therefore, 
the current study was conducted to assess the efficacy of 
NPWT compared to conventional wound care in patients 
presenting with infected leg wounds following GSV har-
vesting for CABG.

Methods
A retrospective study was carried out in 2 tertiary cent-
ers from 2017 to 2021. The study included all severely 
infected leg wound cases who did CABG and saphen-
ous veins were harvested as a conduit by open approach 
and they were followed for 2 years to observe the long-
term outcome and satisfaction. One hundred twenty-
seven cases (47 males and 80 females) were included in 
this study from a total number of 2085 patients who did 
CABG in this period and SV was harvested by the tra-
ditional open technique, as other techniques were not 
included in our cases. The study was approved by the 
hospitals’ ethical committees, and consents were taken 
from the patients to use their data in this study.

We included any age group of patients, who underwent 
SVG harvesting in isolated CABG cases and acquired leg 
wound infection after removal of the conduit by the con-
ventional technique. The Centers for Disease Control and 
Prevention created a surgical wound classification system 
(SWC: I, clean; II, clean/contaminated; III, contaminated; 
and IV, dirty) according to which the cases were selected 
in this study.

CABG cases associated with other cardiac heart dis-
eases either acquired or congenital were excluded, also 
cases who underwent endoscopic vein harvesting (EVH) 

or through using interrupted techniques. Cases with 
leg wounds secondary to varicose veins or lower limb 
ischemia were excluded.

These cases with severe deep leg wound infection 
stages III and IV were divided into 2 groups. Group I: (n 
= 67, 52.8%) as NPWT suction was used in wound care. 
Group II: (n = 60, 42.2%) who were treated by the con-
ventional wound care. All clinical, laboratory, and hospi-
tal course data were collected and analyzed to get more 
benefits in the management of these morbidities.

Cefazolin antibiotic was used as prophylaxis in all cases 
preoperative 30 min before skin incision and repeated 
after 4 h from the first dose administered. Doppler were 
not done for all cases either arterial doppler or venous 
duplex. for GSV harvesting the incision opened ante-
rior and superior to medial malleolus then after dissec-
tion to the vein the skin was continuously opened using 
scalpel and scissors cutting the whole thickness till the 
adventitia over the vein any tributaries were ligated with 
silk ligature and double clipped for more hemostasis and 
adjusting the outflow caliber of the vein. the harvesting 
process stopped according to the length required accord-
ing to the number of grafts. Our study is concerned with 
all cases that get deep gapped leg wound infection stage 
III and stage IV. They were diagnosed during the hospital 
stay or in outpatient clinic visits (Fig. 1A, B). In group I 
negative pressure suction was applied to their wound. In 
group II, classic wound care was applied. In both groups, 
cleaning and debridement of the infected areas were first 
performed. All pockets of collections within the wounds 
were evacuated either for pus or retained blood clots 
then were irrigated with saline and Bovidin iodine as 
antiseptic. Culture and sensitivity were done for all cases. 
The dressing was applied for all cases, till getting appar-
ent clean wound.

NPWT (vacuum suction) were used in the first group 
as indicated. In this group of patients, the silver foam 
was used and tailored according to shape and wound 
length. An air-tight transparent Opsite pad was applied 
over, then a small opening was created within this pad to 

Fig. 1 Different presentations of leg wounds (A) erythema and superficial gapping (B) gapped wound in the thigh
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communicate with the tubing system to suction appara-
tus. Negative pressure suction was adjusted on the nega-
tive (100–120 mmHg) continuous mode to be tolerated 
with the patients (Fig. 2A, B). The dressing was changed 
every 2–3 days unless there was bleeding or blockage of 
its system. The amount drained was calculated. Group 
II: underwent classic dressing with saline, antiseptic 
material and ointment containing B-sitosterol 0.25% to 
enhance granulation after debridement and cleaning. 
All wounds were followed till healthy granulation tissue 
grew up. The secondary suture was taken using prolene 
0 interrupted sutures and then followed for at least 8 to 
10 days to start removal of stitches (Fig. 3). In refractory 
complicated cases general surgery team was consulted 
either for amputation or to complete management using 
a skin graft.

