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Abstract
Background There are conflicting reports that early mobilisation and outpatient-based surgery is associated with higher preva-
lence of seroma formation. Current comparative retrospective study was carried out to establish whether ambulatory surgery and
early mobilisation has an impact on any higher incidence of seroma formation.
Methods A retrospective analysis of 112 cases of consecutive lipoabdominoplasties with progressive tension sutures was carried
out. Patients were divided into groups A, B and C.
Results Group A included 27 patients and were operated as ambulatory cases, with mean age of 36.1 ± 6.98 years and mean BMI
of 23.8 ± 3.02. Mean tissue excised was 592 ± 373 g, mean volume of lipoaspirate to abdomen was 352 cc ± 158 and mean 1st
24-h drainage was 26.9 ± 17.24 cc. No patient had seroma. Group B included 68 patients who stayed one night with a mean age
of 40.6 ± 11.36 years, mean BMI of 27.4 ± 5.34, tissue excised was 863 ± 544 g, mean volume of lipoaspirate to abdomen was
649 cc ± 510 and mean 1st 24-h drainage was 52.1 ± 58.8 cc. No patient had seroma. Group C included 17 patients who stayed in
for two nights as inpatients. Mean age was 38.8 ± 9.66 years, mean body mass index (BMI) of 27.0 ± 4.06. Tissue excised was
927 ± 434 g, mean volume of lipoaspirate was 563 cc ± 316. Mean 1st and 2nd 24-h drainage was 80.1 ± 44.55 cc and 64.8 ±
42.4 cc respectively. No patient had seroma.
Conclusions Based on the study design, it is possible to conclude that early ambulation most likely did not contribute to seroma
formation diagnosed by clinical examination alone in this series.

Level of Evidence IV. Risk/prognostic study.
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Introduction

Abdominoplasty is a commonly performed procedure. Recent
advances and modifications in technique and intraoperative
management have enhanced the safety of the patient and trans-
formed clinical outcome of the procedure. Consequently, there
have been fivefold increase in procedures performed from

34,000 in 2006 and a 50% increase from 114,929 in 2010 to
181,540 in 2016 [1–3]. The procedure is now the third most
common aesthetic surgical procedure as compared to being
4th in 2015 [3, 4]. Abdominoplasty, as a body contouring
procedure, is not a risk-free operation. Both, systemic and
local complications, are undesirable and unwelcoming for pa-
tients as well as surgeons. The serious and potential life-
threatening systemic complications known are deep venous
thrombosis (DVT) and pulmonary embolism [5]. The use of
graded compression stockings and intraoperative and postop-
erative intermittent pneumatic compression (IPC) has resulted
in a low incidence of venous thromboembolism (VTE) even
without the use of chemoprophylaxis [6]. Serious local com-
plications include seroma formation and flap necrosis that
may alter the course of recovery and outcome of surgery.
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The incidence of flap necrosis has been reported in up to 4.9%
of cases where as incidence of seromamay occur in up to 26%
of patients [7, 8]. Of these two local complications, seroma
has been looked into frequently and extensively [9, 10]. The
use of fibrin sealants [11–13], preservation of Scarpa’s fascia
[14, 15], association of liposuction [8], extent of flap
undermining [16], introduction of quilting [17–19], progres-
sive tension sutures (PTS) [20] and possible role of thermic
injury using monopolar [21] or bipolar electrocautery [22] are
the salient topics and techniques discussed in literature. This
increases understanding of the process and helps to reduce the
incidence of this, once commonly seen, complication.
Anatomy of hypogastric and epigastric lymphatic channels,
its distribution, drainage and the role played in the prevention
of seroma has been outlined in detail [14]. Despite of the
various observations, works, techniques and modifications
described to understand the cause and to prevent seroma, lim-
ited undermining of the abdominal skin flap and application of
PTS to prevent shearing of abdominal wall are the two most
salient modifications that has completely changed the out-
come and safety of the procedure [16, 17, 20, 23]. Despite
these developments, seroma formation still remains a topic
of interest for many surgeons. The body of evidence has clear-
ly indicated the efficacy of PTS and its role in prevention of
seroma [8, 17, 19, 20]. However, in an era of evidenced-based
medicine, there is limited information available on seroma
formation in lipoabdominoplasties with limited undermining
and PTS when performed as an inpatient- or outpatient-based
ambulatory procedure. A current single surgeon study dem-
onstrates that when PTS are used in lipoabdominoplasty with
limited supraumbilical undermining, the procedure can be car-
ried out as an ambulatory patient without any added risk of
seroma formation as compared with patients hospitalised for
one or two nights, having had the same procedure.

