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Abstract
Background: Surgical site infection (SSI) is one of the leading 
complications in health care. Negative pressure wound ther-
apy (NPWT) is meanwhile widely prophylactically used for 
preventing SSIs. For evaluating the results of the implanta-
tion of this technique, we used the Simon single-arm study 
design and examine whether NPWT has a prophylactic effect 
on reducing SSIs in a cohort of general surgery patients. 
Methods: This single-arm, two-stage study includes 81 elec-
tive general surgery patients and corresponds to the Simon’s 
design. The sample size calculation was based on a reduc-
tion in the superficial SSI rate from 12 to 4% (power 80%, 
significance level 5%) using a NPWT system. In compliance 
with Simon’s two-Stage design, the study required the re-
cruitment of 34 patients in stage I and 47 patients in stage II. 
The two-stage design method would be discarded in case of 
a wound infection in 3 or more patients in stage I or 6 or more 
patients in stage II. Using the NPWT system in the operating 
room, a negative pressure wound dressing was applied post-
operatively and removed after 7 days. According to the cri-
teria of the Centres for Disease Control and Prevention (CDC), 
post-operative wound documentation followed on day 7 
and 30. Results: In stage I, no SSI was apparent. In stage II, 3 
patients had SSIs (CDC grade I). Conclusion: A prophylactic 
NPWT can significantly reduce the wound infection rate in 
elective general surgery. © 2022 S. Karger AG, Basel

Introduction

Surgical site infection (SSI) is one of the leading com-
plications following surgical interventions. In Europe 
and the USA, SSI represents the 2nd most common infec-
tion in the health care system [1]. The report “Surveil-
lance of surgical site infections in Europe 2013–2014” 
documents the highest cumulative incidence rate in 
colorectal surgery at 9.5% [2]. Many studies document a 
range of 9–33% [3, 4] SSI incidence rate in patients un-
dergoing colorectal surgery. The necessity for delayed 
treatment of SSI prolongs the average length of hospital-
ization in Europe by 6.5 days and increases treatment 
costs around 3 times. The financial loss in the European 
Union amounts to 1.47–19.1 billion €. Furthermore, cost 
analyses indicate that the economic burden could be sig-
nificantly higher [5]. Cost analyses for SSI therapy in the 
USA range between 3.2 and 8.6 billion US$ [6].

In a literature review, negative pressure wound therapy 
shows the potential to reduce the rate of wound infection 
[7, 8]. At the same time, the review emphasizes the neces-
sity for further, well designed studies to fill considerable 
evidence gaps and to determine the effect of specific inter-
ventions on SSI incidences [9]. Moreover, the Global 
Guidelines for the Prevention of SSI of the WHO 2016 
state: “Overall low quality evidence shows that prophylac-
tic negative pressure wound therapy has a benefit in reduc-
ing the risk of SSI in patients with a primarily closed surgi-
cal incision following high-risk wounds when compared to 
conventional post-operative wound dressings (conditional 
recommendation, low quality of evidence)” [10].



Negative Pressure Wound Therapy to 
Prevent Surgical Site Infections

273Visc Med 2022;38:272–281
DOI: 10.1159/000520464

A number of randomized controlled trial (RCT) pro-
tocols have been published (PONIY and DRESSING) for 
which no results have yet been disclosed [11, 12]. Evrard 
et al. [13] criticize the concept of “RCT or nothing” and 
propose the Simon’s design as an alternative to gain 
knowledge in surgery. The two-stage design has the ad-
vantage of generating high-quality data within a short pe-
riod of time [13] and therefore avoids the excessive 
amount of organization, duration, and financing neces-
sary for a surgical full-scale RCT.

Based on this approach and against the background 
that meanwhile prophylactic NPWT is already widely ac-
cepted, the present study aims to evaluate this technique 
in elective general surgery patients on reducing the SSI 
rate during the implementation in our clinic using the 
two-stage single-arm Simon study design.

Material and Methods

Study Design
This two-stage, single-arm Simon’s design phase 2 study, car-

ried out in the Asklepios Clinic Langen (Germany) is according to 
Evrard et al. [13] a completely underutilized tool in surgery that 
could raise the level of scientific reporting. The threshold for effi-
cacy and nonefficacy is defined and with statistical power (risks a 
and b), the cohort size is calculated (usually, between 30 and 60 
patients). The use of interim stopping rules allows reduction of the 
required number of patients.

