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Abstract 

Background Negative pressure wound therapy (NPWT) is traditionally used to treat postoperative wound infec-
tions. However, its use in closed wound sternotomy post cardiac surgery in high-risk patients has become increasingly 
popular. The potential preventive benefit of reducing sternal wound infections has been recently acknowledged. 
Bilateral internal mammary artery (BIMA) grafts are used in coronary artery bypass grafting but have been associated 
with an increased risk of sternal wound infections (SWIs).

Objectives This systematic analysis examines whether NPWT can reduce the incidence of SWI following BIMA grafts, 
leading to more patients benefiting from the better survival outcome associated with BIMA grafting.

Method A comprehensive systematic search and meta-analysis were performed to identify studies on the use 
of NPWT in closed wound sternotomy. Ovid MEDLINE (in-process and other nonindexed citations and Ovid MEDLINE 
1990 to present), Ovid EMBASE (1990 to present), and The Cochrane Library (Wiley), PubMed, and Google Scholar 
databases were searched from their inception to May 2022 using keywords and MeSH terms. Thirty-four articles 
from 1991 to May 2022 were selected.

Result Three studies reported on the outcome of NPWT following BIMA grafting. The pooled analysis did not show 
any significant difference in the incidence of sternal wound infection between NPWT and standard dressing (RR 
0.48 95% CI 0.17–1.37; P = 0.17) with substantial heterogeneity  (I2 65%). Another seven studies were found compar-
ing the outcome of SWI incidence of negative pressure closed wound therapy with conventional wound therapy 
in patients undergoing adult cardiac surgery. The pooled analysis showed that NPWT was associated with a low risk 
of SWIs compared to conventional dressing (RR 0.47 95% CI 0.36–0.59; P < 0.00001), with low heterogeneity  (I2 1%).

Conclusion The literature identified that NPWT significantly decreased the incidence of sternal wound complications 
when applied to sutured sternotomy incisions in high-risk patients, and in some cases, it eliminated the risk. However, 
the inadequate number of randomized controlled trials assessing the effectiveness of NPWT in BIMA grafting empha-
sizes the need for further, robust studies.
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Introduction
Sternal wound infections (SWIs) can cause extensive 
complications following median sternotomy in cardiac 
operations. Studies have shown that the incidence of 
SWI after cardiac surgery ranges from 0.9% to 20%. 1.6% 
of these patients develop deep sternal wound infections 
(DSWIs), which can affect muscle tissue, sternum, sub 
sternum, and mediastinum [1–3]. According to Perez-
grovas-Olaria et  al. [1] on their recent meta-analysis 
deep sternal wound infection found to be associated 
with higher mortality, longer postoperative hospitaliza-
tion, stroke, myocardial infarction and respiratory and 
renal failure. Superficial sternal wound infection, which 
involves the skin, subcutaneous tissue, and deep fascia 
[3]. Coronary artery bypass grafting (CABG) patients are 
susceptible to developing DSWIs and have been found to 
have a 2.5 times greater long-term mortality than those 
without any infection [4]. The literature has described 
numerous risk factors for SWIs [5]. The use of the bilat-
eral internal mammary artery (BIMA) for coronary artery 
grafting is the most consistently reported independent 
risk factor for SWI, together with insulin-dependent 
diabetes and obesity BIMA use alone can increase the 
risk by 4.23 times [1, 5–10]. This has resulted in the use 
of BIMA in CABG, despite better long-term prognosis, 
which has been restricted to low-risk patients [1, 6, 11].

Traditionally, the use of NPWT has been restricted 
to treating wound complications with open post-ster-
notomy incisions [2, 11–13]. Further investigations into 
the use of NPWT have promoted its applicability as a 
prophylactic measure to reduce the incidence of SWI 
[2, 5]. Applying negative pressure to closed incisions 
promptly after surgery can prevent complications such 
as SWIs in high-risk individuals [2, 11].

