
ORIGINAL PAPER

Prophylactic negative pressure wound therapy after lower extremity
fracture surgery: a pilot study

Siem A. Dingemans1 & Merel F. N. Birnie1
& Manouk Backes1 & Vincent M. de Jong1

& Jan S. Luitse1 & J. Carel Goslings1 &

Tim Schepers1

Received: 18 August 2017 /Accepted: 16 January 2018 /Published online: 29 January 2018
# The Author(s) 2018. This article is an open access publication

Abstract
Purpose Infectious complications following lower extremity fracture surgery are a major concern and account for a substantial
socio-economic burden to society. The aim of this pilot study was to investigate the feasibility of a new portable single-use
negative pressure wound therapy device in patients undergoing major foot ankle surgery.
Methods Patients undergoing major foot ankle fracture surgery at a single level 1 trauma centre were eligible for this prospective
case series. Patient characteristics were collected, as were fracture and surgical characteristics. Primary outcome was surgical site
infection within 30 days as classified by the criteria from the Centers for Disease Control and Prevention. Patients in the
prospective cohort were case-matched with a historical cohort from the same institution.
Results Sixty patients were included. In seven patients, the NPWT failed and treatment was ceased. Mean age was 44 years and
85% was ASA 1; 43% of the patients were actively smoking. Indications for surgery were midfoot, calcaneal, talar, and ankle
fractures. In 53 patients, four (7.5%) surgical site infections occurred, two superficial (3.3%) and two (3.3%) deep infections. For
47 patients, a match was available. The incidence of surgical site infection did not statistically significantly differ between the
prospective cohort and retrospective matched cohort (4.3 versus 14.9%, p = 0.29, respectively). This was also the case when
looking at superficial and deep surgical site infections separately (0 versus 8.5%, p = 0.08, and 4.3 versus 6.4%, respectively).
Conclusion We have observed surgical site infections in 7.5% of the patients with the use of prophylactic negative pressure
wound therapy. The incidence of surgical site infections was not statistically significantly lower compared to a matched historical
cohort.
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Introduction

Infectious complications following orthopaedic (trauma) low-
er extremity surgery are a major concern. In a prospective
study, an incidence of almost 19% surgical site infections
(SSI) following high risk lower extremity fracture surgery
was observed [1]. These SSIs are a major burden to the patient
and are responsible for a significant increase in (hospital-
related) costs. Patients who sustain a SSI have prolonged re-
covery times and are likely to have poorer outcome compared

to patients with an uncomplicated recovery [2], which has
been noted in patients following calcaneal and ankle fractures
[3, 4]. In addition, reducing SSIs is not only important because
of the negative effect on outcome, but also because of eco-
nomic costs [5]. A superficial surgical site infection costs an
additional $1000 extra per patient and a deep infection may
cost up to $20,000 per case [6–8]. These costs are purely
hospital related, and the financial burden to society is likely
to be even higher, for example, due to loss of productivity.

The first report of the use of negative pressure wound ther-
apy (NPWT) in orthopaedic surgery dates back to 2006 [9].
The rationale is not yet fully understood but it is believed that
negative pressure wound therapy works by (1) increased
blood flow through the capillary vessels due to the negative
pressure, (2) mechanical stretching of cells leading to cell
growth and expansion, (3) compression and reduction of dead
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space, and (4) reduction of oedema and haematoma [1, 10].
Until recently, NPWTwas mostly used as a therapy for wound
complications (e.g., delayed healing and wound infections)
following surgery. Lately, the use of prophylactic NPWT on
closed incisions has gained attention. In a randomized con-
trolled trial with prophylactic NPWT in lower leg fractures by
Stannard et al., a reduction of almost 50% (18.9 versus 9.9,
p = 0.049) in SSIs was achieved. Furthermore, a lower inci-
dence of wound dehiscence was also noted [1]. These positive
results suggest that NPWT may become an adjunct in the
attempts to reduce the amount of SSIs in orthopaedic trauma
surgery. However, as only one prospective study on prophy-
lactic negative pressure wound therapy in patients undergoing
major lower extremity fracture surgery is available, evidence
on its beneficial effect is limited and it is uncertain whether the
extra expenses of the NPWT device are justified [11].
Additionally, lately portable, single-use devices have been
developed, which allow early discharge without the need for
specialized home care. It is however unknown whether the
good results observedwith regular NPWT devices are equaled
by these newly developed devices.

