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CHAPTER 1

GENERAL INTRODUCTION

Only after the successful dispersion of Homo sapiens across Europe, approximately 40,000 
years ago in the Aurignacian period, artistic or other otherwise explicitly symbolic 
creations of the female vulva seem to have erupted.1 Arguably the world’s oldest figurine of 
a human female, carved in impressive detail at least 35,000 years ago, was excavated from 
the Hohle Fels cave in the southwest of Germany, in 2008 (Figure 1).2 Explicit representa-
tions of female vulvar symbols, also dated back to at least 35,000–36,000 years ago, have 
been found incised on blocks of limestone at early Aurignacian sites in western France.1

Although earlier forms of symbolic expression associated with Homo sapiens have 
been found engraved at least 75,000, and possibly 95,000, years ago on pieces of red 
iron oxide in Africa,3 the eruption of fully representational art currently appears to be a 
European phenomenon, without any documented parallels outside Europe earlier than 
about 30,000 years ago.1 The Hohle Fels Venus is strongly reminiscent of well-known 
‘Venus’ figurines recovered from sites along a stretch from the Pyrenees into southern 
Russia.2 These figurines are 29,000 to 25,000 years old, and most of them show a similar 
exaggeration of the sexual characteristics combined with an almost complementary 
underrepresentation of the head and extremities.1

Much later in history, Aristotle, Hippocrates, Galenus, Matteo Ronaldo Colombo, 
Reinier de Graaf, Freud, an overwhelming number of poets, painters and sculptors, and 
other professionals and lay people alike, assured that the female perineogenital region 
kept its position as an area of major philosophical, anatomical, clerical, medical, artistic, 
and pornographic interest.4-6 Such is this importance, that the demand for aesthetic peri-
neogenital surgery has rapidly increased over recent years under an overwhelming influ-
ence of changing cultural norms and altered self-perception by media exposure.7

PERINEOGENITAL ABLATIVE SURGERY
The structural integrity of the perineogenital area is vital for primary bodily functions 
as micturation, bowel evacuation, reproduction, and sexuality.8 Anorectal and gyneco-
logical, and urological resections potentially destruct this integrity. Such resections are 
usually indicated for (pre-)malignant lesions and rarely caused by infection, trauma, or 
the excision of burn scars or lichen sclerosis. In cancer patients, additional resection of 
regional lymph nodes may result in significant adjoining defects.9 Age-standardised inci-
dence rates of colorectal carcinoma in developed countries amount to 16.2 per 100,000 
women,10 and (pre-)malignant vulvar lesions occur in 5 to 10 per 100,000 women in devel-
oped countries.11,12 The latter include vulvar intraepithelial neoplasia (VIN) and frank 
invasive carcinoma, predominately squamous cell carcinoma.13 VIN is commonly diag-
nosed in the fifth decade of life and occurs multifocal in half of the patients whereas 
vulvar carcinoma predominately affects the 55- to 80-years age group.12,13
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0 1 cm

Figure 1. Side and front views of the 35,000 year-old Venus figurine found in Hohle Fels, Germany. 
The white bar represents 1 cm in length.

Surgery is considered the cornerstone of treatment of most of these (pre-)malignan-
cies. The indications of oncological surgery even tend to be extended to higher grade 
and stage primary malignancies and first or more recurrences, over the past years.14 No 
longer is a radical resection considered as sole option but, rather, so-called R1 resections 
are accepted. Consequently, more patients are concurrently treated with (neo-)adjuvant 
(chemo)radiotherapy. Both the extension of ablative surgery, and the concurrent thera-
pies, tend to lead to prolongation of the healing process.14,15 This prolongation raises the 
chances of wound infection in a region that is already characterised by a high microbial 
load.16,17

Still, there is a definite trend toward reducing the extent of perineogenital resec-
tion.18 Ablative surgeons consider modified radical resections and (neo-)adjuvant therapy 
to be successful in terms of cure and to better address the concerns regarding the psycho-
logical and behavioral sequelae secondary to disfigurement and loss of body image 
function.13,19,20 As a result, optimal perineogenital reconstruction is increasingly consid-
ered an integral part of treatment of these (pre-)malignancies as it may markedly improve 
the quality of life, self-esteem, and functional rehabilitation of the patient with perineo-
genital damage.

1
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PERINEOGENITAL RECONSTRUCTIVE SURGERY
The primary goal in reconstructive plastic surgery is to restore form and function. 
Although the reconstructive results esthetically compare quite crude to the normal, 
non-severed state, perineogenital restoration should still aim at more than just closing 
the defect. Additional goals include aesthetic restoration and preservation of sensate and 
sexual potential.9 These are challenging goals in a region characterized by its anatomical 
and physiological complexity and the possible involvement of adjacent vital organs.9 The 
extent of the resection and the involvement of the surrounding anatomical structures 
rather than the stage of the disease, dictates the choice of reconstructive technique.21 
Primary closure, skin graft application, local or regional fasciocutaneous or myocuta-
neous flap transplantation, and in some situations even free microsurgical tissue trans-
fers are being used for the closure of perineogenital defects.22 In cases of pelvic involve-
ment, reconstruction of the pelvic diaphragm is additionally required to provide struc-
tural support for abdominal organs and obliteration of possible pelvic dead space may 
prevent fluid accumulation and infection.19,23 This may best be achieved by use of rela-
tively bulky myocutaneous flaps.

Still, flap-related complications like infection, dehiscence, necrosis and, ultimately, 
flap loss may occur irrespective of the qualities of replacement tissue.23

Because of the multiple anatomical and technical considerations and variables 
involved, the choice of reconstructive technique varies from patient to patient. The 
multiple patient-related and procedure-related variables should be carefully regarded in 
reconstructive perineogenital surgery.

PERINEOGENITAL AESTHETIC SURGERY
The number of registered labiaplasties in the U.S.A., for example, has increased seven-
fold over the last decade, from 2142 in 2011 to 14,386 in 2020.24 In aesthetic perineogen-
ital surgery, just as in reconstructive perineogenital surgery, patient- and procedure-re-
lated determinants should pre- and per-operatively be regarded to prevent post-opera-
tive sequelae. These determinants not only encompass physical or anatomical character-
istics but psychological and psychosexual factors, as well.25,26
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AIMS AND OUTLINE OF THE THESIS
The principle goal of this thesis is to regard patient-related and procedure-related char-
acteristics that may potentially act as risk factors of complicated surgical outcome of 
reconstructive or aesthetic surgery of the female perineogenital region. Addition-
ally, it intends to elucidate to what extent these characteristics can aid when regarding 
the options for a surgical strategy. Because the vast majority of perineogenital plastic 
surgery involves local and pedicled skin flap transpositions and an equally vast majority 
of perineopelvic reconstructions may be done with pedicled myocutaneous flaps, only 
these are regarded in the reconstructive studies presented. The one study included in 
this thesis on aesthetical perineogenital surgery, likewise, focusses on pedicled skin flap 
transposition techniques.

Some patient-related characteristics pose a risk factor in flap surgery in general. As 
such, the relationship between diabetes and post-operative outcome of pedicled flap 
transposition is regarded in Chapter 2. The ACS-NSQIP database was used to analyse the 
outcomes in 9332 patients who underwent pedicled flap reconstructions.27 The data on 
male patients was not excluded to increase the statistical power of the analysis. Insu-
lin-dependent and non-insulin-dependent diabetes mellitus were distinguished to 
increase the risk stratification.

Following pelvic exenteration or abdominoperineal resection of the rectum (APR), 
more particularly, closing the perineal defect, repairing the pelvic diaphragm, and 
obliterating the resulting pelvic dead space using the rectus abdominis myocutaneous 
(RAM) flap has been shown to reduce post-operative complications.16,28,29 In Chapter 3, 
the outcomes and associated risk factors for major complications are regarded of 105 
extended rectus abdominis myocutaneous (ERAM) flaps for pelvic and perineal wound 
reconstructions. The means used to more safely apply an optimally extended design of 
this flap are reported. Again, the data on male patients was not excluded to increase the 
clinical relevance of our observations.

The long-term outcomes and associated risk factors of 114 gluteal fold flaps for 
vulvoperineal reconstruction are regarded to establish clinically relevant selection 
criteria, in Chapter 4. This pedicled fasciocutaneous flap harvested from the gluteal 
crease,30 is increasingly popular for perineogenital reconstruction as a result of reported 
advantages.15,23,28,31

Local recurrent or residual malignancy, however, potentially requires repeat vulvo-
perineal excision and reconstruction.32 Therefore, future reconstructive options should 
already be regarded during the planning of primary surgical treatment. In Chapter 5, 
we report on the outcome of such repeated use of 83 gluteal fold flaps for vulvoperineal 
reconstruction.

In some cases of vulvectomy, resection of the distal part of the urethra is performed 
to achieve radical oncological excision. The distal urethral reconstructions required in 

1
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CHAPTER 1

these cases may easily be complicated by urethral stenosis as a result of circular inset of 
the neomeatus.33 In Chapter 6, we regard our experience with a noncircular inset by use 
of an anterior vaginal wall advancement flap to prevent stenosis after 42 urethral meatal 
reconstructions.

A variety of aesthetical labiaplasty techniques and some algorithms have been intro-
duced to date, but none of the algorithms incorporated patient’s wishes regarding sensi-
tivity, labial rim aesthetics, and possible iatrogenic thickening. In Chapter 7 we propose 
an algorithm for labia minora reduction that is based on the anatomical and physical, as 
well as on patient’s perspective based on individual considerations.

In Chapter 8, the various chapters are put in perspective to try and formulate direc-
tions for future study.
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CHAPTER 2

ABSTRACT

Background
Diabetes is an increasingly prevalent disease with many complications arising from 
micro- and macrovascular changes. Patients require more surgical interventions and 
have a higher risk for postoperative complications. Reconstructive flap surgery plays an 
important role in treatment and prevention of diabetic sequelae but a direct relationship 
between diabetes and plastic surgical outcomes remains unclear. This study aims to inves-
tigate the relationship between diabetes and pedicled flap reconstruction.

Methods
For this retrospective cohort study, data was extracted from the American College of 
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) dataset from 2005 
to 2016. Data on all patients who underwent pedicled flap reconstructions was extracted 
on the base of Current Procedure Terminology (CPT) codes. Demographics, comorbidi-
ties, and postoperative outcomes were compared between diabetics and non-diabetics. 
Univariate and multivariable logistic regression analyses were used to identify risk 
factors and confounders for an eventful outcome.

Results
We identified 9,332 patients of whom 1,265 were diabetics and 8,067 were non-dia-
betics. Multivariable logistic regression analyses revealed diabetes as an independent 
confounder of surgical site infections (OR: 1.49; p = <.001), wound dehiscence (OR: 1.43; 
p = 0.04), serious adverse events (OR: 1.80; p = <.001), and 30-day mortality (OR: 3.19; p 

<.001). Flap failure could not be properly assessed as an outcome measure because of a 
high ratio of missing values in the datasets.

Conclusions
This study demonstrates that patients with diabetes mellitus are confronted with signifi-
cantly more postoperative complications than non-diabetic patients.
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Increased morbidity following pedicled flap reconstruction among diabetes mellitus patients

INTRODUCTION

DIABETES MELLITUS
Diabetes mellitus is a serious, chronic metabolic disease and one of the largest health 
emergencies of the 21st century. From 1980 until 2015, the global prevalence has nearly 
doubled to 415 million patients or 8.8% of the total world population.1 It is estimated 
that more than one out of ten people worldwide will be suffering from this condition, 
in 2040.1 The many complications that are characteristic of diabetes cause morbidity, 
disability, a reduced quality of life, and potentially death in a great number of patients.2 
In 2012, approximately 1.5 million deaths worldwide were directly caused by diabetes, 
and an additional 2.2 million deaths indirectly by systemic disease related to increased 
blood glucose levels.3 Apart from the physical burden this condition causes, diabetes has 
a significant economic impact on individuals, health-care systems and national econo-
mies worldwide. The International Diabetes Federation estimates that the global expen-
diture on diabetes tripled over the past fifteen years, with an annual cost of more than 
USD $500 billion in 2010 and an estimated USD $745 billion in 2030.4

Diabetes is characterized by hyperglycemia that results from either an absolute 
insulin deficiency (type 1 diabetes) or a relative insulin deficiency combined with an 
increased peripheral insulin resistance (type 2 diabetes).5,6 The major cause of morbidity 
and mortality is resulting from the direct and indirect pathological effects of hypergly-
cemia on the vascular system.1 These effects can be subdivided in microvascular (retinop-
athy, nephropathy, and neuropathy) and macrovascular complications (coronary artery 
disease, stroke, and peripheral artery disease).5,6 They are interconnected and share a 
similar etiology. The combination of abnormal stimulation of the hemodynamic regula-
tory systems such as the renin-angiotensin system, and increased oxidative stress can 
result in endothelial dysfunction.7 This will lead to a hyperinflammatory state, prothrom-
botic tendency, impaired vascular function and, consequently, atherosclerotic plaque 
formation.8 These plaques reduce or, even, shut down blood flow through the arteries and 
can potentially rupture to form circulating thrombi with devastating consequences for 
tissues or organs.9 Diabetes mellitus has been identified as a predictor of poor outcome of 
surgical procedures resulting from its vascular complications. As such, diabetes has been 
associated with a higher risk for postoperative complications such as wound infection, 
myocardial infarction, and sepsis.10,11

DIABETES MELLITUS AND FLAP RECONSTRUCTION
Additionally, diabetes mellitus has been associated with an increased requirement for flap 
reconstruction. As such, diabetic patients have a 20% increased risk of developing breast 
cancer, and flap transplantation for post-mastectomy breast reconstruction remains a 
standard therapeutic option.12,13 Furthermore, diabetics run a lifetime risk of 12% to 25% 

2

160369-Maurits_Lange-BNW_def.indd   19160369-Maurits_Lange-BNW_def.indd   19 09-08-2022   16:0609-08-2022   16:06



20

CHAPTER 2

for diabetic foot ulcer,14 and postoperative skin and soft-tissue infections are common as 
a result of poor vascular perfusion and reduced antibiotic penetration.15 Flap reconstruc-
tion in these patients promotes wound healing and limb salvage. It may even increase 
the 5-year survival rate among diabetics with lower extremity ulcers.16,17 In short, wound 
closure and healing has successfully been achieved in diabetic patients with a variety of 
flaps in any anatomic region.16-18

SURGICAL OUTCOME IN DIABETIC PATIENTS
To date, the association between diabetes and surgical outcome has largely been investi-
gated for general surgical procedures. It is less clear in pedicled flap-based reconstructive 
surgery as a result of a paucity of reports, small cohorts, and conflicting results.19-21 Addi-
tionally, most of the studies presented focus on one anatomical region such as the lower 
extremity,16,20,21 or the female breast.18,22

The American College of Surgeons National Surgical Quality Improvement Program 
(ACS-NSQIP) provides validated datasets on more than a million anonymized patients 
with well over 150 variables that are prospectively collected by more than 700 hospitals 
worldwide.23 These datasets allow statistical analysis of potential surgical risk-factors or 
co-variates and multiple outcome measures registered up until 30 days postoperative, 
in very large series. In this study, these vast datasets are explored to try and find indi-
cations of a relationship between diabetes mellitus and the outcome of pedicled flap-
based reconstructive surgery. It is hypothesized that patients with diabetes mellitus are 
confronted with significantly more postoperative complications, in comparison to non-di-
abetic patients.
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MATERIAL AND METHODS

For this retrospective cohort study, the data of 9332 patients with a known diabetes 
status, who underwent a pedicled flap reconstruction from 2005 through 2016 was 
extracted from the ACS-NSQIP database.23 Identification of these patients within the 
datasets was based on the Current Procedural Terminology (CPT) codes for pedicled flap 
reconstruction (Table 1),24 irrespective of the flap reconstruction being documented as 
the principal procedure or as a concurrent procedure.

The patient characteristics gender, age, body mass index (BMI), tobacco abuse, hyper-
tension requiring medication, chronic obstructive pulmonary disease (COPD), congestive 
heart failure, acute renal failure, steroid use, bleeding disorders, and diabetes mellitus 
status were extracted as independent variables. A diabetic patient was defined as ‘an 
individual that requires daily dosages of insulin or a non-insulin anti-diabetic agent for 
more than two weeks’.23 We differentiated between those diabetic patients depending 
on insulin therapy (IDDM), and those requiring oral anti-diabetic medication (NIDDM). 
A non-diabetic patient (non-DM) was defined as someone without diabetes, or with 
diabetes controlled by diet alone.23

Table 1 - Current Procedural Terminology (CPT) codes for pedicled flap reconstruction included 
for this study

CPT Code Procedure description 

15732a Muscle, myocutaneous, or fasciocutaneous flap; head and neck (e.g., temporalis, 
masseter muscle, sternocleidomastoid, levator scapulae)

15731a Forehead flap with preservation of vascular pedicle (e.g., axial pattern flap, 
paramedian forehead flap)

15576a Formation of direct or tubed pedicle, with or without transfer; eyelids, nose, ears, 
lips, or intraoral

15736a Muscle, myocutaneous, or fasciocutaneous flap; upper extremity

15734a Muscle, myocutaneous, or fasciocutaneous flap; trunk

19361a Breast reconstruction with latissimus dorsi flap, without prosthetic implant

19367 Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM) 

19368 Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM), 
single pedicle, including closure of donor site

19369 Breast reconstruction with transverse rectus abdominis myocutaneous flap (TRAM), 
double pedicle, including closure of donor site

15738 Muscle, myocutaneous, or fasciocutaneous flap; lower extremity

15650 Transfer, intermediate, of any pedicle flap (e.g. abdomen to wrist, Walking tube),  
any location

15570 Formation of direct or tubed pedicle, with or without transfer; trunk

15572 Formation of direct or tubed pedicle, with or without transfer; scalp, arms, or legs

15574 Formation of direct or tubed pedicle, with or without transfer; forehead, cheeks, 
chin, mouth, neck, axillae, genitalia, hands or feet

2
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OUTCOME MEASURES
As primary outcomes we assessed surgical site complications. As such, superficial, deep, 
or organ/space surgical site infection, wound dehiscence, and flap failure were noted as 
dependent variables. Flap failure was defined as any ‘failure .[..]. requiring return to the 
operating room, interventional radiology, or a balloon angioplasty within 30 days of the 
operation’.23

As secondary outcomes we assessed postoperative medical complications and logistic 
measures. Medical complications comprised serious systemic adverse events and dead 
within 30 days after surgery. As serious systemic adverse events we included postop-
erative pneumonia, urinary tract infection, thromboembolic events (cerebrovascular 
accident, pulmonary embolism, or deep venous thrombosis/thrombophlebitis), cardiac 
events (cardiac arrest or myocardial infarction), septic events (sepsis or septic shock), or 
renal events (renal insufficiency or acute renal failure). As logistic measures we noted the 
operating time, the need for blood transfusions within 72 hours postoperatively, and the 
length of hospital stay.

DATA ANALYSIS
To evaluate the level of comparability of the studied groups, we statistically compared 
the distribution of patient characteristics among them. The Student’s t-test was used 
for continuous variables, and the two-tailed chi-squared test was used for dichotomous 
variables.

Univariate analysis of the possible difference in primary and secondary outcomes in 
the studied groups was performed using the Pearson’s Chi-squared tests and the Fisher’s 
exact test for categorical variables. For continuous variables the student’s t test or Mann-
Whitney U test was used. A confidence interval of 95% was used and a p-value of <0.05 was 
considered as statistically significant.

To exclude possible dependence among some of the patient characteristics that 
proved significantly different between diabetic patients and non-diabetic patients, 
univariate analysis of the possible difference in primary and secondary outcomes was 
additionally performed for these characteristics. Multivariable logistic regression 
analysis was performed to determine the relative contribution of the characteristics that 
proved statistically significant, on the dependent variables surgical site infection, wound 
dehiscence, serious adverse events, and 30-day mortality. All statistical analyses were 
performed using SPSS, version 26 (IBM, New York, NY, USA).
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RESULTS

COMPARABILITY OF STUDY GROUPS
Of the 9332 patients identified in the ACS-NSQIP datasets, 8067 patients (86.4%) were 
scored as non-DM, whereas 678 (7.2%) were scored with NIDDM, and 587 (6.3%) with 
IDDM. Overall, the distribution of pre-existent characteristics differed significantly 
between the non-diabetic patients and the diabetic patients (Table 2). Less difference 
was observed between the NIDDM group and IDDM group (Table 3).

Table 2 - Number (and percentage) or mean ±standard deviation of pre-existent characteristics 
among the patients of the non-DM group and the DM group.

Characteristic non-DM 
(n = 8067)

DM
(n = 1265)

non-DM vs. DM
p-value

Male 2377 (29.5) 599 (47.4) <.001

Age (years) 55.1  ±13.5 62.5 ±12.0 <.001

BMI (kg/m2) 28.4  ±6.5 30.9 ±8.0 <.001

Tobacco abuse 1484 (18.4) 286 (22.6) <.001

Hypertension 2867 (35.5) 976 (77.2) <.001

COPD 293 (3.6) 106 (8.4) <.001

Congestive heart failure 41 (0.5) 40 (3.2) <.001

Acute renal failure 10 (0.1) 17 (1.3) <.001

Steroid use 223 (2.8) 67 (5.3) <.001

Bleeding disorders 386 (4.8) 196 (15.5) <.001

Table 3 - Number (and percentage) or mean ±standard deviation of pre-existent characteristics 
among the patients of NIDDM group and the IDDM group.

Characteristic NIDDM
(n = 678)

IDDM
(n = 587)

NIDDM vs. IDDM
p-value

Male 305 (45.0) 294 (50.3) 0.065

Age (years) 63.0 ±11.8 62.0 ±12.3 0.14

BMI (kg/m2) 31.1 ±7.9 30.7 ±8.0 0.4

Tobacco abuse 133 (19.6) 153 (26.1) 0.006

Hypertension 504 (74.3) 472 (80.4) 0.010

COPD 48 (7.1) 58 (9.9) 0.073

Congestive heart failure 11 (1.6) 29 (4.9) .001

Acute renal failure 6 (0.9) 11 (1.9) 0.18

Steroid use 19 (2.8) 48 (8.2) <.001

Bleeding disorders 74 (10.9) 122 (20.8) <.001

2

160369-Maurits_Lange-BNW_def.indd   23160369-Maurits_Lange-BNW_def.indd   23 09-08-2022   16:0609-08-2022   16:06



24

CHAPTER 2

SURGICAL SITE COMPLICATIONS
Compared to the non-DM group, the diabetic patients scored significantly worse on two out 
of three primary outcome measures (Table 4). Flap failure could not be assessed properly 
because of the high number of missing values in the ACS-NSQIP datasets (2915/8067 or 
36%, 281/678 or 41%, and 279/587 or 47%, respectively, in the non-DM, NIDDM, and IDDM 
group). Among those patients for whom flap failure was noted in the datasets, its prev-
alence did not differ significantly (87/5152 or 1.7%, 8/397 or 2.0%, and 9/308 or 2.9%, 
respectively, in the non-DM, NIDDM, and IDDM group). The primary outcomes observed in 
the IDDM group matched those observed in the NIDDM group (Table 5).

