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Abstract Background: Inguinal lymphadenectomy (ILND) for melanoma is associated with a 
number of complications including seroma, surgical site infection (SSI), and lymphedema. In- 
cisional negative pressure wound therapy (iNPWT) has shown promising results in preventing 
postoperative morbidity across a wide variety of surgical procedures, but these results are yet 
to be investigated in patients undergoing ILND for melanoma. 
Methods: In this study, we reviewed the data of 55 melanoma patients treated with ILND 
between January 2015 and January 2017 at Odense University Hospital. Patients were followed 
up until April 2018 for the occurrence of seroma, SSI, and lymphedema. We used prophylactic 
iNPWT after ILND in 14 patients and compared their morbidity outcomes with the 41 patients 
receiving standard postoperative wound care in the same period. 
Results: The iNPWT intervention significantly reduced seroma compared to the control group 
(28.6% vs. 90.3%, p < 0.001) and had a trending impact on wound infection (42.9% vs. 65.9%, 
p = 0.13). The effect was not significant for the prevention of lymphedema (35.7% vs. 51.2%, 
p = 0.33). Because the iNPWT group had relatively fewer incidences of seroma, SSI, and lym- 
phedema, the iNPWT intervention was more cost-effective than conventional wound care 
(US$911.2 vs. US$2542.7, p < 0.05). 
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Conclusion: The use of prophylactic iNPWT significantly reduced seroma formation following 
ILND. These promising results, however, need to be confirmed in a future prospective random- 
ized trial. 
© 2019 British Association of Plastic, Reconstructive and Aesthetic Surgeons. Published by El- 
sevier Ltd. All rights reserved. 
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nguinal lymph node dissection (ILND) is often indicated 
hen treating malignant melanoma with a high tumor 
urden. 1,2 Postoperative complications following ILND are 
requent as patients often develop seroma, surgical site 
nfection (SSI), and/or lower limb lymphedema. 3,4 These de- 
ilitating short- and long-term complications are often as- 
ociated with an impaired quality of life for the patients
s well as time-consuming inpatient and outpatient visits, 
hereby increasing healthcare costs. 5,6 

Incisional negative pressure wound therapy (iNPWT) is 
 mechanical treatment modality that facilitates wound 
ealing through vacuum-assisted closure. The iNPWT pack- 
ge consists of a portable single-use battery-powered de- 
ice with longevity of up to 7 days and 2 wound dressings.
he treatment reduced interstitial fluid, wound edge stress, 
nd morbidity. 7–9 Prophylactic iNPWT for closed incisions re- 
uced seroma and wound infection rates across other high- 
isk surgeries. 9 The safety and efficacy of iNPWT in cancer 
urgery are yet to be investigated thoroughly, and it is yet
o be considered, whether iNPWT can reduce wound com- 
lications following ILND in patients with melanoma. 
The aim of this study was to examine the effectiveness 

f a portable iNPWT in preventing seroma, SSI, and lym-
hedema after ILND in patients with malignant melanoma. 

ethods 

n this retrospective study, we extracted data from the 
harts of two patient cohorts, i.e., patients with metastatic 
elanoma treated with ILND with and without postopera- 
ive iNPWT. All patients underwent ILND between January 
, 2015, and December 31, 2016, at Odense University Hos- 
ital, Denmark, and postoperative complications were as- 
essed retrospectively using electronic medical charts until 
arch 31, 2018. We collected data of patient demograph- 
cs, medical history, postoperative seroma, SSI, and lym- 
hedema. Hypertension was recorded, if patients received 
ne or more antihypertensive prescription drugs. Postoper- 
tive seroma was defined as inguinal transcutaneous fluid 
spiration within the first 3 months after ILND. At our in-
titution, seromas are generally drained based on a clinical 
ecision to relieve patient discomfort. Only seromas with 
n aspirated volume of 30 mL or more were noted. Postop-
rative wound infection was defined as any prescription of 
ntibiotics administered on infectious indications to the in- 
uinal wound up to 3 months after ILND. Infections were 
reated with dicloxacillin or flucloxacillin based on a clini- 
al decision and a new check-up was scheduled after 7 days.
ymphedema was defined, if patients had received physio- 
herapeutic lymphedema treatment to the correlating limb 
n the period between ILND and March 31, 2018. Regular
ressing changes were not planned (e.g., every third day).
ressing changes would only be executed if the dressing 
ould get permeated. 
The healthcare costs related to the treatment of post-

