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Abstract Background Seroma formation is the most common donor site complication follow-
ing autologous breast reconstruction, along with hematoma. Seroma may lead to
patient discomfort andmay prolong hospital stay or delay adjuvant treatment. The aim
of this study was to compare seroma rates between the deep inferior epigastric
perforator (DIEP), transverse musculocutaneous gracilis (TMG), and superior gluteal
artery perforator (SGAP) donor sites.
Methods The authors conducted a retrospective single-center cohort study consist-
ing of chart review of all patients who underwent microsurgical breast reconstruction
from April 2018 to June 2020. The primary outcome studied was frequency of seroma
formation at the different donor sites. The secondary outcome evaluated potential
prognostic properties associated with seroma formation. Third, the number of donor
site seroma evacuations was compared between the three donor sites.
Results Overall, 242 breast reconstructions were performed in 189 patients. Demo-
graphic data were found statistically comparable between the three flap cohorts,
except for body mass index (BMI). Frequency of seroma formation was highest at the
SGAP donor site (75.0%), followed by the TMG (65.0%), and DIEP (28.6%) donor sites.
No association was found between seroma formation and BMI, age at surgery, smoking
status, diabetes mellitus, neoadjuvant chemotherapy, or DIEP laterality. The mean
number of seroma evacuations was significantly higher in the SGAP and the TMG group
compared with the DIEP group.
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Introduction

Seroma formation is the most common donor site complica-
tion following autologous breast reconstruction, along with
hematoma.1Although seromas usually resolve spontaneously,
they can lead to patient discomfort and may have deleterious
consequences, including wound complications such as infec-
tion or wound breakdown. They may also lead to prolonged
recovery time which may delay adjuvant treatment for breast
cancer.2–4 Seromas are most commonly treated with sterile
fine-needle evacuation which may result in multiple outpa-
tient visits or prolonged hospital stays and increased postop-
erative costs.3,5 The senior author’s practice has focused on
breast reconstruction after mastectomy. The aim of this study
was to compare seroma rates between the deep inferior
epigastric perforator (DIEP), transverse musculocutaneous
gracilis (TMG) and superior gluteal artery perforator (SGAP)
flap donor sites after autologous breast reconstruction. The
authors also aimedat identifying associated factors for seroma
formation. Furthermore, the number of seroma evacuations
was compared between the three donor sites.

Methods

Study Design/Sample
A retrospective cohort study consisting of a chart reviewwas
performed. All patientswho underwentmicrosurgical breast
reconstruction at the senior author’s center from April 2018
to June 2020 were included. The flap types used included
DIEP, TMG, and SGAP flaps. Microsurgical breast reconstruc-
tion was performed either in the oncologic setting due to
breast cancer, in the prophylactic setting due to a gene
mutation or after implant removal due to capsular contrac-
ture following a previous mastectomy.

Outcomes
Theprimaryoutcomemeasurewas the frequencyofdonor site
seroma in each flap group. The secondary outcome measure
was to evaluate if any of the following factors had prognostic
properties for or an association with seroma formation: body
mass index (BMI), age at surgery, smoking status, diabetes
mellitus, and neoadjuvant chemotherapy (last chemotherapy
nomore than 8weeks prior to reconstruction), and if the DIEP
flap was taken from the abdomen unilaterally or bilaterally
(laterality of the DIEP flap). As a tertiary question, the authors
compared the number of donor site seroma evacuations
between the three different flap groups.

Statistical Analysis
Deidentified data were analyzed using the software STATA
16 (StataCorp LLC, 2019, TX). For statistical analysis pur-

poses, transverse rectus abdominis myocutaneous (TRAM)
and superficial inferior epigastric artery (SIEA) flaps were
included in the DIEP group, and one profunda artery perfo-
rator (PAP) reconstructionwas added to the TMG group. TMG
and transverse upper gracilis (TUG) flaps were treated as one
group.