NPWT arose in 1997 and has significantly benefited 
the outcomes of sternal wound dehiscence (SWD). The 
suction of excess tissue fluid facilitates the prevention 
of haematoma or seroma formation [14]. Negative pres-
sure stimulates perfusion, resulting in an accelerated 
healing process in addition to a reduction in ischaemic 
wound necrosis, thereby preventing wound breakdown 
(Fig.  1) and helping in primary wound healing, espe-
cially in watershed regions [15].

If NPWT is proven effective, it can promote the prac-
tice of BIMA grafting, allowing long-term prognostic 
benefits [9, 10]. Therefore, this systematic literature 
review aims to examine the literature on the efficiency 
of NPWT in reducing the risk of SWI following BIMA 
grafts.

Keywords Negative pressure wound therapy, Bilateral internal mammary artery, Sternal wound infections, Coronary 
artery bypass grafting

Fig. 1 Illustration of mechanism through which NPWT prevent wound infection
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Method
A systematic literature review according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) was performed.

Search strategy
A comprehensive systematic search was performed to 
identify studies that evaluated the usefulness of NPWT 
in preventing the risk of SWI post cardiac surgery. Ovid 
MEDLINE (in-process and other nonindexed citations 
and Ovid MEDLINE 1990 to present), Ovid EMBASE 
(1990 to present), and The Cochrane Library (Wiley), 
PubMed, and Google Scholar databases were searched 
from their inception to May 2022 using key words and 
the MeSH terms ‘cardiac surgery’, ‘negative pressure 
wound therapy’, ‘closed incision management’, ‘preven-
tion’, ‘bilateral internal mammary arteries’, ‘BIMA’, and 
‘sternal wound infection’.

Study selection and inclusion criteria
Inclusion criteria were full text English studies where 
NPWT was used as prevention rather than as a treat-
ment of postsurgical infections. Outcome measurements 
of sternal wound complications after application of the 
NPWT system in which BIMA had been used in coro-
nary artery grafting. Studies that measure the outcome of 
NPWT in other cardiac surgeries have also been investi-
gated. The reference lists were also searched for any rel-
evant articles that met the criteria.

Data extraction
Two authors independently extracted data (Elhassan H, 
Amjad R). Quality assessment was carried out by Elhas-
san (H) using the Newcastle‒Ottawa Scale (NOS) to 
assess the quality of nonrandomized studies in the meta-
analysis (attached in supplementary material) [16].

Statistical analysis
The primary endpoint was the incidence of sternal wound 
infection in NPWT compared to conventional therapy 
in patients who had bilateral mammary grafting. The 
secondary endpoint was the incidence of sternal wound 
infection in NPWT compared to conventional treatment 
in the general cardiac population. Categorical variables 
are expressed as percentages, and continuous variables 
are expressed as the mean and standard deviations. Ran-
dom-effects models were used to consider pooled effects, 
heterogeneity and absolute values. The risk ratio (RR) 
with a 95% confidence interval (CI) was extracted from 
the incidence of SWIs. Data are summarized in tables 
and forest plots. Forest plots were used to determine the 
effect size. The  I2  test was used to evaluate heterogene-
ity (unimportant (I2 = 0–40%), moderate (I2 = 40–60%), 

substantial (I2 = 60–75%), or considerable (I2 > 75–100%). 
Statistical analysis was performed using RevMan (Review 
Manager (RevMan) [Computer program]. Version 5.4. 
The Cochrane Collaboration, 2020).

Results
From 38 abstracts, 17 studies met the inclusion criteria 
for full-text review, out of which 15 studies were selected 
for systematic review and 10 studies for meta-analysis 
(Fig. 2).

Six out of the 15 studies addressed the outcome of 
NPWT in patients who underwent BIMA use for graft-
ing. Nearly all the studies have reported favourable clini-
cal outcomes apart from one that showed no difference in 
SWI incidence between NPWT and conventional ther-
apy. We separated the studies’ results into two groups: 
studies addressing the outcome of NPWT following the 
use of BIMA for grafting and the remaining studies that 
investigated the outcome of NPWT in all other cardiac 
procedures without direct emphasis on BIMA in their 
analysis.