Methods

A retrospective analysis of 112 cases of consecutive
lipoabdominoplasties, performed by a single surgeon, was
carried out. All procedures were carried out using single
technique over a period of 11 years (October 2006 to
March 2017).

Inclusion criteria

Only those patients were included in the study who were class
I and II category, according to the American Society of
Anaesthesia, had undermining of the skin flap up to the um-
bilicus and supraumbilical undermining was limited to pre-
serve lateral row of perforators arising from deep superior
epigastric artery. All included patients had liposuction done
to the anterior abdominal wall with umbilical relocation, PTS

placed and had a single size 10 suction drain placed before
skin closure.

Exclusion criteria

Patients with previous history of abdominoplasty, abdominal
liposuction or previous abdominal surgery resulting in abdom-
inal scarring were excluded from the study.

The patients were divided into three groups on the basis of
their stay in the hospital. The selection of duration following
abdominoplasty was entirely based on the changes in the trend
of the author’s clinical practice for the years included in the
study. In the earlier part of the practice, patients were routinely
staying for two nights as a routine in earlier part of the study
which was changed to single night. For the last few years,
surgery is performed almost entirely as outpatient-based am-
bulatory procedure.

Group A included day cases, group B single-night stay and
group C patients had two-night stay patients.

Surgical technique

Preoperative preparation

Preoperative assessment was performed 2 weeks before surgery
for routine checks and methicillin-resistant Staphylococcus
aureus screening. Smokers were informed to quit smoking
2 weeks before surgery. All surgeries were performed under
general anaesthetic. Prior to surgery, electrocardiography was
performed in patients of 50 years or older and blood samples
were taken for full blood count, grouping and cross matching.
All premenopausal female patients had pregnancy test done on
the day of surgery in order to exclude pregnancy.

Preoperative markings

All patients had preoperative markings done in standing posi-
tion. Inferior incision is placed 6–7 cm above the clitoral hood
or base of the penis with skin at maximal stretch and extending
7–8 cm horizontally on either side before changing its direc-
tion up and laterally towards anterior superior iliac spine. The
lateral limit of the incision varies and is normally limited to the
lateral end of the skin fold, when present.

Anaesthesia and positioning

All procedures are performed under full general anaesthetic
with laryngeal mask and muscle relaxation with arms extend-
ed and supported on arm boards at an angle less than 90°.
Endotracheal intubation is done only in patients who are going
to be placed in prone position for liposuction of their hips and
flanks. Intravenous antibiotics and intermittent pneumatic
compression (IPC) are routinely used.
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Infiltration

Fluid for infiltration is prepared using 1000 cc normal saline,
30 cc 1% lidocaine and 1 mg of adrenaline 1:1000.
Abdominal wall is infiltrated with 300 to 400 cc, on each side,
using 2-mm blunt tipped infiltration needle mounted on a 50-
cc Luer Lock syringe. Also 15ml of 1% xylocaine with adren-
aline I: 100,000 is infiltrated along the incision lines.

Liposuction, dissection and procedure

Liposuction is performed superior and lateral to the umbilicus
using wet technique with 4-mm cannula, using suction-
assisted liposuction. Liposuction is performed superficial
and deep to Scarpa’s fascia (Fig. 1a). Limited liposuction is
performed inferior to the umbilicus as this part of the skin flap
is excised as a routine. Skin is incised and the flap is raised just
superficial to deep abdominal fascia using diathermy forceps
on cutting mode. Honey combing of the abdominal wall flap
created by liposuction helps to identify and visualise perfora-
tors for a prospective haemostasis. The dissection is continued
upward to the level of umbilicus and laterally to the lateral
limit of the incised skin in a curvilinear manner. Umbilicus is
marked, incised and isolated. Supraumbilical dissection is lim-
ited medial to the lateral row of deep superior epigastric artery,
exposing medial part of the rectus-abdominis and releasing
linea alba’s tethering effect on skin. Rectus divarication, when
present, is repaired. To prevent strangulation of the base of the
stump of the umbilicus, supraumbilical and infraumbilical
sections of rectus plication is performed separately in two
parts, using continuous size 0 Ethibond (Fig. 1b). Second
layer of plication is performed using 0 Vicryl interrupted bur-
ied sutures. Now operating table is flexed, excess skin is
marked and skin is excised. Skin flap is pulled down and
medially, on average two rows of progressive tension sutures
are placed, each with two or three sutures on either side
(Fig. 2). No progressive tension sutures are placed above the
umbilicus in the midline. One size 10 suction drain is placed