The aim of this study was to investigate the feasibility of a
new portable single-use negative pressure wound therapy de-
vice in patients undergoing major foot ankle surgery.
Secondary aim was to compare the incidence of SSI in pa-
tients treated with prophylactic NPWT to the incidence in a
matched cohort of patients treated with regular dressings.

Methods

This study was a pilot study to investigate the feasibility of
using a new, portable, negative pressure wound therapy device
in patients undergoing lower extremity fracture surgery. To
allow comparison, the prospective cohort was compared to a
historical cohort from the same institution. Patients in this
historic cohort had not received prophylactic NPWT. The
study was approved by the local Medical Ethical Committee
(Academic Medical Center, Amsterdam, Netherlands,
2015_80) and was registered in clinicaltrials.gov registry
(NCT02739191). Reporting of the study is in accordance
with the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines [12]. The
study was performed in a single academic centre. Surgeries
were performed by experienced, foot/ankle specialized
surgeons.

All adult patients scheduled for an orthopaedic (trauma)
procedure of the foot and/or ankle (including secondary pro-
cedures for treating complications of fracture surgery (e.g.,
secondary arthrodesis)) with an incision length of at least
3 cm were considered eligible. The 3-cm threshold for inclu-
sion was chosen to selectively include patients in whom open
surgery and not percutaneous surgery was performed.

Exclusion criteria were (1) open fractures or active infections,
(2) antibiotic treatment at the time of the operation for a con-
comitant disease or infection, (3) patients with immune defi-
ciencies, (4) incision location not suitable for negative pres-
sure wound therapy device, (5) inability to adhere to therapy,
or (6) incomprehensive understanding of the Dutch language.
We hypothesized that a sample of 50 patients would be
enough to reliably estimate the incidence of SSI following
the use of prophylactic NPWT. With a combined loss to
follow-up and failure of therapy rate of 20%, a total of 60
patients need to be included.

The negative pressure wound therapy device used in this
study was the PICO® single-use NPWT system (Smith &
Nephew, London, UK). The PICO is a handheld NPWT de-
vice without a canister, which maintains a vacuum at ±
80 mmHg. Blood and exudate is absorbed in a non-
transparent dressing and partly evaporates through the semi-
permeable outer layer. The device comes in a package with
two dressings and one (battery powered) pump that works for
a predetermined duration of seven days.

Treatment of subjects

Patients were requested to participate in the study prior to
surgery and were included after obtaining written informed
consent. The NPWT device was applied to the wound directly
following surgery at the operation room under sterile condi-
tions. Renasys® (Smith & Nephew, London, UK) adhesive
gel patches were applied around the surgical incision as this is
of additive value in maintaining vacuum by the NPWT de-
vice. Post-operatively, dressings were changed in case of (1) a
saturated dressing, (2) a persistent air leak, or (3) anticipated
saturated dressing upon discharge. The NPWT device was
active for seven days, after which patients were instructed to
remove the dressing and put a regular surgical dressing on the
wound. Treatment was considered a failure when (1) treatment
duration was shorter than three days or (2) more than three
bandages were required to manage wound exudate. Patients
were routinely assessed at the outpatient clinic at two to
four weeks following discharge. All SSIs occurring during
the study period were noted.

