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Introduction

Esophagectomy is the mainstay of treatment for malignant 
oesophageal disease without distant metastasis. However, 
high rates of postoperative morbidity remain a vexing 
problem. In particular, postoperative infection is the 
most common kind of postoperative morbidity (1,2). An 
anastomotic leak is a devastating postoperative infectious 

complication and gives rise to clinical concern, but surgical 
site infections receive less attention. The rate of surgical 
site infections continues to be unacceptably high, bringing 
pain and economic losses to the patient as a result of the 
associated morbidity and mortality (3). Although minimally 
invasive esophagectomy has lower wound infection rates, 
open surgery remains the primary treatment for local 
advanced oesophageal cancer (4). Therefore, the application 
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of an effective method plays an important role in the control 
of surgical site infections after surgery.

Negative-pressure wound therapy (NPWT) is widely 
used among the surgical specialties to apply negative 
pressure to a wound bed to promote wound healing (5-7).  
The wound cavity is filled with polyurethane foam and 
drainage tubes. One or two suction tubes are positioned and 
drawn transcutaneously through the foam (8). More recently, 
several studies in which patients with severe intrathoracic 
infections were managed with intrathoracic NPWT found 
that NPWT efficiently controlled intrathoracic infections 
and preserved chest wall integrity (9-11). However, the 
efficacy of NPWT in the treatment of thoracic incision 
infection is unclear. In this study, we evaluate the effectiveness 
and safety of a novel facilitated NPWT in the treatment of 
thoracic incision infection after esophagectomy compared to 
conventional open wound therapy.

Methods

Patient population 

Three hundred eighty consecutive patients underwent open 
esophagectomy for oesophageal cancer in the Thoracic 
Department of the First Affiliated Hospital, College of 
Medicine, Zhejiang University, between January 2013 and 
March 2016. Forty-five patients with thoracic incision 
infection were retrospectively reviewed. Of these patients, 
25 patients were treated with NPWT and 20 were treated 
with open wound dressing. The indication of NPWT is 
wound inflammation and effusion. Surgical site infection was 
defined in accordance with the guidelines of the U.S. Centers 
for Disease Control and Prevention (12). All surgical  site 
infections were evaluated for wound inflammation and 

effusion. The following information was retrieved: age, 
gender, smoking and alcohol intake history, body mass 
index, American Society of Anesthesiologists risk class, 
concomitant morbidities, pathologic details, intraoperative 
clinical data, postoperative complications, the duration of 
postoperative hospitalisation and wound healing and the 
wound treatment cost. The study was approved by the 
ethics committee and the Institutional Review Board of 
the First Affiliated Hospital, School of Medicine, Zhejiang 
University.

Procedure description

The facilitated NPWT device was used in 25 patients. The 
novel device includes a transparent film dressing, drainage 
tubing and a silica gel negative-pressure suction ball 
(Figure 1). The drainage tube was inserted into the wound 
though the infection site. The transparent film dressing 
was positioned around the surgical site infection with the 
drainage tubes extending outside. The other end of the 
drainage tube was connected directly to a silica gel negative-
pressure suction ball to maintain a negative-pressure 
environment [the pressure was kept in 6.7–26.7 kPa  
(125–200 mmHg)]. The drainage tube and silica gel 
negative-pressure suction ball were fixed (Figure 2A). 
When the drainage fluid from the wounds ceased and the 
wound infections were controlled, the NPWT dressings 
were removed, the wounds were healed (Figure 2B). The 
patients were satisfied with the outcome of NPWT. The 
other 20 patients were treated with traditional open wound 
dressing. After the granulation tissue was growing well 
and the wound infection was controlled, the patient was 
discharged and the dressing was changed on an outpatient 

Figure 1 Novel negative-pressure wound therapy device. (A) Transparent film dressing; (B) silica gel negative-pressure suction ball and 
drainage tubing.
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basis. Prophylactic antibiotics were routinely prescribed for 
all patients after surgery. In cases of infection, the empirical 
use of antibiotics was continued until evidence was obtained 
from culture and sensitivity testing.

Statistical analysis

The data were expressed as mean ± standard deviation for 
continuous parametric variables and were compared with 
the two-tailed Student’s t-test. Continuous nonparametric 
data were compared with the Mann-Whitney U test. For 
enumeration data, we applied the Pearson χ2 or Fisher’s 
exact test to compare the associated variables between the 
two groups. Values for P of less than 0.05 were considered 
to indicate statistical significance. All of the statistical 
analyses were performed using IBM SPSS statistical 
software version 20.