and intraoperative low molecular weight heparin is given as a
routine. Blood loss was estimated by weighing swabs.

Closure

Closure is performed in two layers using 2–0 Vicryl sutures
that include Scarpa’s fascia and dermis and 4–0 Monocryl
intradermal sutures. Wounds are dressed with steristrips, light
adhesive dressing and Marena Velcro AB3 abdominal binder.

Postoperative instruction

Patients are continued with IPC and GCS are continued until
patients discharged, postoperative chemoprophylaxis is con-
tinued only in selected cases. Once comfortable, patients are
encouraged to mobilise with body in forward flexion. One-
and two-night stay patients had their drains removed before
their discharge from the clinic. For the clinical assessment of
seroma formation, patients are followed up again in 2 weeks,
2 months and 4 months and at least for a minimum of
6 months’ time. No radiological imaging is performed to as-
sess the presence of seroma.

Fig. 1 a Suction-assisted
lipectomy using 4 mm cannula. b
Rectus plication performed sepa-
rately above and below umbilicus

Fig. 2 Application of progressive tension sutures (PTS). Two rows of
PTS applied, each with four sutures
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Statistical analysis

Data feeding and analysis was done using computer
package SPSS (Statistical Package for Social Services)
Version 16.0. The results were given in the text as
Mean ± SD (standard deviation) for quantitative/
continuous variables, numbers and percentages for
qualitative/categorical variables. Analysis of variance
(ANOVA) was used for statistical significance of differ-
ence between groups for quantitative variables and chi-
square/Fisher exact test was used for statistical signifi-
cance between groups for qualitative/categorical vari-
ables. In all statistical analyses, only p value < 0.05
were considered significant.

Results

From October 2006 to March 2017, a total of 112 consecutive
patients fulfilled the criteria for data analysis and were divided
into group A, group B and group C, on the basis of their length
of stay in hospital.

Group AThis group had 27 patients who were discharged 6–
8 h following surgery. The mean age of the patients was
36.1 ± 6.98 years (range 23–49) with a mean BMI of
23.8 ± 3.02 kg/m2 (range 19.2–31.1) and 6 (22.2%) were
smokers. The group, mean weight of the tissue excised was
592 ± 373 g (range 97–1650), mean total volume of
lipoaspirate to abdomen was 352 ± 158 cc (range 150–700).

Fig. 3 a, b Preoperative views of
a 36-year-old woman with ab-
dominal skin redundancy and loss
of breast volume following mul-
tiple pregnancies. c, d
Postoperative pictures taken
12 months following her
abdominoplasty and breast aug-
mentation performed as a day
case
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No patient had infection, wound breakdown, seroma,
haematoma, DVT, pulmonary embolism (PE), readmission
to hospital or death. Of these day cases, 19 (70.3%) had at
least one more procedure done simultaneously and 21(77%)
had rectus plication (Fig. 3a–d, Tables 1 and 2).

Group BThe group had 68 patients who stayed for a night. The
mean age of the patients was 40.6 ± 11.36 years (range 20–68)
with a mean BMI of 27.4 ± 5.34 kg/m2 (range 19.2–49.9) and
12 (17.6%) were smokers. The mean weight of the tissue
excised was 863 ± 544 g (range 76–2500), mean total volume
of lipoaspirate to abdomen was 649 ± 510 cc (range 80–2400).
No patient had seroma, haematoma, DVT, PE, readmission to
hospital or death. Of 68 patients in this group, 47 (69%) pa-
tients had at least one other procedure done and 33 (48%) had
rectus plication (Fig. 4a–e, Tables 1 and 2).