Study parameters

The demographics collected consisted of age, gender, length
and weight, American Society of Anesthesiologists (ASA)
classification, substance abuse (smoking) and diabetes
mellitus. Fracture characteristic were the type of fracture prior
to osteosynthesis and in case of a secondary procedure wheth-
er a SSI had occurred before. Surgical information comprised
types of surgery (i.e., osteosynthesis or arthrodesis), type of
incision, duration of surgery, duration of NPWT, and number
of bandages used. Device failure was described as one of the
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following: excessive leakage demanding more than three
dressing changes, failure of device (inability to remain vacu-
um), or withdrawn informed consent for reasons related to the
device (e.g., device making too much noise).

Primary outcome measure of the study was a SSI as clas-
sified by the criteria from the Centers for Disease Control and
Prevention (CDC criteria) [13]. Surgical site infections were
further subdivided in superficial and deep wound infections.
Superficial wound infections were classified as infections
treated with oral antibiotics and/or local wound therapy (e.g.,
debridement at the outpatient clinic). Deep wound infections
were described as infections for which intravenous antibiotics
and/or a surgical intervention was required. Furthermore,
cases with wound dehiscence were noted, which were de-
scribed as delayed closure of the surgical site without presence
of an infection. Patient satisfactionwith the NPWTdevice was
measured through a visual analog scale (VAS); zero point
represents complete dissatisfaction with the device and ten
points represent maximum satisfaction with NPWT device.

Matching

To allow comparison, patients who received negative pressure
wound therapy were case-matched to patients who did not
receive negative pressure wound therapy but were treated with
conventional surgical dressings. The database with patients
available for matching was compiled by performing a retro-
spective analysis of patients undergoing lower extremity frac-
ture surgery in our center between the first of January 2000
and March 2016. Patients were identified using ICD-9 codes.
Characteristics of the patients in the matching database are
available in the appendix. Patients who had received NPWT
were matched in a 1:1 ratio to patients who had not received
NPWT. Matching criteria were type of incision (identical),
gender (identical), age (± 10 years), smoking (identical), dia-
betes (identical), and (in case of secondary procedure) whether
they had experienced a SSI following earlier surgery (identi-
cal). Matching was performed using R-studio v 3.3.3 (R
Foundation for Statistical Computing, Vienna, Austria).

Statistical analysis

Categorical variables are displayed as counts and frequencies,
continuous variables as means and standard deviations or me-
dians, and interquartile ranges where appropriate. Normality
was assessed using histograms and plots. McNemars test for
related samples was used to compare categorical data, t test for
related samples, or Wilcoxon signed rank test for continuous
data where appropriate as matched data requires paired testing
[14]. A p value <0.05 was considered statistically significant.
Statistical analysis was performed using SPSS v 23.0 (IBM,
Chicago, Ill). A post hoc power analysis was performed using
nQuery Advisor v 7.0 (nQuery, Boston, MA).

Results

The study was performed between April 2016 and February
2017. In total, 88 patients met the inclusion criteria. Twenty-
eight patients were excluded due to incision location not suit-
able for negative pressure wound therapy device (n = 6), ac-
tive infection or open fracture (n = 5), immune deficiencies
(n = 4), insufficient comprehension of Dutch language (n = 1),
inability to adhere to treatment (i.e., mental illness) (n = 5),
missed inclusion (n = 6), or declined participation (n = 1)
(Fig. 1).

In total, 60 patients gave informed consent andwere includ-
ed in the study. Therapy was not completed in seven patients
due to excessive leakage (n = 2), inability to maintain a vacu-
um (n = 4), and withdrawn informed consent (n = 1). These
patients were excluded from the analysis (Table 1). Median
duration of therapy in the remaining 53 patientswas seven days
(IQR 7–7, range 3–7), and 43 (81%) patients had undergone
seven days of therapy. Demographics of the study population
and fracture and treatment characteristics are available in, re-
spectively, Tables 2 and 3. More than 82% of the patients
scored therapy with NPWT device with an eight or higher.