All patients accepted the plan of management with the 
antibiotics coverage as ordered by the infectious disease 
team. Elevation of the limb was needed to decrease tis-
sue oedema, and ambulation was started if possible. 
Deep vein thrombosis (DVT) prophylaxis was given 
to all cases. After the removal of stitches, patients were 
referred to physiotherapy. Those requiring amputa-
tions were referred to a plastic surgeon and psychiatrist 
for artificial limbs if applicable. Patient satisfaction was 
assessed before discharging home. Regular follow-up vis-
its were arranged after discharge home.

Statistical analysis
The Statistical Package for Social Science (SPSS) was 
used to analyze the results (version 28). Means and 
standard deviations (SD) were used to describe quantita-
tive numerical data. Frequencies and percentages were 
used to describe qualitative data. The t test was used to 
compare quantitative data, chi-square test was used to 
compare qualitative data. The significant variables in the 
univariate analysis were subjected to linear regression 
using the forward likelihood ratio. A p value equal to or 
less than 0.05 was considered significant.

Results
In this retrospective study, we reviewed a total number 
of 2085 patients who underwent CABG surgery in two 
tertiary centers. After applying the inclusion criteria of 
the study, we enrolled 127 cases of post-saphenous vein 
harvest patients, with severely infected leg wound stages 
III and IV. They were classified into 2 groups group I: (n 
= 67, 52.8 %) as NPWT suction was used in wound care. 
Group II: (n = 60, 42.2%) who were treated by the con-
ventional wound care

Table  1 shows the demographic data of the patients 
and the most prominent risk factors for developing a 
wound infection. The female-to-male ratio was 1.71:1 in 
all cases. The patients’ mean age were in group I and II 
respectively 56.7 ± 8.28 and 56.78 ± 7.8 years. The mean 
BMI were (30.14 ± 3.25 and 30.62 ± 3.30) kg/m2 in group 
I and II respectively. The most frequently found risk fac-
tors in the studied patients included diabetes mellitus (G 
I 62.7% and G II 66.7%), female gender (G I 65.7% and 
G II 60%), peripheral limb ischemia (G I 65.7% and G 
II 63.3%), coagulopathy (G I 74.6% and G II 78.3%), and 
high lipid profile (G I 77.6% and G II 71.7%). There were 
no significant differences between the two groups regard-
ing patient characteristics and risk factors (all P values > 
0.05).

The clinical presentation of the cases and their related 
signs and symptoms are documented in Table  2. All 
patients in both groups complained of pain 100%. 
High-grade fever (defined as 38.5 c and above) was 

Fig. 2 A One vacuum suction device applied to thigh wound stage III B two vacuum suction devices applied to a deep long wound in the thigh

Fig. 3 The wound after closure
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documented in 37.3% of group I and 46.7% of group II. 
Skin necrosis and gangrene were detected in group I in 
25.4% and 5.9%, respectively, while their correspond-
ing frequencies in group II were 25% and 8.3%. Wounds 
were in grades III and IV in both groups. The majority of 
cases had deep infected wound stage III (G I 88.1% and G 
II 81.7%). The remaining cases in both groups had stage 
IV wound infections. Regarding the site of the infection, 

the most frequent site was above the knee (G I 47.5% and 
G II 52.8%). No significant differences were observed 
between the patients of both groups in terms of clinical 
presentation, wound stage, and the site of infection (all P 
values > 0.05).

Evaluation of both the operative and postoperative risk 
factors revealed no significant differences between both 
groups. The use of IABP was nearly the same in both 
groups (G I 37.3% and G II 38.3%). Long bypass time 
(defined as more than 120 min) was observed in 70.1% 
of group I and 66.7% of group II. There was no signifi-
cant difference in the method of closure, either single or 
double layers, the use of creep bandage post operative, 
suction drain insertion, and excessive use of diathermy 
for hemostasis. Also, no significant differences in both 
groups were found regarding the need for high inotropic 
support infusion and the need for reopening for bleeding 
and hematoma evacuation (Table 3).