Table 4 - Number (and percentage) of patients with surgical site complications among the 
non-DM group and the DM group.

Primary outcome measure non-DM
(n = 8067)

DM
(n = 1265)

non-DM vs. DM
p-value

Surgical site infection 770 (9.5) 203 (16.0) <.001

Wound dehiscence 178 (2.2) 45 (3.6) 0.004

Flap failure* 87/5152 (1.7)* 17/705 (2.4)* 0.179*

* provisional fractions (and percentages) based on available data.

Table 5 - Number (and percentage) of patients with surgical site complications among the NIDDM 
group and the IDDM group.

Primary outcome measure NIDDM
(n = 678)

IDDM
(n = 587)

NIDDM vs. IDDM
p-value

Surgical site infection 109 (16.1) 94 (16.0) 0.976

Wound dehiscence 22 (3.2) 23 (3.9) 0.52

Flap failure* 8/397 (2.0)* 9/308 (2.9)* 0.44*

* provisional fractions (and percentages) based on available data.

LOGISTIC MEASURES AND MEDICAL COMPLICATIONS
Mean operating time was significantly shorter among diabetic patients than in the non-DM 
group. Contrastingly, the need for blood transfusion and the length of hospital stay 
were significantly higher among the diabetic patients (Table 6). Likewise, the 30-days 
mortality and all of the serious systemic adverse events except thromboembolic, were 
observed significantly more often among the diabetic patients than in the non-DM group.

Among the IDDM group, the mean operating time was significantly shorter than in 
the NIDDM group (Table 7). Contrastingly, the length of hospital stay, the need for blood 
transfusions, and the 30-days mortality were significantly higher among the IDDM group. 
Of the serious adverse events, pneumonia and cardiac events occurred significantly more 
often in the IDDM group than in the NIDDM group.
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Table 6 - Number (and percentage) or mean ±standard deviation of secondary outcome measures 
among the non-DM group and the DM group.

Secondary outcome measure non-DM
(n = 8067)

DM
(n = 1265)

non-DM vs. DM
p-value

Operating time (minutes) 281 ±187 239 ±100 <.001

Blood transfusions 945 (11.7) 279 (22.1) <.001

Length of stay (days) 6.4 ±9.8 10.2 ±13.0 <.001

Serious adverse event 549 (6.8) 175 (13.8) <.001

 Pneumonia 96 (1.2) 40 (3.2) <.001

 Urinary tract infection 107 (1.3) 33 (2.6) <.001

 Thromboembolic events 162 (2.0) 27 (2.1) 0.767

 Cardiac events 45 (0.6) 32 (2.5) <.001

 Septic events 216 (2.7) 66 (5.2) <.001

 Renal events 33 (0.4) 23 (1.8) <.001

30-day mortality 47 (0.6) 35 (2.8) <.001

Table 7 - Number (and percentage) or mean ± standard deviation of secondary outcomes among 
the NIDDM group and the IDDM group.

Secondary outcome measure NIDDM
(n = 678)

IDDM
(n = 587)

NIDDM vs. IDDM
p-value

Operating time (minutes) 261 ±179 212 ±158 <.001

Blood transfusions 118 (17.4) 161 (27.4) <.001

Length of stay (days) 8.8 ±11.0 11.9 ±14.8 <.001

Serious adverse event 74 (10.9) 101 (17.2) < .001

 Pneumonia 9 (1.3) 31 (5.3) <.001

 Urinary tract infection 16 (2.4) 17 (2.9) 0.55

 Thromboembolic events 16 (2.4) 11 (1.9) 0.55

 Cardiac events 11 (1.6) 21 (3.6) 0.027

 Septic events 29 (4.3) 37 (6.3) 0.10

 Renal events 14 (2.1) 10 (1.7) 0.78

30-day mortality 12 (1.8) 23 (3.9) 0.020
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PREDICTING RISK FACTORS
On univariate analysis, the cofounders gender, age, BMI, and tobacco abuse were found 
not to be significantly associated with all of the dependent variables surgical site infec-
tion, wound dehiscence, serious adverse events , and 30-day mortality (Table 8).

Multivariate analysis with those confounders that were statistically significant 
showed that all contributed to the worse outcome observed among the diabetic patients, 
except for gender to 30-day mortality (Table 9). Diabetes mellitus was found to be the 
major confounder for all depending variables except wound dehiscence.

Table 8 - Relative risk (and p-value) of pre-existent characteristics on univariate analysis

Diabetes 
mellitus Male Age  

>56.1 years
BMI  

>28.8 kg/m2
Tobacco 
abuse

Surgical site infection 1.68 (<.001) 1.48 (<.001) 1.26 (<.001) 1.36 (<.001) 1.24 (0.003)

Dehiscence 1.64 (0.004) 1.09 (0.68) 1.09 (0.68) 1.63 (<.001) 1.81 (<.001)

Serious adverse event 2.03 (<.001) 1.58 (<.001) 1.60 (<.001) 1.03 (0.71) 1.39 (<.001)

30-day mortality 4.67 (<.001) 2.33 (<.001) 5.00 (<.001) 0.89 (0.48) 1.75 (0.017)

Table 9 - Odds ratio (and p-value) of pre-existent characteristics on multivariate analysis

 Diabetes 
mellitus Male Age  

>56.1 years
BMI  

>28.8 kg/m2
Tobacco 
abuse

Surgical site infection 1.49 (<.001) 1.42 (<.001) 1.01 (0.009) 1.03 (<.001) 1.27 (0.005)

Dehiscence 1.43 (0.038) n.a. n.a. 1.03 (<.001) 1.97 (<.001)

Serious adverse event 1.80 (<.001) 1.38 (<.001) 1.02 (<.001) n.a. 1.40 (<.001)

30-day mortality 3.19 (<.001) 1.40 (0.21) 1.07 (<.001) n.a. 2.19 (0.002)
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DISCUSSION

Surgical flap transposition plays an important role in treatment and prevention of 
diabetic sequelae, but the potential association between diabetes mellitus and surgical 
complications after pedicled flap transposition remained unclear. The results of this study 
show that diabetes patients in general do significantly worse after pedicled flap transpo-
sition in regard to surgical, medical, and logistic outcome measures. Even though addi-
tional pre-existent characteristics proved to be of influence, diabetes mellitus could be 
identified as a major independent confounder of surgical site complications and medical 
complications. Furthermore, we found IDDM patients and NIDDM patients to be more 
comparable in pre-existent characteristics and surgical site outcome measures. These 
two groups of diabetics differed significantly regarding the medical and logistic outcome 
measures. Hence, it appears as if IDDM patients and NIDDM alike experience more flap-re-
lated wound healing problems and that IDDM patients, additionally, are less fit than 
NIDDM patients to sustain shorter surgery and a longer recovery time.

Because of inaccuracy of the datasets, flap failure could not be assessed as the 
principle outcome measure of flap-based surgery. With the provisional assessment we 
executed, we found matching flap failure rates among all three groups.

SURGICAL SITE INFECTIONS AND SEPSIS
Others before us found that diabetic patients run a higher risk of surgical site infections 
and sepsis.10,15,25 In their meta-analysis, Martin et al.10 found diabetes to be an indepen-
dent risk factor for surgical site infections (OR 1.53). In addition, Shah et al.26 reported 
increased chances of infection, infection-related hospitalization, and infection-re-
lated death in a cohort of more than half a million diabetic surgical patients. In these 
patients, the hyperglycaemic environment is accepted to be the main pathogenic contrib-
utor causing infection through immune dysfunction, micro- and macrovasculopathies, 
and reduced antibiotic penetration due to poor tissue perfusion.15,27 71 The resulting local 
infections become systemic when unrecognized or improperly treated, and will ultimately 
end in sepsis.25 Our results do not contradict this. These findings stress the importance 
of clinical vigilance and special wound care in diabetic patients. Perioperative glucose 
control has shown to reduce the risk of infections, emphasizing the need for proper 
screening and administration of blood glucose lowering agents.28,29

LOGISTIC MEASURES
The mean operating time among the diabetic patients was found less than among non-di-
abetics. This may be explained by vascular changes that lead to decreased tissue perfu-
sion, reduced intraoperative bleeding and, consequently, shorter operative procedures.8 
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Alternatively, this may indicate that (plastic) surgeons are less likely to perform extensive 
procedures in diabetic patients.

Contrastingly, the length of hospital stay and the need for blood transfusions in 
this group was significantly higher than in both other groups. Delayed wound healing 
and more postoperative infections among the diabetic patients apparently prolong the 
time to discharge.10,11,18 Since extended hospital stays form a major clinical and economic 
burden, hospitals and health care systems could benefit from reducing in-patient days.30 
Proper and timely management and prevention of surgical complications occurring among 
diabetic patients might reduce the length of hospitalization.

POSTOPERATIVE MORTALITY AND MEDICAL COMPLICATIONS
This study also revealed a more than two-fold increased risk of 30-day postoperative 
mortality among diabetic patients, with an overall mortality of 2.8%. This observation 
is in line with those of Frisch et al.11 and Krolikowska et al.,31 who both reported signifi-
cantly higher mortality rates after noncardiac surgery among diabetic patients compared 
to non-diabetics (3.1% vs. 2.3%, respectively 3.5% vs. 0%). Contrastingly, Serio et 
al. did not find an increased risk of mortality in 211,436 diabetic patients undergoing 
general and vascular surgery.32 Although consensus on mortality after surgery in diabetic 
patients cannot be reached, the association with potentially lethal complications is convi
ncing.10,11,15,18,19,25,28,31,32 The results of our current study, once again, emphasize the vulner-
ability of diabetic patients and the need for proper perioperative control and care of their 
diabetic conditions.11,29,31

Thromboembolic events were the only serious adverse event that we found not to 
be increased among the diabetic patients. While the prothrombotic characteristics 
of diabetes make a direct relationship with thromboembolic events likely, reports on 
this topic are inconsistent.33 A meta-analysis by Bell et al.33 suggests either no, or only 
a modest positive association between diabetes mellitus and thromboembolic events. 
Stein et al.34 conducted a retrospective study with well over 92 million diabetic patients 
and found that the risk for thromboembolic events was elevated only in patients younger 
than 50 years, and the highest in patients aged 20 to 29. The relative risk decreases with 
age, as age-associated comorbidities have a greater share in causing thromboembolic 
events than diabetes.34 With a mean age well over 50 years in our studied cohort, throm-
boembolic events are less likely to be caused by diabetes.

FLAP FAILURE
The literature lacks substantial reports regarding the potential association of diabetes 
mellitus and the clinical outcome of pedicled flap transposition.16,20,21 Both experi-
mental studies on the outcome of pedicled flaps in diabetic rats,35,36 and clinical studies 
on perforator flaps,21 furthermore, reported conflicting results. Likewise, it is still 
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debated whether a free flap or a pedicled flap is more prone to flap failure.16,37,38 These 
conflicting results may partly be explained by the influence the anatomical region may 
have on flap failure rates. As such, circulation is often diminished as a result of peripheral 
arterial disease in the lower extremities of diabetic patients. Likewise, diseases in the 
head and neck region are often associated with tobacco abuse and, consequently, with 
hypoxia, vasoconstriction, and an elevated level of blood platelets.30 Unfortunately, the 
ACS-NSQIP database does not allow sufficient differentiation of surgical sites to correct 
for this probable confounder.

POTENTIAL LIMITATIONS
Because of the wide variety of general surgical information the ACS-NSQIP database regis-
ters, variables are often generic in nature. Specific details are not provided and key vari-
ables to the plastic surgeon are not tracked. For instance, the exact anatomical location of 
donor and recipient sites, pre- and postoperative blood glucose/HbA1c levels, and more 
detailed descriptions of flap complications would help to more specifically analyse the 
impact of diabetes on flap surgery. Second, surgical outcomes are only documented for 
up to 30 days postoperatively. Hence, potential long-term consequences of flap surgery 
such as subclinical chronic infection, long-term mortality, and scar contractures are not 
captured. Third, all patients that underwent any pedicled flap procedure were included for 
this study, irrespective of the procedure being documented as a principal, or a concurrent 
intervention. Concurrent major non-plastic interventions might have had greater effect 
on postoperative outcomes than the plastic surgical procedure itself.

FUTURE DEVELOPMENTS
Even though the negative metabolic effects of surgery and anaesthesia in diabetic 
patients are well established,32 the postoperative prognosis of diabetic patients remains 
controversial. Diabetic patients develop a stress-induced hyperglycaemia, which 
increases the risk of possible lethal infections and end-organ complications in the post-
operative period.11 Still, perioperative glycaemia can effectively be managed and this has 
been shown to reduce postoperative morbidity and mortality.28,29

Future studies should be of prospective design, allowing for more detailed docu-
mentation and in-depth analysis of risk factors. Preoperative HbA1c and perioperative 
blood glucose evaluation could help determine the effects of long-term and short-term 
glycaemic control, respectively. Exact donor and recipient site documentation would 
allow the identification of high-risk anatomical flap locations. Most potential risk factors 
are changeable or modifiable and this would allow more strategic preoperative planning 
and more effective perioperative intervention.

2
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CONCLUSION

This study demonstrates that NIDDM and IDDM patients alike, run a significantly increased 
risk of local and systemic complications after pedicled flap-based reconstructive surgery. 
Both groups of diabetic patients run a comparable risk of local wound healing, whereas 
the IDDM group runs a higher risk of systemic complications and 30-day mortality than the 
NIDDM group. Our findings suggest that diabetes mellitus is an independent confounder of 
surgical site infection, wound dehiscence, serious adverse events, and 30-day mortality. 
Because of a high rate of missing values in the studied database, no association between 
diabetes mellitus and flap failure could be objectified. Our observations confirm that 
patients with diabetes mellitus are confronted with significantly more postoperative 
complications than non-diabetic patients.
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ABSTRACT

Background and Aim
Primary intra- or transabdominal transplantation of an extended rectus abdominis 
myocutaneous (ERAM) flap may help prevent surgical complications of pelvic resections. 
Surgical delay of the ERAM flap may help prevent intra-abdominal (partial) flap loss after 
transplantation in highly complex situations including previous irradiation. We report on 
the outcome of this approach and the risk-factors associated with an eventful outcome.

Methodology
From 2012 to 2020, 105 delayed ERAM flaps were consecutively applied immediately 
following extended pelvic resections after chemoradiation or hyperthermic intraperito-
neal chemotherapy. We addressed the increased reconstructive demands by designing 
the flap in line with the 10th rib and delaying the flap’s skin island. All post-operative 
complications were assessed in light of patient-related or procedure-related potential 
risk-factors.

Results
Major complications occurred in 39 patients. These were correlated with surgery for 
residual or recurrent malignancy (p < 0.01), with tip necrosis after flap delay (p = 0.02), 
and with the use of a mesh to close the abdominal donor site (p < 0.01). (Partial) flap loss 
occurred in 4 cases.

Conclusion
We observed a comparably high rate of major complications after ERAM transplantations 
for increasingly extending indications of perineal-pelvic resections. We consider this to 
be attributable to poorer patients’ conditions and disease processes, rather than to flap 
viability. Delay of the flap allowed for the use of large and voluminous flaps with compa-
rably little (partial) flap loss.
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INTRODUCTION

Perineal wound closure after abdominoperineal resection of the rectum (APR) or pelvic 
exenteration features high rates of surgical complications, particularly following 
previous radiotherapy.1-3 Compared to direct approximation, primary application of 
a rectus abdominis myocutaneous (RAM) flap has been shown to reduce post-opera-
tive pelvic and perineal morbidity by obliteration of the resulting pelvic dead space and 
replacement of the resected perineal tissues.2,4-6 This flap can be designed with a trans-
verse (TRAM), a vertical (VRAM), or an extended skin island (ERAM).7,8 Compared to the 
VRAM or TRAM flap, the extended design offers less bulk in its pedicle, a greater arc of 
rotation, a larger skin paddle, and a smaller fascial defect.2-4,9,10 To date, three series were 
reported of primary intra- or transabdominal ERAM transplantation in complex pelvic 
wound reconstructions.2-4 These series featured up to 31 patients, all of whom had been 
operated on up to 2010.

Working in a comprehensive cancer center, we have been confronted with increas-
ingly complex perineo-pelvic resections resulting from extending indications for ablative 
surgery and concurrent (neo) adjuvant treatment including previous irradiation. Over 
15 years ago, we started addressing these increasing demands by the extension and a 
surgical delay of the ERAM’s skin paddle prior to primary transabdominal transplantation. 
Such routine delay of the ERAM flap has not been presented previously. We report on the 
outcome of this approach and the risk-factors associated with an eventful outcome in a 
large series of patients treated this way.

3
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METHODS

PATIENTS
From January 2012 to January 2020, 105 pedicled ERAM flaps were consecutively applied 
for combined perineal-pelvic surgery and reconstruction in 62 men and 43 women with 
a mean age of 63 years (range, 28 – 80 yrs; SD 10.8) and a mean body mass index of   
26.0 kg/m2 (18.4 – 39.4 kg/m2; SD 4.53) (Table 1).

Table 1 - Number (and percentage) of patient-related characteristic in our series of 105 patients.

Characteristic Number of patients 
(percentage)

Male 62 (59)

Current tobacco abuse 22 (21)

Diabetes mellitusa 11 (10)

Cardiovascular disorder 34 (32)

Residual or recurrent tumor 74 (71)

Origin of primary tumor

 Gastro-intestinal 80 (76)

 Urological 15 (14)

 Gynecological 10 (10)

Pre-existing ostomy

 Colostomy 47 (45)

 Urostomy 1 (1)

 Both 2 (2)

Anus previously resected 13 (12)

Prior/pre-op chemoradiation 104 (99)b

a: diabetes mellitus was controlled in all
b: the one remaining patient had had hyperthermic intraperitoneal chemotherapy (HIPEC)

Seventy-four patients were operated on for recurrent or residual tumor after previous 
chemo-radiotherapy (n = 30), surgery (n = 7), or a combination of both (n = 37), whereas 
17 patients were operated on for a primary malignancy. All 17 primarily operated patients 
and 29 of the 74 patients operated on for a recurrent or residual tumor received neoadju-
vant chemoradiation therapy before combined resection and ERAM transplantation.

The remaining 14 patients were operated on for rectovaginal, rectourethral, or vesi-
covaginal fistula (n = 9), a presacral abscess (n = 3), or a perineal hernia (n = 2) resulting 
from previous oncologic treatment including chemoradiation. In all, 104 patients had 
had chemoradiation therapy prior to surgery. The remaining patient had previously had 
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hyperthermic intraperitoneal chemotherapy (HIPEC).11 Previous surgery had included 
resection of the anus in 13 patients.

PRE-OPERATIVE PLANNING
In the 48 patients who presented with either a colostomy (n = 47) or urostomy (n = 1) 
resulting from previous interventions, and in those in whom either a colostomy or a 
urostomy was planned as part of the APR or exenteration, the ERAM was preferably 
harvested from the contralateral site.9 Still, presence of a ostomy is not considered a 
contraindication for an ipsilateral ERAM flap. In the 2 patients presenting with both a 
colostomy and a urostomy, as well as in cases of scarring of the donor side from previous 
surgery, the continuity of the inferior epigastric vascular pedicle from groin up to the 
peri-umbilical perforators was routinely assessed using preexistent abdominal images.12 
Additional CT-angiography was performed only in cases where previous imaging was 
considered inadequate to allow assessment of this vascular supply.4,8 This was done in 9 
cases including a preexistent unilateral colostomy or urostomy combined with contralat-
eral scars (n = 3), preexistent bilateral scarring (n = 2), or preexistent bilateral ostomies 
(n = 1).8 The indications for the three remaining angiographies could not be objectified.

The ERAM was designed based on hand-held Doppler detection of the peri-umbil-
ical perforators of the inferior epigastric vascular pedicle. This way, any lateral displace-
ment of the perforators resulting from divarication of the rectus abdominis muscles can 
be recognized.7 The flap’s skin paddle was designed in line with the tenth rib, along the 
inferior costal arc (Figure 1).8 The pinch test was used to determine the maximum width 
of the skin paddle and care was taken to plan the inferior border of the flap cranially to 
the level of the arcuate line of the deep rectus fascia.7 Laterally, the flaps extended to the 
mid-axillary or posterior axillary line, depending on the pinch test indicative of wound 
closure free of tension. In order to allow harvesting and wound closure in supine position 
no flap was designed past the posterior axillary line.

3
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Figure 1 - View of a 8x28 cm ERAM flap, 4 days after its delay and one day prior to total exen-
teration with ileal urinary conduit in a 71-year-old man with a second recurrence of prostate 
carcinoma, 7 years after external beam radiotherapy and hormonal therapy, and 2 years after 
brachy-radiotherapy for a first recurrence. Additionally, the patient underwent near-total colec-
tomy and an ileostomy for ulcerative colitis, 6 years ago. Current indication for surgery is pain, 
bleeding, and necrosis of the prostate region and distal bladder, for which a suprapubic urinary 
deviation catheter has been placed. The flap is to be taken from the left side because of the ile-
ostomy with parastomal hernia, at the right. The large ink dot caudally to the flap represents the 
suggested location of the second stomy to be made. Note that our design of the flap’s skin paddle 
is in line with the tenth rib along the inferior costal arc, rather than more oblique along the axis 
of the eighth rib.
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SURGICAL TECHNIQUE

Flap delay
A minimum of three days prior to flap transplantation, surgical delay of the skin paddle 
of all flaps was performed to allow its increase in size and volume and to prevent (partial) 
necrosis once the flap is brought intra-abdominally.9,13 This delay was performed a mean 
of 5.3 days (range, 3 - 14 days; SD 1.57) before transplantation in 104 of the flaps, whereas 
transplantation of the remaining flap was postponed 4 months to allow chemotherapy 
prior to ablative surgery.

The pre-marked skin island was fully circumcised down to the linea alba and the fascia 
of the oblique abdominal and rectus abdominis muscles. Mean length of the skin paddle 
was 29.4 cm (range, 20 - 42 cm; SD 5.23) and its width, 9.7 cm (range, 6 – 16 cm; SD 2.04). 
The flap was raised from the fascia from lateral to medial until the lateral border of the 
rectus sheet was reached. The superficial rectus fascia was subsequently incised along 
the superior border of the skin island to locate the lateral border of the rectus abdominis 
muscle and to allow careful medial dissection until the perforators were encroached.5,8,10 
The superior fascial incision was re-approximated and the skin island was sutured in its 
original position over a Redon drain that was left until flap transplantation.

