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• We demonstrate that the lotus petal flap is feasible for the closure of moderate- to large-sized vulvar defects.
• Complication rates are reasonable and most morbidity is easily managed.
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Introduction. Vulvar reconstruction using the “lotus petal” fascio-cutaneous flap offers a relatively novel
means to restore symmetry and functionality after extirpative gynecologic or oncologic procedures. We sought
to assess the success rates and morbidity in a large series of consecutively treated patients.

Methods.We performed a retrospective review of 59 consecutive cases of lotus petal flaps performed at a sin-
gle institution to more accurately assess success and complication rates.

Results.We identified 80 flaps performed among the 59 patients between September 1, 2008 and March 30,
2013. The median (range) age was 59 years (24–89) and the median (range) BMI was 27 kg/m2 (19–34). The
indications for vulvar/perineal excision were as follows: 39 (66.1%) vulvar carcinoma or melanoma, 12 (20.3%)
vulvar dysplasia, 5 (8.5%) colorectal disease and 3 (5.1%) cases of hidradenitis suppurativa. The mean defect
area, determined by post-fixation pathology specimen was 29 cm2. Medical or surgical complications occurred

in 36% of patients of which superficial wound separation was the most common (15%). There were no cases of
complete flap loss, but partial loss occurred in 7 (8.8%) cases. 3 (5.1%) patients required re-operation prior to dis-
charge with one case requiring skin grafting. Delayed surgical revision was required in 4 patients for partial flap
loss (2) or stricture/stenosis (2).

Conclusion. The lotus petal flap is safe for use in gynecologic reconstruction, with acceptable short- and long-
term complication rates. Previous reports of smaller series likely underestimate the risk of complications through
case selection.
© 2013 Elsevier Inc. All rights reserved.
Introduction

Despite a movement away from radical en bloc resections, larger
vulvectomies with or without lymph node dissections remain morbid
[1]. Closure of the defect site after larger vulvar excisions presents not
only a technical challenge to the surgeon but carries significantmedical,
functional, and psychosocial implications for the patient. Reconstruction
must be tailored to the needs of the patient with consideration of the
wound geometry as well as potential secondary complications. For
smaller defects, local advancement or rotation flaps generally provide
St SE, Minneapolis, MN 55455,
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adequate tissue mobility with minimal risk, while often maintaining
sensation.

For larger defects, such as seen following exenterative procedures,
myocutaneous flaps including vertical or transverse rectus abdominis
or gracilis flaps are appropriate as they provide bulk to minimize dead
space in the infra-levator defect, as well as skin coverage at the surface.
These flaps are typically too bulky for use following local excisions and
additionally require tissue donation remote from the defect, creating
additional potential for morbidity and disfigurement.

Fascio-cutaneous flaps based on perforators of the pudendal artery
provide an excellent potential source of tissue for closure of intermedi-
ate to large vulvar defects. The term “lotus petal flap” was first used by
Yii andNiranjan, to describe the diversity of axes uponwhich these flaps
can be raised which when superimposed have the appearance of the
lotus flower (Fig. 1A) [2]. The posterior-lateral gluteal-fold variation of
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Fig. 1. Moderate sized defect extends from perineal body posteriorly across the midline anteriorly, following excision anterior-central squamous carcinoma. Options for tunneled lotus
petal flap are displayed forming a “half of a lotus flower” (A). Gluteal fold (lateral-most petal) flap is selected and incised (B). A subcutaneous incision at the lateral aspect of the defect
allows the flap to be mobilized medially and fixed in the recipient site with dissolvable suture (C). Flap sewn into place and donor site closed along gluteal fold (D).
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the lotus-petalflap has been advocated because in addition to providing
a cosmetic donor site, the base geometry does not require sacrifice of
the pudendal nerve and thus maintains some sensation in most cases.
Multiple authors have reported favorable results with regard to patient
tolerance, flap viability and donor site morbidity, though most series
have reported fewer than 10 patients, with variably reported selection
criteria and duration or intensity of follow-up (Table 1) [3–6]. Larger
series, though still small, describe higher rates of flap loss (6–8%) and
complications (25%) suggesting a reporting bias in the smaller series
or perhaps regression to a truer mean in the larger studies [7,8].

