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Introduction

Breast cancer is the most common cancer affecting women 
in the UK (1). NICE guidelines [2009] recommend 
reconstruction following mastectomy (2). The abdomen is 

regarded as an ideal source for reconstructive tissue, because 
large volumes may be available. In addition, abdominal 
tissue based reconstruction results in an acceptable donor 
site scar (3). Therefore, abdominal-based free flaps have 
become the gold standard method for breast reconstruction 
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following mastectomy (4,5). Although it is a relatively 
safe procedure (6), extensive dissection of the abdominal 
tissue may lead to disruption of the normal lymphatic and 
vascular channels, resulting in seroma development (7). 
Postoperative donor site seroma can occur in up to 26% 
of patients undergoing abdominal-based free flap breast 
reconstruction (8-10). Donor site seroma is problematic 
in that patients often require multiple outpatient visits for 
evacuation or aspiration of the seroma. This can prolong 
recovery, delay wound healing and therefore, potentially 
interrupt post-operative adjuvant cancer treatment. 

Commonly, abdominal flap dissection is performed 
using a handheld electrocautery device which generates 
temperatures up to 350 ℃ for tissue dissection. There are 
studies that suggest using electrocautery for abdominal 
tissues dissection can increase incidence of postoperative 
seroma (11,12). This has prompted surgeons to look for 
alternative devices such as the plasmakinetic energy device.

The plasmakinetic energy device, PEAK PlasmaBlade 
(Medtronic, Surrey, UK), dissects tissues at lower 
temperatures than electrocautery device (40–170 ℃) (13). 
Previous studies suggest that operating at these lower 
temperatures would result in less inflammation, reduced 
thermal injury to the adjacent tissues, better wound healing 

and clinically less wound drainage volume production when 
compared to electrocautery device (13-15).

This prospective randomized blinded study aims to 
investigate whether the use of the plasmakinetic cautery 
confers clinical benefits over conventional electrocautery 
diathermy in abdominal flap dissection during breast 
reconstruction. 

Methods

This study was approved by the NRES Committee East of 
England (REC reference: 13/EE/0346). Written informed 
consent was obtained from all subjects. This study was 
conducted at St Andrew’s Centre for Plastic Surgery, 
Broomfield Hospital, Mid Essex Hospital NHS Services 
Trust, from January 2014 to November 2014.

After ethics approval patients were randomized to either 
plasmakinetic cautery or conventional electrocautery during 
the abdominal flap dissection of their breast reconstruction. 
All patients and assessors were blinded to which cutting 
instrument was used. All surgery was performed on 
consecutive patients by the two senior authors (VV 
Ramakrishnan and M Griffiths). Inclusion and exclusion 
criteria to the study were specified in Table 1. 

The primary outcome measure was total postoperative 
drainage volume. Secondary outcome measures were drainage 
duration, operation time and postoperative complications 
such as seroma and haematoma. Drainage volume and 
duration was measured from day 1 post operation to drain 
removal. Operation time was defined from the skin incision 
to complete closure of the abdomen. A seroma was defined 
as a postoperative fluid collection as detected by ultrasonic 
examination at postoperative day 7 prior to their discharge, 
and/or at the routine follow-up appointments (2 and  
6 weeks). Haematoma was defined as a blood fluid collection, 
which requires evacuation or aspiration in outpatient patient 
clinic or return to theatre for bleeding control. 

Randomisation

All eligible patients were blindly randomised to either 
‘Group 1- Conventional electrocautery’ or ‘Group 2- 
Plasmakinetic cautery’ with the ratio of 1:1, for the 
dissection of the abdominal free flap.