Surgical site infections

A total of four (7.5%) patients had post-operative wound in-
fections, two superficial and two deep. One superficial wound
infection occurred in a 51-year-old smoking female patient
who underwent a secondary subtalar arthrodesis through sinus
tarsi approach (STA) who had sustained a deep SSI following
open reduction internal fixation (ORIF) for a calcaneal fracture
three years earlier. She was treated with oral antibiotics and
recovered fully (patient 1). The other superficial wound infec-
tion occurred in a 75-year-old female with an ankle fracture
who was treated with oral antibiotics as well; she also recov-
ered fully (patient 2). One deep infection occurred in a 54-year-
old female who underwent primary arthrodesis for a talar frac-
ture through STA. She was treated with intravenous antibiotics
and surgical debridement. After the re-operation, she recovered
uneventfully (patient 3). The other deep wound infection oc-
curred in a 46-year-old male who presented with local redness
at the emergency department three weeks after ORIF of a cal-
caneal fracture through STA. He was treated with intravenous
antibiotics for two and four weeks with oral antibiotics; no
surgical debridement was required. He also recovered fully
(patient 4). Apart from this, three cases of minor wound dehis-
cence without presence of an infection were noted.

Matching

A total of 343 patients were available in the matching data-
base. Details of these patients are available in the appendix.
After matching, 47 pairs remained to be evaluated.
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Demographics for the matched patients are available in
Table 2. For three patients with a secondary arthrodesis
through a STA, no match was found. These three cases had
no post-operative wound complications. For one patient un-
dergoing ORIF through STA, nomatch was found; this patient
had no complications on follow-up either. For one patient with
a secondary arthrodesis through the extended lateral approach
(ELA), no match was found. This patient was patient 1 (de-
scribed earlier), who sustained a superficial wound infection.

The last patient for whom no match was found was patient 2,
who also sustained a superficial wound infection.

In the 47 matched patients from the historical cohort, seven
SSIs had occurred, four superficial, and three deep. The dif-
ference in SSI rate between the two groups was not statistical-
ly significant (4.3 versus 14.9%, p = 0.29, prophylactic
NPWT versus conventional surgical dressings, respectively).
When looking at superficial and deep SSIs, no statistically
significant difference was noted either (superficial 0 versus

Included
n = 60

Eligible
n = 88

Available for
analysis
n = 53

Not included n = 28

Inability to fit NPWT device n = 6
Active infection or open fracture n = 5
Immunedefiencies n = 4
Insufficient comprehension n = 1
of Dutch language
Mental-illness n = 5
Missed inclusion n = 6
Declined to participate n = 1

Excluded n = 7

Inability to remaing vacuum n = 4
Excessive leakage n = 2
Withdrawn informed consent n = 1

Fig. 1 Flow diagram of the study

Table 1 Excluded patients

Patient Gender and age ASA Type of surgery Earlier
infection

Reason of
cessation therapy

Duration of
therapy (days)

Wound complication

1 Female, 56 years 1 Primary subtalar
arthrodesis through STA

NA Inability to
remain vacuum

2 None

2 Male, 46 years 1 Talar fracture through
medial talar approach

NA Inability to
remain vacuum

2 None

3 Female, 23 years 1 ORIF Lis-Franc through
dorsal foot approach

NA Inability to
remain vacuum

2 None

4 Female, 42 years 1 Secondary subtalar
arthrodesis through ELA

Yes Excessive leakage
requiring >3 dressings

1 Deep wound infection
for which a re-operation
was required

5 Male, 50 years 1 Secondary subtalar
arthrodesis through STA

No Excessive leakage
requiring >3 dressings

2 None

6 Female, 70 years 2 Secondary subtalar
arthrodesis through STA

No Inability to
remain vacuum

2 None

7 Male, 50 years 1 ORIF calcaneal fracture
through STA

NA I.C. withdrawn 1 None

ASA American Society of Anesthesiologists’ Score, NA not applicable, STA sinus tarsi approach, ELA extended lateral approach, ORIF open reduction
internal fixation
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8.5%, p = 0.08, and deep 4.3 versus 6.4%, p = 0.99, NPWT
versus conventional, respectively) (Table 4).