The report is prepared in accordance with the SQUIRE guide-
lines (Standards for Quality Improvement Reporting Excellence; 
http://www.squire-statement.org/). The study is registered on 
DRKS (www.drks.de, DRKS-ID: DRKS00015531) and was ap-
proved by the Ethics Committee of the Hessen State Medical As-
sociation (FF165/2016).

Setting
The Asklepios Clinic Langen (Germany) is an acute and stan-

dard care hospital with 400 beds and is an academic teaching hos-
pital of the Goethe University Frankfurt/Main, Germany. The De-
partment of General, Visceral, and Thoracic Surgery has a capac-
ity of 60 beds and performs over 2, 000 surgical interventions per 
year with focus on oncological, colorectal, minimally invasive, and 
hernia surgery. Wound management has a high priority in the dai-
ly surgical routine with 2 in-house employed and certified wound 
managers. As a regional centre, the department is integrated into 
the surgical study network CHIR-Net of the German Society for 
Surgery (www.chir-net.de).

Statistics
In accordance with the PROUD study and data from our hos-

pital’s patient population, the basic rate for SSI in elective, general 
surgery patients is 12% [14]. With the NPWT system, the basic rate 
is to be reduced to 4%. According to the Simon’s design (power 
80%, significance level 5%), in 2 stages, a total of 81 patients has to 
be recruited:
1.	 In stage I, a total of 34 patients were recruited. The method is 

discarded if no infection occurs in 31 or fewer patients or if 3 
or more patients develop an infection. Otherwise, stage II be-
gins.

2.	 Stage II (stage I and stage II include a total of 81 patients): The 
method is discarded if in 75 or fewer patients, no infection oc-
curs or if 6 or more patients develop an infection.
With these assumptions, the null hypothesis (SSI rate is less 

than 12%) can be rejected at a significance level of 5% with a sta-
tistical power of 80% (with an actual SSI rate of 4%). If the SSI rate 
cannot be reduced and is still at 12%, there is a 79.2% probability 
that it will be recognized after stage I.

Patient Population and Criteria
All adult patients with elective laparotomies capable of giving 

consent were included. Patients in emergency criteria and minor pa-
tients were excluded. The primary endpoint of the study is the post-
operative SSI defined according to the SSI classification of the Cen-
tres for Disease Control and Prevention/USA (CDC): grade 1 (super-
ficial), grade 2 (deep), and grade 3 (organs and body cavities) [15].

Study Initiation, Organization, and Data
Medical and nursing staff were informed about the study and 

introduced to the study through further training. An e-learning 
module (ROSSINI) is used to assess and standardize SSI [16]. The 
study director, study nurse, and medical and nursing staff of the 
department were responsible for the implementation and quality 
control of the study processes. Supervised by the wound manager, 
all wound controls and wound documentation were recorded in 
written and pictorial form. The study nurse developed all study 
documentation. In monthly jour fixe meetings, the study was 
monitored by the participating staff.

In addition to basic data (age, gender, weight, body mass index, 
comorbidities, smoking status, diagnosis, surgical procedure, du-
ration of surgery, perioperative antibiotic prophylaxis, disinfec-
tion of the operation area, degree of contamination, and wound 
length) and the NNIS Risc Index Score of the CDC USA [17], the 
Clavien-Dindo classification of complications [18] was collected 
for all patients.

Intervention
According to WHO recommendations [19] and NICE instruc-

tions [20], perioperatively the modified SSI Care Bundle Manage-
ment [21]  was performed for all patients with elective laparoto-
mies who have been informed and included in the study. Any inci-
sion wound of the abdominal wall that communicates with the 
abdominal cavity and is 5 cm or more in length is defined as a 
laparatomy. In laparoscopic colon surgery, only the incision 
wound to retrieve the specimen is considered and measured as a 
laparotomy and not the sum of all port incisions. Post-operatively, 
based on the CDC/USA [15], the surgeon determines the degree 
of wound contamination and documents the wound length. After 
the abdomen has been closed, under sterile conditions, the nega-
tive pressure wound therapy system (PICO7®, Fa. Smith & Neph-
ew, Hamburg, Germany) is applied in the operating room.

The used NPWT-system is a battery-operated, portable, and 
active pump system for negative pressure wound therapy. Special 
features of the used system are: small (7.2 × 6.4 × 2.1 cm in size), 
light (mini pump 84 g, including batteries), without exudate can-
ister, single-use product, film with high water vapour permeability, 
and quiet operation, can be used for up to 7 days, continuous neg-
ative pressure of −80 mm Hg, operation using 1-button technol-
ogy (Fig. 1).