Surgical technique

All patients had pre-operative CT-angiogram for surgical 

Table 1 Inclusion and exclusion criteria

Inclusion criteria

Age 18 to 80 years

Able to consent

Immediate or delay unilateral DIEP/MS-TRAM breast 
reconstruction

BMI 25–35 kg/m2

Exclusion criteria

Bilateral reconstruction

BMI <25 or >35 kg/m2

Active smoker

Diabetes

Ischaemic heart disease

Immunosuppression

Clotting disorder/liver dysfunction

On steroid medications

DIEP, deep inferior epigastric perforator; MS-TRAM, muscle 
sparing transverse rectus abdominis musculocutaneous; BMI, 
body mass index.
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planning. All patients received pre-operative prophylactic 
dose low molecular weight heparin the evening before 
surgery and continued every evening until the patient 
was discharged. In all cases, a scalpel was used to make 
the skin incision down to dermis, then depending on the 
randomization, conventional cautery or the plasmakinetic 
cautery (Figure 1) was used to dissect the flap down to scarpa’s 
fascia. The plasmakinetic device was set to coagulation mode 
with a range from 6 to 10, and conventional diathermy was 
used in the coagulation mode with range from 20 to 40. 
Bleeding vessels were cauterized except for large perforating 
branches, which were clipped with ligaclips (Ethicon, 
Johnson & Johnson, UK). Vicryl mesh (Ethicon, Johnson 
& Johnson, UK) was routinely placed under the rectus 
sheath on closure. In the abdomen, no quilting sutures 
were used. Two closed-suction drains were inserted at 
the inferior aspect of the wound before the closure of the 
abdominal wound in layers with 3/0 vircyl to the fascia, 
StratafixTM barbed sutures to dermis and Dermbond topica 
skin adhesive for wound final approximation. The overall 
operation time for the dissection of the abdominal flap to 
complete closure of the abdomen were recorded.

After surgery, all patients were treated according to a 
standardized protocol. All patients were given intravenous 
antibiotic for 2 days followed by oral course for 5 days. 
Abdominal compression garments (9-inch abdominal 
binder, Marena) were for 6 weeks postsurgery. Abdominal 
drainage output was recorded daily at 7 am and drains 
were only removed when drainage was less than 30 mL in  
24 hours. The drainage duration over 24 hours was noted. 
Any complications required return to theatre for intervention 
such as donor site haematoma and seroma were documented. 

Follow-up

Clinical assessment of abdominal wound was performed 

daily for up to 7 days during their in-patient stay. All 
subjects had an ultrasound scan of the abdomen at days 
7, 14 and 42 post-operation to detect any fluid collection. 
All non-symptomatic collection was noted with no further 
intervention performed, unless it became symptomatic. 
If seroma is detected, this would be aspirated under 
ultrasound guidance using a needle to dryness, and the 
volume removed would be recorded. 

Statistical analysis

The sample size was calculated based on 5% significance, 
80% power, to detect a difference in total abdominal 
drainage volume by 11%, based on Dogan et al. [2013], who 
investigated the effect of using plasmakinetic cautery for 
mastectomy without reconstruction. 

Statistical analysis was performed using Prism 7 version 
7.0 (GraphPad Software, USA). Continuous variables 
were compared using t-test and categorical variables were 
compared using Fisher’s Exact test. Analysis of covariance 
was used to compare the total drainage volumes between 
the plasmakinetic cautery and conventional electrocautery 
groups taking into account the two different surgeons as 
a separate variable. P<0.05 was used for determination of 
statistical significance. 

Results

Patient demographics (Table 2)

Both groups had similar baseline characteristics including 
age, BMI, type of reconstruction, and weight of abdominal 
flap harvested. The women were predominantly Caucasian, 
middle-aged and had a BMI average of 29±2.9 in group 
1 (conventional electrocautery) and 27.9±2.4 in group 2 
(plasmakinetic cautery). The mean resection flap weights 
were 897.5±328.4 g in group 1 and 875±327 g in group 
2. Mean operation time was 157±50 min in group 1 and 
174±70 min in group 2 (P=0.195). 

Wound drainage (Table 3)

Mean drainage volume was 279±262 mL in group 1 and 
294±265 mL in group 2 (P=0.853). Similarly, there was 
no significant difference in the drainage duration between 
group 1 (4.3±2.2 days) and group 2 (3.8±2.0 days, P=0.501). 

The two different surgeons were factored into the 
statistical analyses as an additional variable and found 

Figure 1 Dissecting abdominal free flap with plasmakinetic cautery.
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there were no significant differences between operation 
time, drainage volume and drainage duration between the 
plasmakinetic cautery and conventional electrocautery 

groups (Table 4).

Complications

In the conventional electrocautery group, there were 3, 10 
and 6 seromas detected at days 7, 14 and 42 post-operation 
respectively. In the plasmakinetic cautery group, there 
were 1, 4 and 3 seromas detected at days 7, 14 and 42 
post-operation respectively, with no statistical significant 
differences between the two groups in the prevalence of 
seroma at any of the time points (Figure 2). One seroma in 
the conventional electrocautery group required drainage 
during their outpatient visit at 14 days post-operation. 