The postoperative course and the incidence of com-
plications were followed to determine the outcome in 
both groups. The Overall rate of complications was sig-
nificantly higher in group II than in the group I (90% vs. 
23.9%, p < 0.001). Deep vein thrombosis was diagnosed 
in 25% of group II compared to 5.9% of group I patients 
(p = 0.003). Likewise, the incidence of pulmonary embo-
lism (PE) was higher in group II (n=3, 5%) compared to 
group I (n = 2, 2.9%) but did not reach statistical signif-
icance (p = 0.66). The rate of osteomyelitis was signifi-
cantly higher in group II than in group I (53.3% vs. 4.4%, 

Table 1 Baseline characteristics of the participants

SD standard deviation, Group I used NPWT, Group II conventional wound care

Group I (67 cases) Group II (60 cases) P value

Age Mean ± SD 56.65 ± 8.28 56.78 ± 7.80 1.000

Body mass index Mean ± SD 30.14 ± 3.25 30.62 ± 3.30 0.986

Age groups, year, n (%) ˂ 50 8 (11.9) 9 (15

50–65 51 (76.2) 43 (71.7)

˃ 65 8 (11.9) 8 (13.3) 0.831

Sex, n (%) Female 44 (65.7) 36 (60)

Male 23 (34.3) 24 (40) 0.509

Body mass index, n (%) Normal 3 (4.5) 4 (6.7)

Overweight 29 (43.3) 18 (30)

Obese 30 (44.8) 32 (53.3)

Morbid obesity 5 (7.4) 6 (10) 0.479

Diabetes mellitus, n (%) 42 (62.7) 40 (66.7) 0.640

Chronic kidney disease, n (%) 3 (4.5) 5 (8.3) 0.475

Smoking, n (%) 22 (32.8) 27 (40) 0.160

Peripheral ischemia, n (%) 44 (65.7) 38 (63.3) 0.783

Hypercholesterolemia, n (%) 52 (77.6) 43 (71.7) 0.441

Coagulopathy or use of anticoagulation, n (%) 50 (74.6) 47 (78.3) 0.623

Serum albumin level (low) ˂ 30 mmol/l, n (%) 30 (44.8) 28 (46.7) 0.831

Table 2 Cclinical presentations of the patients

Group I used NPWT, Group II conventional wound care

*Statistical significance at p < 0.05

Manifestations Group I 
(67 cases), 
n (%)

Group II 
(60 cases), 
n (%)

P value

Movement difficulty 64 (95.5) 60 (100) 0.121

Wound discharge 42 (62.7) 37 (61.7) 0.906

Swelling 64 (95.5) 49 (81.7) 0.013*

Pain 67 (100) 60 (100) -----

Gangrene 4 (5.9) 5 (8.3) 0.604

Skin necrosis 17 (25.4) 15 (25) 0.961

Fever 25 (37.3) 28 (46.7) 0.215

Wound stage III 59 (88.1) 49 (81.7) 0.313

Wound stage IV 8 (11.9) 11 (18.3) 0.203

Site of infected 
wound

Above knee 32 (47.8) 32 (53.3)

Below knee 25 (37.3) 16 (26.7)

Whole 
length

10 (14.9) 12 (20) 0.411
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p < 0.001) respectively. One of the documented cata-
strophic events was septicemia secondary to the hema-
togenous spread of the infection in 20% of group II and 
4.4% of group I. Amputations were performed in severely 
infected limbs with gangrene and secondary septicemia 
in 16.7% of group II and 2.9% of group I. In one female 
case with a severely infected lower limb, amputation was 
cancelled after the use of VAC and the limb was saved. 
Bed sores were encountered in a significantly higher per-
centage of group II patients than in group I (36.7% vs. 
5.9%, p < 0.001). Tissue oedema subsided dramatically 
within a significantly shorter period of time in the group 
I (mean duration 5 ± 0.9 days). The amount of drainage 

was 115.05 ± 9.77 ml/day then decreased gradually to 
10–20 ml/day until NPWT devices were removed. On 
the other hand, the tissue oedema in group II remained 
for a longer duration (mean 21 ± 2.9 days) with a higher 
drainage, the mean amount of drainage was (170.52 ± 
29.60 ml/day), putting in consideration the frequent daily 
dressing because of the soaked wound (p < 0.001). Group 
I had a significant reduction in their hospital stay length 
compared to group II (14.9 ± 3.3 vs. 44.7 ± 9.7 days, p < 
0.001). Patients in group I reported excellent satisfaction 
in 49.3% of cases compared to 15% in group II (p < 0.001). 
Mortality occurred in 5% of patients in group II (Table 4).