To assure a stable tightness of the negative pressure wound 
therapy system, special attention was paid to the adequate distance 
from the drainage and/or stoma points. With a film, the activated 
mini pump was fixed ventrally to the exposed abdominal wall, usu-
ally in the upper/middle abdomen. In this way, the patient could 
be guaranteed an undisturbed mobility.
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The bandage is removed after 7 days and the wound recorded 
in a digital database. At the same time, the clinic’s medical staff or 
the certified wound manager assess the wound and, if necessary, 
classify the SSI according to CDC criteria (superficial, deep, or-
gans, and body cavities). According to the same scheme, the wound 
is assessed again on the day of discharge. If the patient is already 
discharged after 30 days following surgery (majority of the pa-
tients), a patient interview and questionnaire based on the Proto-
col for the Surveillance of SSI of Surveillance Services/Public 
Health England (online suppl. material; for all online suppl. mate-
rial, see www.karger.com/doi/10.1159/000520464) via telephone 
and postal is conducted. If there are any abnormalities, the patient 
is called in for a clinical checkup.

Results

Over a period of 8 months from December 2019 to 
July 2020, stage I and stage II of the study were per-
formed including a total of 81 patients (Table 1). Forty 
two patients were female and 39 were male. The mean 
age of the study population was 68.3 years (31–92 years). 
With an average value of 28.6, the range of the calculated 
body mass index was between 19.1 and 46.2. In accor-
dance to the American Society of Anaesthesiologist Risk 
Score (ASA-Score), 1 patient (1.2%) was allocated to 
ASA I, 54 patients (66.7%) to ASA II, 25 patients (30.9%) 
to ASA III, and 1 patient (1.2%) to ASA IV. Sixteen pa-
tients (19.8%) were active smokers. Type II diabetes mel-
litus was previously known in 18 patients (22.2%). In 
dependence of surgical procedures, we performed 21 

hernioplasties (25.9%), 17 right hemicolectomies 
(21.0%), 14 sigmoidectomies (17.3%), 6 rectum resec-
tions (7.4%), 5 rectosigmoidectomies (6.2%), 5 left hemi-
colectomies (6.2%), 5 ileostomy reversals (6.2%), 2 Hart-
mann reversal procedures (2.4%), as well as 1 (1.2%) liv-
er resection, 1 resection of transverse colon, 1 subtotal 
colectomy, 1 gastrectomy, 1 reversal of loop colostomy, 
and 1 open cholecystectomy. In the study collective, in 
42 cases (51.9%) the diagnosis was benign and in 39 cas-
es (48.1%) the diagnosis was malignant. Forty-two 
(51.9%) open surgeries and 39 (48.1%) laparoscopic sur-
geries were performed. According to the Surgical Wound 
Classification of the CDC [22, 23] we documented the 
contamination class I (clean) in 20 interventions (24.7%), 
the contamination class II (clean-contaminated) in 8 in-
terventions (9.9%), and the contamination class III (con-
taminated) in 53 interventions (65.4%). The average 
length of all wounds was 12.8 cm. The average post-op-
erative length of stay was 8.4 days (2–28 days). Based on 
the Clavien-Dindo classification of complications, the 
patients were classified into 3 groups. Eight patients 
(9.9%) were classified in group I (grade 2) and II (grade 
3a), and 1 patient (1.2%) was classified in group III 
(grade 4). In 64 patients (79.0%), the post-operative 
course showed no complications (Table 2).

After 34 patients were recruited, stage I of the study 
was terminated and the available data were analysed. SSIs 
could not be documented in any of these patients (Ta-
ble 1). In accordance with the study design, the data col-
lected indicated that the method used could reduce the 
SSI rate with a high statistical probability (79.2%). With 
no SSIs in stage I, the negative pressure dressing used on 
the laparotomy wound was retained and the study con-
tinued with stage II.

In the course of stage II, we recruited another 47 pa-
tients and the study could be completed with a total of 81 
elective patients. The follow-up was double secured by 
postal and telephone enquiries and completed with a 
100% follow-up rate. In 2 cases, a clinical re-evaluation of 
the wound was necessary in our clinic. In the above cases, 
an SSI has been excluded. According to the SSI classifica-
tion of the CDC, a superficial wound infection was found 
in 3 patients (grade 1) in stage II (Table 3). The necessary 
controls and the care of infected wounds took place in the 
wound outpatient department of our clinic.

Out of 81 patients, a final data analysis revealed a su-
perficial wound infection (CDC grade 1) in 3 cases. The 
specific number of 6 or more SSI per 81 patients specified 
at the beginning was not reached or exceeded. This shows 
that the negative pressure wound therapy system effec-
tively reduces the rate of SSI in laparotomy wounds with 
a high statistical probability. Furthermore, the deter-
mined null hypothesis (SSI rate less than 12%) could be 
rejected with a statistical power of 80%.