This study was undertaken to review the complication rates and
morbidity in a large series of consecutive patients as a means to deter-
mine the “in practice” success and complication rates aswell as to assess
the learning curve and patterns of morbidity in a large series.
Methods

We conducted a retrospective study of consecutive patients
who underwent lotus petal flaps for vulvar reconstruction, between
Table 1
Selected case series of lotus petal flaps in vulvar reconstruction.

Author (year) Patients
(N)

Flaps
(N)

Co-morbid
conditions

Flap loss
complet

Yii and Niranjan (1996) [2] 8 13 NR
Ragoowansi et al. (2004) [17] 40 56 NR 2 (4%)
Sawada et al. (2004) [6] 5 10 NR 0
Warrier et al. (2004) [18] 8 12 Dementia (13%)

Renal transplant (13%)
Salgarello et al. (2005) [19] 8 11 NR 0
Bodin et al. (2012) [5] 5 8 NR 0
Buda et al. (2012) [20] 1 1 NR 0
Current study 59 80 Tobacco abuse (37%)

Diabetes (12%)
Hypertension (25%)
Hidradenitis (5%)

0

NR, data not reported.
UTI, urinary tract infection.
DVT, deep venous thrombosis.
September, 2008 when this surgery was adopted at our institution (the
Canniesburn Plastic Surgery Unit of the Glasgow Royal Infirmary), and
April, 2013. Patients were identified by departmental database as part
of a quality assurance review. We included all patients who underwent
extirpative surgery performed by members of the gynecology, gyneco-
logic oncology, colorectal, or plastic surgery department at a single
urban teaching hospital. All patients had documentation of a rotational
flap described as lotus petal, gluteal fold, or horn flap in the operative
report. Patients with advancement flaps, or in which the flap form
could not be confirmed were excluded. All repairs were performed by
a single consultant plastic surgeon (JRCT).

We reviewed the patients' demographics, operative characteristics,
as well as immediate and delayed post-operative complications. For
the purpose of this study we used the following definitions: estimated
blood-loss included loss from both the excisional and reconstructive
portions of the case; any description of wound failure without necrosis,
irrespective of whether there was displacement of the flap or require-
ment for closure was considered to be a superficial wound dehiscence;
likewise, a diagnosis of cellulitis was ascribed to any patient for whom
—

e
Flap loss —
partial

Wound
separation

Reoperation Medical complications

6 (11%) NR 2 (4%) NR
1 (10%) 0 0 Cellulitis (2 patients)

0 0 Cellulitis (1 patient)
Urinary incontinence (1 patient)

3 (27%) 2 (18%) 4 (36%) NR
0 2 (25%) 0 UTI (2 patients)
0 0 0
7 (12%) 12 (20%) 7 (12%) Cellulitis (7 patients, 12%)

DVT (1 patient, 2%)



Table 3
Complications from lotus-petal flaps: 80 flaps in 59 patients.

Complication N (%)a

Cellulitis 7 (11.9%)
DVT (within 30 days) 1 (1.6%)
UTI 0
Hematoma 0
Superficial wound separation 12 (20.3%)
Partial flap loss 7 (11.9%)
Required reoperation

Yes 3 (43%)
No 4 (57%)

Complete flap loss 0
Donor site complications 0
Delayed re-operation 4 (6.8%)

a Complications are reported as a percentage of patients (not flaps),
without duplication.

728 P.A. Argenta et al. / Gynecologic Oncology 131 (2013) 726–729
there was at least a documented clinical suspicion of cellulitis that
resulted in treatment with antibiotics. It is acknowledged that these
definitions would likely overestimate the true incidence of these com-
plications. Defect size was calculated based on the measurements of
the formalin-fixed pathology specimens using the formula for an ellipse
(π × r1 × r2, where r1 and r2 are perpendicular radii). Previous work
has demonstrated that post processing measurements likely underesti-
mate the true excision size by approximately 30%, however no correc-
tions for this were made [9].

Flaps were performed by the method described by Yii and Niranjan
using either fascio-cutaneous or supra-fascial cutaneous flap as dictated
by the depth of the defect (Fig. 1) [2]. Both tunneled and directly rotated
flaps were included in the analysis.