Categorical variables were described as numbers and
percentages. As the continuous variables were not normally
distributed (Shapiro–Wilk test), they were presented as
median and interquartile range (IQR). A Chi-square test
was used to assess if donor site seroma formation depended
on the flap type. A Fischer’s exact test was performed to
determine possible associations between seroma formation
and the independent predictors mentioned above. The re-
ceiver operating characteristic (ROC) analysiswas performed
to assess BMI and age as potential predictors of seroma
formation. The optimal cut-off point was assessed by the
Youden index. To compare the number of seroma evacua-
tions between the DIEP, TMG, and SGAP flap groups, a
Kruskal-Wallis test with a post hoc Dunn’s test was used.
All tests were considered statistically significant at p<0.05.

Surgical Protocol
Preoperatively, all cases were discussed at the breast cancer
diagnostic conference. Computed tomography (CT) angiog-
raphy of the abdominalwallwas performed if a DIEP flapwas
planned. The patient’s general practitioner provided a list of
comorbidities and performed a physical examination, elec-
trocardiogram, as well as basic laboratory tests before sur-
gery. All procedures were performed by one of three board-
certified reconstructive microsurgeons following the stan-
dard operating procedure (SOP). All skin incisions were done
with a 10-blade scalpel and further dissection was per-
formed with monopolar, as well as bipolar, cautery. Veins
were anastomosed using a venous coupling device (Synovis,
Inc., BirminghamAL). Arterieswerehand-sewn using Dafilon
9–0. The donor site was closed in standard fashion over
closed Redon suction drains, and the flaps were inset to
restore the breast footprint over Redon drains as well. A
pressure garment was applied to the donor site and removed
6 weeks postoperatively. All patients received intravenous
(IV) tranexamic acid (Cyklokapron, MEDA Pharma GmbH,
Wangen-Brüttisellen, Switzerland) of 1 g during induction of
anesthesia. If increased bleeding was noted during surgery,
1 g of IV tranexamic acid was repeated 8hours after starting
surgery. IV cefazolin of 2 g (Cefazolin Labatec, Labatec
Pharma SA, Meyrin, Switzerland) was started as antibiotic
prophylaxis after induction and continued until postopera-
tive day (POD) 3. Only crystalloids were infused. Fluid
management was goal directed, considering diuresis and

Conclusion This study provides a single center’s experience regarding seroma
formation at the donor site after microsurgical breast reconstruction. The observed
rate of donor site seroma formation was comparably high, especially in the TMG and
SGAP group, necessitating an adaption of the surgical protocol.
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blood pressure. Anesthesiologists were advised to avoid
hypervolemia to prevent edema and damage to glycocalyx.
Postoperative monitoring was performed as described pre-
viously; every 15minutes during the first 3 hours;
every hour thereafter until the evening of POD 1; every
3hours thereafter until the evening of POD 2; and once per
shift thereafter, in the case of an uncomplicated previous
course. Parameters included were color and temperature of
the skin monitor island, as well as Doppler signal.6

Postoperative Management
Redon suction drains were removed when the delivery rate
went below 30mL/24 h. After hospital discharge, clinical
follow-ups were performed by plastic surgeons and breast
surgeons at regular intervals. If seroma formation was iden-
tified clinically as a palpable fluid collection, the diagnosis
was confirmed using ultrasonographic imaging. If the size of
the seroma permitted aspiration, this was performed under
sterile conditions guided by ultrasonography. The aspiration
was conducted using an 18-gauge needle attached to a Redon
suction bottle, enabling a vacuum effect.

Results

Demographics
A total of 242 free flap breast reconstructions were per-
formed in 189 patients (►Table 1). This included 183 DIEP
flaps (75.6%), 28 SGAP flaps (11.6%), and 31 TMG flaps
(12.8%). Two patients received revision reconstructions
with a different flap type. Themean age of the patient cohort
was 53.3 years (range: 27–78 years), and the mean BMI of
24.2 kg/m2 (range: 16.4–38.3 kg/m2) with only 11.0% of
patients (n¼21) was showing a value of greater than or
equal to 30.0 kg/m2. A small number of patients had diabetes
mellitus (n¼3) or were smokers (n¼17). In 22 patients,
neoadjuvant chemotherapy had been performed within
8 weeks prior to reconstruction. Demographic data were
found statistically comparable between the three flap
cohorts, except for BMI.