Fig. 1. Negative pressure wound system (PICO7®).
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Discussion

Summary
The results of our study analysis clearly support a pos-

itive prophylactic effect of negative pressure wound ther-
apy reducing SSI in elective laparotomies. This study 
based on the Simon’s two-stage design demonstrates that 
a negative pressure wound therapy system has the poten-
tial to reduce SSI from assumed 12–4% (statistical power 
80%, significance level 5%). Moreover, the specific 
strength of our study stems from the fact that the data re-
flect a real-world scenario of general surgery patients.

Interpretation
Based on evidence, the project examines a certain in-

tervention and its effectiveness on SSI after laparotomies 
and is therefore of particular importance [7, 8, 24]. Vari-
ous surgical disciplines are concerned with the effective-
ness of negative pressure wound therapy on wound heal-
ing after surgery. The current data document heteroge-
neous methods using negative pressure wound therapy 
with divergent variables and controversial results [9]. A 
literature research by the WHO identified 19 publications 
that report on 21 studies, including 6 RCTs and 14 obser-
vation studies testing the effect of negative pressure 
wound therapy on SSI. A systematic review by the WHO 
including the abovementioned studies show “a benefit of 
negative pressure wound therapy in reducing surgical site 
infections in patients with primarily closed surgical 
wounds compared with conventional post-operative 
dressings” [24].

Depending on the type of procedure, this effect is ob-
served in abdominal and cardiac surgery, not significant-
ly in orthopaedics and traumatology. Prophylactic nega-
tive pressure wound therapy on primarily closed, high-
risk surgical wounds of adults is recommended to prevent 
SSI. However, this recommendation is insubstantial due 
to low quality evidence. The current clinical evidence of 
the used NPWT system reflects a divergence in results 
with regard to the SSI reduction [25–28].

The effectiveness of negative pressure wound therapy 
on SSI reduction is multifactorial and can vary depending 
on the type of surgical procedure, the contamination class 
of the surgical wound, the type, duration, and pressure 
level of the negative pressure wound therapy, the dura-
tion of the operation, patient comorbidities, and periop-
erative care bundle giving an explanation for controver-
sial study results [21, 29]. Shen et al. [30] demonstrated a 
non-significant effect of negative pressure wound therapy 
on SSI reduction in a RCT, where 265 patients with gas-
trointestinal, pancreatic, or peritoneal malignancies were 
treated with laparotomy. A more recent RCT (NEP-
TUNE) by Murphy et al. [31] also could not demonstrate 
a prophylactic effect of negative pressure wound therapy 

Table 2. Summary table (stage I and II)

N (Range/%)

Patients, n 81
Sex

Male 39
Female 42

Mean age, years 68.3 (31–92)
BMI, Ø 28.6 (19.1–4.2)
ASA grade, n (%)

I 1 (1.2)
II 54 (66.7)
III 25 (30.9)
IV 1 (1.2)

Smoker status, n (%)
Smoker 16 (19.8)
Non-smoker 65 (80.2)

Type II diabetes, n (%)
Yes 18 (22.2)
No 63 (77.8)

Diagnosis, n (%)
Benign 42 (51.9)
Malignant 39 (48.1)

Surgical technique, n (%)
Laparoscopic 39 (48.1)
Open 42 (51.9)

Surgical procedure, n (%)
Hernioplasty 21 (25.9)
Right hemicolectomy 17 (21.0)
Sigmoidectomy 14 (17.3)
Rectum resection 6 (7.4)
Rectosigmoidectomy 5 (6.2)
Left hemicolectomy 5 (6.2)
Ileostomy reversal 5 (6.2)
Hartmann reversal procedure 2 (2.4)
Liver resection 1 (1.2)
Resection of transverse colon 1 (1.2)
Subtotal colectomy 1 (1.2)
Gastrectomy 1 (1.2)
Reversal of a loop colostomy 1 (1.2)
Open cholecystectomy 1 (1.2)

Contamination class, n (%)
Class I (clean) 20 (24.7)
Class II (clean-contaminated) 8 (9.9)
Class III (contaminated) 53 (65.4)

Wound length, Ø cm 12.8
Post-op lenght of stay (Ø days) 8.4 (2–28 d)
Clavien-Dindo classification, n (%)

Grade 2/Group I 8 (9.9)
Grade 3a/Group II 8 (9.9)
Grade 4/Group III 1 (1.2)