Group C The group included 17 patients who stayed in for two
nights as inpatients. In this group, mean age of the patients
was 38.8 ± 9.66 years (range 24–60) with a mean body mass
index (BMI) of 27.0 ± 4.06 kg/m2 (range 19.8–34.9) and 3
(17.6%) were smokers. In this group, mean weight of the
tissue excised was 927 ± 434 g (range 100–2092), mean total
volume of lipoaspirate to abdomen was 563 ± 316 cc (range
100–1000). No patient had seroma, haematoma, DVT, PE,
readmission to hospital or death. Of 17 patients in the group,
8 (47%) patients had at least one another procedure performed
and 7 (41.1%) had rectus plication (Fig. 5a–d, Tables 1 and 2).

Data analysis

There was no statistical difference between three groups when
age (p value 0.161) smoking status (p value 0.869), number of
revision surgeries (p value 0.378), wound break down (p value
0.722), infection (p value 0.340) and tissue excised (p value

0.056) were analysed. Blood loss was significantly less in
group B than C (p value 0.045). The first 24-h drainage was
significantly less in group A than group C (p value 0.025).
Suction lipectomy performed was significantly less in group
A as compared to group B. BMI of group Awas significantly
lower when compared with group C and group B. Statistical
analysis for seroma formation could not be performed as all
three groups had 0% rate of its occurrence. Similarly, there
was no statistical difference in wound breakdown and infec-
tion rate. However, there was 0% wound breakdown or infec-
tion in group A. There was no haematoma, DVT, PE, deaths
or readmissions in all three groups. There was no statistical
difference in the number of secondary procedures performed
in three groups (p value = 0.197). Rectus plication was per-
formed in 77% of outpatient-based ambulatory cases (group
A) as compared to patients who stayed in for one night (group
B, 48%) or two nights (group C, 41%) and the difference was
statistically significant (p < 0.01).

Discussion

The two most unwelcoming local complications following
abdominoplasty are wound dehiscence and seroma formation.
Seroma being less troublesome but more commoner of the
two complications and frequently requires multiple aspira-
tions [8]. Less common but more serious local complications
arising from seroma are skin flap necrosis and pseudocyst
formation [7, 22, 24]. Pseudocyst or pseudobursa formation
is a chronic seroma, requiring its complete excision as a revi-
sion surgery [22, 24]. Skin flap necrosis if small, can be treat-
ed conservatively; however, large areas of dehiscence or ne-
crosis may often require secondary procedures.

Causes for seroma following abdominoplasty are many and
have been delineated in earlier studies. These causes include

Table 1 Patient’s and procedure characteristics in three subgroups

Group A (n = 27) Group B (n = 68) Group C (n = 17) p value

Age (years) range (Mean ± SD) 23–49 (36.1 ± 6.98) 20–68 (40.6 ± 11.36) 24–60 (38.8 ± 9.66) 0.161

BMI (kg/m2) range (Mean ± SD) 19.2–31.1 (23.8 ± 3.02)*− 19.2–49.9 (27.4 ± 5.34) 19.8–34.9 (27.0 ± 4.06) 0.006

Smoker 6 (22.2%) 12 (17.6%) 3 (17.6%) 0.869

Revision 1 (3.7%) 4 (5.9%) 2 (11.8%) 0.378

Wound breakdown – 4 (5.9%) 1 (5.9%) 0.722

Infection – 1 (1.5%) 1 (5.9%) 0.340

Seroma – – – –

Haematoma – – – –

DVT/PE – – – –

Readmission – – – –

Rectus plication 21 (77%) 33 (48%) 7 (41.1%) p < 0.01

Multiple procedures 19 (70.3%) 47 (69%) 8 (47%) 0.197
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thermic injury either in the form of ultrasonic liposuction [21]
or monopolar diathermy [22] and for this reason, bipolar dia-
thermy or sharp dissection has been recommended [22].
However, the use of monopolar diathermy forceps on cutting
mode has shown no untoward effects [8, 21, 25]. Similarly, the
use of pressure garments plays an important role in reducing
seroma formation by supporting and exerting pressure on skin
externally and adjustable Velcro wraparound pressure gar-
ments have been reported to perform better than non-
adjustable elasticated pressure garments [8]. Anatomy of ab-
dominal wall lymphatic, their channel distribution, its

drainage pattern and role of lymphatic in prevention of seroma
has been discussed in detail by Lauren and Pascal [14]; how-
ever, suprapubic incision down to rectus sheath in hypogastric
region, without preservation of Scarpa’s fascia, has shown no
disadvantage or increased seroma formation in author current
or previous published work, establishing and reinforcing the
strength and value of PTS. [8, 25] Even though seroma is now
almost preventable, abdominoplasty and seroma formation are
still hard to separate. Abdominoplasty for body contouring is
not a new procedure but addition of quilting sutures or its
more popularised modification, PTS, has revolutionised the