perative complications were estimated using repayment 
ates for the given treatment. 10 In Denmark, the govern-
ent reimburses the hospitals for their medical care ex-
enses. Therefore, specific codes and reimbursements costs 
ere available for outpatient visits, seroma punctures, and 
hysiotherapeutic lymphedema treatment. Reimbursement 
osts were converted from Danish krone to US dollars us-
ng a 0.15 conversion rate. No specific codes were avail-
ble for wound infection and antibiotic prescriptions, and 
he costs related to these treatments are reimbursed as 
ust an outpatient visit. Postoperative costs for all patients
ere calculated by multiplying the reimbursements costs 
or seroma (US$526.95), wound infection (US$283.65), and 
ymphedema treatments (US$283.65) with their respective 
ncidences. For each patient, multiple seroma incidences 
ere recorded, but there was only one incidence of wound
nfection and physiotherapeutic lymphedema treatment. 
or patients in the iNPWT group, we additionally added the
rice for one iNPWT device for all patients (US$123.75).
ealthcare costs were compared between the iNPWT group 
nd the control group. 

urgical technique 

he ILNDs were performed as standard dissections. All 
ymph nodes and adipose tissue were removed inside the
riangular region delineated by the sartorious and adductor 
ongus muscle and inguinal ligament. The great saphenous 
ein was routinely sacrificed, and we did not use a Sarto-
ius switch. At the end of the procedure, two suction drains
ere placed in the surgical cavity distally to inguinal wound.
n the case of postoperative iNPWT treatment, the dressing 
as applied over the inguinal suture line immediately af-
er wound closure ( Figure 1 ). The iNPWT device exerted a
ontinuous pressure of 125 mmHg. 

tatistical methods 

he baseline characteristics were described as 
ean ± standard derivation (SD) for continuous para- 
etric variables, median (interquartile range (IQR)) for 
ontinuous nonparametric variables, and rounded frequen- 
ies (%) for categorical variables. STATA 14 (StataCorp. 
015. Stata Statistical Software: Release 14., College 
tation, TX: StataCorp LP) was used for the statistical
nalysis and conducted with a two-tailed significance level 
f 0.05 and reported with 95% CI when applicable. The
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Figure 1 This figure shows the inguinal lymph node dissection with iNPWT application. (A) Preoperative marking of the inguinal 
triangular delineated by the sartorious and adductor longus muscle and inguinal ligament. Scar from sentinel lymph node biopsy in 
the center. (B) Identification and ligation of the great saphenous vein. (C) Inguinal area after removal of lymph nodes and adipose 
tissue and ligation of the great saphenous vein. Lateral cutaneous nerve is identified in the middle of the incision. (D) After wound 
closure, iNPWT was performed over the inguinal suture line. The device exerted negative pressure corresponding to 125 mmHg. Two 
suction drains were placed distally to the operated inguinal site. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

baseline characteristics were compared between patients
treated with conventional postoperative wound dressing
and prophylactic iNPWT by unpaired t -test, chi-square
test, or Mann–Whitney test depending on data type and
distribution. The numbers needed to be analyzed were
calculated as 1/(absolute risk reduction). 

Results 

We included 55 patients who received melanoma-related
ILND between January 1, 2015, and December 31, 2016,
at our institution. Following ILND, we treated 14 patients
with iNPWT over the inguinal suture line for up to 7 days,
and 41 patients received conventional wound care dressing
(Micropore TM tape, 3M, Copenhagen, Denmark). ILND was
performed for both macro- and micrometastatic melanoma.
In micrometastatic subpopulations, 13 patients had a me-
dian melanoma thickness of 2.08 (1.94) mm in the iNPWT
group and 35 patients had a median melanoma thickness of
2.08 (2.71) mm in the control group. There was no statisti-
cally significant difference in melanoma thickness between
subpopulation groups undergoing ILND for micrometastatic
disease ( p = 0.79). Patients receiving iNPWT wore the dress-
ing until discharge. Patients were discharged after removal
of the last suction drain, ranging from the 5th to the 7th
postoperative day. The mean number of days with iNPWT
was 5.71 ± 0.40 days. The median number of follow-up
for all patients was two years and 64 ± 273 days, and pa-
tient demographics were similar between treatment groups
( Table 1 ). A seroma formation was treated at least once in
4 out of 14 patients (28.6%) in the iNPWT group and 37 out
of 41 patients (90.3%) in the control group ( Table 2 ). Pa-
tients who received prophylactic iNPWT were significantly
less likely to develop treatment-necessitating seromas than
the controls ( p < 0.001) ( Figure 2 (A)). The color of aspi-
rated seromas was described as straw yellow in the journals
regardless of patients having signs of simultaneous wound
infection or not. Additionally, patients in the iNPWT group
had, on average, a lower number of treated seroma than
patients in the control group (mean 1.1 vs. 4.2, p < 0.001)
( Figure 3 ). A SSI was treated in 6 of 14 patients (42.9%) in
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Table 1 This table shows the demographics of patients in the control and iNPWT groups. There were no significant differences 
in the demographics between groups. N.s. = p -value not significant. 