Frequency of Donor Site Seroma Formation
A total of 38.2% (n¼73) patients developed seroma at the
donor site and 28.6% (n¼42) of patients in the DIEP group

developed seroma, as opposed to 65.0% (n¼13) in the TMG
group and 75.0% (n¼18) in the SGAP group (►Fig. 1). A
subtable analysis revealed a significant difference in the rate
of seroma formation between the DIEP and SGAP groups
(p<0.001) and between the DIEP and TMG group (p¼0.001).
However, no significant difference was observed between
the SGAP and the TMG group (p¼0.469).

Associated Factors of Seroma Formation
Fischer’s exact test showed no association between seroma
formation at the donor site and the following parameters:
BMI (p¼0.337), age at surgery (p¼ 0.952), smoking status
(p¼0.803), presence of diabetes mellitus (p¼0.334), neo-
adjuvant chemotherapy (p¼0.309), and DIEP laterality (uni-
lateral or bilateral; p¼0.393; ►Table 2). As none of the

Fig. 1 Frequency of seroma formation at the DIEP, TMG, and SGAP
donor site shown in percentages. A significant difference in seroma
formation was observed between the DIEP (28.6%) and the TMG
(65.0%) group (p¼ 0.001) and between the DIEP (28.6%) and SGAP
(75.0%) group (p< 0.001). No significant difference was observed
between the SGAP and the TMG group. DIEP, deep inferior epigastric
perforator; SGAP, superior gluteal artery perforator; TMG, transverse
musculocutaneous gracilis.

Table 1 Demographic characteristics for patients and by type of flap

All patients DIEP (%) TMG (%) SGAP (%) p-Value

No. 189 147 20 24 –

Mean age� SD (y) 53.26�10.69 53.95�10.60 53.30� 11.93 48.96� 9.51 0.134

Mean BMI� SD (kg/m2) 24.17�4.10 25.05�4.02 22.65� 3.31 20.04� 1.55 <0.001

Current smoker (n) 17 14 1 2 1.000

Diabetes mellitus (n) 3 3 0 0 1.000

Neoadjuvant chemotherapy (n) 22 16 2 4 0.675

Immediate reconstruction (n) 110 81 15 14 0.239

Abbreviations: BMI, bodymass index; DIEP, deep inferior epigastric perforator; SD, standard deviation; SGAP, superior gluteal artery perforator; TMG,
transverse musculocutaneous gracilis.
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analyzed factors were significant, no multivariable analysis
of the parameters was performed. In the case of diabetes
mellitus, a higher risk of seroma formation was observed
with an odds ratio (OR) of 3.3, however, without statistical
significance. Additionally, an ROC analysis was conducted to
identify a possible cut-off point for age at surgery and BMI at
which the risk of seroma formation increased significantly.
Neither age (AUC¼0.509, p¼0.829) nor BMI (AUC¼0.547,
p¼0.294) showed prognostic properties for seroma forma-
tion. In the case of BMI, the Youden index calculated a cut-off
point at �21.6 kg/m2 for an increased risk of seroma forma-
tion; however, as mentioned above, no significant associa-
tion with seroma formation was observed.

Number of Seroma Evacuations
If seroma occurred, the first evacuation took place 20.8 days
after surgery on average. Themean number of evacuations in
all three flap groups was 2.5 times. The individual means for
the three donor sites were: 1.9 times for DIEP flaps (median
¼1.00 [IQR: 1.00–2.00]), 3.0 times for SGAP flaps (median
¼3.00 [IQR: 2.00–4.00]), and 3.6 times for TMGflaps (median
¼3.00 [IQR: 2.00–4.00]; ►Fig. 2). A Kruskal–Wallis test
showed a significant difference for the number of seroma
evacuations between the three donor sites (p¼0.007). A post
hoc analysis demonstrated a significant difference between
the DIEP and SGAP group (p¼0.004), as well as the DIEP and
TMG group (p¼0.005). However, no significant difference in
the number of seroma evacuations was found between the
SGAP and TMG group (p¼0.416).