Results

Patient clinical characteristics 

In our study, the rate of thoracic incision infection was 
11.8%. All of the tumours were identified as squamous 
cell carcinomas after pathologic review, and all of the 
patients reconstructed gastric tube via the posterior 
mediastinal reconstruction. The clinical characteristics and 
intraoperative clinical data of the patients in both groups 
are listed in Tables 1,2. No statistically significant differences 
were observed between the two groups with regard to their 
clinical characteristics. 

Figure 2 Negative-pressure wound therapy for patient. (A) Infection of thoracic incision after esophagectomy; (B) wounds were completely 
healed after several days of therapy.

Table 1 Clinical characteristics of 45 enrolled patients

Variables
NPWT group 

(%)
Non-NPWT 
group (%)

P value

Number of patients 25 (55.6) 20 (44.4) –

Age (years) 64.1±7.8 64.8±6.8 0.759

Gender 0.358

Female 5 (20.0) 2 (10.0)

Male 20 (80.0) 18 (90.0)

Alcohol 16 (64.0) 10 (50.0) 0.345

Smoking 17 (68.0) 11 (55.0) 0.371

Hypertension 15 (60.0) 8 (40.0) 0.182

Diabetes 4 (16.0) 3 (15.0) 0.927

BMI (kg/m2) 22.3±2.8 22.0±3.4 0.754

ASA score (1/2/3) 6/16/3 7/12/1 0.313

Tumor location 0.204

Upper thoracic 3 (12.0) 1 (5.0)

Middle thoracic 16 (64.0) 11 (55.0)

Lower thoracic 6 (24.0) 8 (40.0)

Pathologic stage 0.182

I 1 (4.0) 3 (15.0)

II 15 (60.0) 12 (60.0)

III 8 (32.0) 5 (25.0)

IV 1 (4.0) 0 (0.0)

NPWT, negative pressure wound therapy; BMI, body mass 
index; ASA, American Society of Anesthesiologists.
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Results of NPWT

All of the incision infections were cured in the hospital 
or on an outpatient basis. No allergic reactions or other 
side effects occurred with NPWT. No patient in whom 
NPWT failed to cure the wound healing and converted to 
the open drainage system. The incidence of other major 
postoperative complications, including anastomotic leaks 
and pneumonia were comparable between the two groups 
(Table 3). The postoperative maximum body temperature and 

white blood cell count also were not statistically significant. 
The postoperative stay of the patients who were treated with 
NPWT showed no significant difference compared to the 
traditional treatment group (P=0.092). However, the median 
wound healing time was significantly shorter in the NPWT 
group (13 days) than in the traditional open wound dressing 
group (20 days; P=0.004). Five patients (3 of NPWT group 
and 2 of non-NPWT group) examined enterococcus faecalis 
from the wound fluid. Then, macrolides or fluoroquinolones 
antibiotics were prescribed.

Table 3 Postoperative short-term outcomes for surgical patients

Variables NPWT group Non-NPWT group P value

Anastomotic leak 4 (16.0) 4 (20.0) 0.727

Pneumonia 17 (68.0) 13 (65.0) 0.832

Postoperative maximum temperature (℃) 38.3±0.80 38.3±0.75 0.901

Postoperative maximum WBC (×109/L) 13.0±3.3 15.3±6.4 0.132

Postoperative stay (days) 0.092* 

Median 24 20

Range 14–206 14–106

Wound healing time (days) 0.004*

Median 13 20

Range 7–36 9–33

Wound treatment cost (dollars) 0.020*

Median 71.6 92.7

Range 57.8–102.6 50.1–114.2

*, Mann-Whitney U test. NPWT, negative pressure wound therapy.

Table 2 Intraoperative clinical data of NPWT and non-NPWT groups

Variables NPWT group Non-NPWT group P value

Surgical approach 0.663

Ivor-Lewis esophagectomy 20 17

McKeown esophagectomy 5 3

Anastomotic site 0.535

Above aortic arches 18 16

Below aortic arches 7 4

Operative time (minutes) 225.1±51.2 218.6±56.1 0.687

Intraoperative blood loss (mL) 428.6±215.4 396.5±234.1 0.635

NPWT, negative pressure wound therapy.
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Wound treatment cost

The wound treatment cost mainly included wound dressing 
and the installation cost of the NPWT device. The cost to 
install the facilitated NPWT device was only about $30. 
When compared with traditional open wound dressing 
treatment, the NPWT group was associated with lower 
wound treatment cost ($71.60 vs. $92.70; P=0.020).