We identified a total of 7,996 patients, of whom 2,514 
received NPWT post cardiac surgery on a closed inci-
sion; the included studies are summarized in Table 1.

Only 285 patients who had BIMA received NPWT, and 
the included studies are summarized in Tables 1 and 2.

Primary endpoint: outcome of NPWT following BIMA 
grafting
A total of six studies reported on the outcome of NPWT 
following BIMA grafting. Three studies investigated 
BIMA grafting as their primary endpoint, while the 
remaining studies had a subgroup analysis of patients 
with BIMA grafts from their study group. Three studies 
compared this outcome with the control group receiving 
conventional treatment. The quality of these studies was 
poor, and only one study used propensity-score match-
ing. The pooled analysis did not show a significant dif-
ference between NPWT and standard dressing (RR 0.48 
95% CI 0.17–1.37; P = 0.17), with substantial heterogene-
ity  (I2 65%) Fig. 3.

Outcome of SWIs following NPWT in cardiac surgery
Seven further studies were found in the literature com-
paring the outcome of SWI incidence with negative pres-
sure closed wound therapy with conventional wound 
therapy in patients undergoing adult cardiac surgery. 
We also examined these studies to explore the effect of 
NPWT in reducing the incidence of sternal wound infec-
tion in other high-risk cardiac patients.

Meta-analysis was conducted for all the studies with a 
comparison group (a total of 10 studies, including stud-
ies in the BIMA group). Two studies were randomized 
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[19, 25], and one used propensity-score matching [9]. The 
pooled analysis showed that NPWT was associated with 
a low risk of SWIs compared to conventional dressing 
(RR 0.47 95% CI = 0.36–0.59; P < 0.00001), with low het-
erogeneity  (I2 6%) (Fig. 4).

We have run further subgroup analysis to investigate if 
NPWT have a preventive benefit on superficial and deep 
sternal wound infection (Figs. 5, 6).

Three studies were not included in the analysis of 
SSWI, as either did not report the number of SSWI sepa-
rately in their studies [18, 20] or the study only focus on 
DSWI [25]. NPWT remains to have law risk of SSWI in 
comparsion with conventional dressing (RR 0.56 95% 
CI 0.41, 0.77; P = 0.0004) with unimportant heterogenic-
ity  I2 = 28%).

One study did not provide breakdown on num-
ber of patients with DSWI [18], and one study had no 
deep sternal wound infection in both arms of the study 

[19]. The RR 0.35 95% CI 0.23, 0.55; P < 0.00001 and no 
heterogenicity.

Fifteen studies met the inclusion criteria and were 
included in this review. Nine studies were included in 
the meta-analysis. The majority of the studies (12 arti-
cles) demonstrated a reduction in sternal wound com-
plications in high-risk cardiac surgery associated with 
the administration of negative pressure on sutured inci-
sions. Two studies reported no significant difference 
in the rate of SWI between patients receiving NPWT 
and those receiving conventional treatment. Six stud-
ies highlighted the outcome of NPWT within BIMA 
patients, whether it was part of a subgroup analysis 
or the primary treatment. Four studies reported posi-
tive patient outcomes associated with NPWT, while 
two articles with control patient groups showed no sig-
nificant difference. However, pooled analysis was non-
significant (RR 0.48 95% CI 0.17–1.37; P = 0.17), with 

Articles identified through databases: MEDLINE, 
EMBASE, PubMed and OneSearch (n = 34)

Additional articles identified through 
backwards snowballing approach (n = 4)

Articles after duplicates removed (n = 38)

Articles screened (n = 38)

Articles excluded following 
reading titles and abstract (n 

=21)

Reasons of exclusion:

• Studies on paediatric cardiac 
surgery

• Articles using NPWT as 
treatment of postoperative 
infection

• Use of NPWT over open 
surgical incisions

• Use of NPWT in surgical 
disciplines other than cardiac 
surgery.