Laparotomy and flap transplantation
Midline laparotomy APR (n = 42), pelvic exenteration (n = 58), resection of presacral 
metastasis (n = 2), pelvic reduction of perineal hernia (n = 2), or sole debridement of a 
chronic presacral abscess (n = 1) was performed by a mostly multidisciplinary team of 
ablative oncologists (Table 2) and occasionally combined with intra-operative additional 
radiotherapy (n = 10) or HIPEC (n = 2).11 The anus was resected as part of this procedure in 
76 of the 105 patients (0.72), and newly made or revised colostomies (n = 40), urostomies 
(n = 20), or both (n = 24) were brought through and fixed in the abdominal wall. Conse-
quently, 58 patients had a colostomy or a urostomy whereas the remaining 47 patients 
had both a colostomy and a urostomy at the end of the combined procedure. Ureteral 
re-anastomosis (n = 4), (partial) bladder resection (n = 3), or unilateral ureteronephrec-
tomy (n = 1) was performed in eight patients.

Following the resection, the ERAM flap skin paddle was lifted from the oblique abdom-
inal muscular fascia by the plastic surgeon. Necrosectomy of the tip was indicated in 27 
flaps (0.26), resulting in a mean residual length of 28.2 cm (range, 20 - 42 cm; SD 4.99) 
of the 105 flaps to be transplanted (Table 2). The anterior lamina of the rectus sheet was 
opened circumferentially to the subcutaneous cuff protecting the perforators. We make 
a point of leaving enough of the caudal part of the anterior lamina to generously overlap 
with the linea arcuate of the posterior lamina in order to later allow double-breasted 
closure.7 

3

160369-Maurits_Lange-BNW_def.indd   41160369-Maurits_Lange-BNW_def.indd   41 09-08-2022   16:0609-08-2022   16:06



42

CHAPTER 3

Table 2 - Number (and percentage) of procedure-related characteristic in our series of 105 
patients.

Characteristic Number of patients 
(percentage)

Ablative oncologists involved*

 Lower gastro-intestinal surgeon 100 (95)

 Urologist 54 (51)

 Gynecologist 11 (10)

Elements of oncological interventions

 New or revised colostomy 64 (61)

 Ilial or colonic urinary conduit 44 (42)

 Urinary track repair 7 (7)

 Anus resection 76 (72)

 Coccygeus/sacrum resection 32 (30)

 Intra-operative radiotherapy 10 (10)

 HIPEC 2 (2)

Reconstructive surgery

 Right-sided donor site 78 (74)

 Tip necrosis after delay 27 (26)

 Fully de-epithelialized flap 64 (61)

 Additional perineal flap(s) 4 (4)

 Mesh closure of donor site 26 (25)

*: numbers add up to 165 because 2 (n = 52) or 3 (n = 4) ablative disciplines were involved HIPEC: 
hyperthermic intraperitoneal chemotherapy

The rectus muscle was dissected caudally down to the level of its inguinal vascular 
pedicle. In four patients, a pre-existent colostomy (n = 3) or urostomy (n = 1) was tempo-
rarily taken down to allow dissection of the vascular pedicle ‘flush’ on the ostomy.

Depending on the reconstructive demands, the flap was partly de-epithelialized and 
transplanted trans-abdominally for perineal wound closure or vaginal reconstruction 
(n = 41),3,4 or completely de-epithelialized to be used intra-abdominally for pelvic fibro-
muscular diaphragm reconstruction or filling of the pelvis (n = 64).7,10 The mean de-epi-
thelialized area of the 41 partly de-epithelialized flaps comprised 78% (range, 20 - 95%; 
SD 20.6) of the skin paddle surface.

The pelvic fibromuscular diaphragm could be primarily closed in 10 of the 64 patients 
with a completely de-epithelialized flap. In these patients, the flap was used solely to fill 
the pelvis with well-vascularized tissue. The dermis of remaining 54 completely de-epi-
thelialized flaps was sutured circumferentially to the remnants of the pelvic diaphragm 
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to prevent herniation. No reinforcement of the pelvic diaphragm by synthetic or biode-
gradable mesh was performed in any of our patients. In two of these 64 patients, bilateral 
gluteal fold flaps were additionally used primarily to close a perineal defect.14

Abdominal donor site closure started by double-breasted vest-over-pants suturing of 
the arcuate line of the posterior lamina of rectus sheet to the inferior remnant of the 
anterior lamina resulting after flap harvesting.7 The remaining lateral and cranial edges 
of the anterior lamina defect were, likewise, sutured onto the posterior lamina. Such 
primary fascial closure may well be achieved in most patients.4,8 A mesh to prevent cica-
tricial herniation was sutured in between both layers only in cases where the quality and 
quantity of both the inferior superficial rectus fascia and the superior deep rectus fascia 
were deemed insufficient to allow adequate double-breasted closure.8,9 The decision to 
do so was left to the discretion of the plastic surgeon operating. Consequently, a mesh 
was applied in 14 of the 43 female patients (0.33) and 12 of the 62 male patients (0.19) 
(p = 0.13). Of these, five men and two women were operated on by the one plastic surgeon 
who routinely applied a mesh in all cases.

The skin paddle donor site was subsequently closed primarily after mobilization of its 
edges. Only after such rearrangement of the abdominal fascia and integument, was any 
ipsilateral ostomy brought through and set into the abdominal wall. Finally, the midline 
abdominal wound was closed. The follow-up after this combined procedure averaged 38 
months (range, 3 – 90 month; SD 22.3) in the 55 patients surviving to date (0.52).

DATA GATHERING AND ANALYSIS
Outcome measures
All donor site, receptor site, or intra-abdominal complications, unscheduled surgical 
re-interventions, and (partial) flap losses were recorded as outcome measures of surgical 
therapy. Differentiation was made between minor and major complications. Minor compli-
cations were defined as complications that were treated conservatively, whereas events 
that necessitated unscheduled surgical re-interventions or vacuum assisted closure (VAC) 
therapy were regarded major complications.

Statistical analysis
We assessed the influence of patient-related (Table 1) and procedure-related potential 
risk-factors (Table 2) by comparison of the prevalence of major complications among 
those with the characteristic, to those without the characteristic by use of the Chi 
squared test for categorical data.15 P-values of 0.05 or less were considered statistically 
significant.

3
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RESULTS

The surgical outcome of the combined procedure was uneventful in 38 patients (0.36). 
In 39 of the 67 patients with an eventful outcome the complications observed necessi-
tated unscheduled repeat surgery or VAC therapy (Table 3). We found these major compli-
cations to correlate significantly with surgery for a residual or recurrent malignancy 
(p = 0.00), with tip necrosis after flap delay (p = 0.02), and with the use of a mesh to close 
the abdominal fascial donor site (p = 0.00), but not with increased age or BMI.

In the following, we distinguish between complications observed in the ERAM flap, at 
the flap’s donor site, at the receptor site, and intra-abdominally. Intra-abdominal compli-
cations were related to the surgical, urological, or gynecological interventions rather 
than the reconstructive procedure.

Table 3 - Number (and percentage) of patients with characteristic among patients with a major 
complication compared to that among patients without a major complication. Statistically 
significant p-values are provided in bold print.

Potential risk factor
Major 

complication
(n = 39)

No major 
complication

(n = 66)
P-value

Patient characteristics

 Tobacco abuse 9 (23) 13 (20) 0.68

 Cardiovascular disorder 11 (28) 23 (35) 0.48

 Residual or recurrent tumor 33 (85) 41 (62) 0.00

 Preexistent infection 6 (15) 15 (23) 0.37

Surgical procedure

 Exenteration 25 (64) 33 (50) 0.16

 APR 13 (33) 29 (44) 0.28

 Other procedure 1 (3) 4 (6) 0.42

Elements of surgical procedure

 New or revised colostomy 21 (54) 43 (65) 0.25

 Ilial or colonic urinary conduit 20 (51) 24 (36) 0.14

 Urinary track repair 2 (5) 5 (8) 0.63

 Anus resection 26 (67) 50 (76) 0.34

 Intra-operative radiotherapy 4 (10) 6 (9) 0.84

Elements of reconstructive procedure

 Tip necrosis after delay 15 (38) 12 (18) 0.02

 Fully de-epithelialized flap 24 (62) 40 (61) 0.93

 Mesh closure of donor site 16 (41) 10 (15) 0.00

APR: abdomino-perineal rectum resection
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ERAM FLAP OUTCOME
After transplantation, we observed necrosis of the entire skin paddle in 1 of the 64 fully 
de-epithelialized flaps and partial skin paddle necrosis in 3 of the partially de-epitheli-
alized flaps (Table 4). Three out of 4 of these cases occurred in the 22 current smokers (p 
< 0.01). None were associated with tip necrosis after the delay procedure. Necrosectomy 
and primary wound closure (n = 1), VAC therapy (n = 1), or additional unilateral gluteal 
fold flap transplantation (n = 1) were performed. Necrosis in the fourth patient was super-
ficial and left to heal by secondary intention.

Table 4 - Outcome of the 105 combined ablative and reconstructive interventions. The total 
number (and percentage) of complications is differentiated according to the number of resulting 
re-interventions and VAC therapies (major complications) versus the number of conservative 
treatments (minor complications).

Outcome measure Total Major 
complication

Minor 
complication

ERAM flap

 Partial necrosis 4 (4) 3 (3) 1 (1)

Flap donor site*

 Infection 5 (5) 3 (3) 2 (2)

 Skin necrosis 6 (6) 5 (5) 1 (1)

 Skin dehiscence 5 (5) 5 (5) 0 (0)

 Fascial dehiscence 6 (6) 4 (4) 2 (2)

Flap receptor site

 Infection 2 (2) 1 (1) 1 (1)

 Skin necrosis 9 (9) 4 (4)  5 (5)

 Skin dehiscence 19 (18) 4 (4) 15 (14)

 Perineal hernia 3 (3) 2 (2) 1 (1)

Intra-abdominal#

 Infection 16 (15) 11 (10) 5 (5)

 Enteral necrosis 2 (2) 2 (2) 0 (0)

 Enteral anastomosis leak 4 (4) 4 (4) 0 (0)

 Urinary diversion leak 9 (9) 2 (2) 7 (7)

 Other events 9 (9) 6 (6) 3 (3)

*: major donor site infection, integumental dehiscence, and fascial dehiscence (platzbauch) was 
concomitantly noted in 1 patient and minor infection and a major integumental dehiscence in 
another. This resulting in a total of 23 donor site complications noted among 20 patients.
#: likewise, a total of 40 intra-abdominal complications were observed in 33 patients.

3
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Absence of necrosis in the remaining 63 fully de-epithelialized and intra-abdominal flaps 
could be objectified on postoperative imaging studies in all and, additionally, during 
subsequent laparotomy in 15 of the 63 patients.

FLAP DONOR SITE OUTCOME
Donor site complications occurred in 20 patients, sixteen of whom needed unsched-
uled surgery or VAC therapy (Table 4). Short-term fascial dehiscence (n = 4) or long-term 
abdominal herniation (n = 2) occurred in 3 women and 2 men in the group of 26 patients 
in whom a mesh was applied at abdominal fascial closure (0.19), and in 1 of the 79 cases 
of closure without a mesh (0.01) (p < 0.01). This implies that the decision not to apply a 
mesh may reliably be made.

Mesh application was found not to correlate with increased age or BMI. Three short-
term dehiscences presented as a platzbauch associated with paralytic enteral distension 
(n = 1), an infected mesh (n = 1), or intra-abdominal urinary leakage (n =1). The fourth 
short-term fascial dehiscence was associated with paralytic enteral distension and was 
limited to subcutaneous enteral herniation. No cause could be specified for the long-term 
hernias. The 3 cases of platzbauch and the 1 hernia occurring without the initial use of a 
mesh necessitated surgical re-intervention, whereas the remaining two hernias could be 
managed conservatively.

FLAP RECEPTOR SITE OUTCOME
We observed receptor site complications in 33 patients, eleven of whom needed addi-
tional surgery or VAC therapy (Table 4). In 2 patients, perineal wound healing problems 
necessitated unscheduled addition of a gluteal fold flap or a lumbar flap after 2 days, 
respectively 7 months. Perineal herniation occurred in 1 of the 64 patients in whom the 
flap had been fully de-epithelialized and in 2 of the 41 patients in whom part of the skin 
paddle had been inserted into the perineum (p = 0.32). In one, the herniation could be 
successfully corrected surgically, 5 months post-transplantation. In the second, 2 subse-
quent surgical corrections did not prevent the herniation from recurring. Surgical correc-
tion was not indicated in the third patient.

INTRA-ABDOMINAL SURGICAL OUTCOME
A total of 40 intra-abdominal complications were observed in 33 patients, 21 of whom 
needed unscheduled surgery (Table 4). Post-operatively, a presacral abscess occurred in 
six of the 41 patients in whom the ERAM flap was partly de-epithelialized to replace a 
perineal defect and in one patient in whom the flap had been fully de-epithelialized to fill 
up the pelvic dead space (p = 0.01) None of these seven patients underwent the combined 
procedure for a preexisting presacral abscess.
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Among the 33 patients with intra-abdominal complications we did not observe more 
extra-abdominal complications than among the 72 patients without intra-abdominal 
complications (0.33, respectively 0.47; p = 0.18)

ONCOLOGIC OUTCOME
To date, 61 patients (0.58) were diagnosed with locally residual or recurrent disease or 
distant metastases, on average 7.8 months after combined ablation and ERAM transplan-
tation (range, 0 – 36 months; SD 7.13). Forty-one of these 61 patients underwent repeat 
surgery (n = 7), radiotherapy (n = 7), systemic therapy (n = 23), or a combination of these 
(n = 4).

Fifty of the 105 patients died of recurrent or residual disease (n = 49) or of non-on-
cological (n = 1) causes, on average 16.3 months post-operatively (range, 2 – 82 months; 
SD 15.32).

DISCUSSION

In our series of 105 patients, we observed an uneventful outcome in 38 per cent of 
patients. This compares unfavorably to the 48 to 56 per cent uneventful outcome reported 
in smaller series of patients treated prior to 2010 (Table 5).2-4 However, neither preexis-
tent colostomies, nor multidisciplinary ablative teams were mentioned in these reports. 
Additionally, the fractions of patient having previously undergone chemoradiation and 
the fractions of an APR or exenteration were smaller. It appears that, working in a tertiary 
referral center, we observed a relatively high rate of complications because we recon-
struct more complex pelvic wounds in multidisciplinary treated patients with poorer 
pre-operative condition.10 Accordingly, we found our major complications to be correlated 
with surgery for a residual or recurrent malignancy, with tip necrosis after flap delay, and 
with the use of a mesh for abdominal wound closure. We consider these 3 characteristics 
to equally reflect the patients’ relatively poor general condition and disease process.

To address the extension of indications for pelvic ablative surgery we, furthermore, 
apply ERAM flaps of larger size and bulk than those previously reported flaps (Table 5). 
Even so, we observed comparably little (partial) flap loss (n = 4), which is the most relevant 
outcome of flap-based reconstructive surgery. We consider the horizontal design and 
surgical delay of the flaps to have allowed for this comparably favorable outcome of the 
use of larger flaps in more complex defects. The skin paddle is designed parallel to the 10th 
rib, rather than more oblique and parallel to the 7th rib.7,8 First, the vascularization over 
the 10th rib is superior to that over the 7th rib. This was originally observed by Taylor et al.7 
and confirmed by Lee et al.10 Second, the abdominal subcutis included parallel to the 10th 
rib tends to be more voluminous than the purely thoracic subcutis overlying the 7th rib. 

3
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Table 5 - Comparison of our current series with the three previously reported series of primarily 
transabdominal ERAM flap transplantations for complex pelvic wound reconstructions.

Bell et al., 
2005

Abbott et al., 
2008b

Combs et al., 
2014

Current 
series

Study years 1999 - 2003 2002 - 2005 2001 - 2009 2012 - 2019

Number of patients 31 16 22 105

Mean age (range) 55 year  
(30 - 77)a

58 year 
(40 - 78)

60 year 
(   n.r.   )

63 year 
(28 - 80)

Pre-op radiotherapy 
(percentage) 21 (68) 8 (50) 19 (86) 105 (100)

Pre-op chemotherapy 
(percentage) 18 (58) n.r. n.r. 105 (100)

Number of APR vs. exenteration 30  vs. 0 8  vs. 4 10  vs. 10 42  vs. 58

ERAM extension n.r. anterior 
axillary line

anterior 
axillary line

posterior 
axillary line

Mean skin paddle length (range) 18 cm  
(12 - 25)a

21 cm 
(16 - 25)c n.r. 28 cm 

(20 - 42)

Abdominal mesh (percentage) 0 (0) n.r. 7 (37)d 26 (25)

Mean follow-up (range) 9 months  
(1 - 27)a

17 months 
(1 - 57)a

15 months 
(  n.r.  )

36 months 
(3 - 90)

Uneventful outcome 
(percentage) 15 (48) 9 (56) n.r. 38 (36)

(Partial) flap loss (percentage) 3 (10) 2 (13) 2 (11)d 4 (4)

Abdominal weakness 
(percentage) 2 (7) n.r. n.r. 6 (6)

a: median instead of mean.
b: this series includes six cases already reported by Lee et al., in 2004.(10)
c: of the six cases already reported by Lee et al., in 2004.(10)
d: approximation of outcome in 18 flaps used for primary complex pelvic wound reconstruction that 
were not left fully intra-abdominally.
n.r.: not reported

Unlike Combs et al.,3 we feel that inclusion of this larger subcutaneous volume results in 
more bulk than may be achieved with the VRAM flap. Third, the entire length and arc of 
rotation of the oblique design can be preserved by lateral extension of the horizontal skin 
island to the midaxillary or,5,7,8,16 even, posterior axillary line, rather than the anterior 
axillary line.2,3,10 The initial length of the 27 flaps in which tip necrosis appeared (mean 
31.2 cm, range 23 – 42 cm) differed significantly from that of the other 78 (mean 28.6 cm, 
range 20 – 42 cm) (p = 0.05). Still, the statistically critical length of flaps seems to be 36 
cm with significantly more flaps of and above that length showing tip necrosis than under 
that length (p = 0.05). In most patients, this allows a flap designed well past the midaxil-
lary line to ensure maximal flap volume and surface.
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Classen already suggested that such extension of the flap’s skin paddle might be safely 
achieved by a delay procedure.16 Surgical delay is performed either 1- to define the survival 
length of an unknown flap, 2- to improve the circulation to a known flap to combat the 
insult of a kink or twist when the flap is transferred, or 3- to increase the survival length 
of a known flap.9,17 The delay allowed for a mean skin paddle length of 28 cm of flaps to 
be transplanted, rather than 18 to 21 cm (Table 4).3,4 We now even feel that any flap that 
showed no tip necrosis could potentially have been designed longer primarily. Because we 
resect possibly ischemic parts prior to transplantation, such extension can safely be done 
without increased risk of intra-abdominal necrosis after transplantation.

Reporting on only one case of partial necrosis in a series of 18 ERAM flaps (0.05) 
Parrett et al.5 remarked that given the increased length-to-width ratio of the extended 
design, they might have found a higher rate of edge necrosis with a larger patient number. 
However, the length-to-width ratio of the 27 flaps in which we observed tip necrosis 
(mean 3.14, range 2 – 4) did not differ significantly from that of the 78 flaps that showed 
no tip necrosis (mean 3.08, range 2 – 5) (p = 0.68). Our comparable fraction (0.04) of 
(partial) necrosis in a much larger series proves that this use of the ERAM flap may be 
implicitly reliable. Because its bulk has a greater arc of rotation than the bulk immedi-
ately overlying to the muscle, we prefer this use to fill up the pelvic cavity and reach the 
pelvic floor or perineum.

CONCLUSION

We observed a comparably high rate of major complications after ERAM transplantations 
for increasingly extending indications of perineal-pelvic resections. We consider this 
to be attributable to poorer patients’ conditions and disease processes, rather than to 
flap viability or reconstruction. We addressed the increased reconstructive demands by 
designing the flap in line with the 10th rib and delaying the flap’s skin island to prevent 
intra-abdominal necrosis after transplantation. This allowed for extension of the lateral 
design of the skin island to obtain more flap volume and surface without any increase of 
(partial) flap loss.

3
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ABSTRACT

Background and Aim
To date, clinically relevant selection criteria have not been established for the use of the 
gluteal fold flap following oncological vulvoperineal resection. We prospectively assessed 
the surgical risk factors of this reconstructive technique in a large series.

Methodology
From April of 2000 through December of 2015, 114 gluteal fold flaps were used for vulvo-
perineal reconstruction following excision of (pre-)malignant skin disorders in 75 women. 
The possible influence of ten patient-related and six procedure-related risk factors on 
flap-related postoperative complications was statistically analyzed.

Results
We observed a major complication in 13 flaps (11%) and a minor complication in 19 flaps 
(17%). Previous radiotherapy (p = 0.01) was associated with significantly more complica-
tions, and a rotation flap design rather than VY-advancement (p = 0.02) was associated 
with major complications. Recurrent disease, multifocal tumor localization, incomplete 
removal of tumor, and bilateral flap procedure were found to be clinically relevant risk 
factors, but not significantly so. The same applied for recurrence of disease during post-
operative follow-up.

Conclusion
We identified surgical risk factors for gluteal fold flap use following oncological vulvo-
perineal resection. These observations may potentially allow for more favorable future 
surgical outcomes by adaption of selection of patients or procedure.
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INTRODUCTION

Acquired vulvoperineal defects are usually the result of excision of (pre-)malignant 
lesions and are rarely caused by infection, trauma, or the excision of burn scars or lichen 
sclerosus. 1-3 These (pre-)malignant lesions occur in 5 to 10 per 100,000 women in devel-
oped countries and include vulvar intraepithelial neoplasia (VIN), Paget disease, and 
frank invasive carcinoma (predominately squamous cell carcinoma, but sometimes basal 
cell carcinoma). 4-6 Primary surgical resection remains the gold standard of treatment for 
patients diagnosed with these (pre-)malignancies 5,7 but wound dehiscence, infection, or 
necrosis may complicate the postoperative course in up to 85% of women who underwent 
primary closure of the excisional defect. 8

Immediate vulvoperineal reconstruction by use of the gluteal fold flap has been 
proven to help avoid these surgical-related sequelae and their use is increasingly popular 
as a result of reported advantages. 9-12 Still, reported complication rates of the post-ex-
cisional use of these flaps vary from 10% to 44.4% 9-14, and a clear identification of risk 
factors could so far not be made because of limited series sizes 12-14 or use of various and 
sometimes even confusing terminology. 9,11-14

We report on the long-term outcome and risk factors in a large prospective series of 
gluteal fold flaps used for oncologic gynecological reconstructions to allow clinically 
relevant assessment of this technique.