Discussion

The wound infection rate in patients who undergo open 
classical surgery varies between 1.89% and 18.92% (13). 
In our patient set, thoracic incision infection complications 
were observed in 45 patients (11.8%). Classically, 
conventional open wound dressing therapy requires a 
significant period of time, involves daily changes of the 
wound dressings, and brings huge painful and economic loss 
to the patient. We design a convenient and cost-effective 
NPWT to control surgical site infections after surgery.

NPWT was first described by Fleischmann in 1993 (14). 
He described this method in patients with open fractures 
and achieved very good results. Since then, NPWT has 
been widely used to assist in the treatment of a variety of 
wound types (10,15). NPWT is based on continuous or 
intermittent application of negative pressure to remove 
excess fluid from the wound to prevent lacuna formation 
and increase the local microcirculation to stimulate the 
growth of granulation tissue (16). The transparent film 
dressing keeps the wound closed and allows observation of 
the wound in a timely manner, so there is no need for daily 
changes of the wound dressings, which reduces the doctors’ 
work and spares the patients pain.

The molecular mechanism for the use of NPWT for 
wound closure remains undefined. One possible mechanism 
is that the negative pressure and closed wound keep the 
wound stressed and hypoxic, which consequently triggers 
mechanoreceptor and hypoxia-mediated signalling pathways 
(17,18). The pathways’ cytokine and growth factor (e.g., 
tumour necrosis factor; interleukin-1β, -6, -8 and -10; 
vascular endothelial growth factor; fibroblast growth factor 2; 
transforming growth factor β; platelet-derived growth factor; 
and matrix metalloproteinases-1, -2, -9 and -13) expression 
stimulate angiogenesis, culminating in the remodelling of 
the extracellular matrix and the growth of granulation tissue, 
both of which promote wound healing (19). 

In thoracic surgery, the use of NPWT for sternal 
infections, complex chest-wall reconstruction infections and 
severe intrathoracic infection has been reported (9-11,20,21). 

The results have shown that negative-pressure therapy 
efficiently controlled infections and preserved chest wall 
integrity. However, the efficacy of NPWT in the treatment 
of thoracic incision infection is unclear. The surgical 
site infections are less serious than those of the thoracic 
cavity, so these infections always receive less attention. 
Actually, the rate of surgical site infections continues to be 
unacceptably high, bringing great pain and economic losses 
to patients from the associated morbidity and mortality (3).  
The current standard management for surgical site 
infections includes open wound dressing changes until 
the wound is covered by granulation tissue. However, this 
procedure is cumbersome for patients and requires frequent 
dressing changes and prolonged wound healing (10). As a 
consequence, an NPWT technique to improve the speed of 
wound healing should be developed.

Classically, a medical NPWT device includes elastic 
sealing rubber films, a porous soft foam cushion, drainage 
tubes and a negative-pressure suction system (8,22). 
Although it has shown certain advantages over traditional 
open wound treatment, this device is inconvenient for 
surgical site infections. The cost of installing the device 
is relatively high, and the methods are very complex in 
practical operation. To solve these problems, we designed 
a convenient and cost-effective NPWT to control surgical 
site infections after surgery. The novel device includes 
a transparent film dressing, drainage tubing and a silica 
gel negative-pressure suction ball. The cost to install the 
facilitated NPWT device was only about $30. Although 
the patients who were treated with the facilitated NPWT 
did not have a significantly shorter postoperative hospital 
stay than those who had open wound dressing, this medical 
NPWT provided a good sealing effect, is simple in structure 
and convenient to use, and allows for a shortened wound 
healing time and reduced wound treatment cost compared 
with traditional open wound treatment.

The limitations of this study lie in the nature of its 
retrospective design and may have led to an unintended 
selection bias of patients and a failure to incorporate some 
cytokine and growth factors to research the molecular 
mechanism of the use of NPWT for wound healing. In 
addition, although we used the U.S. Centers for Disease 
Control and Prevention definition of surgical site infection, 
certain components allow for subjective interpretation 
of wound inflammation and effusion and other signs or 
symptoms of wound infection. Thus, to further evaluate this 
technique, prospective data collection and incorporation of 
some molecular factors are encouraged.
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