• Non-English articles

Full-text articles 
excluded because of 
not meeting the 
inclusion criteria

(n =2)

Studies included in the review

(n=15)

with a total of 7,996 patients

Studies included in the meta-analysis

(n=10)

Full-text articles assessed for eligibility

(n =17)

Fig. 2 Flow diagram showing literature search methods for the systematic review
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Table 2 Study findings of the incidence of sternal wound infections after cardiac surgery with the use of NPWT

No`. of 
patients 
(n)

Overall 
incidence 
No. (%)

No. of patients using 
standard treatment 
(n)

Specific incidence of 
SWI after standard 
treatment No. (%)

No. of patients 
using NPWT (n)

Specific incidence 
after NPWT No. 
(%)

P value

Atkins et al. [5] 57 0 (0%) NA NA 57 0 (0%) NA

Colli et al. [17] 10 0 (0%) N/A N/A 10 0 (0%) NA

Grauhan et al. [13] 150 15 (10%) 75 12 (16%) 75 3 (4%) P = 0.0266

Grauhan et al. [18] 3745 122 (3.3%) 3508 119 (3.4%) 237 3 (1.3%) P < 0.05

Witt-Majchrzak et al. 
[19]

80 13 (16.2%) 40 3 (7.5%) 40 10 (25%) P = 0.03

Santarpino et al. [20] 129 6 (4.7%) 108 6 (5.6%) 21 0 (0%) P = 0.336

Reddy [21] 27 4 (14.8%) N/A N/A 27 4 (14.8%) NA

Philip et al. [22] 10 0 (0%) NA NA 10 0 (0%) NA

Gatti et al. [7] 53 8 (15.1%) NA NA 53 8 (15.1%) NA

Ruggieri et al. [9] 256 27 (10.5%) 128 14 (10.9%) 128 13 (10.2%) P = 0.819

Suleo-Calanao et al. 
[23]

1859 122 (6.6%) 927 81 (8.7%) 932 41 (4.4%) P = 0.0005

Tabley et al. [24] 233 25 (10.7%) 91 16 (17.6%) 142 9 (6.3%) P = 0.009

Rashed et al. [25] 98 6 (6.3%) 52 6 (11.1%) 46 0 (0%) P = 0.026

Brega et al. [26] 90 13 60 12 30 1 P = 0.06

Nguyen et al. [27] 1199 4.3% 493 31 (6.3%) 706 21 (3%) P = 0.01

Fig. 3 Sternal wound infection following bilateral mammary artery grafting

Fig. 4 Sternal wound infection following general cardiac operations
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substantial heterogeneity  (I2  65%). However, the gen-
eral trend was the beneficial effect of NPWT across the 
different studies.

Atkins, Colli, Gatti, Reddy and Philip [5, 8, 21, 22] all 
demonstrated the potency of NPWT post-surgery, as 
patient reports were entirely clear of infection after 
prophylactic management. However, the absence of 
control groups and the small sample size makes it diffi-
cult to obtain significant results to draw a clear conclu-
sion and limits the generalizability of these trials to the 
wider population. As these studies were not randomized 
controlled studies, it may be argued that the promising 
results discovered are not the sole by product of the neg-
ative pressure wound therapy system; other factors might 
be involved [11, 17]. The literature has shown that female 
sex increases the risk of postoperative complications [5]. 
Despite this, Atkins and colleagues failed to include suf-
ficient females in their selected participants, reinforcing 
the reduced infection rate [5]. Thus, trials that consider 
the relative contributions of other risk factors in postop-
erative infection, with sufficient patients, are needed to 
fully understand the protective effect of negative pressure 
wound therapy on closed chest incisions.