Table 3 Comparative results of drain-related and operation outcomes

Parameters
Conventional 
electrocautery 
(n=20)

Plasmakinetic 
cautery (n=20)

P value

Drainage durationa (day) 3.8±2.0 4.3±2.2 0.501

Drainage volumea (mL) 279±261.7 294±264.7 0.853

Operation durationa (min) 157±50.3 174±69.6 0.195

Seroma#

POD 7 3 [15.8]b 1 [5.0] 0.342

POD 14 10 [50.0] 4 [21.1] 0.096

POD 42 6 [31.6] 3 [16.7]c 0.447

Complications requiring treatment

Seroma 1 [5] 0 [0] NS

Haematoma 2 [10] 1 [5] NS

Data are shown as mean ± SD or number [percentage]. #, one 
seroma required drainage in the conventional electrocautery 
group because of patient discomfort. a, P value calculated with 
unpaired student t-test; b, data for one patient is missing; c, data 
for two patients are missing. POD, postoperative day; Seroma, 
serous fluid collection in wound; Haematoma, blood stained 
collection in wound; NS, not significant. 

Table 4 Outcome (drainage volume, drainage duration and 
operation time) measures between the two surgeons

Variables Surgeon I Surgeon II P value

Drainage volume (mL)

Conventional electrocautery 241±269 388±230 0.24

Plasmakinetic cautery 284±296 355±65 0.739

Drainage duration (day)

Conventional electrocautery 3±2 5±2 0.196

Plasmakinetic cautery 4±2 6±1 0.217

Operation time (min)

Conventional electrocautery 155±55 166±35 0.684

Plasmakinetic cautery 175±73 173±62 0.961

P value calculated with unpaired t-test.

Figure 2. % of patients with seroma on postoperative days (POD) 7, 14 and 42 

in conventional electrocautery group (Blue) and plasmakinectic cautery group 

(Red). 
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Figure 2 Percent of patients with seroma on postoperative days 
(POD) 7, 14 and 42 in conventional electrocautery group (blue) 
and plasmakinetic cautery group (red).

Table 2 Baseline characteristics of patients

Characteristics
Conventional 
electrocautery 
(n=20)

Plasmakinetic 
cautery (n=20)

P value

Age (years) 55±8.2 54±8.9 NS

BMI (kg/m2) 29±2.9 27.9±2.4 NS

Type of reconstruction

DIEP 20 [100] 19 [95] NS

MS-TRAM 0 [0] 1 [5] NS

Weight of flap (g) 897.5±328.4 875±327 NS

Number of perforators 

1 11 [55] 12 [60] NS

2 9 [45] 8 [40] NS

Data are shown as mean ± SD or number [percentage]. BMI, 
body mass index; DIEP, deep inferior epigastric perforator 
flap; MS-TRAM, muscle sparing transverse rectus abdominis 
musculocutaneous flap; NS, not significant.
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There were 2 haematomas in conventional electrocautery 
group and 1 haematoma in the plasmakinetic cautery 
group which required further surgery to evacuate the 
haematoma. 

Discussion

The UK national audit of 1,009 women who underwent 
mastectomy with immediate or delayed autologous breast 
reconstruction reported that the most common donor site 
complications were haematoma and seroma, accounting for 
up to 8% (16). Nearly 50% of those receiving a mastectomy 
alone or with immediate reconstruction required drainage 
of collection, whereas 33% of those undergoing delayed 
reconstruction required drainage of a collection. In 
addition, one in four patients in this audit need antibiotics 
post-discharge for treatment of suspected wound 
infection, indicating that following mastectomy and breast 
reconstruction, a significant number of patients suffer post-
operative complications. 

The purpose of this study was to evaluate if plasmakinetic 
cautery could improve clinical outcomes in abdominal 
free flap breast reconstruction surgery. Management of 
seromas is labour-intensive, which often require multiple 
outpatient visits for drainage (17). Seromas also increase 
the risks of developing other wound complications such as 
infection and wound breakdown (18). Therefore, potential 
deleterious consequences of seromas include prolonged 
recovery and delays in receiving any necessary adjuvant 
chemo/radiotherapy for satisfactory treatment of the breast 
cancer.