SSI according CDC criteria
Study stage I + II 3 CDC grade 1 (superficial)
Study stage I 0
Study stage II 3 CDC grade 1 (superficial)

BMI, body mass index, ASA, American Society of Anaesthesiolo-
gists, CDC, Centre for Disease Control and Prevention/USA; SSIs, sur-
gical site infection.
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on reducing the rate of SSI considering 300 patients un-
dergoing elective open colorectal surgery. Then again, in 
an RCT by O´Leary et al. [8] including a smaller group of 
50 patients undergoing elective or emergency laparotomy 
and in an RCT by Javed et al. [32], including 123 patients 
undergoing pancreaticoduodenectomies show a signifi-
cant SSI reduction through negative pressure wound 
therapy.

There are few studies that consider the effectiveness of 
negative pressure wound therapy in laparotomies [33]. In 
particular, the data on colorectal surgical interventions 
are inadequate and incomplete. Our study including a 
mixed study collective with a high percentage of colorec-
tal surgical patients with wound contamination classes II 
and III (n = 57, 70.4%) and the data it generated docu-
ments a significantly positive effect on negative pressure 
wound therapy to reduce SSI.

With our project, we support the efforts of various 
committees for the comprehensive implementation and 
standardization of specific and innovative prophylactic 
measures to reduce SSI [10]. In our experience, there were 
significant advantages in everyday clinical practice using 
the method: simple application, simplification of work 
processes, better adaptation of the wound margins, sup-
port of the early mobilization of the patient, and ensured 
patient comfort. A locally adjusted, critical cost-benefit 
assessment, as well as an assessment that contains a ratio-
nal estimation of all effect vectors, possibly assuming op-
portunity costs, is essential.

In addition, we saw the following advantages of the 
single-arm, Simon’s two-stage design study: organiza-

tional and temporal simplicity, statistically valid and 
plausible number of cases. In addition, this study method 
usually enables an uncomplicated patient recruitment. As 
the study fell in the beginning of the pandemic, this effect 
was not observed. Moreover, the data obtained are of high 
mathematical and biostatistical quality. The early possi-
bility to recognize the effectiveness of the negative pres-
sure wound therapy in stage I is another advantage of the 
Simon’s two-stage design. Finally, early realization if a 
method was ineffective and therefore allowing an early 
termination of the study is a potential organizational and 
economic benefit of the Simon’s design [34].

Limitations
The single-arm Simon’s two-stage design only allows 

the analysation of one primary endpoint. In addition, the 
study cannot quantify the various data. As a result, we 
were only able to benefit to a limited extent from second-
ary information gained through the interaction analysis 
of the documented risk variables [35]. Certainly, the sin-
gle-arm Simon’s two-stage design study has inherent lim-
itations and is not comparable to an RCT. However, it 
offers a competitive alternative to time-consuming, orga-
nizationally difficult and often expensive complex studies 
[13]. Following the analytical evaluation of the study ele-
ments, the ecological concern (single-use product) and 
the procurement costs of the used NPWT-system must be 
examined critically.

Table 3. Patients with SSI – study stage II

Patient 1 Patient 2 Patient 3

Sex Female Female Male
Age 68 71 46
BMI 35.0 34.4 26.2
ASA II III II
Smoking No 15 py 25 py
Diabetes mellitus Yes/Type II Yes/Type II No
Diagnosis Carcinoma of colon descendants Sigmoid diverticulitis with sigmoid-

vesicle fistula
Adenocarcinoma of the gastric 
antrum

Surgery Open surgical left hemicolectomy Open surgical sigmoidectomy with 
fistula surgery

Laparoscopy-assisted gastrectomy

Contamination class III III II
Wound length 30 cm 30 cm 10 cm
Clavien-Dindo Grade IIIa Grade II Grade IIIa
SSI according CDC

7th post-operative day
Yes – grade 1
Histo: Pyoderma gangraenosum

Yes – grade 1 None

SSI according CDC 
30th post-operative day

None None Yes – grade 1

Post-operative length of stay 20 8 12

Clavien-Dindo, Clavien-Dindo Complication Grade (grade 1–5). SSI according CDC, surgical site infection classification of the Centres for Disease Control 
and Prevention/USA. (grade 1 – superficial/grade 2 deep).
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Conclusion

Our implementation study statistically underpins the 
efficacy of negative pressure wound therapy in abdominal 
wound healing and can be recommended as an efficient 
method to reduce superficial SSI. There are advantages, 
especially, regarding the practicality of wound manage-
ment and the patient comfort using a portable system.
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