Discussion
BIMA use has been associated with increased graft 
patency and positive long-term clinical outcomes in 
many studies and literature review [28, 29]. Although 
this is the case, there has been some reluctance to use 
BIMA for coronary grafting, given the risk of sternal 
wound infection associated with its use. The Arte-
rial Revascularisation Trial (ART), a multicentre, ran-
domized controlled trial, did not show superiority of 
BIMA grafting compared to single internal mammary 
artery (SIMA) grafting with vein grafts after 10  years 
of follow-up [30]. However, this finding contradicted 
the largeevidence in the literature. Multiple factors 
may contribute to this finding: first, the study design 
was unblinded, surgeons’ experience was not taken 
into consideration, there was a lack of angiographic 
studies to assess graft patency, and there was nonad-
herence to randomization. The SIMA group received 
radial artery grafting as well, which is known to have 
a better outcome than vein graft [31]. Several stud-
ies reported higher survival rates and less reinterven-
tion compared to SIMA. Tatoulis et al. [29] conducted 
a large observational study evaluating the patency of 

Fig. 5 Superficial sternal wound infection (SSWI) post cardiac surgery

Fig. 6 Deep sternal wound infection (DSWI) post cardiac surgery
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the right internal mammary artery (RIMA) by perform-
ing coronary angiography for 991 patients out of 5,766 
patients who underwent BIMA grafting in their insti-
tution. The ten-year overall patency was 90% for grafts 
to the left anterior descending artery (LAD) 95%, graft 
to the circumflex artery (Cx) 91%, graft to the right 
coronary artery (RCA) 84% and graft to the posterior 
descending artery (PDA) 86%. This was identical to 
the 10-year patency as LIMA to LAD and LIMA to Cx. 
They also demonstrate better RIMA patency than radial 
artery and vein grafts. There was an 89% survival rate 
for patients who had BIMA grafting. A meta-analysis 
of 8 propensity-matched studies by Gaudino et al. [28] 
showed that BIMA grafting is associated with superior 
long-term survival irrespective of sex and diabetes. 
Davierwala et al. [32] recently published their outcome 
of using BIMA in minimally invasive off-pump coro-
nary artery grafts; early outcomes showed 96.8% graft 
patency on angiographic studies prior to discharge.

Research evidence has shown that using IMA grafts 
(or ITA grafts) correlates with an elevated risk of SWI, 
especially when using BIMA [6]. Research by Grossi et al. 
[33] demonstrated that having one or more IMA grafts 
increased the prevalence of sternal infection by 1.37% 
compared to patients who had no IMA graft in CABG 
surgery. A BIMA graft was associated with a 1.7% higher 
prevalence of SWI than a single IMA graft (SIMA), and 
the difference in prevalence increased to 8.8% when com-
bined with diabetes. TheART-reported incidence of ster-
nal wound complications was almost double in the BIMA 
group than in the SIMA group (54 cases vs. 30 cases) 
after a 10-year follow-up, and there was a significantly 
increased rate of sternal reconstruction in the BIMA 
group (31 cases vs. 10 cases) [30]. Ståhle et al. [34] inves-
tigated sternal wound problems after cardiac surgery in 
a large cohort of 13,285 patients over fifteen years. Of 
these, 155 patients had BIMA grafting, with a sternal 
wound infection rate of 3.9%; this was more than 2 times 
the rate in other cases (1.7%) [34]. The results from a 
prospective study using patients from ten surgical insti-
tutions in Paris (n = 1830) showed that the incidence of 
DSWI in BIMA grafting patients was 6% higher than that 
in SIMA patients (8.7% vs. 2.7%) [35]. The robust asso-
ciation between BIMA use and the incidence of SWIs has 
been determined by large randomized clinical trials, with 
infection rates ranging from 2.1 to 8.7% [8, 10, 33–37]. 
As a result, it is critical to acknowledge other risk fac-
tors (e.g., obesity, diabetes) when using bilateral internal 
mammary arteries so that strategies to adjust for these 
risk factors can be implemented in vulnerable patients 
before surgery [38]. The use of negative pressure wound 
therapy might be particularly beneficial in this patient 
category.