MATERIALS AND METHODS
Patients
From April of 2000 through December of 2015, 114 gluteal fold flaps were used for vulvo-
perineal reconstruction following excision of a (pre-)malignant skin disorder in 75 
women. Thirty-three of these 75 women underwent bilateral gluteal fold flap reconstruc-
tion in one surgical session and six others underwent contralateral flap use for a recur-
rence of disease that was operated 9 to 32 months after initial surgery. Hence, these 75 
women underwent 81 reconstructive procedures in all. Sixty-three of these 81 procedures 
were done for malignant disease and eighteen for a pre-malignancy (Table 1).

Nineteen procedures were performed in women who had previously undergone radio-
therapy of the vulvoperineal region and 42 procedures were done for recurrent disease. 
In three of these 42 procedures the previously transposed flap was dissected again to be 
further advanced or rotated after resection of a second recurrence of disease.

4
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Table 1 - Patient-related characteristics during the 81 procedures

Characteristic

Mean age, years (sd) 72 (14.3)

Mean weight, kg (sd) 71 (14.6)

Mean BMI, kg/m² (sd) 26.7 (5.5)

Mean tumor diameter, cm (sd)* 4.1 (2.7)

Tobacco abuse, n (%) 19 (24%)

Previous radiotherapy, n (%) 15 (19%)

Recurrent disease, n (%) 42 (52%)

Diagnosis, n (%)

 SCC 62 (77%)

 VIN 11 (14%)

 M. Paget 7 (9%)

 BCC 1 (1%)

FIGO stage, n (%)**

 I 17 (53%)

 II 4 (13%)

 III 10 (31%)

 IV 1 (3%)

Location of defect, n (%)

 Vulva 29 (36%)

 Perineum 14 (17%)

 Combination 37 (46%)

 Para-anal 1 (1%)

Multifocal, n (%) 21 (26%)

* Calculated with nineteen missing values
**Thirty-two patients could be stage according to the FIGO-scoring system. The remaining 
49 procedures were done for recurrent SCC, VIN, BCC, or Paget’s disease

SURGICAL TECHNIQUES
At induction of anesthesia, 500 mg metronidazole (Flagyl®, Sanofi-Aventis, Gouda, the 
Netherlands) and 1500 mg cefotaxim (Zinacef®, Glaxo, Zeist, the Netherlands) were 
prophylactically administered intravenously to be continued for 24 and 72 hours, respec-
tively. All women were operated on in lithotomy position.

An inguinal sentinel node procedure (n = 20) or inguinal lymph node dissection (n = 18) 
was performed by the gynecological oncologist prior to vulvoperineal resection. Likewise, 
the vulvectomy, perineal resection, or combined vulvoperineal resection was performed 
by the gynecologist before the reconstructive plastic surgeon took over (Table 2).
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Table 2 - Procedure-related characteristics during the 81 surgical procedures

Characteristic Number (%)

Flap indication, n (%)

 Complete vulvectomy 41 (51%)

 Partial vulvectomy 21 (26%)

 Perineal resection 15 (19%)

 Combined vulvoperineal resection 4 (5%)

Flap type, n (%)

 VY-advancement 36 (44%)

 Rotation 39 (48%)

 Unilateral VY combined with contralateral rotation 6 (7%)

Bilateral procedure, n (%) 33 (41%)

Lymphadenectomy, n (%)

 Sentinel node procedure 20 (25%)

 Inguinal lymph node dissection 18 (22%)

Following identification of the internal pudendal perforating vessels by unidirectional 
Doppler, a triangular flap consisting of skin, subcutaneous fat and the superficial perineal 
fascia was raised in the gluteal fold. In this way, the infragluteal subdermal branches 
of the perforators were included in the flap. 15,16 The flaps measured a mean of 17.2 cm 
in length and 6.8 cm in width, or some 60 cm2 (range, 28 – 208 cm2; SD, 26.9). Gluteal 
fold flaps may be raised as VY-advancement flaps for perianal, perineal, or lateral vulvar 
defects, or they may be further dissected to be rotated anteriorly to unilaterally replace 
the major labium and closed lateral and anterior defects.8 Bilateral or otherwise exten-
sive defects were routinely closed with bilateral VY-advancement flaps or with a unilateral 
VY-flap in combination with a contralateral rotation flap.8 Dissection was continued until 
a tension-free advancement or rotation of the flap to the excisional defect was possible 
(Figures 1 to 4). No attempts were made at surgical identification or skeletonization 
of the perforators. 8 The flap was fixed in the defect and the donor site primarily closed 
over a drain using abundant deep subcutaneous sutures (Vicryl 3x0, Ethicon, Johnson 
& Johnson, Norderstedt, Germany) and an absorbable, intracutaneously running suture 
(Monocryl 3x0, Ethicon, Johnson & Johnson, Norderstedt, Germany). Additional exci-
sional defects were closed separately.

In this series, no fecal diversion by temporary or definitive colostomy was applied. 
Rather, patients were provided oral laxatives in case they did not spontaneously pass 
any stool on the first postoperative day. Because patients were provided with an epidural 
catheter for postoperative analgesia during the first 3 to 5 days, an indwelling urinary 
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catheter was left in all. A suprapubic, rather than transurethral catheter was used in cases 
where the urethral meatus had to be reconstructed. Three days of bed rest was prescribed 
and all women were closely followed-up postoperatively for possible complications. The 
hospital stay after the 81 procedures averaged 10.7 days (range, 1 – 55 days; SD, 8.24).

Figure 1 - Pre-operative view of bilateral vulvoperineal Paget disease in a 74-year-old woman.

160369-Maurits_Lange-BNW_def.indd   58160369-Maurits_Lange-BNW_def.indd   58 09-08-2022   16:0609-08-2022   16:06



59

A Prospective Assessment of Surgical Risk Factors in 114 Gluteal Fold Flap Reconstructions  
After Oncological Vulvoperineal Resection to Establish Clinically Relevant Selection Criteria

Figure 2 - Intra-operative view of the vulvoperineal defect after resection of Paget disease, in 
the same woman.

4

160369-Maurits_Lange-BNW_def.indd   59160369-Maurits_Lange-BNW_def.indd   59 09-08-2022   16:0609-08-2022   16:06



60

CHAPTER 4

Figure 3 - Immediate post-operative view after closure of the vulvoperineal defect by use of a 
gluteal fold VY-advancement flap at the right side and of a gluteal fold rotation flap at the left 
side. The patient was provided with a transurethral, rather than a suprapubic catheter because 
no urethral defect had to be reconstructed.

Figure 4 - Post-operative view of both flaps in the same woman, 6.3 years after surgery.
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STATISTICAL ANALYSIS
To assess potential patient-related and procedure-related risk factors for postoper-
ative events, all flap-related postoperative complications were scored. We defined a 
complication as any flap-related sequela such as (partial) necrosis, wound dehiscence, 
or infection. Complications such as a myocardial infarction, urinary tract infection or 
deep venous thrombosis were excluded from this assessment because we consider these 
not to be specifically related to the use or design of the flap but, rather, to the more 
extensive gynecological treatment. We distinguished between a major complication that 
required additional surgical intervention and a minor complication that could be treated 
conservatively.

First, we assessed whether the group with a complicated outcome differed from 
that with an uncomplicated outcome. Chi-square tests and relative risks were used to 
assess whether the distributions of the categorical patient- or procedure-related vari-
ables differed between these two groups.17 The categorical variables included tobacco 
abuse up to less than 6 months prior to surgery, previous radiotherapy, recurrent disease, 
squamous cell carcinoma, inguinal lymph node dissection, sentinel node procedure, 
extension of defect (either a combination of perineum and vulva, or not), whether or not 
the tumor was multifocal, whether or not the tumor seemed completely excised histolog-
ically, type of flap, and bilateral flap use. The relative risk of these risk factors was calcu-
lated rather than the odds ratio because of the prospective nature of this longitudinal 
cohort study.17 For continuous variables (age, weight, BMI, and tumor class) we used the 
two-tailed Student’s t-test.18 We created three classes of FIGO scores and assessed these 
as continuous variables. The first class included procedures done for a tumor sized 2 cm 
or less in FIGO stage I (n = 3), whereas the second class included procedures done for a 
tumor sized over 2 cm or a multifocal tumor in FIGO stage I disease (n = 15). The third class 
included procedures done for diseases staged FIGO II or higher (n = 14).

Second, we assessed whether the group with a major complication differed from 
that with no, or a minor complication. Because we were interested particularly in the 
risk factors for flap-related postoperative complications all statistical analyses were 
performed on the total number of flaps (n = 114), rather than on the number of patients 
or surgical procedures. P-values under 0.05 were considered statistically significant, but 
we were ready to consider p-values up to 0.15 as clinically relevant.

4
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Table 3 - Overview of the 32 flap-related complications in 114 flaps

Complication
n, (%)

Minor
(n = 19)

Major
(n = 13)

Tip necrosis 4 (21%) 8 (56%)

Wound dehiscence 9 (47%) 3 (25%)*

Wound infection 5 (26%) none

Complete flap loss none 1 (8%)

Hematoma none 1 (6%)

Granuloma 1 (5%) none

* Including one iatrogenic recto-vaginal fistula that was not recognized intra-operatively

Table 4 - Distribution of potential risk factors over the 82 flaps with an uncomplicated vs. the 32 
flaps with a complicated surgical outcome. P-values under 0.05 are presented in bold print

Characteristic Uncomplicated
(n = 82)

Complicated
(n = 32) Relative risk p-value

Mean age, years (sd) 72 (12.9) 70 (16.5) na 0.39

Mean weight, kg (sd) 71.8 (15.6) 70.0 (13.9) na 0.58

Mean BMI, kg/m² (sd) 27.0 (6.0) 26.6 (4.9) na 0.73

Mean tumor diameter, cm (sd)* 4.1 (2.7) 4.2 (3.3) na 0.87

Mean FIGO class, (sd)** 2.5 (0.7) 2.2 (0.4) na 0.17

Tobacco abuse, n (%) 19 (23.2%) 9 (28.1%) 0.93 0.58

Previous radiotherapy, n (%) 11 (13.4%) 11 (34.3%) 0.65 0.01

Recurrent disease, n (%) 39 (47.6%) 20 (62.5%) 0.85 0.15

SCC, n (%) 64 (78.0%) 22 (68.8%) 1.16 0.30

Multifocal, n (%) 22 (26.8%) 9 (28.1%) 0.98 0.89

ILD, n (%) 21 (25.6%) 7 (21.8%) 1.06 0.69

SN, n (%) 22 (26.8%) 6 (18.8%) 1.13 0.37

ILD or SN, n (%) 43 (52.4%) 13 (40.6%) 1.14 0.26

Rotation flap, n (%) 34 (41.5%) 19 (59.4%) 0.82 0.09

Combination defect, n (%) 42 (51.2%) 12(37.5%) 1.16 0.19

Bilateral, n (%) 44 (53.7%) 22 (68.8%) 0.84 0.14

Excision complete, n (%) 66 (80.5%) 23 (71.9%) 1.16 0.57

SCC: squamous cell carcinoma, ILD: inguinal lymph node dissection, SN: sentinel node procedure, 
na: not applicable
*Calculated with nineteen missing values
**These means were calculated using three classes. The differences were calculated over the 45 
flaps in 32 women with tumors that could be staged according to the FIGO-scoring system
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RESULTS

We observed an uneventful outcome in 82 of the 114 flaps (72%). A major complication 
occurred in 13 flaps (11%) and a minor complication in 19 (17%) (Table 3). During a mean 
of 40.2 months of follow-up (range, 2 – 177 months; SD, 38.7), 29 of the 75 women devel-
oped residual or recurrent disease. Twenty-six of these 29 women underwent repeated 
surgery (n = 20), radiotherapy (n = 5), or palliative analgesic treatment (n = 1). The three 
remaining women refrained from further therapy. To date, 16 of these 29 women died 
and 13 other women died of metastatic disease (n = 3), natural causes (n = 6), or causes 
unknown to us (n = 4), on average 37.6 months after surgery (range, 3 – 135 months; SD, 
27.0).

Table 5 - Distribution of potential risk factors over the 13 flaps with a major complicated surgical 
outcome vs. the 101 remaining flaps with minor or no complication. P-values under 0.05 are 
presented in bold print

Characteristic
Major 

complication
(n = 13)

No major 
complication

(n = 101)
Relative risk p-value

Mean age, years (sd) 70 (16.5) 72 (13.7) na 0.71

Mean weight, kg (sd) 71.8 (15.9) 71.2 (13.7) na 0.89

Mean BMI, kg/m² (sd) 26.5 (4.6) 26.9 (5.9) na 0.80

Mean tumor diameter, cm (sd)* 2.5 (1.6) 4.3 (2.9) na 0.24

Mean FIGO class, (sd)** 2.2 (0.5) 2.4 (0.6) na 0.44

Tobacco abuse, n (%) 5 (38.5%) 23 (22.8%) 1.92 0.22

Previous radiotherapy, n (%) 2 (15.4%) 20 (19.8%) 0.76 0.71

Recurrent disease, n (%) 8 (61.5%) 51 (50.5%) 1.49 0.42

SCC, n (%) 11 (84.6%) 75 (74.3%) 1.79 0.42

Multifocal, n (%) 6 (46.2%) 25 (24.8%) 2.29 0.10

ILD, n (%) 4 (30.8%) 24 (23.8%) 1.37 0.58

SN, n (%) 3 (23.1%) 25 (24.8%) 0.92 0.89

ILD or SN, n (%) 7 (53.8%) 49 (48.5%) 1.21 0.72

Rotation flap, n (%) 10 (76.9%) 43 (42.6%) 3.65 0.02

Combination defect, n (%) 5 (38.5%) 49 (48.5%) 0.69 0.49

Bilateral, n (%) 9 (69.2%) 57 (56.4%) 1.64 0.38

Excision complete, n (%) 11 (84.6%) 78 (77.2%) 1.54 0.55

SCC: squamous cell carcinoma, ILD: inguinal lymph node dissection, SN: sentinel node procedure, 
na: not applicable
*Calculated with nineteen missing values
**These means were calculated using three classes. The differences were calculated over the 
45 flaps in 32 women with tumors that could be staged according to the FIGO-scoring system
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Complications, in general, occurred statistically significant more often in flaps done 
in women who had previously undergone radiotherapy (p = 0.01; RR = 0.65) (Table 4). 
Women who presented with recurrent disease, or in whom bilateral flaps were used or 
a rotation rather than a VY-advancement flap was done, were more likely to develop a 
complication, but not significantly so. Additionally, we observed that women who devel-
oped a recurrence during follow-up tended to have experienced flap complications more 
often (14/32 vs. 21/82; p = 0.06; RR = 1.29). These statistically non-significant observa-
tions were considered clinically relevant.

Women in whom the vulvoperineal defect was closed with a rotation flap rather than 
a VY-advancement flap experienced statistically significant more often a major complica-
tion (p = 0.02; RR = 3.65) (Table 5). A multifocal tumor was associated more often with a 
major complication, but not significantly so.

DISCUSSION

THE GLUTEAL FOLD FLAP
Unaware of the work by Yii and Niranjan on the lotus petal flap,19 the senior author intro-
duced the infragluteal flap in 1997.16 In previous work, we explained why we feel that 
fasciocutaneous flaps are to be preferred for the reconstruction of superficial defects 
in the vulvoperineal region.8 Because of its many advantages,4,9,20 the infragluteal petal 
flap subsequently evolved to be called the gluteal fold flap that is now widely used for 
vulvoperineal reconstruction. It has a highly reliable blood supply16 branching from the 
perforator of the internal pudendal artery between the anus and the ischial tuberosity.15 
Acceptable sensitivity from the pudendal nerve branches that run parallel to these perfo-
rator vessels usually recovers three to six months after harvesting,9,11-13,20 even though not 
all authors have this experience.4,14

Aesthetically, the gluteal fold flap is superior because of the inconspicuous donor 
scar.12,20 Whether, or not, the skin of the infragluteal donor site matches that of the vulvo-
perineal recipient area in terms of color, hair, and texture is debated.9,11,13,20 Adjacent 
flaps, in general, feature an optimal match with the recipient site and a donor site closer 
to the vulvoperineal region is hardly conceivable. Tissue excess of the gluteal fold flap has 
been identified as the principal cause of aesthetic dissatisfaction4,12,13,20 and may require a 
secondary debulking procedure that raises concerns about flap perfusion.21 Additionally, 
the donor site is said to cause discomfort while sitting during the postoperative period.9,21 
We encountered bulkiness problems with rotation flaps only and solved this intra-opera-
tively by thinning the flap at the level of Scarpa’s fascia. We observed some discomfort at 
the most lateral part of the donor scars but this usually resolved within four weeks after 
surgery. In all, revision surgery for aesthetic or functional complaints was only required 
in three (4.0%) of our patients.
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Gluteal fold flaps are considered relatively small in size and insufficient to reconstruct 
extensive vulvar lesions22 or deeper pelvic defects.14 In our series multiple extensive 
defects were reconstructed with large flaps measuring 24 x 11 cm but we also consider 
them to be primarily useful for superficial, and not for pelvic defects. VY-advancement 
gluteal fold flaps, and bilateral flaps in particular, are said to always have maximal tension 
on the midline and this has been associated with wound disruption and webbing deformi-
ties resulting from scar contractures.23 We feel such sequelae may be prevented, provided 
that the flap is properly dissected and tension-free closure is actively strived for.

Cancer recurrence in the gluteal fold flap is avoided because its donor area does not 
lie in the pathway of carcinoma spread4,13,14 that is principally towards the medial thigh 
and groin lymph nodes.24 The surgical procedure itself is easy, fast, and safe14 and the flap 
is characteristically associated with rapid healing 14 and high patient satisfaction. 12,13

Apart from the pudendal thigh flap, the gluteal fold flap is the only petal of the lotus 
flaps that does not cross the inguinal, vulvocrural, or infragluteal fold.8 Various other 
fasciocutaneous thigh flaps22 and the deep inferior epigastric perforator (DIEP) flap have 
been advocated for vulvoperineal reconstruction as an alternative for the gluteal fold 
flap. Even when large defects need to be reconstructed the laxity of adjacent thigh skin 
with similar color and texture match allows sufficient tissue to fill dead space, cover the 
pubic bone, and line the periurethral area.22 Still, relative remoteness to the vulva of the 
vascular pedicle may limit tension-free transpositioning of these thigh flaps 23 and may 
result in conspicuous scarring and webbing in the natural folds.8,21,23.

Use of a pedicled DIEP flap implies the advantage of inclusion of a long and reliable 
vascular pedicle, even after radiotherapy and in cases of secondary reconstruction.21,25 
The DIEP flap provides enough tissue for large and deep vulvar defects and it can be safely 
tailored according to the dead space to be filled 21,25 Still, tissue match is less. More impor-
tantly, a DIEP procedure is technically difficult and time consuming in comparison to the 
gluteal fold flap and it features potentially more serious donor site morbidity. 25

POTENTIAL METHODOLOGICAL LIMITATIONS
Before we discuss the clinical implications of our observations, some potential limita-
tions of our methodology need be addressed. As such, we jointly assessed the results in 
women treated for a malignancy (SCC or BCC) or a pre-malignant condition (VIN or M. 
Paget) even though an malignant condition is generally considered a risk factor for post-
operative complications.26 Still, no significant differences in the occurrence of (major) 
complications were observed between flaps performed for malignant and pre-malignant 
indications (p = 0.30 and p = 0.42 for complicated vs. uncomplicated (Table 4) and major 
complications vs. the rest (Table 5), respectively).

Second, we assessed surgical risk factors rather than patient satisfaction regarding 
cosmetic, functional and sensitivity outcomes, or quality of life after surgery. We did so 

4

160369-Maurits_Lange-BNW_def.indd   65160369-Maurits_Lange-BNW_def.indd   65 09-08-2022   16:0609-08-2022   16:06



66

CHAPTER 4

because the latter has already been reported on extensively. These reports, in general, 
indicate that the majority of patients experience satisfactory sensibility, favorable 
aesthetic results and minimal discomfort or functional problems.9,11-14,20

Third, we did not randomly assign a rotation flap or VY-advancement and this may 
have introduced a selection bias. Such random assignment would have been unethical 
because factors such as defect location, size, and shape determine what flap design is 
considered best and, therefore, randomization may turn out disadvantageous for the 
patient. To assess possible systematic differences between the two groups based on this 
bias, we evaluated the distribution of all risk factors over both kinds of flaps. We found 
that VY-advancement flaps were significantly more often used when it involved a bilateral 
flap procedure (p = 0.05), recurrent disease (p < 0.01), or when the tumor was completely 
excised histologically (p < 0.01). In addition, significantly more VY-advancement flaps 
were used in women with a higher weight (p = 0.03) and BMI (p < 0.01) (Table 6).

Table 6 - Distribution of potential risk factors over the 61 VY-advancement flaps vs. the 
53 rotation flaps. P-values under 0.05 are presented in bold print

Characteristic
VY- 

advancement
(n = 61)

Rotation
(n = 53) Relative risk p-value

Mean age, years (sd) 72 (13.0) 71 (15.1) na 0.47

Mean weight, kg (sd) 74.2 (14.9) 67.9 (14.7) na 0.03

Mean BMI, kg/m² (sd) 28.2 (5.6) 25.4 (5.6) na < 0.01

Mean tumor diameter, cm (sd)* 4.0 (2.9) 4.2 (2.8) na 0.58

Mean FIGO class, (sd)** 2.4 (0.6) 2.4 (0.6) na 0.83

Tobacco abuse, n (%) 13 (21.3%) 15 (28.3%) 0.83 0.39

Previous radiotherapy, n (%) 15 (24.6%) 7 (13.2%) 1.36 0.13

Recurrent disease, n (%) 39 (63.9%) 20 (37.7%) 1.65 < 0.01

SCC, n (%) 44 (72.1%) 42 (9.2%) 0.84 0.38

Multifocal, n (%) 13 (21.3%) 18 (33.9%) 0.73 0.13

ILD, n (%) 14 (23.0%) 14 (26.4%) 0.91 0.67

SN, n (%) 15 (24.6%) 13 (24.5%) 1.00 0.99

ILD or SN, n (%) 29 (47.5%) 27 (50.9%) 0.94 0.72

Combination defect, n (%) 31 (50.8%) 23 (43.4%) 1.15 0.37

Bilateral, n (%) 23 (37.7%) 11 (20.8%) 1.47 0.05

Excision complete, n (%) 49 (80.3%) 30 (56.6%) 1.81 < 0.01

SCC: squamous cell carcinoma, ILD: inguinal lymph node dissection, SN: sentinel node procedure, 
na: not applicable
*Calculated with nineteen missing values
****These means were calculated using three classes. The differences were calculated over the 45 
flaps in 32 women with tumors that could be staged according to the FIGO-scoring system
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Last, we used the total number of flaps (n = 114) rather than the total number of women 
(n = 75) or reconstructive procedures (n = 81) for our statistical analyses. We realize that 
the resulting p-values and relative risks may not be precise because we treated all flaps as 
if they were independent. Furthermore, we calculated the number of complicated flaps as 
fraction of the total number of flaps, rather than as a fraction of the number of patients. 
Consequently, we accepted that ours was a theoretical separation of two clusters of 
patient-related and procedure-related risk factors and that the results of both clusters 
cannot be regarded conjointly.