For hospital stay the significant variables in the univari-
ate analysis were subjected to linear regression using the 
forward likelihood ratio as Table 5 demonstrated the sig-
nificant P < 0.001 regarding the group of cases and the 
presence of complications. Multivariable analysis regard-
ing the risk factors affecting the hospital stay proved that 
the group of patients who were managed with conven-
tional wound care protocol (without NPWT) had longer 
duration than those in group I (B 29.517; p < 0.001) 95% 
confidence interval for B (27.048–31.987) and CKD (B: 
5.466; p = 0.035), 95% CI (0.391–10.541) significantly 
prolonged the length of hospital stay (Tables 5 and 6).

Discussion
Many studies assessed the prophylactic effect of NPWT 
in reducing the incidence of SSI [2, 12] in wounds after 
different surgical procedures. However, few studies 

Table 3 Intraoperative and postoperative factors

IABP: intra-aortic balloon pump, Group I: (used NPWT), Group II: (conventional 
wound care)

Group I (67 
cases), n (%)

Group II (60 
cases), n (%)

P value

IABP 25 (37.3) 23 (38.3) 0.906

Inotrope 40 (59.7) 39 (65) 0.539

Diathermy 15 (22.4) 13 (21.7) 0.922

Single layer closure 19 (28.4) 12 (20) 0.386

Double layer closure 48 (71.6) 47 (78.3) 0.902

Use of creep bandage 12 (17.9) 13 (21.7) 0.595

Suction drain use 17 (25.4) 11 (18.3) 0.339

Reopening 28 (41.8) 21 (35) 0.433

Bypass time (long) ˃ 120 min 47 (70.1) 40 (66.7) 0.673

Table 4 Postoperative complications

One person may have more than one complication, SD standard deviation

*Statistical significance at p < 0.05, Group I used NPWT, Group II conventional wound care

Group I (67 cases), n (%) Group II (60 cases), n (%) P value

Overall complications 16 (23.9) 54 (90.0) < 0.001*

Skin graft (partial thickness) 2 (2.9) 15 (25) < 0.001*

Skin graft (full thickness) 3 (4.4) 20 (33.3) < 0.001*

Deep vein thrombosis 4 (5.9) 15 (25) 0.003*

Pulmonary embolism 2 (2.9) 3 (5) 0.666

Bed sores 4 (5.9) 22 (36.7) < 0.001*

Osteomyelitis 3 (4.4) 32 (53.3) < 0.001*

Septicaemia 3 (4.4) 12 (20) 0.007*

Amputation 2 (2.9) 10 (16.7) 0.004*

Mortality 0 (0) 3 (5) 0.103

Drainage/ml, mean ± SD 115.05 ± 9.77 170.52 ± 29.60 < 0.001*

Hospital stays/days, mean ± SD 14.9 ± 3.3 44.7 ± 9.7 < 0.001*

Satisfaction

 Excellent 33 (49.3) 9 (15)

 Good 27 (40.3) 19 (31.7)

 Poor 7 (10.4) 32 (53.3) < 0.001*
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assessed the therapeutic effect of NPWT in patients 
who already developed SSI.

This study reviewed 127 cases with severely infected leg 
wounds (stages III and IV) after GSV harvesting. Patients 
managed using NPT had better results and less complica-
tions if compared to those who did not use VAC therapy. 

The rates of pulmonary oedema, septicemia, leg amputa-
tion, and amputation tended to be lower in the group that 
received NPWT compared to those treated with conven-
tional wound care, though the differences did not reach 
statistical significance. The association of NPWT with 
a lower rate of complications can be attributed to the 
improved healing of wounds that leads to early mobility 
of the patients and a shortening of the hospital stay com-
pared to those receiving standard wound care.

The length of hospital stay was significantly shorter in 
patients receiving NPWT than in the other group (15.27 
± 3.44 vs. 45.05 ± 8.81 days, p < 0.001). We performed 
linear regression analysis to assess the effect of NPWT 
on the length of hospital stay. The analysis revealed that 
both traditional wound care (without NPWT) (B 0.905; 
p < 0.001) and wound stage IV (B: 0.180; p 0.001) signifi-
cantly and independently prolonged the length of hos-
pital stay. This reduction in the length of hospital stay 
with the use of NPWT can be explained by the enhance-
ment of wound healing in those patients. Several studies 