Internal comparisonsweremade using chi-squared analysis for pro-
portions and/or Student's t-test orMann–Whitney U test for continuous
variables as appropriate. A p-value of b .05 was considered statistically
significant. Because this study was retrospective, sample size was dic-
tated by inclusion of all available cases; therefore no power calculations
were performed.

Results

We identified 59 patients during the study period who underwent
a total of 80 lotus petal flaps. The patient characteristics are listed
in Table 2. In general, the patients' age distribution and medical co-
morbidities were similar to prospective Gynecologic Oncology Group
studies suggesting that the population was not over-selected for favor-
able outcomes [10]. Patients with non-malignant conditions were
significantly younger than patients with malignant conditions (mean
age 50.1 years vs 64.9 years, p = 0.01), and more apt to be current or
former smokers (90% vs 35%, p = 0.003). Concordant with their youn-
ger mean age, patients without malignancy had lower absolute preva-
lence of hypertension (22 vs 46%, p = 0.19) and diabetes (11% vs 19%,
p = 0.59), though these differences were not statistically significant.

The average (range) surface area of the pathological specimens was
29 cm [2] (5–99 cm [2]). Twenty-two patients (37%) required bilateral
flaps; unsurprisingly these patients had larger defects than patients
with a single flap closure (37 cm2 vs 24 cm2 respectively, p = 0.046)
and higher estimated blood loss (325 cm3 vs 148 cm3, p = 0.003).

There were no intra-operative complications recorded. The median
(range) of estimated blood loss was 200 cm3 (50–600 cm3) for both
the extirpative and reconstructive portions of the case.

Post-operative complications are listed in Table 3, but serious com-
plications were rare. There was no donor site morbidity identified.
There were no cases of complete flap loss and though partial flap loss
Table 2
Patient characteristics.

Age (years) 59 (24–89)
Body Mass Index (kg/m2) 27 (19–34)
Indications
Hidradenitis 3 (5.1%)
Vulvar dysplasia 12 (20.3%)
Vulvar cancer 39 (66.1%)
Colorectal disease 5 (8.5%)

Comorbidities
Smoking
Active 14 (23.7%)
Former 8 (13.6%)
Never 21 (35.6%)
Unknown 16 (27.1%)

Diabetes
Yes 7 (11.9%)
No 40 (67.8%)
Unknown 12 (20.3%)

Hypertension
Yes 15 (25.4%)
No 31 (52.5%)
Unknown 13 (22%)
was recorded for 7 of 80 flaps (8.8%) only three of these required oper-
ative revision prior to discharge and all were considered “minor losses.”
One patient (1.3%) ultimately required a split thickness skin graft to
achieve closure. Overall complication rateswere not significantly higher
among patients with 2 flaps (45% for patients with 2 flaps vs 30% for
single flaps, p = 0.22). Tunneling the flap under a skin bridge did not
result in a significantly higher overall complication rate (43% vs 32%
for those direct rotation, p = 0.50). Complication rates were slightly
higher in the second half of the study (43% vs 29%, p = 0.24), but
there was a trend towards larger defect size over the same periods
(33 cm [2] vs 24 cm [2], p = 0.09) suggesting that gains from the learn-
ing curve were offset by application in more difficult cases. Margin
status among patients undergoing excision formalignancy, was positive
in 3 of 19 (16%) in the first half of the study and 3 of 20 (15%, p = 0.95)
in the second half.

Four patients required a second surgery after hospital discharge. In
two cases this was for the management of flap loss not responding to
conservative measures (typically release of the suture line with wet to
dry dressing changes), and in two cases this was for management of
symptoms caused by healed flaps (one case each of stenosis of the
introitus and lateral stricture).

Discussion

Our results indicate that the lotus petal flap is a viable and versatile
option for closure of intermediate to large defects of the vulva, vagina
and perineum. Donor site morbidity is low and significant flap loss is
uncommon but can occur. Most cases of partial flap loss could be man-
aged conservatively with wound care only or skin grafting, and long
term outcome complications were rare. Medical morbidity was more
common than in previous reports, but easily managed in most cases,
and likely reflects a reporting bias.