OUR OBSERVATIONS COMPARED TO THOSE OBSERVED BY OTHERS
To date, we traced five reports on the use of the gluteal fold flap in purely oncologic gyne-
cological series.10-14 In general, these were small series (mean, 17 women; range, 5 – 
33) but jointly they reported on 140 flaps in 84 women (Table 7). Only Winterton et al 
reported on a series comparable to ours (127 flaps in 77 patients) but some 40 per cent of 
their patients was treated for colorectal disorders.9 To be able to compare our complica-
tion rates to those reported in these previous studies, we used our criteria to convert the 
complications reported by others to what we defined as major and minor complications. 
Hence, we excluded non-flap-related complications such as deep venous thrombosis and 
urinary tract infections. Total and partial flap loss were considered a major and a minor 
complication, respectively. Additionally, we calculated our complication rates over the 
number of procedures, rather than over the number of flaps or patients (Table 7). The 
complication rate we observed (in 26 out of 81 procedures, or 32.1%), then, compares to 
that observed by these other authors (in 53 out of 161 procedures, or 32.9%).

These series reported a wide variation of complication rates (range, 10% - 44%). In 
light of our results this may be explained by the inclusion of less women with recurrent 
disease,10,13 a more favorable mean FIGO stadium, 14 or the exclusive use of VY-advance-
ment flaps 11,14 in the series with a more favorable outcome than ours. Contrastingly, rela-
tively more bilateral flaps were used in the series with a less favorable outcome 9,12 and we, 
likewise, found this use to be more often associated with post-operative complications 
(Table 4). Additionally, 35 out of his 77 patients in the series by Winterton et al had previ-
ously undergone radiotherapy. 9

4
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CLINICAL IMPLICATIONS
Like others,7,9 we found that women who had previously undergone radiotherapy were 
significantly more likely to develop flap complications (Table 4). Hence, extra care should 
be given to optimize all other procedure-related factors to prevent complications in irra-
diated women. For example, the use of a VY-advancement flap resulted in significantly less 
major complications (p = 0.02; Table 5) and we now advise to use such a VY-flap, rather 
than the rotation flap, whenever the particular situation permits. In addition, wound 
dehiscence appears to be the most prevalent complication (5/11 or 45%) within the group 
of previously irradiated women. Hence, special attention should be paid in these women 
to controlling possible co-morbidities such as diabetes mellitus and providing proper 
nutrition and hydration during postoperative wound care.

Furthermore, we found that VY-advancement flaps were used significantly more often 
when the tumor was completely excised histologically (p < 0.01; RR = 1.81). In general, 
VY-advancement flaps are used for larger sized defects. This implies that VY-flaps were 
used when more tissue was excised which, in turn, may have positively influenced the 
chances of a complete excision. We feel that oncologists should not feel confined when 
striving for complete resection but, instead, focus on tumor free margins and leave the 
consequences to the reconstructive plastic surgeon. In short, we fully agree with Gillies’ 
adage that ‘the remover should not be the repairer’.27

As for the non-significant but clinically relevant factors we mentioned in the Results 
section, we found that women operated on for recurrent disease were more likely to 
develop complications (p = 0.15; Table 4). Such recurrent disease is usually associated 
with previous vulvoperineal surgery or radiotherapy resulting in relatively poor local 
wound healing conditions. The increased risk of complications should be preoperatively 
discussed with women who present for recurrent disease.

Second, rotation flaps were more likely to be associated with complications in 
comparison to VY-advancement flaps (p = 0.09; Table 4). The torsion of perforator vessels 
in rotation flaps may have a more negative impact on flap perfusion than the possible 
stretching during VY-advancement. This makes the VY-advancement flap more reliable, 
minimizing potential perfusion-related complications like necrosis. As such, women with 
a multifocal tumor developed more major complications (p = 0.10; Table 5). We applied 
rotation flaps in 18 of the 31 women presenting with a multifocal tumor. Subsequently, 
15 out of these 18 women developed a complication and six of these 15 required surgical 
treatment of the complication. In comparison, only one out of 13 VY-advancement flap 
reconstructions for multifocal tumors resulted in a minor complication. Although the 
process of flap selection may have induced selection bias because it was not randomized, 
we feel that we should opt for VY-advancement flaps whenever that is possible in these 
cases.

4
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Third, a bilateral flap procedure was more likely to cause complications in comparison to a 
unilateral flap procedure (p = 0.14; Table 4). A bilateral flap is required for more extensive 
vulvoperineal defects and among patients with more advanced stages of (pre-)malignan-
cies. Furthermore, the surgical session takes longer and implies a larger area, making it 
more prone to complications when compared to a unilateral flap procedure.

Finally, women who developed a recurrence during follow-up tended to have expe-
rienced flap complications more often (p = 0.06, Table 6). This may be explained by the 
detrimental oncological effects on surrounding tissues that residual cancer cells have 
and their hampering of normal ingrowth of the flap. In general, it is our experience in 
the Cancer Institute that wound healing problems and, even, flap complications are 
often associated with incomplete removal of the tumor. Further research on this topic is 
indicated.

CONCLUSIONS

By use of the largest prospective series of gluteal fold flap application in oncologic 
gynecological patients reported to date, we offer an assessment of selection criteria 
for this use of the flap. Previous radiotherapy, recurrent disease, rotation flap design 
rather than VY-advancement, and a bilateral flap procedure were found to be as clinically 
relevant surgical risk factors for flap-related postoperative complications. In addition, we 
observed that wound healing problems and, even, flap complications were associated with 
incomplete removal of the tumor. Multifocal tumor localization and the use of rotation 
flaps were found to be clinically relevant risk factors for major flap-related complications. 
These observations may potentially allow for more favorable future surgical outcomes by 
adaption of selection of patients or procedure.
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ABSTRACT

Background and Aim
Because of the associated high recurrence rate, future reconstructive options should be 
reckoned with during surgical treatment of primary or recurrent (pre-)malignant vulvo-
perineal lesions. One of the claimed advantages of the gluteal fold flap is the possibility of 
repeated use of the flap in case of recurrence. We present our experience with such re-use 
of gluteal fold flaps to illustrate this possibility.

Methods
A mean of 27 months after initial use, ten subcutaneously pedicled or perforator based 
VY-advancement or propeller-rotation flaps were elevated from previously used gluteal 
fold flaps in nine women presenting with recurrent vulvoperineal (pre-)malignancy. Five 
of these women had undergone radiotherapy prior to flap re-use.

Results
Although short-term complications were observed in three women, all flaps survived and 
healed completely.

Conclusion
We showed the feasibility of successful re-use of subcutaneous pedicled or perforator 
based gluteal fold flaps for repeated vulvoperineal reconstruction, both in the non-ir-
radiated and irradiated women. This concept of re-use of the gluteal fold flap is useful 
for recurring (pre-)malignant vulvoperineal defects and reconstructive surgeons and 
patients may benefit from this potential option.
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INTRODUCTION

Acquired vulvoperineal defects are usually the result of excision of (pre-)malignant 
lesions and are rarely caused by infection, trauma, or the excision of burn scars or lichen 
sclerosus.1 These (pre-)malignant lesions occur in 5 to 10 per 100,000 women in devel-
oped countries and include vulvar intraepithelial neoplasia (VIN), Paget disease, and 
frank invasive carcinoma (predominately squamous cell carcinoma, but sometimes basal 
cell carcinoma).2 Primary surgical resection remains the gold standard of treatment for 
patients diagnosed with these (pre-)malignancies.2,3 Immediate vulvoperineal recon-
struction by use of a gluteal fold flap is increasingly popular since it has been proven to 
help avoid surgery-related eventful sequelae.4,5

Still, both vulvar intraepithelial neoplasia and vulvar squamous cell carcinoma often 
recur. Up to 50% of all women with VIN undergo more than one intervention within the 
first 14 years after initial diagnosis.6 Progression of VIN to invasive carcinoma, further-
more, occurs in 3% of patients after treatment.6 Likewise, the 5-year local recurrence rate 
of vulvar carcinoma is 21–33% and nearly 10% of all patients present with a vulvar recur-
rence after these first 5 years.7 A possible second recurrence may also be expected on the 
vulva of women in whom the first recurrence site is the vulva.7 Many of the vulvar recur-
rences (or re-occurrences) are amenable to repeat excision with a control rate comparable 
to that of primary disease.7

Future reconstructive options should be reckoned with during surgical treatment of 
primary and recurrent (pre-)malignant vulvoperineal lesions because of such possible, or 
even probable, repeat excision. For this reason, a sequence of reconstructive options for 
these defects is indicated.1 One of the claimed advantages of the gluteal fold flap is the 
possibility of re-use of the flap.1,5 However, the repeated use of the same gluteal fold flap 
has yet to be reported on, to date. We present our experience with such re-use to illus-
trate this possibility.

MATERIAL AND METHODS

PATIENTS
From November of 2010 through October of 2016, 83 gluteal fold flaps were used for 
vulvoperineal reconstruction following excision of a (pre-)malignant skin disorder in 50 
women. Up to October 2017, 30 of the 50 women were operated for recurrent disease. In 
nine of these 30 women, ten previously transposed gluteal fold flaps were elevated again 
to be further advanced or propeller-rotated after resection of the recurrence, a mean of 
27 months after their initial use (Table 1). 

5
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Table 1 - Characteristics of the nine women in whom ten gluteal fold flaps were re-used 

Patient A B C

Initial use of gluteal fold flap:

Age at initial use (yrs) 76 84 86

Diagnosis at initial use recurrent SCC de novo SCC de novo SCC

Prior radiotherapy yes no no

Type of defect anterior 
vulvectomy

hemi-
vulvectomy

hemi-
vulvectomy

Type of flap PB propeller SB VY- 
advancement

PB VY- 
advancement

Contralateral gluteal fold flap no no no

Surgical complication no no no

Post-op radiotherapy no no yes

Interval to re-use (months) 14 7 32

Re-use of gluteal fold flap:

Age at re-use (yrs) 77 87 89

Diagnosis at re-use recurrent SCC recurrent SCC recurrent SSC

Type of defect anterior 
vulvectomy

near total 
vulvectomy

anterior 
vulvectomy

Type of re-use SB tip 
advancement

PB VY- 
advancement PB propeller

Contralateral gluteal fold flap no PB VY- 
advancement PB propeller

Surgical complication no hematoma wound 
dehiscence

Follow up after re-use (months) 3 26 17

Oncological outcome metastases metastases no recurrence

Overall outcome to date died of 
metastases died of CVA died e.c.i.

SCC: squamous cell carcinoma; d-VIN: differentiated type vulvar intraepithelian neoplasm; PUIN: 
pagetoid urothelial intraepithelial neoplasm; PB: perforator based; SB: subcutaneously pedicled; 
e.c.i.: e causa ingnota
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D E F G H I

70 74 83 79 50 78

de novo SCC recurrent SSC de novo SCC de novo PCC recurrent SCC recurrent PUIN

no no no no yes no

anterior 
vulvectomy vulvoperineal vulvoperineal vulvoperineal hemi-

vulvectomy vulvoperineal

PB propeller PB propeller PB VY- 
advancement

SB VY- 
advancement

SB VY- 
advancement

SB VY- 
advancement

no no no no no SB VY- 
advancement

no no tip necrosis no no no

no yes yes no no no

52 48 21 14 24 29

75 78 85 80 52 81

recurrent SCC recurrent SCC recurrent SCC recurrent SCC d-VIN recurrent PUIN

near total 
vulvectomy

total 
vulvectomy vulvoperineal wide local 

excision
anterior 

vulvectomy
total 

vaginectomy

PB tip 
advancement

PB 
advancement

PB VY- 
advancement

PB VY- 
advancement

partial PB 
propeller

SB VY- 
advancement

no PB VY- 
advancement

PB VY- 
advancement no no SB VY- 

advancement

no necrosis 
vaginal skin no no no no

21 21 21 21 21 21

local 
recurrence no recurrence metastases no recurrence no recurrence metastases

alive after 
re-excision free of disease palliative 

therapy free of disease free of disease undergoes 
radiotherapy

5
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Two of these women had undergone radiotherapy for vulvar carcinoma prior to the initial 
use of the gluteal fold flap, whereas three others underwent adjuvant radiotherapy after 
initial use. Hence, five of the nine women had had radiotherapy at any time prior to re-use 
of the flap.

SURGICAL TECHNIQUE OF INITIAL GLUTEAL FOLD FLAP TRANSPLANTATION
The techniques initially applied in these nine women did not differ from the previously 
reported routine use of the gluteal fold flap.5 In short, the women were operated on in 
lithotomy position and 500 mg metronidazole (Flagyl®, Sanofi-Aventis, Gouda, the Neth-
erlands) and 1500 mg cefotaxim (Zinacef®, Glaxo, Zeist, the Netherlands) were prophy-
lactically administered intravenously at induction of anesthesia. Following an inguinal 
sentinel node procedure or lymph node dissection, a partial vulvectomy (n = 5) or 
combined vulvoperineal resection (n = 4) was performed by the gynecologic oncologist 
before the reconstructive plastic surgeon took over.

Gluteal fold flaps were initially raised unilaterally in eight women and bilaterally in 
one. Following identification of the internal pudendal perforating vessels by hand held 
unidirectional Doppler, a triangular flap consisting of skin, subcutaneous fat and the 
superficial perineal fascia was raised in the gluteal fold. In this way, the infragluteal 
subdermal branches of the perforator were included in the flap.8,9 The flaps measured a 
mean of 20 cm in length and 8 cm in width, or some 80 cm2. Dissection was continued 
until a tension-free VY-advancement or propeller-rotation of the flap into the excisional 
defect was possible (Figure 1). Five of the seven VY-advancement flaps were subcutane-
ously pedicled,10 whereas the other two were perforator based.11 The three remaining flaps 
were acentric axis type perforator based propeller flaps.11,12 No attempts were made at 
surgical identification or potentially harmful skeletonization of the perforators.5,11 The 
flap was fixed in the defect and the donor site primarily closed using abundant deep 
subcutaneous sutures (Vicryl 3x0, Ethicon, Johnson & Johnson, Norderstedt, Germany) 
and an absorbable, intracutaneously running suture (Monocryl 3x0, Ethicon, Johnson & 
Johnson, Norderstedt, Germany).

Because the women were provided with an epidural catheter for postoperative anal-
gesia during the first 3 to 5 days, an indwelling urinary catheter was left in all. A supra-
pubic, rather than transurethral catheter was used in cases where the urethral meatus 
had to be reconstructed (n = 3). Three days of bed rest was prescribed and hospital stay 
averaged 8 days (range, 5 – 14 days).
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Figure 1 - Immediate postoperative results of (A) unilateral VY-advancement of a subcutaneously 
based gluteal fold flap in a 86-year-old woman and (B) bilateral propeller-rotation of perforator 
based gluteal fold flaps in a 56-year-old woman.

5
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Figure 2
A- Postoperative result in a 80-year-old woman (Case G), 14 months after bilateral wide local 
excision and a bilateral inguinal sentinel node procedure for multifocal squamous cell carcinoma 
of the right-sided vulvoperineum and left of the clitoris. The clitoral defect was closed primarily 
and a unilateral subcutaneously pedicled gluteal fold VY-advancement flap of 21 x 8 cm was used 
to close the vulvoperineal defect. Recovery had been uneventful and no adjuvant therapy was 
provided. This woman was operated on again for squamous cell carcinoma recurrence. Note that 
blue ink has been injected to enhance a repeated sentinel node procedure.
B- Intra-operative view after wide local excision of the recurrence. The contour of the pre-ex-
istent subcutaneously pedicled flap has been marked with an interrupted line and the internal 
pudendal perforator, with an X. This flap was converted to a perforator-based flap to allow fur-
ther advancement.
C- Immediate postoperative result of further advancement of the re-used gluteal fold flap in the 
same woman. Note the medialization of the internal pudendal perforator marked X.

SURGICAL TECHNIQUE OF REPEATED USE OF THE GLUTEAL FOLD FLAP
For re-use, the internal pudendal perforator was pre-operatively localized within the 
previously transposed gluteal fold flap by use of hand held Doppler. Again, all women 
were operated in lithotomy position after receiving intravenous antibiotic prophylaxis. 
Following wide local resection of the recurrence by the gynecologic oncologist, seven of 
the ten previously used flaps were dissected at superficial fascial level up to the location 
of the perforator (Figure 2).13 Again, no attempt was made at surgical identification or 
skeletonization of the perforator. These seven perforator based flaps were completely 
islanded to allow advancement (n = 5) or acentric pedicled propeller-rotation (n = 2).13 
Two of the three remaining flaps were further advanced on their subcutaneous pedicle 
(Case I). The one remaining previously used flap was initially used as a propeller flap and 
was only partially re-elevated to allow advancement of its distal tip (Case A).

At re-use of the ten flaps, newly dissected contralateral gluteal fold VY-advancement 
(n = 3) or propeller (n = 1) flaps were additionally used in four women. Continuous epidural 
analgesia and an indwelling catheter were provided in all women, but the one in whom 
the flap was raised only partially (Case A). This woman was discharged from hospital on 
the day after surgery, whereas the remaining eight were hospitalized for a mean of 7 days 
(range, 6 – 13 days).

5
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RESULTS

We observed an uneventful outcome in 7 of the 10 flaps and all ten flaps survived and 
healed completely (Table 1). An arterial bleeding under the re-used gluteal fold flap 
occurred 2 weeks after surgery in one woman (Case B) and was treated surgically. Wound 
infection and dehiscence necessitated surgical debridement and secondary wound 
closure, 4 weeks after re-use, in another (Case C). One of these two gluteal fold flap 
related complications occurred in a previously irradiated woman (Case C), while the other 
occurred in a non-irradiated woman (Case B). In a third woman (Case E), a narrow flap of 
vaginal skin that was previously irradiated and transposed at repeated use of the gluteal 
fold flap, necrotized. The resulting wound was left to heal spontaneously by secondary 
intention.

Three of the nine women died, on average 15 months after re-use of the flap (range, 
3 - 26 months). Four of the six others are still free of recurrent disease after a mean of 14 
months follow-up (range, 2.5 – 21 months). The two remaining women were additionally 
treated for metastatic disease (Table 1).

DISCUSSION

We report successful re-use of ten gluteal fold flaps in women presenting with recurrences 
of (pre-)malignancy of the vulvoperineal area. Such re-use has been reported on for other 
flaps and is one of the most economical and reasonable ways to manage repetitive defects 
provided the re-used flap is reliable and safe.14-16 In cases where a reliable perforator is 
preserved and identified within the boundaries of a previously transferred flap, the same 
flap can be elevated and transferred again as a perforator or perforator based flap.13,17

GLUTEAL FOLD FLAP
The gluteal fold flap is a well-known and safe flap for reconstructions in the vulvoper-
ineal region,1,5,9,17 based on a reliable internal pudendal vascular pedicle. After exiting 
the pelvic cavity through the greater sciatic foramen, the internal pudendal vessels and 
nerve curves around the sacrospinous ligament to enter Alcock’s pudendal canal through 
the lesser sciatic foramen. This canal runs between the superficial and deep layers of the 
muscle fascia on the inner aspect of the obturator internus muscle. First, the internal 
pudendal vessels give off the branches on which the gluteal fold flap is pedicled.8 There-
after, they run anteriorly to respectively branch off the perineal, posterior labial, and 
vestibular bulbar vessels. After exiting Alcock’s canal, the internal pudendal vessels 
terminate in the deep and the dorsal vessels of the clitoris. Because the pedicle’s direct 
cutaneous vessels enter the flap’s subcutaneous fat through a layer of the fascia overlying 
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the obturator muscle, the gluteal fold flap is to be considered a perforator flap according 
to the Gent consensus on perforator flap terminology.8,18,19

In line with Hyakusoku et al,12 20 we use the term “perforator based” flap in this article 
to indicate that the flaps were truly based on the perforator, without the vascular pedicle 
or proximal source vessel being extensively dissected.16,21 Such extensive dissection is 
not necessary to allow the flap’s advancement or rotation without tension on the flap’s 
pedicle or on the defect. Unneeded isolation and skeletonization of the pedicle may be 
tedious and, even when successful, may lead to venous congestion and ischemia resulting 
from twisting of the pedicle, patient position, or postoperative compression.21 The gluteal 
fold flap may, then, be used as a VY-advancement flap or a perforator based propeller flap.

At initial use, the size of skin flaps averaged some 80 cm2 in this series. Such large 
flaps allow large defects to be reconstructed without undue tension initially, and they 
preserve options for future use.5 Even in cases where the initial defect is small, use of a 
large flap provides the maximum number of options for re-use.1,14,22,23

RE-USE OF FLAPS
One of the principles of dealing with vulvar (pre-)malignancies is to anticipate that recur-
rences are common and may occur throughout the patient’s life. In our series of 85 gluteal 
fold flaps applied from 2010 to 2016, recurrences were observed in 30 out of 50 women to 
date. Dealing with these recurrences may require sequential flap coverage. Still, initial 
therapeutic interventions, whether by surgery or by radiotherapy, are likely to constrain 
the reconstruction of subsequent defects by formation of scars, interruption of vascular 
supply, or general tissue deficiencies secondary to the intervention.14,15,17 In addition, the 
surgeon should be aware that repeated reconstruction may potentially limit the recon-
structive options needed in a second, or later, recurrence. Re-use of the (partial) redun-
dancy of the initially used flap as a donor site allows the metachronous reconstruction of 
two adjacent defects and effectively avoids sacrificing a new donor site.13,17,23,24 Moreover, 
it may be a last resort in women in whom the usual donor sites have been exhausted.13,25 
Before we discuss the clinical implications of our observations, however, some potential 
limitations of gluteal fold flaps need be mentioned.

POTENTIAL LIMITATIONS FOR USE AND RE-USE OF GLUTEAL FOLD FLAPS
In general, the preferred design of the axis of any perforator flap is one that allows both 
the recipient site and the donor site, to be closed without undue tension.13 In case of the 
gluteal fold flap, however, the axis by definition is the gluteal fold and the perforator is 
fixed at an acentric location. The possible variation in design, therefore, is predominately 
limited by the length of the skin island and, even more so, by its width. Still, the choice to 
use this flap as either a VY-advancement flap or a propeller flap allows for most vulvoper-
ineal defects to be closed by it.