Variable Controls ( n = 41) iNPWT ( n = 14) p -value 

Age (years) Mean ± SD 57.88 ± 15.27 59.93 ± 13.03 0.65 (n.s) 
Sex (Females) Number (%) 23 (56.10%) 8 (57.14%) 0.95 (n.s) 
Hypertension Number (%) 14 (35.15%) 6 (42.86%) 0.75 (n.s) 
Body Mass Index (kg/m 

2 ) Mean ± SD 26.64 ± 4.25 26.74 ± 3.28 0.94 (n.s) 
Micrometastatic ILND Number (%) 35 (85.37%) 13 (92.86%) 0.66 (n.s) 
Number of lymph nodes removed (pathology verified) Mean ± SD 10.34 ± 3.30 9.79 ± 3.49 0.59 (n.s) 
Number of days with suction drains/until discharge Mean ± SD 5.56 ± 0.23 5.71 ± 0.40 0.74 (n.s) 
Total volume in suction drains (ml) Mean ± SD 876.37 ± 591.50 612.79 ± 442.24 0.13 (n.s) 

Table 2 This table shows the distribution of postoperative events in the control and iNPWT groups. N.s. = p -value not significant. 

Postoperative events Controls ( n = 41) Inpwt ( n = 14) p -value 

Seroma Number (%) 37 (90.24%) 4 (28.57%) < 0.001 
Number of seromas treated Mean ± SD 4.20 ± 3.36 1.07 ± 1.20 < 0.001 
Surgical site infection Number (%) 27 (65.85%) 6 (42.86%) 0.13 (n.s) 
Lymphedema Number (%) 21 (51.22%) 5 (35.71%) 0.32 (n.s) 

t  

g  

n  

t
d  

t  

i
n  

s  

t  

i  

t
i  

r
c
t
a
P
c
t
c
l
w
(  

w
p
t  

i  

d
l
w
fi  

P  

d
n

D

P  

n
g
a
c  

w  

n
t
i
t

l  

t  

a  

f  

a  

p
t
t  

c  

s
n
h  

d  

c  

r
s
l  

v  

r
p  

p
h

he iNPWT group and 27 of 41 patients (65.9%) in the control
roup. The effect was trending in favor of iNPWT, but it did
ot reach statistical significance ( p = 0.13) ( Figure 2 (B)). In
his study, lymphedema was diagnosed after 178.22 ± 20.89 
ays. Lymphedema was diagnosed in 5 out of 14 (35.7%) pa-
ients in the iNPWT group and 21 out of 41 patients (51.2%)
n the control group. The effect was not statistically sig- 
ificant ( p = 0.33) ( Figure 2 (C)). Using the event rates for
eroma in the iNPWT and control groups, the number of pa-
ients who required iNPWT to prevent seroma in one patient
s 2 (rounded up from 1.62). Similarly, the number of pa-
ients who required iNPWT to prevent SSI and lymphedema 
s 5 (rounded up from 4.35) and 7 (rounded up from 6.45),
espectively. The postoperative treatment costs were cal- 
ulated using reimbursement codes corresponding to the 
reatment of each seroma (US$526.95), SSI (US$283.65), 
nd lymphedema (US$283.65) for all patients in the iN- 
WT and the control groups. The postoperative treatment 
osts in the iNPWT group additionally include charges for 
he iNPWT device used (123.75US$) for all patients. Be- 
ause of the relatively fewer incidences of seroma, SSI, and 
ymphedema in the iNPWT group, the iNPWT intervention 
as cost-effective compared to conventional wound care 
US$911.2 vs. US$2542.7, p < 0.05) ( Figure 4 ). The iNPWT
ound dressing was changed in one patient on the second 
ostoperative day due to permeation. All other iNPWT pa- 
ients were able to wear the dressing until discharge. All
NPWT patients were able to wear the iNPWT dressing un-
erneath the postoperative compression thighs. Hydrocol- 
oid wound bandages such as Duoderm® or similar adhesions 
ere not used in this study. Regional recurrences were con- 
rmed by pathology in 1 of 14 (7.1%) patients receiving iN-
WT and 1 of 41 patients (2.4%) in the control group. The
ifference in regional recurrences was not statistically sig- 
ificant ( p = 0.49). 
iscussion 

atients undergoing ILND for melanoma are subject to a
umber of postoperative complications, and we investi- 
ated whether iNPWT could reduce wound complications 
nd explored whether the treatment improved the socioe- 
onomic burden of ILND. We found that patients treated
ith iNPWT had a reduced risk of developing seroma that
eeded treatment and overall had a lower postoperative 
reatment cost. These findings suggest that prophylactic 
NPWT after ILND can decrease patient morbidity and 
reatment costs for this group of patients. 
Patients with malignant melanoma along with a low 