Table 5 Univariable analysis for factors affecting hospital stay length

*Statistical significance at p < 0.05

Hospital stay P value

Groups Group I (NPWT) 14.9 ± 3.3

Group II (conventional wound care) 44.7 ± 9.7 < 0.001*

Age groups, year ˂ 50 16.9 ± 4.1

50–65 16.8 ± 1.7

˃ 65 15.2 ± 3.5 0.961

Sex Female 28.6 ± 16.63

Male 29.7 ± 16.4 0.745

Body mass index Normal 30.4 ± 15.9

Overweight 26.5 ± 16.1

Obese 30.0 ± 16.2

Morbid obesity 33 ± 20.5 0.674

Diabetes mellitus No 27.5 ± 15.8

Yes 29.8 ± 16.8 0.443

Chronic kidney disease No 28.4 ± 16.3

Yes 38.6 ± 18.1 0.057

Smoking No 27.2 ± 16.3

Yes 31.8 ± 16.4 0.068

Peripheral ischemia No 29.9 ± 16.3

Yes 28.5 ± 16.7 0.482

Hypercholesterolemia No 32.3 ± 16.9

Yes 27.9 ± 16.3 0.192

Coagulopathy or use of anticoagulation No 28.9 ± 16.4

Yes 29.4 ± 16.6

Serum albumin level (low) ˂ 30 mmol/l No 28.9 ± 16.4 0.957

Yes 29.1 ± 16.7

Complications No 18.5 ± 11.7

Yes 37.5 ± 14.8 < 0.001*

Table 6 Multivariable analysis of factors affecting hospital stay

B regression coefficient, CKD chronic kidney disease, Group I used NPWT, Group II 
conventional wound dressing

*Statistical significance at p < 0.05

Variables Hospital stay

B 95% 
confidence 
interval for B

Standard error t P value

Grouping 29.517 27.048–31.987 1.248 23.655 < 0.001*

CKD 5.466 0.391–10.541 2.564 2.132 0.035*
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confirmed that contracture of wound area and reduc-
tion of the healing with the use of NPWT [13–16]. The 
decreased length of stay found in the present study can 
significantly contribute to cutting down on healthcare 
costs [17].

The decreased length of hospital stay has been 
reported also by previous studies that evaluated NPWT 
for infected surgical wounds. Simek et  al. [18] assessed 
NPWT as a treatment for SSI in 25 patients who under-
went cardiac surgery, out of whom four patients (16%) 
had severe leg wound infections, and the remainder had 
sternal wound infections. In all patients, the infected 
wounds successfully healed. The overall length of hospi-
talization in their study was longer than that in our study, 
ranging from 11 to 62 days, and the duration of NPWT 
treatment until surgical closure ranged from 6 to 24 
days. These differences may be related to the severity of 
infected wounds as well as the general condition of the 
patients and the protocol of the institution where the 
study was conducted. In addition, most patients in their 
study had deep sternal SSIs, which may predispose the 
patients to more morbidity and require a longer time for 
healing.

Moreover, two studies compared the use of the pecto-
ralis major muscle flap with NPWT to the flap without 
NPWT in patients with deep sternal SSI after cardiac 
surgery. The studies reported that the NPWT had a sig-
nificantly shorter ICU stay [19, 20] and tended to have a 
shorter overall length of hospital stay [20].

A meta-analysis by Gao et  al. [21] compared the effi-
cacy of NPWT with the conventional treatment of SSI. 
The authors included 13 eligible clinical trials and 11 
cohort studies. Wound healing time was shorter in the 
NPWT group than in the control group (mean difference 
− 7.51 days, 95% CI − 11.31 to − 3.71, p = 0.0001). How-
ever, the length of hospital stay was found to be longer 
in the NPWT group, which could be explained by the 
inclusion of studies in which patients underwent ortho-
paedic operations. This explanation is justified by the 
longer duration of hospital stay detected in those studies 
compared to non-orthopaedic procedures on performing 
subgroup analysis (mean difference − 4.73 days, 95% CI 
− 6.93 to − 2.54, p < 0.0001).