Post hoc power analysis

A post hoc power analysis showed that with a significance
level of 0.05 and with 80% power, 236 patients are needed
to demonstrate a significant decrease in the incidence of SSI
from 14.9 to 4.3%.

Discussion

In this case series, the single-use NPWT device failed and ther-
apy was ceased in seven out of 60 patients. We observed an
incidence of 7.5% SSI followingmajor lower extremity fracture
surgery using prophylactic negative pressure wound therapy.
After matching, no statistically significant difference in total
number of SSI or in superficial SSI and deep SSI was found
between prophylactic NPWT and conventional dressings.

Surgical site infections present a major health care prob-
lem, and attempts are made to lower the incidence of infec-
tious complications. Examples are antibiotic prophylaxis [15],
repeated administration of prophylaxis [16], less invasive

surgical approaches [17], and prophylactic NPWT. A benefi-
cial effect of prophylactic NPWTover conventional dressings
was observed in both a meta-analysis of randomized con-
trolled trials and in a meta-analysis of observational studies
[18]. One randomized controlled trial in lower extremity or-
thopaedic trauma surgery showed a significant reduction in
the number of SSI from 18.9 to 9.9% in 249 patients with
closed lower extremity fractures [1]. We show similar results
with an incidence of SSI of 7.5%. However, despite a reduc-
tion of 7.4% (7.5 versus 14.9%, total SSI incidence in case
series versus SSI incidence in matching cohort) to 10.6% (4.3
versus 14.9%, reduction based on matched cohort), this

Table 2 Demographics

Patients (n = 53) Matched cohort
(n = 47)

Gender

Male 39 (74) 36 (77)

Female 14 (26) 11 (23)

Age (mean) [SD] 43.9 [15.6] 42.2 [14.6]

BMI (median)
[IQR, range]

24.4 [IQR: 22.2–26.6,
18.7–35.5]

24.7 [IQR: 22.4–28.1,
16.6–42]

ASA (%)

1 45 (85) 31 (66)

2 6 (11) 13 (28)

3 2 (4) 3 (6)

Diabetes

Yes 0 (0) 0 (0)

No 53 (100) 47 (100)

Smoking habits

Smoking 23 (43) 21 (45)

Non-smoking 30 (57) 26 (55)

Prior infectiona

Yes 1 (11) 0 (0)

No 8 (89) 5 (100)

Not applicable 44 42

ASA American Society of Anesthesiologists’ Score, SD standard
deviation
a Only patients with secondary arthrodesis

Table 3 Fracture and treatment characteristics

Patients (n = 53)

Type of fracture

Ankle (%) 5 (9)

Talus (%) 4 (8)

Calcaneus (%) 37 (70)

Mid-foot (%) 7 (13)

Time to surgery (days) median [IQR, range]a 12.0 [10.0–16.0, 0–25]

Type of surgery

ORIF (%) 42 (79)

Arthrodesis (%)b 11 (21)

Incision

Lateral fibula approach (%) 5 (9)

Medial talus approach (%) 3 (6)

Extended lateral approach (%) 4 (8)

Sinus tarsi approach (%) 34 (64)

Dorsal foot approach (%) 7 (13)

Duration of surgery (min), median [IQR, range] 89 [69–106, 35–212]

Duration of NPWT (days), median [IQR, range] 7 [7–7, 3–7]

Number of bandages used (%)

1 14 (26)

2 36 (68)

3 3 (6)

IQR interquartile range, ORIF open reduction internal fixation, NPWT
negative pressure wound therapy
aOnly ORIF or primary arthrodesis
b Exclusively subtalar arthrodesis

Table 4 Matched cohort

Matched cohort p value

Cohort
(n = 53)

Intervention
(n = 47)

Control
(n = 47)

Infection (%) 4 (7.5) 2 (4.3) 7 (14.9) 0.29a

Superficial
(%)

2 (3.8) 0 (0) 4 (8.5) 0.08a

Deep (%) 2 (3.8) 2 (4.3) 3 (6.4) 0.99a

aMcNemars test for related data
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difference was not statistically significant. This was also con-
firmed by the post hoc power analysis that shows that bigger
numbers are needed to achieve a significant difference.