Fig. 4 a, b Preoperative views of
a 36-year-old mother following
three pregnancies resulting in loss
of her breast volume along with
moderate abdominal skin redun-
dancy. c–e Postoperative pictures
taken 1 year following breast
augmentation using 350-cc tex-
tured round cohesive gel silicone
implants and abdominoplasty.
Patient stayed for one night in
hospital after her surgery

Table 2 General characteristics of procedures performed in three subgroups

Day cases (n = 27) Group B (n = 68) Group C (n = 17) p value

Tissue excised (g) (Mean ± SD) 97–1650 (592 ± 373) 76–2500 (863 ± 544) 100–2092 (927 ± 434) 0.056

Lipoaspirate (cc) (Mean ± SD) 150–700 (352 ± 158)* 80–2400 (649 ± 510) 100–1000 (563 ± 316) 0.027

Blood loss (g) (Mean ± SD) – 6–180 (36.8 ± 40.95) 10–144 (63.6 ± 38.45) 0.045

Drainage 1st 24 h (ml) (Mean ± SD) 10–60 (26.9 ± 17.24) 5–280 (52.1 ± 58.8) 10–170 (80.1 ± 44.55) 0.025

Drainage 2nd 24 h (ml) (Mean ± SD) – – 10–30 (64.8 ± 42.4)
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prevalence of seroma formation [17, 20, 23]. Safety of the skin
flap, early recovery and ease of the procedure is mainly attrib-
uted to the introduction of lipoabdominoplasty with limited
supraumbilical undermining. The procedure allows unhin-
dered blood flow through perforators arising from the deep
superior epigastric artery as demonstrated by Dr. Graf [26].
The modification has completely changed the earlier concept
of vascular anatomy of the abdominal wall and planning of
surgery [25, 27, 28]. Surgery is now frequently performed as
office-based ambulatory procedure without any added risk to
patient or recovery from procedure [29–32].

Interestingly, earlier studies have shown a relationship be-
tween early ambulation and development of seroma. Antonetti
and Antonetti observed a rise of seroma from 9.6 to 24%when
long-term hospitalisation was changed to short term and

outpatient-based abdominoplasty with drains. In their later
part of the series, it was demonstrated that PTS alone brought
down the rate of seroma to 1.7% when the procedures were
done as ambulatory procedures and without drains [32].
Wallner and Beer reported duration of immobility and its im-
pact on the seroma formation. A rise in occurrence of seroma
formation was reported when patients were mobilised early
after 24 h as compared to mobilisation started after 48 h
[33]. Dr. Moliver et al. in the article on safety in office-based
full abdominoplasty reported an incidence of 19.4% rate of
postoperative seroma even when drains were used [30]. When
lipoabdominoplasty was performed with l imited
supraumbilical dissection as outpatient-based procedure, a
high seroma rate of 23.5% was noted by Levesque et al.
[29]. Almost all of these studies compared different

Fig. 5 a, b Preoperative views of
a 24-year-old young woman who
was very conscious of abdominal
skin redundancy and thigh
lipodystrophy. c, d. One year fol-
lowing abdominoplasty and suc-
tion lipectomy of outer and inner
thighs. Patient stayed for two
nights in the hospital
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techniques when they looked into the development of seroma
in relation to time of mobilisation and duration of
hospitalisation as opposed to author current study, where the
same technique was used and only duration of hospitalisation
was compared.