The lotus-petal fascio-cutaneous flap, irrespective of the specific
design, is supplied primarily not only by perforating branches of the
internal pudendal artery, but also through non-perforating branches
of the inferior gluteal artery, and perforators originating from the inferi-
or gluteal artery and running through the gluteus maximus muscle
which allows the surgeon significant “latitude” in optimizing recon-
structive surgery at both the donor and defect sites [11]. Further, in
the absence of a need for bulk, the fascio-cutaneous flaps provide a
more anatomically appropriate thickness for coverage of the vulvar
and perineum thanmyocutaneous flaps. Thoughmultiple advancement
flaps are suitable for vulvo-perineal reconstruction, including the glute-
us flap [12], the V to Y advancement [13], and the pudendal thigh flap
[14], the gluteal fold version of the lotus petalflap best respects a natural
anatomic fold at the donor site leading to the most cosmetic donor site
closure (Fig. 1D). Additionally, the lotus petal flap can be based some
distance from even a wide radical excision, allowing use when more
proximal flap bases have been excised [15].
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The reliability of this flap allows for both a tunneled and directly
rotated flap design. Though we did not observe significant differences
in outcomes or morbidity between the different flap designs, we favor
the tunneled approach in patients with relatively poorer pre-operative
nutritional status as wound failure in a direct rotational flap leaves a
larger iatrogenic defect. While the tunneled design may leave a small
tissue bulge under the bridge, this is usually symptomatic only tempo-
rarily and rarely requires secondary “debulking” revision as evidenced
by the low number of secondary surgeries seen in this study.

The strengths of this study include the large sample size, selection of
consecutive cases over multiple years, and consistency of the surgical
team. Most reports to date include less than 10 patients, with inclusion
criteria reported variably. While these reports certainly establish feasi-
bility, it is difficult to assess the risks and morbidity that might be
expected when applying this flap broadly. Our inclusion of sequential
patients prevents a selection/reporting bias that cannot be excluded in
smaller series without reported inclusion criteria. While previous
reports have typically reported more favorable complication rates, the
possibility of selection bias cannot be excluded in such small samples,
and in fact is suggested by a reported complication rate for this islanded
flap, that is similar to that reported in other large series for transposition
flaps of similar size [16]. The duration of case collection and consistency
of the surgeon performing closure also allows us to assess the surgical
“learning curve.” Our data demonstrates that while the complication
rates did not change significantly themean defect sizewas notably larg-
er in the second half of the study, suggesting that a broadening of the
clinical application of the lotus petalflapwas occurringwithout a formal
analysis of upper limits of feasibility. It might also be inferred that the
successful application of the flap in the first half of the study resulted
in increasing confidence in the resecting surgeons obtaining wider
margins, though the rate of positive margins was low both early and
late in the study.

The weaknesses of this study are those inherent to all retrospective
reviews. Reporting of clinical parameters such as wound defect size
was inconsistent and the methods of determining these assessments
were not reported inmost cases.We attempted to limit the data collect-
ed to objective measure insomuch as possible and where possible
estimated conservatively; for example in choosing the pathologic spec-
imen size over the defect size estimated in surgery we have likely
underestimated the actual flap sizes as a result of processing. Likewise,
though all observed complications are reported, follow-up was not
standardized leading to a possible underestimation of delayed compli-
cations. Lastly, in the absence of prospectively collected quality of life
data, we were unable to accurately assess the patients' satisfaction
with their outcome or the short and long term impact on quality of life.

Conclusion

This large series demonstrates that the lotus petal version of the
lotus petal fascio-cutaneous flap is an excellent option for closure of
medium to large sized vulvo-vaginal defects. Complete flap loss was
not encountered, and partial flap loss was uncommon. Post-operative
morbidity, though higher than in previous reports, was objectively
low and in most cases easily managed. We suspect that the current
report more accurately reflects the “true” incidence of complications
and should be used to guide patient discussion regarding the risks and
benefits of this surgery. Though this report confirms the viability of
this technique, additional research on functionality and patient satisfac-
tion is needed.
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