5
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The flexibility of any regional flap may not be as outspoken as that of a free flap, but 
they potentially bring a reliable, well-established blood supply from outside the area of 
previous interventions.15 Possible disadvantages of the re-use of flaps include the possi-
bility of inaccurate mapping of the location of a skin vessel and the inability to predict the 
pedicle length.13 Even though this length has not presented a limitation in our series, one 
should always have a back-up plan.

Figure 3 - Postoperative result in a 53-year-old woman (Case H), 13 months after re-use of an 
internal pudendal perforator-based propeller flap (open arrows) that comprised only part of the 
initial subcutaneously pedicled gluteal fold VY-advancement flap (filled arrows). Note that the 
donor scar of the re-used part of the flap (from the base of the propeller flap down to the left 
filled arrow) compares favorably to the rest of the scar of the initial VY-advancement
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CLINICAL IMPLICATIONS OF OUR OBSERVATIONS
With this series we show that the re-use of gluteal fold flap for repeated vulvoperineal 
reconstruction is feasible, both in non-irradiated and irradiated women. We encountered 
one late arterial bleeding and one infection resulting in wound dehiscence as flap related 
complications in this series of ten re-used gluteal fold flaps. This compares to the 11% 
major complications and 17% minor complications observed in a series of 114 primarily 
used gluteal folds flaps on which we previously reported.5 Hence, we conclude that re-use 
of these flaps does not imply an increased risk of postoperative surgical complications.

The gluteal fold flap may very well be re-used because it is a perforator based flap.24 
Initial design of a large flap enhances its re-use. Even during such re-use, extensive 
dissection of the neurovascular pedicles has proven not to be necessary for subsequent 
re-advancement or propellering. When adequate time has elapsed for neovascularization 
from the initial recipient wound bed to the overlying subcutaneous tissue of the flap, a 
thin flap based on the perforator pedicle of the prior flap may even be raised at the level 
of the flap’s superficial fascia.23 Furthermore, partial re-use of a “flap-within-a-flap” has 
been shown feasible (Figure 3).17,26 We are not aware of any previous report on the use of 
the gluteal fold flap as a perforator based flap raised within the boundaries of a previous 
flap.

CONCLUSION

In a series of nine women, we showed the feasibility of re-use of subcutaneously pedicled 
or perforator based gluteal fold flaps for repeated vulvoperineal reconstruction, both in 
non-irradiated and irradiated women. This concept of re-use of the gluteal fold flap is 
useful for recurring (pre-)malignant vulvoperineal defects and reconstructive surgeons 
and patients may benefit from this potential option.

5
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ABSTRACT

Background and Aim
Resection of the distal part of the urethra is performed in 15 – 55% of women with vulvar 
cancer to achieve radicality of vulvectomy. Urinary reconstruction in these women may 
be complicated by urethral stenosis resulting from circular inset of the meatus. We report 
on our experience with two surgical techniques of non-circular inset to prevent such 
stenosis.

Methods
From January 2005 to January 2020, 42 urethral meatus reconstructions were performed 
in 41 women after vulvectomy for (pre)malignant skin disorders by a ‘limited’ (n = 17) or 
‘extended’ (n = 25) anterior vaginal wall advancement technique including V-Y insertion 
of part of the vaginal flap in a posterior longitudinal urethrotomy. Pre-operative charac-
teristics, procedural details, and surgical outcomes were reviewed.

Results
We observed one neomeatal stenosis and one case of partial vaginal wall flap necrosis as 
major complications following the ‘limited’ technique and one circumferential neomeatal 
dehiscence and occlusion as major complication after the ‘extended’ technique. Both the 
neomeatal stenosis and the dehiscence/occlusion are felt to have been preventable and 
not caused by a flaw of design of the advancement technique.

Conclusion
We advocate applying these vaginal wall advancement techniques to prevent circular inset 
of the neomeatus. The ‘extended’ technique offers a solution in cases where the peri-ure-
thral vulvar defect cannot be closed by transpositioning of labial skin.
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INTRODUCTION

Malignant disease of the female external genitalia occurs in 3 to 4 per 100,000 women.1 
Radical surgery remains the cornerstone of treatment, but the exact procedure depends 
on involvement of surrounding structures.2 Resection of the distal part of the urethra 
is performed in 15 to 55% of cases of vulvectomy to achieve radicality.2-4 The repair of 
such distal urethral resections is often complicated by urethral stenosis.5 Suturing the 
neomeatus in a circular fashion allegedly increases the chance of stenosis.6-8 Therefore, 
various techniques for urethral meatus reconstruction have been proposed to minimize 
this sequela.6-9

We report on our experience with a non-circular inset of an anterior vaginal wall 
advancement flap to prevent meatal stenosis after 42 urethral meatus reconstructions.

MATERIAL AND METHODS

PATIENTS
In the 15-year span from January 2005 to January 2020, 341 women underwent 429 
(partial) vulvectomies for (pre)malignant skin disease, in our institute. The plastic 
surgeon was involved for vulvoperineal reconstruction, in 162 of these women (184 proce-
dures) (Fig. 1). Forty-one women with a mean age of 70 years (range, 38 - 97) consecu-
tively underwent non-circular reconstruction of the urethral meatus (Table 1). One of 
these women underwent repeated meatus reconstruction for recurrence of disease, 54 
months after initial surgery. Thus, a total of 42 urethral meatus reconstructions in 41 
women could be included for this analysis.

Five of the 42 procedures (0.12) were performed in women who had previously under-
gone radiotherapy of the vulvoperineal region, and 15 procedures (0.36) were performed 
after previous surgery for (pre)malignancies in the same area. Thirty-nine of the 42 
vulvectomies (0.93) were done for squamous cell carcinoma, two (0.05) for melanoma, 
and one woman (0.02) for basal cell carcinoma (Table 2).

SURGICAL TECHNIQUE

Vulvectomy
At induction of anesthesia, 500 mg metronidazole (Flagyl; Sanofi-Aventis, Gouda, the 
Netherlands) and 1500 mg cefuroxime (Zinacef; Glaxo, Zeist, the Netherlands) were 
prophylactically administered intravenously to be continued for 24 and 72 hours, 
respectively. All women were operated on in lithotomy position. Tumor resections were 
performed by the gynecologic oncologist. 

6
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Table 1 - Average (Standard Deviation) or number (fraction) of characteristics among 41 women 
in whom the urethral meatus was reconstructed

Age 69.9 years (14.1)

Body Mass Index 27.8 kg/m2 (6.4)

Tobacco abuse  8 (0.20)

Diabetes Mellitus  8 (0.20)

Cardiovascular disease  23 (0.56)

HPV or HIV*  1 (0.02)

Anticoagulant medication  14 (0.34)

Pre-operative urinary incontinence  3 (0.07)

Additional vulvar diagnosis  25 (0.61)

 Lichen sclerosus  10 (0.24)

 Undifferentiated VIN*  6 (0.15)

 Differentiated VIN  15 (0.37)

Previous surgery in the same area  15 (0.37)

Previous radiotherapy in the same area  5 (0.12)

Neoadjuvant therapy  2 (0.05)

 Chemotherapy  1 (0.02)

 Radiotherapy  1 (0.02)

*HPV: Human papilloma virus. HIV: Human immunodeficiency virus. VIN: vulvar intra-epithelial 
neoplasia

6
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Table 2 - Number (fraction) of characteristics of the 42 procedures

Surgical indication

 Squamous cell carcinoma  39 (0.93)

 Basal cell carcinoma  1 (0.02)

 Melanoma  2 (0.05)

Oncological procedure

 Excision  16 (0.38)

 Excision + Sentinel node procedure  10 (0.24)

 Excision + Inguinal lymph node dissection  15 (0.36)

 Distal urethrectomy  1 (0.02)

Closure technique for vulvar defect

 Primary closure  7 (0.17)

 Local skin flap, unilateral or bilateral  13 (0.31)

 Pudendal thigh flap, unilateral or bilateral  3 (0.07)

 Gluteal fold flap, unilateral or bilateral  15 (0.36)

 Gluteal fold flap + contralateral skin flap  4 (0.10)

Meatus reconstruction technique

 ‘Limited’ vaginal wall advancement  17 (0.40)

 ‘Extended’ vaginal wall advancement  25 (0.60)

Adjuvant radiotherapy  9 (0.21)

Fifteen of the 42 meatal reconstructions (0.36) were preceded by a wide local excision 
with inguinal lymph node dissection, ten reconstructions (0.24) by a wide local excision 
with an inguinal sentinel node procedure, and 16 reconstructions (0.38) by a wide local 
excision without inguinal surgery. The one remaining meatal reconstruction (0.02) 
was preceded solely by a distal urethrectomy (Table 2). The meatus and distal urethra 
was resected to leaving a minimum of 2.5 cm of urethral length as part of the (partial) 
vulvectomy.

The plastic surgeon closed the resulting vulvar defects primarily (n = 7, or 0.17) or 
by use of unilateral or bilateral local skin flaps (n = 13, or 0.31), unilateral or bilateral 
pudendal thigh flaps (n = 3, or 0.07),10 unilateral or bilateral gluteal fold flaps (n = 15, 
or 0.36),11 or a gluteal fold flap combined with a contralateral local skin flap (n = 3, or 
0.07). Additionally, one out of two advancement techniques were used to reconstruct the 
urethral meatus.
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Figure 2 - To allow a ‘limited’ advancement, the anterior vaginal wall is dissected up to 3 cm.

Meatal reconstruction
Seventeen of the 42 meatal reconstructions (0.40) were performed by use of a ‘limited’ 
anterior vaginal wall advancement technique. For this technique, the anterior wall of the 
vagina was dissected up to 3 cm at the level of the perivaginal fascia,12 to be advanced and 
reach the urethral remnant in a tension-free fashion (Fig. 2). 

6
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Figure 3 - The edge of this vaginal flap was shaped triangularly to be fitted in an 1-cm-long poste-
rior longitudinal incision in the urethral remnant.

The edge of this vaginal flap was shaped triangularly to be fitted in an 1-cm-long poste-
rior longitudinal incision in the urethral remnant by interrupted absorbable 5.0 polygla-
ctin suturing (Vicryl, Ethicon, Johnson & Johnson, Diegem, Belgium) (Fig. 3). The vaginal 
wall advancement flap was additionally secured with deep subcutaneous 3.0 polyglactin 
sutures to the pelvic muscles and with transcutaneous 4.0 polyglactin sutures to the skin 
flap used to close the vulvar defect (Fig. 4). The lateral and anterior parts of the neome-
atal circumference were also sutured to the skin flap using 5.0 polyglactin sutures.
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Figure 4 - The vaginal wall advancement flap was additionally secured with deep subcutaneous 
sutures to the pelvic muscles.

The remaining 25 meatal reconstructions (0.60) were done using a more ‘extended’ 
ad vance ment technique. For this, the anterior wall of the vagina was likewise dissected, 
albeit up to 5 cm in order to allow advancement over, and complete cover of, the urethral 
remnant. 

6
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Figure 5 - Applying a more ‘extended’ advancement, the anterior wall of the vagina is dissected 
up to 5 cm in order to allow advancement over, and completely covering of the urethral remnant. 
The advanced vaginal wall flap was then incised triangularly at the location of the neomeatus.

The advanced vaginal wall flap was then incised triangularly at the location of the neome-
atus (Fig. 5). This dorso-cranially based, isosceles triangle with 1-cm-long sides is folded 
inwards to be fitted in the posterior longitudinal urethrotomy and a 5.0 polyglactin suture 
was led, but not tied, through each of the four corners of the vaginal flap incision and the 
corresponding corner of the urethral remnant.
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Figure 6 - The resulting vaginal triangle is folded inwards to be fitted in the posterior longitudi-
nal urethrotomy and the ‘extended’ flap is secured to the pelvic floor. Only then, are the neome-
atal sutures knotted to secure the urethral remnant to the vaginal flap in a V-Y fashion.

Prior to knotting these four corner sutures to secure the urethral remnant to the vaginal 
flap in a V-Y fashion, the ‘extended’ flap was secured to the pelvic floor and (Fig. 6). After 
knotting the corner sutures, the remaining circumference of the urethra was sutured 
into the triangular vaginal defect with four more, intermediate sutures to assure precise 
contact approximation of the urethral epithelium to the vaginal epithelium. Because of 
epidural analgesia a suprapubic catheter was applied during the first three postoperative 
days, in all women. Mean follow-up after meatal reconstruction of the women still alive is 
56 months (range, 12 - 110 months; SD 30).

6
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OUTCOME MEASURES
All women were followed-up closely for possible complications. We distinguished between 
minor complications that could be treated conservatively and major complications 
requiring unscheduled additional surgical intervention.
General procedure-related complications (e.g. systemic disorders, erysipelas) and those 
involving the lymph node dissection wounds (e.g. lymphoma, infection, dehiscence) were 
attributed to the gynecological procedure. Procedure-related complications involving 
the reconstruction of the vulvectomy defect or neomeatus were attributed to the plastic 
surgery procedure (e.g. flap infection, dehiscence, necrosis, meatal stenosis). For our 
results, we distinguish between complications related to either the vulvar reconstruc-
tion (e.g. wound or flap dehiscence and necrosis) and those related to the meatal recon-
struction (e.g. meatal stenosis, problems with micturition).

RESULTS

Outcome of reconstructive procedures
We observed nine minor complications of the 42 vulvar reconstructions (0.21): wound 
dehiscence in six women and partial necrosis of the vulvar flap, in three (Table 3). A major 
complication was observed after four of the 42 vulvar reconstructions (0.10), all of which 
were partial flap necrosis.
Following the 17 ‘limited’ meatal reconstructions, we observed one case of self-reported 
urinary incontinence as meatus-related minor complications (0.06). One marginal vaginal 
flap necrosis and one meatal stenosis were observed as major complications after these 
17 procedures (0.12).

Within the ‘advanced’ technique subgroup, we observed minor meatus-related compli-
cations after seven of the 25 procedures (0.28): urinary spraying in two women and 
self-reported urinary incontinence in five women. Total neomeatal dehiscence and occlu-
sion occurred as major complication after one of the 25 procedures (0.04) (Table 3).

Oncologic outcome
Twenty-one of the 41 women (0.51) developed residual or recurrent disease, for which 18 
women underwent repeat surgery (n = 10), radiotherapy (n = 4), systemic therapy (n = 2), 
or a combination of these (n = 2). To date, 14 women (0.34) died, on average 29 months 
after meatal reconstruction (range, 3 - 59 months; SD 17) (Table 3).
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Table 3 - Number (and fractions) of outcome events according to the technique of meatal 
reconstruction

Limited vaginal wall 
advancement

(n = 17)

Extended vaginal wall 
advancement

(n = 25)

Vulva related complications  6 (0.35)  7 (0.28)

 Minor

   Wound dehiscence  2 (0.12)  4 (0.16)

   Partial necrosis  1 (0.06)  2 (0.08)

 Major

   Partial necrosis  3 (0.18)  1 (0.04)

Meatus related complications  3 (0.18)  8 (0.32)

 Minor

   Urinary spraying  0 (0.00)  2 (0.08)

   Urinary incontinence  1 (0.06)*  5 (0.20)**

 Major

   Neomeatal stenosis  1 (0.06)  0 (0.00)

   Neomeatal dehiscence  0 (0.00)  1 (0.04)

   Marginal vaginal flap necrosis  1 (0.06)  0 (0.00)

Oncologic outcome

 Recurrent or residual disease  9 (0.53)  12 (0.48)

 Deceased  7 (0.41)  7 (0.28)

*: One additional woman was already incontinent for urine, pre-operatively
**: One missing value. Two additional women were already incontinent for urine, pre-operatively

CASE REPORTS

Case A
After having undergone posterior pelvic exenteration and radiotherapy for rectal cancer 
19 years previously, a 68-year-old woman underwent wide local excision including the 
urethral meatus and bilateral inguinal lymph node dissection for unifocal squamous cell 
carcinoma of the right hemivulva. A unilateral gluteal fold V-Y advancement flap was used 
to close the vulvoperineal defect and the urethral meatus was reconstructed according 
to the ‘limited’ vaginal wall advancement technique. Partial necrosis of the lateral tip 
of the gluteal fold flap occurred after five days, requiring excision of necrotic tissue 
and further primary closure of the gluteal fold donor site. No adjuvant therapy was indi-
cated. Ten months after, the indwelling suprapubic catheter was still in situ because of 

6
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minimal spontaneous urethral micturition. Urethral stenosis was diagnosed and revi-
sional surgery was done to correct the constricting scar between the urethra and gluteal 
fold flap. Shortly thereafter, the bladder regained complete function with unobstructed 
urethral passage of urine, and the suprapubic catheter could be removed. The patient 
proved continent. She died of metastasizing vulvar carcinoma, 20 months after meatal 
reconstruction.

Case B
A 67-year-old woman underwent a wide local excision with left-sided inguinal lymph 
node dissection for recurrent unifocal squamous cell carcinoma. The urethral meatus 
reconstructed according to the ‘extended’ technique and the remaining partial vulvec-
tomy defect was closed primarily. No adjuvant therapy was indicated. Two months 
after, the patient was still unable to pass urine but the patients’ fear of pain prohibited 
proper physical examination. Complete occlusion of the neomeatus was identified under 
general anesthesia and a second urethral reconstruction was performed by lifting the 
advanced vaginal flap and incorporating a new V-Y meatoplasty. Thereafter, recovery was 
uneventful but the patient remained incontinent due to a pre-existent cystocele, even 
after additional vaginal wall surgery to correct the urethrovesical angle and cystocele. 
This patient is alive without any indication of recurrent disease, 12 months after meatal 
reconstruction.

Case C
After having undergone sigmoid resection for colorectal cancer five years previously, a 
87-year-old woman on anticoagulant medication for atrial fibrillation underwent a wide 
local excision including the urethral meatus for recurrent unifocal squamous cell carci-
noma in close proximity to the meatus. The vulvectomy defect was closed with bilateral 
gluteal fold V-Y advancement flaps and the urethral meatus reconstructed according to 
the ‘limited’ technique. No adjuvant therapy was needed. Two weeks later she was re-ad-
mitted and operated on for acute arterial bleeding from the right gluteal fold flap and 
marginal necrosis of the vaginal advancement flap. Hemostasis was achieved and the 
necrotic tissue excised. The resulting defect was closed primarily without affecting the 
urethra. After removal of the suprapubic catheter, the patient remained continent but 
died of recurrent vulvar carcinoma, 26 months after meatal reconstruction.

DISCUSSION

Chambers and Schwartz introduced the use of an anterior vaginal wall flap to close a 
peri-urethral defect and create a circumferentially sutured neomeatus through a circular 
incision in the flap, in 1987.13 Franchi and co-workers recently reported using a similar 
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technique in 33 women.4 Such a circular inset, however, likely results in stenosis. Meatal 
stenosis may result from either of two biological processes: early on as a result of wound 
contraction caused by granulation tissue formation in a suboptimally closed wound, or 
later on as a result of secondary scar contracture.14 Any ‘gaping’ or dehiscence along the 
suture line may lead to formation and contraction of such granulating tissue. To prevent 
early stenosis, therefore, granulation tissue formation should be avoided by achieving 
optimal contact approximation of the wound edges. Furthermore, a circular scar should 
be avoided to prevent late stenosis through contracture resulting from secondary scar 
remodeling.14

The principle of interposing flaps to prevent late stenosis resulting from secondary 
scar remodeling has been frequently demonstrated in reconstruction of the male 
urethra,15-17 the female urethra,7,8 the transgender urethra,6,18 and the umbilicus.19-21 
Lorenzi et al.9 applied an inverted Y-incision in the advanced vaginal wall flap to create 
two hemi-flaps to be secured to the urethral remnant, in 47 women. During their median 
follow-up of 27 months, the authors observed no cases of urethral stenosis.9

It is debatable whether stenting the urethral meatus with a transurethral catheter 
prevents neomeatal stenosis. We feel that such a catheter may damage the optimal 
contact approximation of the neomeatal suture line, thus resulting in granulation and 
subsequent stenosis along this line. A transurethral catheter might furthermore increase 
the urethral inflammatory response through trauma, which in turn promotes stricture 
formation.22 Moreover, stenting has been shown to have no significant effect on early 
meatal stenosis after hypospadias repair.23,24 For these reasons, we chose not to use 
transurethral catheter in any of these patients. Instead, we apply a suprapubic catheter 
because of the temporary loss of bladder function in patients with epidural anesthesia 
and, otherwise, do not apply urinary division at all.

In our series, we observed one stenosis after applying the ‘limited’ technique (Case 

A) and one total dehiscence and occlusion following the ‘extended’ technique (Case B). 
Currently, the surgeons’ choice between the ‘limited’ or ‘advanced’ vaginal wall advance-
ment technique relies on two considerations. First, we do not want the tissue anterior and 
adjacent to the neomeatus to be too bulky, causing urine outflow obstruction or ‘soiling’ 
of urine. Second, the traction force of any flap sutured directly to the urethral remnant 
should be minimal to allow adequate healing and prevent rupture of the anastomosis and 
flap dehiscence. Local labia minora or majora skin flaps are relatively thin and generate 
minimal traction forces if sutured directly to the urethral remnant. If these flaps are to be 
transposed to close the anterior vulvectomy defect, they can safely be used to reconstruct 
the urethral meatus. In the ‘limited’ technique, labial flaps are sutured routinely to the 
lateral and anterior edge of the urethral remnant.

The relatively bulky pudendal thigh or gluteal fold flaps, however, would be more likely 
to cause urine outflow obstruction if sutured directly to the urethral remnant. In addition, 
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the relative distance from their donor site to the urethra would cause excessive traction 
on the urethral anastomosis, increasing chances of rupture. Like Franchi et al.,4 we feel 
that the distal flap portion in our ‘extended’ reconstruction allows tension forces to be 
increasingly distributed over the marginal sutures, and to a lesser extent over the neome-
atus. This should lead to a more tension-free insertion of the neomeatus, thus preventing 
‘gaping’ and allowing adequate healing. The report on our Case A further illustrates that a 
flap as bulky as the gluteal fold flap should not be sutured directly to the urethral remnant. 
Therefore, in these cases, the ‘extended’ technique is preferably performed to reconstruct 
the urethral meatus tension-free with the relatively thin anterior vaginal wall tissue.