Development of seroma, whether clinically present or not,
also has been investigated using ultrasound imaging that
showed collection of fluid in 42.8% of the patients; of these,
16% were large collections. The procedure involved standard
abdominoplasty without quilting sutures or PTS and timing of
the ultrasound was not mentioned in the study either [34]. A
more recent and interesting ultrasonic comparative study be-
tween lipoabdominoplasty alone, abdominoplasty with pro-
gressive tension sutures and abdominoplasty alone was per-
formed in which all patients had limited supraumbilical dis-
section, with or without PTS. Ultrasound screening done
at 2 and 3 weeks showed significantly higher seroma for-
mation in patients who had abdominoplasty alone without
PTS. Group of patients who had abdominoplasty with
PTS showed no seroma formation either at 2- or 3-week
screening. However, lipoabdominoplasty alone showed
seroma in 10% of the patients at 3-week stage [35]. A
similar reduction in seroma rate was reported when
abdominoplasty and lipoabdominoplasty with or without
PTS were compared confirming that prevention of shear-
ing of anterior abdominal flap over abdominal muscular
wall, achieved by the use of progressive tension sutures,

alone and alone, is responsible for prevention of seroma
formation [8, 25].

The span of the current study, as described in the technique,
is 11 years. In the beginning, the author kept all his patients for
two nights as a routine; however, the use of progressive ten-
sion sutures and limited supraumbilical dissection consistently
resulted in decreased drainage and quicker and early
mobilisation without seroma. Continued data collection with
clinical observation led to the reduction of two-night stay to
one night and now mostly done as outpatient-based ambula-
tory cases (Fig. 6a-d). The current practice is entirely based on
clinical observations and supported by data. Currently, pa-
tients stay overnight only if they chose to do so, are ASA class
II, have travelled a long distance to clinic for surgery or have
long multiple surgeries requiring added nursing care.

Pollock and Pollock in their first article defined the tech-
nique in a smaller series and performed full abdominoplasty
with limited supraumbilical dissection. All had anterior ab-
dominal wall liposuction performed at the same time and all
stayed as overnight cases. There were no drains used and no
seroma formation or skin flap necrosis was reported [23].
Their subsequent larger series reported a seroma rate of
0.1% and 10.7% had revisions but none were related to
seroma or PTS [2]. PTS stabilises skin flap over the rectus
sheath and abdominal musculature preventing the shearing
or rubbing of flaps on rectus sheath and abdominal muscula-
ture [8]. The volume of evidence suggests that this is the main

Fig. 6 a, b. Preoperative views of
a 36-year-old woman with ab-
dominal skin redundancy follow-
ing and breast loss of volume
following multiple childbirths. c,
d. Postoperative pictures taken
15 months following her
abdominoplasty and breast aug-
mentation performed as a day
case
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and only reason for seroma prevention obviating the need for
the use of drains as reported by Pollock and Pollock in their
first article. Similar prospective and follow-up articles indicat-
ed that the prevention of seroma does not need the use of
drains following abdominoplasty [1, 4, 18, 36]. For cost-
effectiveness and time-efficiency reasons, the author has used
2–0 Vicryl absorbable sutures for PTS throughout. Other sur-
geons have used barbed sutures, with or without drains noting
similar effects [37, 38].

In the current series, chemoprophylaxis is routinely used
for the prevention of VTE in addition to GCS and IPC. There
was no effect on the incidence of haematoma, seroma, drain-
age volume or change in the management of drain removal
policy. In an article published by Lista et al. [6], no chemo-
prophylaxis was given to their patients with only one (0.2%)
incidence of VTE. All were managed with GCS and IPC [6].
Despite the volume of evidence suggesting that in the pres-
ence of PTS there is no need to place drains [2, 18, 23, 36, 38,
39], and even though the reported use of drains may result in
additional scarring, discomfort and/or restriction in mobility,
the author has continued to use single drain, without great
inconvenience to the patients or their mobility.

Strength and weaknesses of the study

This study is a comparative analysis of the cases performed by
a single surgeon, where a single technique and with same
instrumentation was carried out. Similar preoperative and
postoperative protocol was used and all patients were assessed
preoperatively and managed postoperatively using the same
protocol by the surgeon himself. The weakness of the analysis
is that it is a retrospective and not a prospective study and the
results shows a significantly lower BMI for day cases or in
other words bias towards outpatient-based ambulatory pa-
tients. There was no control group in the study as all three
groups had similar technique used for abdominoplasty and
the only difference was the duration of hospitalisation.
However, a prospective double-blind controlled study would
be recommended far (for) stronger and robust results and to
exclude any preoperative bias for patient selection.

Conclusion

Based on the study design it is possible to conclude that early
ambulation most likely did not contribute to seroma formation
diagnosed by clinical examination alone in this series.
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