The NPWT system uses special dressings and a nega-
tive pressure-creating device to provide a proportional 
distribution of negative pressure over closed surgical 
sites [2, 5, 11]. The wound site and surrounding skin 
are coveredwith an adherent sterile cover, and a vac-
uum pump is joined to the dressing by a suction tube 
[11]. This gives negative pressures ranging from − 75 
to − 125  mmHg, enabling wound fluid to be drained 
into an aseptic canister, as in the case of Prevena™ 
dressing [2, 5, 7, 11, 17]. There are several mechanisms 
through which NPWT devices exert their effects. It 
has been suggested that introducing a closed wound 
medium keeps the sealed incision margins composed, 
stimulates cells to proliferate and triggers angiogenesis 
[2, 5, 7, 11, 13, 39]. The extracellular fluid is drained, 
allowing the removal of exudative content and tissue 
oedema. Blood flow to the wound area is increased, 
thus enhancing tissue perfusion and improving the cir-
culation of immune cells and antibiotics [2, 7, 11, 13, 
39]. These factors prevent the progression of infec-
tion and the incidence of sternal wound complications 
by deterring colony-forming bacteria and increasing 
the production of granulation tissue [2, 7, 11, 13, 39]. 
There have been few NPWT systems on the market, 
with Prevena™ currently being the most researched 
system [7, 9, 13, 17–22, 27]. Witt-Majchrzak et al. [19] 
reported in their study the NPWT has reduced the risk 
of overall sternal wound complications including ster-
nal wound instabilities and abnormal healing.

In this meta-analysis, NPWT was shown to have a 
preventive benefit for wound infection post BIMA use 
in patients who underwent coronary artery bypass graft 
and in all other adult cardiac surgeries.

The pooled analysis for studies in general adult car-
diac surgery showed a significant reduction in wound 
infection in patients who received negative pressure 
wound therapy compared to those who received con-
ventional wound dressing (RR 0.47 95% CI 0.36–0.59; 
P < 0.00001), with low heterogeneity  (I2 6).

Negative pressure-generating interventions usually 
involve greater costs than conventional treatment [9]. 
Research by Tabley et al. showed that the total cost of 
buying PICO™ systems and the reduced costs of treat-
ing complications approximately saved £1188.79 “per 
patient” [24, 40]. Concerning the broader employment 
of NPWT in cardiac surgery, it is crucial to consider 
the economic effects of preventing SWIs versus treat-
ing the added complications [9, 23]. If additional analy-
ses of the saved expenses are produced in the literature, 
they can further support the worthiness of NPWT in 
surgery.
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Study limitations
The majority of the studies were observational studies, 
apart from one randomized control trial and one pro-
pensity-score matching analysis to account for selec-
tion bias. The lack of robust studies affects the quality 
of the review due to literature biases. The small number 
of studies (n = 3) focusing specifically on the efficacy 
of prophylactic NPWT after BIMA grafting included 
in the final analyses (with high heterogeneity) makes it 
difficult to conclude the suitability of NPWT. We did 
not acknowledge the presence of treatment allocation 
bias. The use of NPWT is usually reserved for patients 
who are perceived to have a high surgical risk of devel-
oping SWI. Nonetheless, pooled analysis from studies 
covering all cardiac procedures showed a potential ben-
efit of NPWT in preventing SWI. Finally, there was a 
language bias, as we only included studies in English.

Conclusion
Based on findings from this systematic literature review 
and meta-analysis, closed incision management after 
cardiac surgery can reduce the incidence of sternal 
wound infections in cardiac patients. However, the 
potential usefulness of NPWT after bilateral internal 
mammary artery grafting needs to be further investi-
gated. The inconsistent study findings in these patients 
and the flawed study designs leave the question regard-
ing the clinical efficacy of prophylactic use of closed 
incisional negative pressure therapy in BIMA grafting 
not conclusively answered. Large-scale, randomized 
controlled studies that specifically measure postsurgi-
cal outcomes in BIMA patients following negative pres-
sure wound therapy are needed.
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