ymph node tumor burden can now be treated conserva-
ively 11 ; however, ILND is still indicated for patients with
 high lymph node tumor burden. Lymph node dissection of-
ers regional control and accurate staging for adjuvant ther-
py 12 and also carries a high risk for complications. Com-
lications are frequent following inguinal lymphadenec- 
omies (ILNDs), and consequently, a number of prophylac- 
ic procedures have been proposed to prevent the compli-
ations and associated morbidity, such as a minimally inva-
ive lymphadenectomy techniques, prophylactic lymphove- 
ous anastomosis, fascia preservation, and lymphatic flaps; 
owever, their efficacy and oncological safety are yet to be
emonstrated by high-quality trials. 13–16 In this study, the in-
idence of seroma was somewhat higher than the incidence
eported previously, 4 and it has been speculated whether 
urgical complications are generally underreported in the 
iterature. 17,18 In this study, patients were treated at a uni-
ersity hospital that is solely responsible for all melanoma
elated-ILND in Southern Denmark, which compromises ap- 
roximately 1.2 million people in a 12,256 km 

2 area, 19 and
ostoperative treatment data were available from other 
ospitals. 
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Figure 2 This figure shows the distribution of patients with 
postoperative complications in the control and iNPWT groups. 
(A) This figure shows the percentage of patients with one 
or more seromas in the control and iNPWT groups. The iN- 
PWT group had significantly fewer patients who required treat- 
ment for seroma. (B) This figure shows the percentage of pa- 
tients treated for surgical site infection in the control and iN- 
PWT groups. The relative proportion of patients with surgical 
site infection was nonsignificantly smaller in the iNPWT than 
that in the control group. (C) This figure shows the percent- 
age of patients with lymphedema in the control and iNPWT 
groups over time. Error bars show the standard error. The rel- 
ative proportion of patients with lymphedema was nonsignifi- 
cantly smaller in the iNPWT group than in the control group. 
∗∗ = p -value < 0.001. N.s. = p -value not significant. 

Figure 3 This figure shows the mean number of seromas in 
each group. The iNPWT group had a significantly lower mean 
number of seroma cases. Error bars show the standard error. 
∗∗ = p -value < 0.001. 

Figure 4 This figure shows the mean treatment costs per pa- 
tient in the control and iNPWT group. Treatment costs were 
calculated in US dollars. Treatment costs were included for 
seroma, surgical site infection, and lymphedema for both 
groups. For the iNPWT group, the cost of one iNPWT device 
was added to all patients’ costs. The costs of postoperative 
treatments were significantly lower in the iNPWT group than 
in the control group. Error bars show the standard error. ∗ = p - 
value < 0.05. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

There are some limitations to this retrospective study.
In our previous study, we collected retrospective data using
clinical treatment codes. 3 Therefore, the definition and
treatment of seroma, SSI, and lymphedema depended on
a clinical decision. Healthcare costs were calculated using
treatment codes, and therefore, additional related treat-
ment expenses such as lymphedema compression garments,
transportation expenditures, and lost wages were not in-
cluded. In addition, there were no specific healthcare cost
reimbursement codes for the treatment of SSI, and there-
fore, the potential socioeconomic gain of iNPWT application
might be underestimated. Finally, there was no treatment
randomization in this study; however, patient character-
istics and risk factors for wound complications such as
increasing age and obesity were similar between groups.
iNPWT is thought to increase tissue vascularization and
lymphatic drainage, 20,21 which might explain its effect on
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eroma formation in this study. Seroma is associated with an 
ncreased risk of SSI and lymphedema following lymph node 
xcisions. 3 In this study, however, iNPWT exhibited only a 
ignificant effect on seroma formation, but the treatment 
ould potentially be shown to reduce SSI and lymphedema 
n a properly powered trial. This hypothesis is further 
upported by another study, which found iNPWT to reduce 
ymphorrhea and lymphedema following ILND for urogenital 
ancer. 22 The proangiogenic aspect of iNPWT has raised 
oncerns of a higher risk of cancer recurrence. On the basis
f this theorem, iNPWT manufacturers do not recommend 
he use of the dressing in areas of excised malignancy. In
his study, with over 2 years of follow-up, we did not see
n increased risk of recurrence in patients who received 
NPWT after ILND. Owing to the small size of the study and
umber of events, this should, however, be interpreted 
ith caution and will need to be confirmed in larger trials. 
We are currently conducting a prospective and random- 

zed trial to test whether iNPWT in fact has an effect on the
ncidence of seroma formation following ILND in patients 
ith malignant melanoma. 23 

onclusion 

NPWT was observed to reduce seroma formation following 
LND in patients with malignant melanoma, as the incidence 
f seroma formation was significantly lower in patients 
reated postoperatively by iNPWT. Furthermore, there was 
 trend that the incidence of surgical site infection was also
ower. 
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