Several mechanisms were proposed for explaining 
the therapeutic effects of NPWT. Experimental studies 
showed that the use of NPWT was associated with arteri-
olar dilatation, increased local blood flow, and the forma-
tion of granulation tissue [22], besides reducing bacterial 
colonization, oedema, and exudate [23]. However, a study 
on healthy volunteers reported that increasing the suc-
tion pressure resulted in decreased local blood flow [24]. 
A study on a porcine model [25] reported that the effect 
of suction pressure on wound perfusion was minimal, 

with a slightly reduced blood flow in superficial tissue. In 
addition, NPWT can remove pus and stimulate local tis-
sue repair via local negative pressure simultaneously, an 
advantage which cannot be achieved with the other alter-
natives for wound care including standard debridement, 
dressings, continuous and closed irrigation suction sys-
tems, or advanced antimicrobial dressings.

In the current study, no 30-day deaths were recorded in 
the NPWT group, while 5% of the cases in the standard 
wound care group died, but the difference was not sta-
tistically significant. Similarly, Simek et al. [18] reported 
that none of the patients receiving NPWT died during 
the hospital stay or within 30 days after the initiation of 
treatment. However, the study by Morisaki et al. [26] on 
73 patients with deep sternal SSI after cardiac surgery 
stated that patients treated with NPWT, and primary clo-
sure had an in-hospital mortality rate of 33%. Meanwhile, 
the same study found that the rate was 0 with NPWT 
plus tissue flaps and on multivariable analysis that 
NPWT was independently and significantly associated 
with reduced in-hospital mortality (odds ratio 0.062; 95% 
confidence interval 0.004–0.897, p = 0.041). the relatively 
high mortality rate in patients receiving NPWT in their 
study is explained by the severity of the infection and the 
site which exposes the patients to higher morbidity.

The rate of patients reporting excellent satisfaction 
was significantly higher in the NPWT group compared 
to the standard wound care group (82.5% vs. 61.1%, p = 
0.037). This excellent rating of NPWT is supported by 
earlier studies that found enhanced patient comfort due 
to decreased daily wound handling [27–29]. Early recov-
ery and shortening of the length of hospital stay can also 
contribute to increased patient satisfaction.

The present study possessed several points of strength, 
being one of the few studies that compared the use of 
NPWT to conventional wound care in patients with SSI 
following GSV harvesting for CABG. In addition, our 
study included a larger sample size than comparable stud-
ies, allowing for the conduction of multivariable analysis 
regarding the hospital stay and the shorter the duration 
in group I who used NPWT compared to group II. How-
ever, the results of the current study were limited by not 
including other patients who underwent GSV harvesting 
by interrupted or endoscopic techniques. Infection of leg 
wounds following harvesting by other approaches war-
rants further research.

Another point that should be cautiously considered is 
the cost-effectiveness of NPWT as the technique uses 
relatively expensive devices, but some studies argue that 
the shortening of hospital stay, the decreased prescrip-
tion of antimicrobials, and the decreased patient morbid-
ity can result in decreased healthcare expenditure [2].
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In conclusion, the early use of NPWT in advanced 
complicated infected leg wounds improves postopera-
tive outcomes. The World Health Organization recom-
mends NPWT only as a prophylactic measure to prevent 
SSI in high-risk surgical incisions [30]. However, NPWT 
is commonly used in clinical practice to treat cases with 
SSI. The launching of future randomized clinical trials 
with larger sample sizes is recommended to confirm or 
refute the efficacy of NPWT for the treatment of infected 
leg wounds following GSV harvesting.

This study did not include other patients who under-
went SV harvesting by interrupted or endoscopic tech-
niques. Infection post harvesting by other approaches 
need further research. Number of cases seen in outpa-
tient clinic with infection sometimes underestimated. 
Lack of resources makes it difficult to apply EVH in many 
of cardiac centers.

Conclusions
The use of NPWT in advanced complicated infected 
leg wounds at the GS vein harvesting site in CABG sur-
gery, could improve patients’ outcomes and satisfaction 
by decreasing the rate of complications and the length of 
hospital stay.

Abbreviations
CABG: Coronary artery bypass grafting surgery; DVT: Deep venous throm-
bosis; EVH: Endoscopic vein harvesting; GSV: Great saphenous vein grafting; 
NPWT: Negative pressure wound therapy; CKD: Chronic kidney disease; SSI: 
Surgical site infection; VAC: Vacuum assisted closure; SWC: Surgical wound 
classification.

Acknowledgements
Not applicable.