A potential advantage of NPWT is that it requires less
changing of dressings compared to regular bandages. Fifty
patients in the present study required none or only one change
of dressing. This is, according to some, beneficial in the pre-
vention of SSIs as each change of dressings is a potential
moment of contamination of the wound. Furthermore, patients
were satisfied with the device as they did not have to take care
of the surgical wound; they only had to change dressings after
one week. In most cases, the wound was dry after one week
and dressings were only applied according to the preference of
the patient. Furthermore, patients are discharged with the
NPWT dressing in situ and do not require specialized home
care, which saves costs.

The costs of negative pressure wound therapy have been
estimated to be approximately $500 per patient [19]. As this
does not seem to be a huge expense compared to the costs of a
SSI, the evidence for the use of NPWT device need to justify
the extra expenses. A recently published paper by Crist et al.
showed no beneficial effect of NPWT over regular surgical
dressings. Actually, an increase in the incidence of deep SSIs
was observed in patients treated with prophylactic NPWT; this
was however not statistically significant [19]. This finding
underlines the need for thorough additional research on this
subject.

An important limitation of this study is that we were
unable to find an appropriate match for two patients with a
superficial SSI. The first patient (51year-old, actively
smoking female who had already experienced a deep SSI
following ORIF for a calcaneal fracture) underwent surgery
for a secondary arthrodesis through the ELA. From earlier
research, we know that patients who have experienced a SSI
prior to a secondary procedure are at risk for developing a
wound complication [20]. For this reason, patients were
matched on this criterion when undergoing secondary pro-
cedures. However, as secondary arthrodeses are not per-
formed regularly, we were not able to identify a match for
this patient and therefore had to eliminate her from the anal-
ysis. For the second patient (75-year-old female, non-
smoking) with an ankle fracture, no match was available
either. These types of fractures are generally not treated in
our tertiary referral university hospital. As a result, the num-
ber of patients available for matching was low. The fact that
these two patients were not included in the matching analy-
sis should be noticed, and the results should be interpreted
with care. Furthermore, although matching for several fac-
tors, which are recognized for being influential on the de-
velopment of wound complications, it cannot be ruled out
that residual confounding exist through factors not matched
for. Furthermore, it must be noted that the time span of the
historical cohort from which the patients were drawn was

16 years. During these 16 years, major changes in treatment
insights may have developed. As a result of this, the SSI rate
in the control group may be higher than what could be
expected using contemporary techniques; this should be kept
in mind when interpreting the results from the matched
cohorts.

Lastly, we did not compare wound dehiscence among the
two groups. We observed three cases of wound dehiscence in
our case series. However, as we collected data on the matching
database retrospectively, we felt that we could not reliably
identify all cases of wound dehiscence in this group. For this
reason, we chose not to compare the incidence of wound de-
hiscence between the two groups. It is well recognized that the
incidence of complications is lower in retrospective studies
due to insufficient documentation of complications.
Therefore, possible wound complications in patients in the
matching database may not have been identified, and the in-
cidence in the control may be higher.

We present the second prospective study on the effect of
negative pressure wound therapy in patients undergoing lower
extremity surgery and it is the first study using a single-use
portable device. Despite a reduction of >10% compared to a
historical matching cohort, no significant difference was ob-
served. The results of the present study can be used as a
benchmark for the development of a future prospective ran-
domized study on NPWT.

Conclusions

Failure of negative wound pressure therapy was observed in
12% of patients. We observed surgical site infections in 7.5%
of the patients with the use of prophylactic negative pressure
wound therapy. The incidence of surgical site infections was
not statistically significantly lower compared to a matched
historical cohort who did not receive negative pressure wound
therapy. However, the results are promising and a larger study
with adequate power could provide more insight in the possi-
ble beneficial effect of prophylactic negative pressure wound
therapy.
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