Discussion

In this study, we observed a significant difference in the
frequency of donor site seroma formation between the DIEP
flap and the TMG or SGAP flaps. The rate of seroma formation
was lowest at the DIEP flap donor site.

As to theDIEP flap, varying rates of seroma formation have
been reported in literature. According to a systematic review
by Lindenblatt et al, these range from 1 to 48%.7 Our value of
28.6% lies within this reported range. The varying rates could
be explained by the differing definitions of seroma between
the studies. While Xu et al defined seroma/hematoma as any
fluid collection that required further intervention and
showed a seroma rate of 0.9%,8 our study included all fluid

collections that were clinically palpable or visualized by
ultrasonography, independent of the necessity for interven-
tion. This could explain thehigher rate observed in this study.
Of note, our analysis of 183 DIEP flaps constitutes one of the
largest datasets on seroma formation at this donor site.
Regarding the TMG group, a systematic review and pooled
analysis conducted by Lakhiani et al revealed seroma rates
between 0.4 and 2.0%.9 These values differ strongly from our
observed frequency of 65.0%. Less-extensive research has
been conducted on seroma formation at the SGAP flap donor
site. Our analysis showed the highest frequency of seroma
formation (75.0%) compared with data from literature

Table 2 Analysis of potential associations with seroma formation (univariate logistic regression)

Parameter OR p-Value 95% CI

BMI 0.96 0.337 [0.90, 1.04]

Age 1.00 0.952 [0.97, 1.03]

Current smoker 0.88 0.803 [0.31, 2.48]

Diabetes mellitus 3.30 0.334 [0.29, 37.01]

Neoadjuvant chemotherapy 0.60 0.309 [0.22, 1.61]

Unilateral versus bilateral DIEP flap 0.70 0.393 [0.31, 1.58]

Immediate versus delayed reconstruction 1.09 0.773 [0.31, 1.58]

Abbreviations: BMI, body mass index; CI, confidence interval; DIEP, deep inferior epigastric perforator; OR, odds ratio.

Fig. 2 Mean number of seroma evacuations in the DIEP, TMG, and
SGAP donor site. A significant difference in the mean number of
seroma evacuations was observed between the DIEP (mean number
¼ 1.9) and the TMG (mean number¼ 3.6) group (p¼ 0.005) as well as
the DIEP (mean number¼ 1.9) and the SGAP (mean number¼ 3.0)
group (p¼ 0.004). No significant difference was observed between
the SGAP and the TMG group. DIEP, deep inferior epigastric perfora-
tor; SGAP, superior gluteal artery perforator; TMG, transverse mus-
culocutaneous gracilis.
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(values between 2 and 35%).10,11 The low value of 2%
reported by Guerra et al cannot be compared with our
data as the study did notmake clear howseromawas defined
and whether only seroma that required further intervention
was included.11

Abdominally based flaps tend to be the first choice in
autologous breast reconstruction. However, in individuals
with little abdominal tissue or previous surgery with ab-
dominal scarring, a different donor site might be consid-
ered. A potential explanation for the higher seroma rates
in the TMG and SGAP groups could be related to the
lower BMI of these patients. A low BMI may be caused by
illness or malnutrition. Many cancer patients suffer from
malnutrition and cachexia due to a tumor-related mecha-
nism.12,13 These patients potentially also have a lower
preoperative albumin level which increases their risk of
seroma formation significantly.14 Unfortunately, preopera-
tive albumin values were not routinely collected in our
patient cohort.