Authors’ contributions
AS and AA designed the study. EE, KS, and AA conducted literature search, AS, 
EE, and KS acquired and analyzed data. All authors performed the experimen-
tal part, read, and approved the final manuscript.

Funding
Not applicable.

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
This study was approved by the Ethics Committees of the Cardiac Center, 
Dallah and King Abd Al Aziz Hospitals, Riyadh, Saudi Arabia (10-12-2017). We 
obtained informed consent from all participants.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1 Cardiac Center, Dallah Hospital, Riyadh, Saudi Arabia. 2 Cardiothoracic Surgery 
Department, Faculty of Medicine, Benha University, Benha, Egypt. 3 Anatomy 
and Embryology Department, Faculty of Medicine, Benha University, Benha, 
Egypt. 4 General Surgery Department, Faculty of Medicine, Benha University, 
Benha, Egypt. 5 Cardiac Center, Al Thawra Hospital, Sana, Yemen. 

Received: 8 November 2022   Accepted: 22 December 2022

References
 1. East SA, Lorenz RA, Armbrecht ES (2013) A retrospective review of leg 

wound complications after coronary artery bypass surgery. AORN J 
98:401–412

 2. Lee AJ, Sheppard CE, Kent WD, Mewhort H, Sikdar KC, Fedak PW (2017) 
Safety and efficacy of prophylactic negative pressure wound therapy 
following open saphenous vein harvest in cardiac surgery: a feasibility 
study. Interact Cardiovasc Thorac Surg 24:324–328

 3. Scalise A, Calamita R, Tartaglione C, Pierangeli M, Bolletta E, Gioacchini 
M et al (2016) Improving wound healing and preventing surgical site 
complications of closed surgical incisions: a possible role of incisional 
negative pressure wound therapy. A systematic review of the literature. 
Int Wound J 13:1260–1281

 4. Gabriel A, Gupta S, Orgill DP (2019) Challenges and Management of 
Surgical Site Occurrences. Plast Reconstr Surg 143:7s–10s

 5. Singh D, Chopra K, Sabino J, Brown E (2020) Practical things you should 
know about wound healing and vacuum-assisted closure management. 
Plast Reconstr Surg 145:839e–854e

 6. Ubbink DT, Westerbos SJ, Nelson EA, Vermeulen H (2008) A systematic 
review of topical negative pressure therapy for acute and chronic 
wounds. Br J Surg 95:685–692

 7. Morykwas MJ, Argenta LC, Shelton-Brown EI, McGuirt W (1997) Vacuum-
assisted closure: a new method for wound control and treatment: animal 
studies and basic foundation. Ann Plast Surg 38:553–562

 8. Visser R, Milbrandt K, Lum Min S, Wiseman N, Hancock BJ, Morris M et al 
(2017) Applying vacuum to accomplish reduced wound infections in 
laparoscopic pediatric surgery. J Pediatr Surg 52:849–852

 9. Ousey KJ, Milne J (2014) Exploring portable negative pressure wound 
therapy devices in the community. Br J Commun Nurs Suppl S14:s16–s20

 10. Gabriel A, Kahn KM (2014) New advances in instillation therapy in 
wounds at risk for compromised healing. Surg Technol Int 24:75–81

 11. Gupta S, Gabriel A, Lantis J, Téot L (2016) Clinical recommendations and 
practical guide for negative pressure wound therapy with instillation. Int 
Wound J 13:159–174

 12. Li PY, Yang D, Liu D, Sun SJ, Zhang LY (2017) Reducing surgical site 
infection with negative-pressure wound therapy after open abdomi-
nal surgery: a prospective randomized controlled study. Scand J Surg 
106:189–195

 13. Manoharan V, Grant AL, Harris AC, Hazratwala K, Wilkinson MP, McEwen PJ 
(2016) Closed incision negative pressure wound therapy vs conventional 
dry dressings after primary knee arthroplasty: a randomized controlled 
study. J Arthroplast 31:2487–2494

 14. Nguyen TQ, Franczyk M, Lee JC, Greives MR, O’Connor A, Gottlieb LJ 
(2015) Prospective randomized controlled trial comparing two methods 
of securing skin grafts using negative pressure wound therapy: vacuum-
assisted closure and gauze suction. J Burn Care Res 36:324–328