The circumferential dehiscence and total occlusion of the neomeatus observed in our 
Case B most likely caused the retraction of the urethral remnant that was, subsequently, 
completely covered by the healed vaginal flap. Rather than this dehiscence being inherent 
to flap design, we feel it to have been a matter of ‘arrivé’s pitfall’ (as opposed to ‘begin-

ner’s luck’). Once one becomes more confident with a procedure (feels an arrivé), failure of 
personal technique lurks as a result of the misplaced conviction that anything can be done 
(arrivé’s arrogance), that the procedure can be done quicker (arrivé’s impatience) or, even, 
that surgery can be performed less attentive (arrivé’s carelessness). The senior author 
prefers to believe that, in this series, it was a matter of arrivé’s pursuit of efficiency: to try 
and modify the procedure’s execution to a more efficient level. Instead of first placing 
all meatal sutures to be knotted only after the entire vaginal flap had been advanced 
and fixated over the urethral remnant, it was tried to first advance and fixate the flap 
to be incised triangularly and sutured to the urethra only afterwards. This executional 
modification turned out not to work as it resulted in complete circumferential dehiscence 
probably resulting from less robust suturing of the urethral edge to the vaginal triangular 
flap and hiatus. Hence, we went back to the original technique.

In our series, we observed surgery-related self-reported incontinence after six of 
the 42 procedures (0.14). The latter rate compares to the 18 to 26% post-operative 
self-reported urinary incontinence rates following distal urethral resection reported 
by others.4,9,25,26 Normal urethral sphincter function depends on extrinsic and intrinsic 
urethral factors. Extrinsic factors are primarily the relatively static pubourethral ligamen-
tous support and the dynamic function of the striated muscle of the pelvic floor. These 
structures are at risk only in extensive urethral resections. Intrinsic factors include normal 
urethral mucosal and smooth-muscle function, both of which may be disturbed by surgery 
involving the urethral epithelium and tissue compliance.27 It appears from our observa-
tions that additional longitudinal incision of the urethral wall to fit in the vaginal flap 
does not worsen the outcome of urethral resection per sé. Although the small sample size 
of both cohorts does not allow reliable statistical comparison, vulvectomies that indicated 
‘extended’ reconstructive technique appear to more often result in surgery-related incon-
tinence than vulvectomies indicating the ‘limited’ technique (0.20 vs. 0.06) (Table 3).
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CONCLUSION

We presented our experience with a ‘limited’ and a more ‘extended’ anterior vaginal 
wall advancement technique and non-circular inset of the urethral remnant to prevent 
meatal stenosis after 42 urethral meatus reconstructions following vulvectomy including 
urethral meatus resection. Both the case of neomeatal stenosis observed after the 
‘limited’ technique and the case of complete circumferential dehiscence and occlusion 
of the neomeatus observed after the ‘extended’ technique are felt to have been prevent-
able. We advocate the use of the ‘extended’ technique in cases where the peri-urethral 
vulvar defect cannot be closed by transpositioning of labial skin as we advise not to use 
an indwelling catheter following meatal reconstruction.

6
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SUMMARY

A variety of labiaplasty techniques have been introduced to date, but no single tech-
nique will offer the optimal solution for every patient. Rather, the technique should be 
chosen based on anatomical, configurational, and technical considerations, as well as 
on patients’ personal preferences regarded maintenance of the labial rim, maintenance 
of labial sensitivity, and prevention of iatrogenic thickening of the labium. We reviewed, 
defined, and assessed labial configurational variety, neurovascular supply, reduction 
techniques, and patient’s preferences as the considerations relevant to the choice of 
labiaplasty technique. Based on this review, an algorithm was constructed that leads to 
a choice of reduction technique through five decisions to be made regarding (1) resec-
tion or (partial) retention of the labial free rim, (2) the measure of required labial width 
reduction, (3) labial vascular status, (4) prevention of iatrogenic labial thickening, and 
(5) preservation of labial sensibility. The choice of techniques includes edge trimming, 
central spindle form de-epithelialization or full thickness resection, and three modifica-
tions of the wedge resection or de-epithelialization technique. These three modifications 
comprised a modified anterior resection or de-epithelialization combined with posterior 
flap transposition, a custom flask resection or de-epithelialization, and a modified poste-
rior wedge resection or de-epithelialization combined with anterior flap transposition. 
Use of the five decisional steps and the inclusion of modifications of all three conventional 
reduction techniques offer an improved algorithm for the choice of labiaplasty technique.

160369-Maurits_Lange-BNW_def.indd   112160369-Maurits_Lange-BNW_def.indd   112 09-08-2022   16:0709-08-2022   16:07



113

An algorithm for labia minora reduction  
based on a review of anatomical, configurational, and individual considerations

INTRODUCTION

Despite the reservations harbored by various physicians and behavioral therapists 
regarding female genital aesthetic surgery,1-3 labia minora reduction has become a main-
stream treatment in economically flourishing societies.3 The number of registered labi-
aplasties in the U.S.A., for example, has increased seven-fold over the last decade, from 
2142 in 2011 to 14,386 in 2020.4 Parallel to the increase, a variety of labiaplasty tech-
niques have been developed, presented, and reflected on. Because all have their advan-
tages and limitation, no single one technique will offer the optimal solution for every 
patient.5-10 Rather, the technique should be chosen in accordance to the expectations and 
anatomical features of each individual patient.5,10-14

To date, some classifications have been presented to guide this choice, most of them 
based on labia minora width measurement,15 labial configuration,10,13,16 or a combina-
tion of both.8,17 Only very few authors actually paired the various classes with various 
labiaplasty techniques, thereby offering a true algorithm.6,10,18 None of these algorithms 
incorporated patients’ preferences regarded maintenance of the labial free rim, mainte-
nance of labial sensitivity, and prevention of iatrogenic thickening of the labium. Still, 
any one of these considerations may be of particular interest to the patient.

The purpose of this study was to elucidate these considerations and establish an algo-
rithm for choice of labia minora reduction technique based on them. To do so, we found 
we had to (re-)define some of the terms used regarding labiaplasty. The terms width and 
length,10,14,19-21 for instance, are used inconsistently for what would in French medical liter-
ature and stereometrically be referred to as ‘height’.22-24 Furthermore, we (re-)assessed 
the considerations relevant to the choice of labiaplasty technique.

DEFINITIONS
Anteriorly, each labium minus divides into a lateral and a medial skin fold. The bilateral 
medial folds unite at the clitoral glans to form the clitoral frenulum, whereas both lateral 
folds unite over the clitoris to form the clitoral hood, or prepuce. Likewise, both labia 
minora are often connected with each other posteriorly, rounding the vaginal introitus as 
the labial frenulum, or fourchette. In a strict sense, the length of a labium minus should 
thus be measured from the median at the clitoral hood anteriorly, to the median at the 
fourchette posteriorly.24 Still, for this work we defined the length relevant for labiaplasty 
as the measurement along the free rim of the labium minus from the point of transition of 
frenulum to labium anteriorly to the point where the fourchette leaves the medial aspect 
of the labium majus posteriorly (Figure 1).25,26

7
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Figure 1 - The clinically relevant length for labiaplasty was defined as the measurement along the 
free rim of the labium minus from the frenulum division anteriorly (green arrows) to the point 
where the fourchette leaves the medial aspect of the labium majus posteriorly (red arrows).

The width of the labium minus was defined as the distance from its lateral base where the 
labium minus borders the labium majus in the interlabial sulcus, to the outer most part of 
its free rim when not stretched. 
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Figure 2 - A relative surplus of preputium (red arrow) is not to be confused with paralabial folds 
(both green arrows).

The measure of protrusion of the labium minus past the labium majus, however, is clini-
cally more relevant for labiaplasty. The thickness of the labium minus was defined as the 
mediolateral distance between the medial and lateral skin surface of the labium.
In cases where skin folds extend anteriorly from the labium minus proper to longitudi-
nally run lateral and parallel to the clitoral hood, these folds were regarded as the paral-
abial folds (plis paranymphéaux) recorded by Jayle, in 1918.22 These seem to correspond 
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with the ‘secondary labia’,27 ‘accessory labia’,19 ‘redundant lateral labium’,28 or ‘lateral 
hood folds’.29 These are not to be confused with a relative preputium surplus13,18,28 that 
may occur in combination with, or apart from paralabial folds (Figure 2). Finally, longi-
tudinal skin folds extending posteriorly past the point where the fourchette leaves the 
labium majus are referred to as commissural folds (plis commissureaux).22 For reasons of 
comprehensibility, our algorithm is restricted to the choice of technique of labia minora 
reduction. Thus, possible correction of the clitoral hood, posterior fourchette, paralabial 
folds, or commissural folds are to be considered separately when applicable.

PATIENT’S CONSIDERATIONS
Patients and physicians may consciously or subconsciously differ in opinion as to 
the aesthetics of labia minora.5,10,14,20,28,30,31 Like holds true for all aesthetic consider-
ations, cultural influences (e.g. peers, media, art) largely define accepted standards of 
normality.13,20,26,32 Most women in Western culture perceive a symmetrical vulva with labia 
minora and a clitoral hood tucked inside the labia majora as normal.10,32 Still, the surgeon 
needs to assess whether the patient wants her labia minora to sit flush with, or entirely 

hidden by the major labia.33 Yurteri-Kaplan et al.,32 furthermore, suggested an age-re-
lated difference in patients’ expectations. They found younger women to perceive the 
non-gaping introitus featured by popular media as normal, whereas older women may 
desire restoration of prior individual appearance and anatomy. Moreover, some women 
prefer to have a darker pigmented free edge removed because they associate it with an 
aged appearance,30 whereas others prefer to keep this natural aesthetic.7 Significant 
pigmentation variation from the labia free rim inward, furthermore, may warrant edge 
preservation particularly in women of color.29 Because of the wide spectrum of patient 
considerations and expectations, every patient’s aesthetic or functional goals ought to 
be identified before a surgical technique can be decided on.7,10,16,21Tremp, 2021 #35,29,34

CONFIGURATIONAL CONSIDERATIONS
Even though the request to rid the patient from any protrusion of the labium minus past 
the labium majus may appear simple, the surgeon also has to consider the variation in 
labium minus configuration.8,14,16,35 This configuration may be classified according to the 
location of the protrusion or relative surplus of tissue.6,8,9,18,35,36 As such, we differentiate 
between predominately anterior protrusion,8,10,14,18,30,35 predominately middle protru-
sion,10,30,35 predominately posterior protrusion,10,35 and anteroposteriorly generalized 
protrusion.8,18,30

ANATOMICAL CONSIDERATIONS
Accurate understanding of the labial neurovascular system may improve the surgical 
approach and outcome of labium reduction.24,37,38 Salmon has been the first to record the 
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labial vascular system by his meticulous and systematic radiographic studies of the integ-
umental vascularization, in 1936.39 He found the anterior one-third of the labia minora 
to be perfused by a branch deriving from the external pudendal artery and the posterior 
two-thirds by small internal pudendal branches that run perpendicular to the labial long 
axis (Figure 3). He recorded the two systems to anastomose and form an arcade along the 
labial free rim.39

Figure 3 - In 1936, Michel Salmon recorded the anterior one-third of the labia minora to be per-
fused by a branch deriving from the external pudendal artery and the posterior two-thirds by 
small internal pudendal branches that run perpendicular to the labial long axis. The two systems 
anastomose to form an arcade along the labial free rim. Note that central arteries may bilaterally 
be observed running to the most protruding part of the labial free rim.
(Reproduced by kind permission from G.I. Taylor and M.N. Tempest, editors. Michel Salmon’s 
Arteries of the Skin. London, UK: Churchill Livingstone; 1988)

In accordance to Salmon’s radiographic study, Georgiou et al.36 more recently identified 
one dominant central, and three lesser arteries to originate from the internal pudendal 
system in 9 specimen. This central artery ran up to the labial free rim to continue along it 
in anterior direction and anastomose with external pudendal branches. These findings, in 
turn, were generally supported by a translabial illumination study by Kaya et al.9 

7
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These authors, however, stressed that the position of the central artery predominately 
depends on the localization of maximum labial protrusion, rather than it being centrally 
located in all cases.9 Hence, their observations appear to oppose Alter’s stressing the 
importance of excising the most enlarged part of the labium minus,40 as this will signifi-
cantly reduce the remaining labial vascularization.

Georgiou et al.,36 furthermore, observed that the labial arteries run superficially under 
the skin, thus refuting the central core vascularization of the labium minus conceptual-
ized by Heusse et al.23 and supported by the observations by Ginger et al.37 Consequently, 
they warned that central de-epithelialization techniques present some risk of labial 
ischemia as the vessels may be injured.36

Still, Ginger et al.37 concluded that the number of vascular structures in the labia 
minora is much more than what would be expected to maintain baseline vascular suffi-
ciency for such small skin folds. This is supported by the lack of ischemia after splitting 
of the inner and outer aspect of the labium to allow opposite transplantation of each, in 
70 metaidoioplasties.41 In other words: labial vascularization is rich and its local inter-
ruption will seldom result in ischemia in women without potential circulatory risk factors 
such as tobacco abuse, diabetes mellitus, or other vascular disorders.6,28,42,43 In heavy 
smokers and other women at risk, pre-operative cold light assisted labial translumina-
tion may be helpful to assess and map the labial vascular supply.9

The sensory innervation of the labium minus may be a point of more concern. Internal 
and external pudendal nerve branches innervating the labium minus accompany the 
vascular ramifications and tend to course most readily along the free rim of the labium.37,44 
Labial innervation is unidirectional and its transection may result in loss of sensibility 
in part of the labium possibly affecting sexual function or,10,28 worse, in neuroma forma-
tion along the suture line.25 Because both the pudendal labial innervation and the dorsal 
clitoral innervation seem to convers to the clitoral frenulum, surgeon and patient alike 
ought to accept this frenulum to be a surgical no go area. It is our experience, in women 
as in men, that incising the frenulum easily results in neuroma formation with symptoms 
that are near impossible to treat.

TECHNICAL CONSIDERATIONS
Edge resection, wedge excision, and central de-epithelialization have been recognized, 
modified, and combined over the last 4 decennia as the three principal techniques for 
labial reduction (Figure 4). It is generally agreed that no reduction technique should 
decrease the remaining labial width to less than 1 cm measured from the interlabial 
sulcus.10,11,20,29,31,45,46 Suspension of the lateral most tip of the labium minus may help plan 
and execute the reduction.21,31,38

Edge resection or trimming involves the straightforward amputation of protuberant 
tissues. It additionally reduces the labial free rim length (Figure 4A) and is adaptable to 
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virtually any labial size or shape.29 It removes the possibly pigmented or corrugated free 
edge of the labium. Of the three principal techniques, trimming features the smallest risk 
of dehiscence. It potentially increases the risk of tenderness during sexual intercourse 
and scar contracture,6 but such sequences have never been validated.29,46 Straight ampu-
tation has been modified to a running W-resection to ensure a more robust and natural 
appearing rim postoperatively (Figure 4B).31,45

Wedge excision basically involves the resection of a triangular part of skin at both the 
lateral and medial aspect of the labium. The base of the triangle is located along the rim of 
the most protruding part of the labium.12,30 The top of the triangle to be excised is pointing 
towards the interlabial sulcus on the lateral aspect and towards Hart’s line on the medial 
aspect. Wedge resection may correct a surplus of labial length but only partly corrects 
labial width (Figure 4C).11 It saves the appearance of the remaining parts of the free labial 
edge. This may result in an abrupt transition of a more bulky, pigmented, or corrugated 
anterior edge to a finer and less pigmented posterior edge.28 Likewise, an abrupt change 
of pigmentation may occur along the perpendicular scar, particularly on the medial aspect 
of the labium minus.12,28 Alter’s central wedge excision technique has been modified to the 
dorsal wedge excision and anterior flap technique by Rouzier et al.47 The resulting scar 
then runs posterior and less conspicuous along the base of the labium minus. Munhoz et 
al.,5 Smarrito,18 and Yang et al.10 further modified the anterior flap design to additionally 
reduce labial width (Figure 4D). Of the three principal techniques, full thickness wedge 
excision features the greatest wound dehiscence risk with reported prevalences of 7% to 
14%.5,47 Consequently, Alter more recently advocated restricting the technique to wedge 
de-epithelialization rather than full thickness resection.28

Central de-epithelialization involves the partial skinning of the medial and lateral 
aspects of the labium from its introital base, respectively, the interlabial sulcus outwards 
(Figure 4E).11 This will decrease labial width but not the length of its free rim, which 
potentially results in festooning of the rim.12,28 Central de-epithelialization may result 
in a longitudinal line of abrupt change of coloration where the epithelium is re-approxi-
mated and some authors have argued that the longitudinal scar created by this technique 
may distort the labia.12,31 Again, the latter sequence has not been validated to date.46 
De-epithelialization techniques, in general, are applied to save the neurovascular supply. 
They also save all, or part, of the subcutaneous bulk and likely result in telescoping48 of 
the remaining labial tissues and increased thickness of all but the least protruding labia 
minora.6,12,28,29,46,48 Additionally, such telescoping may increase the risk of wound dehis-
cence. When done as a full thickness resection rather than a de-epithelialization,13,42 
however, wound dehiscence will even result in fenestration.42 Furthermore, the risk of 
loss of neurovascular supply to the free rim then lurks.12

7

160369-Maurits_Lange-BNW_def.indd   119160369-Maurits_Lange-BNW_def.indd   119 09-08-2022   16:0709-08-2022   16:07



120

CHAPTER 7

Figure 4 - Edge resection, wedge excision, and central de-epithelialization are the three princi-
pal techniques for labial minora reduction.

160369-Maurits_Lange-BNW_def.indd   120160369-Maurits_Lange-BNW_def.indd   120 09-08-2022   16:0709-08-2022   16:07



121

An algorithm for labia minora reduction  
based on a review of anatomical, configurational, and individual considerations

A- Edge resection or trimming involves the straightforward amputation of protuberant tissues. 
Note that it additionally reduces the labial free rim length.
B- Straight amputation has been modified to a running W-resection to ensure a more robust and 
natural appearing rim after reduction.
C- Wedge excision involves the resection of a triangular part of skin at both the lateral and medial 
aspect of the labium minus. Note that it may correct a surplus of labial free rim length but only 
partly corrects labial width.
D- The initially central wedge excision has been modified to the dorsal wedge excision and ante-
rior flap technique. Note that this modification also lowers the labial width and that the resulting 
scar runs less conspicuously along the base of the labium minus.
E- Central de-epithelialization involves the partial skinning of the medial and lateral aspects of 
the labium from its introital base, respectively, the interlabial sulcus upwards. It may also be 
executed as a full thickness resection or fenestration. Note that this will not reduce the labium 
free rim length.

Combined wedge excision and central de-epithelialization was suggested as a bidi-

mensional technique,48 and as custom flask labiaplasty.35 Comparable addition of medial 
anterior and posterior triangular wedges to be excised perpendicular to the principal 
wedge had already been suggested by Alter, as early as 1998,30 and this may be consid-
ered the full thickness equivalent of the custom flask labiaplasty. Smarrito18 and Yang et 
al.10 each introduced three further modifications of the wedge excision design, whereas 
Jiang et al. 34 reported combining a medial wedge excision with a partial edge resec-
tion. With these combined techniques, the authors tried to prevent remaining labial 
protrusion,10,18,30,34,35,48 festooning of remaining labial rim length,10,18,34,35,48 free rim alter-
ation,10,18,48 loss of neurovascular supply,34,35 and wound dehiscence.34

ALGORITHMIC DECISIONAL STEPS
We propose to start the choice of labiaplasty technique by establishing whether or not the 
free rim of the labium is to be resected partially, entirely, or not at all (Figure 5). This may 
be of particular interest in women who present with labial asymmetry. In these, it has to be 
decided whether to reduce only the wider labium and preserve the entire rim to optimally 
match the contralateral one, or perform an asymmetrical bilateral reduction that may 
include bilateral (partial) rim resection. Reasons for entire resection include unwanted 
pigmentation and a corrugated appearance of the rim. Preservation of the entire rim is 
preferred to prevent a scar crossing the rim or a sudden change of pigmentation between 
its anterior and posterior parts. Partial rim resection may be indicated in cases where 
unwanted corrugation, pigmentation, or protrusion is restricted to part of the rim.
Secondly, the width to be resected needs be considered in candidates for (partial) rim 
preservation. Obviously, this width to be resected equals the labial width with which the 
woman presents, minus the width that is preferred by her. In cases where this width of 
resection is limited to 1 cm, the reduction may be done by de-epithelialization without 
the risk of conspicuous thickening of the labium. More extended reductions tend to result 
in such thickening.

7
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Figure 5 - Flow chart of the proposed algorithm for the choice of labium minus reduction 
technique.

160369-Maurits_Lange-BNW_def.indd   122160369-Maurits_Lange-BNW_def.indd   122 09-08-2022   16:0709-08-2022   16:07



123

An algorithm for labia minora reduction  
based on a review of anatomical, configurational, and individual considerations

Next, circulatory risk factors are to be assessed and weighed. To reduce postoperative 
ischemic complications such as wound dehiscence and partial necrosis, de-epitheli-
alization techniques are to be preferred over excision in heavy smokers and otherwise 
vascular compromised women. This implies that vascular compromised women in whom 
the intended width reduction is more than 1 cm are to accept iatrogenic thickening of 
their labium. Furthermore, possible festooning of the rim is to be accepted in such women 
in whom the entire rim is preserved. In cases where this is not accepted, preoperative 
labial translumination may help designing a safer resection.9

In non-vascular compromised women in whom the intended width reduction is more 
than 1 cm, on the other hand, the risk of loss of labial sensitivity associated with central 
excisional techniques has to be weighed against the risk of labial thickening associated 
with de-epithelialization techniques.

Last, the technique for labiaplasty is paired to the location of the corrugation, 
pigmentation, or protrusion to be resected in candidates for partial rim resection.

ALGORITHMIC CHOICE OF LABIAPLASTY TECHNIQUE
The outcome of the decisional steps of our algorithm includes edge resection according 
to Maas et al.31,45 (Figure 4B), central de-epithelialization or fenestration (Figure 4E) 
according to Choi et al.,11 respectively da Cunha et al.13 and Laub,42 and one out of three 
modifications of wedge resection or de-epithelialization (Figure 6). These modifications 
are:
- Modified anterior wedge resection combined with posterior flap transposition 

according to Yang and Hengshu’s Method A,10 and its de-epithelialization execution 
according to Alter28 (Figure 6A, right);

- Posterior wedge resection combined with anterior flap transposition according to 
Munhoz et al.,5 Smarrito’s Lambda technique,18 and Yang and Hengshu’s Method C,10 and 
its de-epithelialization modification according to Tremp et al.38 (Figure 4D and Figure 
6B, left);

- Custom flask de-epithelialization according to Gonzalez et al.35 and its full thickness 
resection modification as proposed by Alter,30 in cases of predominately middle disfig-
urement or protrusion (Figure 6B, right).