No significant association was found between various
factors and seroma formation. The lack of any association
between BMI and seroma formation is in line with previous
findings by Modarressi et al.15 In contrast, several other
studies have reported an association between BMI and
seroma formation.16–20 This difference might be explained
by the fact that the mean BMI was comparably low in our
patient cohort, with only 11.0% of patients (n¼21) showing a
BMI equal to or larger than 30.0 kg/m2. In contrast, the study
by Fischer et al included a population with a mean BMI of
28.4 kg/m2, whereby 33.5% of patients had a BMI equal to or
greater than 30.0 kg/m2, and reported an increased risk of
minor complications (including seroma) in patients with a
higher BMI. Interestingly, our ROC analysis revealed a cut-off
of �21.6 kg/m2 for an increased risk of seroma formation.
Although this was not statistically significant, it is an inter-
esting finding. As mentioned above, the SGAP and TMG flaps
are chosen at our center in patients who tend to have a lower
BMI value and presumably have lower preoperative serum
albumin values, increasing their risk of seroma formation.14

As to age at surgery, smoking status, diabetes mellitus, and
neoadjuvant chemotherapy numerous studies have conclud-
ed that there is no significantly higher risk of seroma
formation linked to the factors, which corresponds to our
findings.15–17,21 It must be stated, however, that some of
these studies did not analyze seroma as a donor site compli-
cation separately but rather as part of a group of possible
complications (mostly in the form of minor complications).
Additionally, the low incidence of smokers (n¼17) and
diabetics (n¼3) in our study is a limiting factor. We further-
more compared the rate of seroma formation between
unilateral and bilateral DIEP flaps. Whereas we found a
reduced risk of seroma formation in the unilateral group
with an odds ratio of 0.70, this was not statistically signifi-
cant (p¼0.393). However, we found no literature regarding
this research question. Additionally, pressure dressings have
been described as an effective measure to reduce the occur-
rence of postoperative seroma.22 Moreover, literature does
not uniformly agree on the effect of the dissection type

(sharp vs. electrocautery vs. ultrasonic dissection) on seroma
formation.23–25 These aspects could be further evaluated in
future studies.

This study observed a significant difference in the number
of seroma evacuations between the three flap donor sites. For
the DIEP flap, a mean number of 1.9 evacuations was found.
Similarly, an average of two evacuations was reported by
Nedomansky et al.5 Higher values up to an average of 11
evacuations have been reported by Sadeghi et al19. However,
no literaturewas identified regarding the SGAPandTMGflaps,
marking thedata in this comparative analysis as a newfinding.

Given the high frequency of seroma formation in our
study, the necessity to adapt the surgical protocol becomes
evident. Numerous methods to prevent postoperative
seroma have been reported by Janis et al, including progres-
sive tension sutures.26 Pollock and Pollock and Sforza et al
have also proposed the use of progressive tension or quilting
sutures to reduce the risk of seroma formation in abdomi-
noplasty.27,28 Whereas Sforza et al placed a small number of
quilting sutures, the study conducted byWarner and Gutow-
ski described the use of barbed progressive tension sutures.
Both methods did not prolong operating time, yet still
showed the advantage lower seroma rates.28,29 Barbed pro-
gressive tension sutures have been proven to be a safe
alternative to traditional closure with drain placement in
the case of DIEP donor site closure and this technique also
resulted in reduced total abdominal drainage.30,31 The use of
barbed progressive tension sutures without drain placement
could further increase patient comfort and reduce the risk of
seroma formation.29

This study has some limitations. First, the number of
flaps were not uniformly distributed between the three flap
types. Also, seroma was diagnosed by different care pro-
viders, including plastic surgeons, as well as breast sur-
geons. Hence, interobserver variability might have led to
bias. Additionally, a retrospective evaluation of the number
of days, a drain was left in after surgery was not possible.
However, in the senior of surgeon’s practice, drains were
removed when the delivery rate went below 30mL/24 h.
This is in accordance with a large meta-analysis conducted
by Salgarello et al.32

This study provides a single center’s experience regarding
seroma formation at three commonly used free flap donor
sites for autologous breast reconstruction based on a large
set of patients. We observed a significant difference in the
rate of donor site seroma formation between the DIEP flap
and the TMG or SGAP flaps. To our knowledge, this is the first
study providing data regarding the number of seroma evac-
uations at the TMG or SGAP flap donor site. In view of the
high number of observed seromas, barbed progressive ten-
sion sutures could be a safe alternative for closure compared
with traditional closure and drain placement. The authors
plan to establish this technique at their center, aiming to
perform a further quality assessment in the near future.
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