The plasmakinetic cautery used pulsed radiofrequency 
energy to stimulate a plasma-mediated discharge along 
the blade, for precise tissue dissection and haemostasis 
using lower temperature generated than traditional 
electrocautery, thus reducing collateral thermal damage. 
This had been demonstrated in studies performed in swine 
and human abdominal skin (13,14). The present study 
showed no statistical difference in the drainage volume/
duration and operation time in the plasmakinetic cautery 
group compared to conventional electrocautery group. Not 
every high-draining wound will lead to development of a 
clinically apparent seroma, and there may be other less well-
understood clinical/biological factors which may determine 
risk of seroma development. Indeed, the composition 
of the seroma fluid may warrant future investigation to 
determine relevant biomarkers associated with improved 
wound healing (13,14), however, these investigations on 

the composition of wound drainage fluid are not currently 
performed normally in clinical practice.

There is only one other clinical study reported in the 
literature and this was the use of plasmakinetic cautery 
in breast surgery, which demonstrated in 46 radical 
mastectomy patients without reconstruction a mean 
reduction of 386 mL in wound drainage volume, mean 
reduction of drainage duration by 2.4 days with no increase 
in operation times and post-operative complications (15). 
In this published study, the authors believed that the 
plasmakinetic cautery causes less devitalization of tissue 
and lysis of subcutaneous fat which had resulted in shorter 
drainage amount and duration. However, mastectomy 
and abdominal free tissue flap dissection are very different 
procedure, the composition of fat contents between breast 
and abdomen are also very different, which could be the 
reason for the difference in finding between their paper and 
the current study. 

Seroma following surgery is usually a clinical diagnosis 
as the majority of small-volume, non-palpable seromas 
are not routinely identified (19), they can cause further 
wound problems if they persist (18), which would support 
the rationale for using ultrasound examination to detect 
subclinical seromas as in this study. Ultrasonography is 
an inexpensive, reliable and convenient tool for detection 
of fluid collections in tissues. It provides a valuable guide 
for accurate aspiration and drainage of collections, and 
may be used in outpatient clinics as a useful diagnostic or 
interventional adjunct to clinical examination (20-23). Di 
Martino et al. suggested that most seromas were detected 
at day 14 postoperatively (24,25). Our study showed similar 
results with 50% of patients in the traditional electrocautery 
group and 21% of patients in the PEAK PlasmaBlade 
group developing seromas. While this was not statistical 
significant it may well be clinically significant and further 
studies with larger numbers may be required to further 
investigate this. The seroma incidences in our study were 
higher than those from Jeevan et al. (16), who published 
a national survey of complications following mastectomy 
and breast reconstruction. However in our study, seromas 
were detected with ultrasound examination which is more 
sensitive and therefore, higher incidences of seromas 
would be identified than if only clinical examination was 
performed. In addition the methods were not clearly 
described and differences might be attributable to self-
reporting of complications. 

Patient selection is crucial to reduce postoperative 
complication in DIEP/MS-TRAM breast reconstruction 
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surgery (26-28). An ideal patient for DIEP breast 
reconstruction would be a young, non-smoker, BMI <35, 
non-diabetic and no history of cardiovascular disease (29). 
Our study was set up with very controlled inclusion and 
exclusion criteria, such that high-risk patients with co-
morbidities that impact on wound healing were excluded. 
Our study did however show a trend towards seroma 
detected by ultrasound was increased in the conventional 
group compared to the plasmakinetic group. It is possible 
therefore, that the clinical benefit of this device over 
conventional diathermy would be more apparent if the 
study was conducted in a larger cohort of patients, broader 
inclusion criteria more relevant to the general population 
of patients that we would treat, as would including 
multiple centres that perform abdominal based free flap 
reconstruction. 

If the use of this new dissection device in DIEP/MS-
TRAM breast reconstruction surgery would reduce 
complications such as seroma and haematoma, this 
could lead to a cost saving from needing further hospital 
visits and hospitalization. In addition this might have 
applications beyond breast reconstructive surgery, in 
other aesthetic realm where extensive tissue dissection is 
required. This device could be used for procedures such 
as abdominoplasty or body contouring surgeries following 
massive weight lost. 

Conclusions

This study demonstrated although there was no significant 
difference in the donor site drainage volume/duration, 
and overall postoperative incidence of seroma/haematoma 
between the two randomized groups, there was a trend 
towards less seromas in the plasmakinetic cautery group. 
This is in keeping with other studies in the literature. 
Future randomized controlled studies with larger sample 
size would be required to show whether the plasmakinetic 
cautery confers a postoperative benefit for abdominal 
flap dissection in breast reconstruction surgery over 
conventional electrocautery. 
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