 15. Nordmeyer M, Pauser J, Biber R, Jantsch J, Lehrl S, Kopschina C et al (2016) 
Negative pressure wound therapy for seroma prevention and surgical 
incision treatment in spinal fracture care. Int Wound J 13:1176–1179

 16. Wagstaff MJ, Driver S, Coghlan P, Greenwood JE (2014) A randomized, 
controlled trial of negative pressure wound therapy of pressure ulcers via 
a novel polyurethane foam. Wound Repair Regen 22:205–211

 17. Nherera LM, Trueman P, Schmoeckel M, Fatoye FA (2018) Cost-effective-
ness analysis of single use negative pressure wound therapy dressings 
(sNPWT) compared to standard of care in reducing surgical site com-
plications (SSC) in patients undergoing coronary artery bypass grafting 
surgery. J Cardiothorac Surg 13:103



Page 9 of 9Shaalan et al. The Cardiothoracic Surgeon           (2022) 30:30  

 18. Simek M, Nemec P, Zalesak B, Hajek R, Kalab M, Jecminkova L (2007) 
Negative pressure therapy as a treatment modality for surgical site infec-
tion in cardiac surgery. Acta Chir Belg 107:653–657

 19. Lo Torto F, Monfrecola A, Kaciulyte J, Ciudad P, Casella D, Ribuffo D et al 
(2017) Preliminary result with incisional negative pressure wound therapy 
and pectoralis major muscle flap for median sternotomy wound infection 
in a high-risk patient population. Int Wound J 14:1335–1339

 20. Nickl S, Steindl J, Langthaler D, Nierlich-Hold A, Pona I, Hitzl W et al (2018) 
First experiences with incisional negative pressure wound therapy in 
a high-risk poststernotomy patient population treated with pectoralis 
major muscle flap for deep sternal wound infection. J Reconstr Microsurg 
34:1–7

 21. Gao J, Wang Y, Song J, Li Z, Ren J, Wang P (2021) Negative pressure 
wound therapy for surgical site infections: a systematic review and meta-
analysis. J Adv Nurs 77:3980–3990

 22. Xia CY, Yu AX, Qi B, Zhou M, Li ZH, Wang WY (2014) Analysis of blood 
flow and local expression of angiogenesis-associated growth factors in 
infected wounds treated with negative pressure wound therapy. Mol 
Med Rep 9:1749–1754

 23. Banwell PE, Téot L (2003) Topical negative pressure (TNP): the evolution of 
a novel wound therapy. J Wound Care 12:22–28

 24. Kairinos N, Voogd AM, Botha PH, Kotze T, Kahn D, Hudson DA et al 
(2009) Negative-pressure wound therapy II: negative-pressure wound 
therapy and increased perfusion. Just an illusion? Plast Reconstr Surg 
123:601–612

 25. Malmsjö M, Huddleston E, Martin R (2014) Biological effects of a dispos-
able, canisterless negative pressure wound therapy system. Eplasty 
14:e15

 26. Morisaki A, Hosono M, Murakami T, Sakaguchi M, Suehiro Y, Nishimura 
S et al (2016) Effect of negative pressure wound therapy followed by 
tissue flaps for deep sternal wound infection after cardiovascular surgery: 
propensity score matching analysis. Interact Cardiovasc Thorac Surg 
23:397–402

 27. Listewnik MJ, Sielicki P, Mokrzycki K, Biskupski A, Brykczyński M (2015) The 
use of vacuum-assisted closure in purulent complications and difficult-
to-heal wounds in cardiac surgery. Adv Clin Exp Med 24:643–650

 28. Anghel EL, Kim PJ (2016) Negative-pressure wound therapy: a compre-
hensive review of the evidence. Plast Reconstr Surg 138:129s–137s

 29. Yoshimoto A, Inoue T, Fujisaki M, Morizumi S, Suematsu Y (2016) Efficacy 
of vacuum-assisted closure therapy on rehabilitation during the treat-
ment for surgical site infection after cardiovascular surgery. Gen Thorac 
Cardiovasc Surg 64:464–469

 30. World Health O (2018) Global guidelines for the prevention of surgical 
site infection, 2nd edn. World Health Organization, Geneva

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


	Surgical outcome after using negative pressure therapy in infected leg wounds in coronary bypass grafting surgery
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Methods
	Statistical analysis

	Results
	Discussion
	Conclusions
	Acknowledgements
	References