7
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Figure 6 - Apart from edge resection, the outcome of the decisional steps of our algorithm 
includes central de-epithelialization or fenestration (Fig 6A, left), modified anterior wedge 
resection combined with posterior flap transposition or its de-epithelialization variation (Fig 6A, 
right), posterior wedge resection combined with anterior flap transposition or its de-epithelial-
ization variation (Fig 6B, left), and custom flask de-epithelialization or full thickness resection 
(Fig 6B, right).

THE ALGORITHM IN HISTORICAL PERSPECTIVE
To date, only three groups of authors offered a true algorithm for choice of labiaplasty 
technique by pairing various classes of labial features with various reduction tech-
niques.6,10,18 As such, Ellsworth et al.6 adopted the classification based on absolute labial 
width as proposed by Franco et al.15 for their choice of technique. They applied the central 
de-epithelialization technique according to Choi et al.11 to reduce labia presenting with 
up to 4 cm (Franco Classes 1 and 2) and the inferior wedge technique according to Munhoz 
et al.5 in labia over 6 cm wide (Franco Class 4). Franco Class 3 labia (of 4 to 6 cm width) 
were preferably treated by lazy-S edge trimming according to Felicio,49 but the inferior 
wedge technique was applied in those women who preferred to retain the natural labial 
edge.6 Hence, their algorithm was based exclusively on absolute labial measurements, 
disregarding configurational variations and remaining protrusion associated with wedge 
resection.

Smarrito18 used a classification based on the location of the relative surplus of tissue 
as applied previously by Gonzalez et al.35 and Gonzalez,8 and subsequently by Kaya et al.9 
and Hamori et al.16 He distinguished Type I with anterior third redundancy; Type II with 
middle third redundancy; and Type III with posterior third redundancy. An anterior redun-
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dancy treated by an incision along the posterior half of the labial rim, after which the 
protruding anterior part was folded dorsally to be sutured to the incised edge of the lower, 
most posterior part of the labium. Middle third redundancies were treated with a slightly 
modified posterior wedge technique,47 whereas Smarrito combined his Lambda posterior 
resection and anterior flap technique for a posterior redundancy.18 Thus, the anterior half 
of the labial rim was used to replace the resected posterior rim in all patients, regardless 
of its appearance or patients’ preferences.

Yang et al.10 introduced a more extensive classification system on which to base the 
choice of labiaplasty technique according to the location of labial redundancy. For this, 
they distinguished six configurational types: 1- anterior protrusion; 2- central protru-
sion; 3- posterior protrusion; 4- redundant anterior-posterior labial length; 5- gener-
alized width and length redundancy; and 6- labial protrusion combined with preputial 
redundancy. To treat Types 1 to 5, the authors suggested three different techniques of 
reduction: A- full labial resection except for a posteriorly based, rectangular edge flap 
that was used to replace all of the excised tissue for Types 1 and 5 redundancies; B- full 
labial resection except for both an anterior, and a posteriorly based rectangular edge flap 
that were used to replace all of the excised tissue for a Type 2 redundancy; C- full labial 
resection except for an anteriorly based, triangular edge flap that was used to replace all 
of the excised tissue for Types 3, 4, and 5 redundancies. For Type 6 combined labial and 
preputial redundancy, the authors suggested two additional techniques.10 Hence, their 
algorithm was based solely on the presenting labial configuration without consideration 
of labial color and texture,21,46 or post-operative rim appearance, labial sensitivity, and 
pigmentation changes.

The algorithm we propose is based on individualized anatomical, configurational, and 
personal considerations, which can be applied unilaterally or bilaterally. In this algo-
rithm, normative classifications of labial width are ignored. From the available normative 
datasets on labia minora width measurements19,27,33 may be concluded that normal labial 
width varies enormously. Kreklau et al.,50 furthermore, observed a negative correlation 
between BMI and labia minora width and Gress24 stressed how the level of the interla-
bial sulcus can vary in relation to the vestibulum. Therefore, absolute width measure-
ment cannot be used as a possible base for surgical decisions.18 Rather, the request often 
concerns any measure of protrusion of the labia minora beyond the labia majora.8,20,46 
In the vast majority of women, this request is aesthetically driven.29,30,47 Some of these 
women may be reassured by explaining that their labial features are within a normal range 
and loose interest in labiaplasty (the so-called desisters), but an increasing number of 
them will persist in their wish for labiaplasty despite such explanation (the persisters).33 
Like rhinoplasty, mammaplasty, and lipofilling that all usually adjust features that are 
within a normal range, reduction labiaplasty has become one possibility in an ever 
increasing array of aesthetic operations.

7
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Given this, it is our task to improve and extend our techniques and assure that each 
individual patient obtains an optimal result.10,29 The labiaplasty surgeon can no longer 
hide behind the adage to use the one technique you are most confident with because of the 
various, possibly conflicting, considerations presenting in each patient.10 Consequently, 
the surgeon working with our proposed algorithm is required to master modifications of 
all three conventional reduction techniques, each to be executed either by excision or by 
de-epithelialization.

POTENTIAL PITFALLS OF REDUCTION LABIAPLASTY
Although the labia minora are usually the focus of patients’ concerns, achieving a desir-
able cosmetic outcome may require additional external genital alterations. When not 
discussed, failure to concurrently address an explicit clitoral hood may result in the 
patient complaining of a masculine, penile appearance.29,40 On the other hand, unsolicited 
concurrent reduction of the clitoral hood or posterior fourchette may result in aesthetic 
disappointment or, worse, in complaints or disorders of sexual function. Hence, it is 
wise to evaluate the entire anatomic region—labia minora, labia majora, clitoral hood, 
perineum, and mons pubis—during the consultation of women seeking labiaplasties.24,29 
Any involvement of the clitoral prepuce and posterior fourchette, in particular, needs 
to be considered preoperatively. Reduction of the prepuce may be achieved by separate 
longitudinal,17 transverse,29 or combined longitudinal and transverse resections,42 or by 
extension of the design of reduction of the lateral labial aspect towards the prepuce.13,28,29 
Even though some authors record that reduction of the fourchette can be performed 
equally simple by direct resection,10,17,18 others regard the fourchette a surgical no go 

area.11,20,30,46 We consider fourchette trimming to feature the risk of contracture of a scar 
that crosses transversely over the posterior introitus which, in turn, may obliterate the 
introitus. Therefore, we advocate including multiple Z-plasties when preforming poste-
rior fourchette trimming.

FUTURE PERSPECTIVES AND CONCLUSION

Future algorithms may be additionally proposed for the assessment and treatment of 
the other female genital structures. Still, the decision on technique for reduction of the 
labium proper can best be reached separately from considerations regarding the other 
aspects of female genital aesthetic surgery. We feel that the five steps to be considered 
and the inclusion of modifications of all three conventional reduction techniques in the 
algorithm offer an improvement over previously presented algorithms.
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CHAPTER 8

GENERAL DISCUSSION AND FUTURE PERSPECTIVES

Reconstructive surgery and aesthetic surgery are the two pillars on which plastic surgery 
is based. Seemingly different, both pillars are extensively intertwined. They mostly differ 
in their accentuation of the priorities regarded. Where aesthetic surgeons primarily 
regard form, the form is also a function to be regarded while performing reconstructive 
surgery. Where reconstructive surgeons strive to repair form and function, aesthetic 
surgery performed to enhance form should not hinder any function. The considerations 
on labiaplasty presented in Chapter 7 provide an example of how reconstructive princi-
ples of local flap repair apply no less in aesthetic surgery.

WHERE PERINEOGENITAL PLASTIC SURGEONS STAND
Extended perineogenital or perineopelvic resections should be left to multidisciplinary 
teams because of the implicit complexity and physical and psychosexual sequelae.1,2 
Centralization of these teams, furthermore, allows for concentration of otherwise limited 
experience in managing the underlying disease and in addressing the immediate recon-
structive requirements. In the ablative-orientated setting of a cancer centre, the recon-
structive plastic surgeon’s principal responsibilities are to facilitate the ablative surgeon 
and to offer the patient an optimal chance of recovery of form and function. Consider-
ation of potential risk-factors as presented in Chapter 2, 3, and 4 reflect this respon-
sibility. This responsibility, seemingly paradoxically, also requires some training of the 
ablative surgeons. They need to be taught by the reconstructive surgeon to resect what 
is needed: no less for obvious oncological reasons but, also, certainly no more for alleged 
reconstructive ease. Rather than thinking along with the reconstructive surgeon in possi-
bilities of closure, the ablative surgeon should concentrate solely on the structures that 
need to be resected and leave any resulting defect to the reconstructive plastic surgeon.

Organ-oriented ablative surgeons are trained to perform a surgical procedure with 
an optimal technique in the best possible way and to know what to do in case a varia-
tion presents, or a complication occurs. In general, they perform best by adhering to 
this training and only adapt their techniques to a patient’s individual anatomy or require-
ment during the thirty years of their career. The selection of candidate surgeons by use 
of a program originally designed for aspirant aircraft pilots in the 1980’s, in this light, 
was a fully justifiable practice. Contrastingly, reconstructive plastic surgeons working 
in a setting of ablative surgery are best trained to choose between and apply concepts 
and to perform as little as possible routine procedures. These concepts are represented 
in the reconstructive ladder of abstinence, tension-free primary closure, graft applica-
tion, local or regional flap transposition, and free microsurgical tissue transplantation. 
Accordingly, they are expected to adjust any one of these concepts, or a combination, 
to fit and repair the varying defects they are confronted with. Additionally, reconstruc-
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tive plastic surgeons are trained to always have a plan B (and even a plan C) whenever 
starting an intervention according to plan A. Working in a cancer centre, this task encom-
passes more: whenever performing a reconstructive procedure the plastic surgeon should 
not burn any bridges for a possible, or even probable, future ablative procedure required 
to treat a recurrence. Rather, the plan B needed during that future intervention should 
be preserved, as may be clear from the case made in chapter 5. In this light, the ability 
to think out of the box as illustrated in Chapter 6 is a great asset for any reconstructive 
plastic surgeon. Such thinking is the raison d’etre of reconstructive plastic surgery: only 
by continuous innovation can reconstructive surgeons claim their place in the medical 
array. The moment an innovation becomes a generally accepted procedure to be used by 
organ-orientated surgeons, reconstructive surgeons lose their patent on it. The first long-
term successful homologous kidney transplantation by plastic surgeon Joe Murray, the 
development of hypospadias repair, and the evolution of cleft lip and palate repair are no 
minor examples of such (just) loss.

The character of aesthetic surgery is more like that of organ-orientated surgery. Most 
aesthetic plastic surgeons do best to adhere to a standard fashion that has been proven 
to optimally fulfil requirements, adapt their standard techniques in accordance with a 
patient’s individual considerations. Still, more and more body regions becoming prone to 
aesthetic surgery and, consequently, the array of aesthetic operations is still expanding. 
Even though many aesthetical procedures have been passed from plastic surgeons to 
aesthetic facial or breast surgeons of different background, to dermatosurgeons, to 
aesthetic physicians and, even, to laymen, this expansion still confronts plastic surgeons 
with many innovating tasks. Historically, other surgical specialists have shown reluctance 
to perform female genital aesthetic surgery, whereas plastic surgeons were more willing 
to do so even in the absence of physical disorder.3,4 Plastic surgeons acknowledge that 
adjustment to the patient’s sense of deformity may be more important than correcting an 
objective deformity.5 They are used to seeing even minor physical alterations may produce 
profound improvement of self-esteem. With Chapter 7, we showed that aesthetic perineo-
genital surgery is still evolving.

The broad range of technical possibilities for both reconstructive, and aesthetic 
perineogenital surgery implies that no single technique can meet the requirements of 
such surgery in all cases and that the technique has to be selected in accordance with 
the unique presenting condition of each individual patient. Many are the considerations 
involved in the choice which reconstructive or aesthetic path to take. To address the chal-
lenges of reconstructive or aesthetic perineogenital surgery, a plastic surgeon ought to 
be aware of determinants of influence on the outcome of such surgery. The principle goal 
of the studies presented in this thesis was to regard patient-related and procedure-re-
lated characteristics that may potentially act as risk-factors of complicated surgical 
outcome of perineogenital reconstructive or aesthetic surgery. Additionally, we intended 
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to elucidate to what extent these characteristics can aid when regarding the options for 
a plastic surgical strategy.

In Chapter 2, we regarded the potential association between non-insulin depen-
dent and insulin dependent diabetes mellitus and the outcome of flap surgery to find 
that diabetic patients in general run an increased risk of local and systemic complica-
tions after pedicled flap-based reconstructive surgery. Our findings suggest that diabetes 
mellitus is an independent confounder of surgical site complications, serious adverse 
events, and 30-day mortality. In Chapter 3, the outcomes and associated determinants 
for major complications after pelvic wound reconstructions with extended rectus abdom-
inis myocutaneous (ERAM) flaps were assessed. We found a comparably high rate of major 
complications and argued that this might be attributable to poorer patients’ conditions 
and disease processes. In spite of these poorer conditions, we observed no increase of 
ERAM flap loss. We regard our assessing the inferior epigastric vascular pedicle preoper-
atively, designing the flap in line with the tenth rib, extending the lateral design of the 
skin island, delaying the flap’s skin island, closing the rectus fascia in a double-breasted 
fashion, and our reconstructing the pelvic fibromuscular diaphragm to have allowed us to 
address the increased demands of extended pelvic resections.

In Chapter 4, the outcomes and associated determinants of the gluteal fold flap for 
vulvoperineal reconstruction were regarded. We found previous radiotherapy, recur-
rent disease, multifocal tumour localization, a bilateral flap procedure, and the use of a 
rotation flap design rather than a VY advancement to be clinically relevant determinants 
of postoperative complications. These observations are best regarded when selecting 
patients or procedures to minimize postoperative complications. Furthermore, in Chapter 
5, we have shown that the repeated use of this flap is not associated with an increased 
risk of postoperative complications. Hence, we regarded our results to further support 
the use of this flap.

In chapter 6, we concluded that neo-meatal stenosis can be prevented by achieving 
optimal wound edge approximation and the innovating use of interposing vaginal 
advancement flaps. We argue to regard the ingrained application of an indwelling catheter 
and the newly defined phenomenon of an arrivée’s pit-fall as counterproductive in the 
successful use of this technique.

In Chapter 7, we proposed an algorithm for labia minora reduction that, unlike 
previous algorithms, is based on multiple anatomical, configurational, aesthetical and 
individual determinants.
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THE PERINEOGENITAL PLASTIC SURGICAL PATHS

Perineogenital reconstructive surgery
Currently, the ideal reconstructive intervention after ablative perineogenital surgery is 
considered (1) to bring in well-vascularized integumental tissue of comparable thickness, 
(2) to allow for adaptation of the reconstruction flap to the surface size of the defect, (3) 
to restore perineogenital function and sensibility, (4) to restore a natural perineogenital 
appearance, (5) to ensure single-stage closure, and (6) to minimize donor site morbidity.6

Repair of the functional anatomy and natural convexity of the female perineogenital 
structures dictates that healing by secondary intention is contra-indicated in any but 
the smallest defects. Such healing, furthermore, extends recovery time and morbidity. 
In women with a history of local radiotherapy, healing by secondary intention may even 
last for up to one year.7,8 Such a physical and emotional burden and the immanent delay 
of normal function can no longer be justified. Primary closure is often equally insufficient 
because perineogenital restoration implies assuring tension-free skin closure to allow 
optimal wound healing and prevent vaginal and urethral stenosis or urinary deviation.1 
Such closure can be applied only in the smallest of defects that are orientated perpen-
dicular to the skin release tension lines, or in elderly women who present with abundant 
tissue surplus. Split thickness or full thickness skin grafts may be considered to cover 
genital, but not perineal defects. Even when applied only in the genital area, however, 
these grafts are considered suboptimal because they are hard to fixate and prone to of 
shearing forces and bacterial colonisation. Local irradiation damage may further limit the 
applicability of skin grafts and their tendency to retract may distort the local anatomy.9 
Interposition of local skin flaps may prevent short-term undue tension and wound dehis-
cence, as well as long-term ‘open’ distortion of the urethral meatus, vaginal introitus, 
or perianal region.10 The local abundance of blood supply allows for multiple designs of 
various local skin flaps. Random-pattern rhomboid and uni-lobed or bi-lobed flaps may 
be designed in many different directions to close defects up to 20 cm2,11 and various other 
local flaps have been suggested to close even larger defects.12 In Chapter 6, we once more 
confirm that the anterior vaginal wall is a valuable additional donor site for pedicled local 
flaps to be regarded when confronted with a perineogenital defect.13-15

For the repair of the more extended perineogenital resections performed in a cancer 
centre, the reconstructive surgeon often has to turn to a regional pedicled flap. Regional 
flap transposition has been shown to reduce post-operative complications by providing 
healthy, non-irradiated and well-vascularized tissue to the battered area.16 These flaps 
are found to be reliable in perineogenital reconstruction because of their robust blood 
supply and a versatility in size and shape. The multiple vascular supply of the perineal, 
gluteal, inguinal, and upper thigh regions allows for a rich choice of flaps from a variety 

8

160369-Maurits_Lange-BNW_def.indd   135160369-Maurits_Lange-BNW_def.indd   135 09-08-2022   16:0709-08-2022   16:07



136

CHAPTER 8

of donor sites (Figure 1).1,6,16-18 These may be used as (subcutaneous) pedicled transposi-
tion flaps, V-Y flaps, propeller perforator flaps, or true island flaps.

Of all regional vascular pedicles, the branches of the internal pudendal vessels allow 
for the ‘workhorse’ pedicled flaps for perineogenital reconstruction: the pudendal thigh 
flap anteriorly, and the gluteal fold flap posteriorly.6 The reliability of these internal 
pudendal flaps has been repeatedly confirmed.17 Primary use of the pudendal thigh flap 
may be hindered in cases of simultaneous inguinal lymph node dissection. As illustrated 
in Chapter 4, the gluteal fold flap may be used as a V-Y advancement flap or a propeller 
perforator flap to close a variation of perineogenital defects. Both during primary use 
and repeated use, the propeller flap may be thinned up to the level of Scarpa’s fascia.6,17 
Only when both internal pudendal flaps are no (longer) applicable or sufficient, should 
the use of the gluteal thigh flap be considered. The other regional vascular systems may 
provide for further ‘back-up’ flaps.

Given the abundance of local and regional pedicled flaps available, microsurgical free 
flaps are seldom required for perineogenital reconstruction.19 Likewise, there is little 
need for musculocutaneous flaps in cases where the ablative defects are restricted to the 
perineogenital region. Most, or maybe even all of the indications of a pedicled gracilis flap 
may be addressed by the gluteal fold flap that is easier and more reliable in use. Rectus 
abdominis musculocutaneous flaps are indicated only when these defects that are part of 
more extended tissue loss such as in patients who undergo a perineopelvic resection.10,12

Figure 1 - Examples of fasciocutaneous flaps that may be used for perineo-gluteal reconstruction.
A: 1, gluteal thigh island flap; 2, gluteal thigh pedicled flap; 3, gluteal flap; 4, transverse medial 
thigh flap; 5, infragluteal flap; 6, inferior gluteal flap;
B: 7, superficial epigastric flap; 8, external pudendal flap; 9, inguinal flap; 10, pudendal thigh 
flap; 11, reversed pudendal thigh flap; 12, longitudinal medial thigh flap; 13, superomedial thigh 
flap.
(Reprinted by kind permission from Hage JJ, Van Beurden M. Reconstruction of acquired perine-
ovulvar defects: a proposal of sequence. Semin Plast Surg. 2011;25(2):148-54).

A B
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Perineopelvic reconstructive surgery
Complications after extended oncological perineopelvic resections may be divided in 
three distinct groups: those related to any dead space cranial to the pelvic fibromus-
cular diaphragm, those related to dead space in previous irradiated tissues caudal to that 
diaphragm, and those related to the loss of abdominal content support by the diaphragm. 
Any dead space cranial to the pelvic fibromuscular diaphragm may lead to so-called 
empty pelvis syndrome entailing presacral abscess formation, bowel obstruction caused 
by adhesions to the denuded pelvic wall, bowel perforation, and fistulas with perma-
nent discharge.20 Any dead space caudal to that diaphragm may lead to delayed perineal 
wound healing as observed in up to 60 and 84 per cent of patients after APR, respectively 
exenteration, particularly following neoadjuvant radiotherapy.21 The loss of support of 
abdominal content inherent to the resection of the fibromuscular pelvic diaphragm may 
cause perineal hernia in up to 26 per cent of patients.22 Subsequent symptoms relate to 
displacement of organs: urinary incontinence, retroflexion of the uterus, and low back 
pain associated with mesenteric traction.

Correspondingly, perineopelvic reconstructions may be performed for three reasons. 
First, a flap may be applied as a well-vascularized filler of the irradiated supra-diaphrag-
matic dead space resulting from pelvic resection.20,23 Secondly, dermis of a de-epithelial-
ized flap may be applied as a support to replace any resected part of the pelvic fibromus-
cular diaphragm.22 Lastly, a flap may be use for the imperative replacement of subcutis 
and skin in any integumental defect of the previously irradiated perineum.21,23,24 Still, sole 
reconstruction of the pelvic diaphragm without filling the potential caudal or cranial dead 
spaces may be successful in the prevention of perineal hernia but will not help prevent 
wound healing problems. On the other hand, sole filling of any dead space without recon-
struction of the pelvic diaphragm may still result in perineal herniation.22

From the series presented in Chapter 3, we learned that postoperative presacral 
abscesses predominately occur among patients in whom a partly de-epithelialized flap 
was used to fill caudal dead spaces rather than any cranial dead space. Furthermore, we 
learned that the ERAM flap should not be used to replace perineal defects in patients 
in whom the fibromuscular pelvic diaphragm needs to be replaced. Rather, the dermis 
of a fully de-epithelialized ERAM flap should be use to repair the diaphragm defect and 
the bulk of flap should be used to fill or, even, ‘over-fill’ any dead space cranial to the 
diaphragm. Consequently, we became less hesitant to perineally apply an additional 
local or regional flap to fill any infra-diaphragmatic dead space and replace the integu-
mental defect. In these cases, the requirements of perineogenital reconstructive are best 
regarded separately from the pelvic reconstructive requirements. The gluteal fold flap as 
presented in Chapter 4 is a first choice for such perineogenital reconstruction.

8
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Perineoplastic aesthetic surgery
One of the major pit-falls in organ-orientated surgery is the reliance on a certain proce-
dure for a certain indication: if you only have a hammer, everything will look like a nail. 
This equally applies to organ-orientated aesthetic surgeons. In Chapter 7, we argued that 
labiaplasty surgeon can no longer hide behind the adage to use the one technique you are 

most confident with because of the various, possibly conflicting, influential determinants 
presenting in each patient. Accordingly, labiaplasty surgeons ought to master at least 
all three conventional reduction techniques and, preferably, also the modifications of 
these techniques. As subsequent algorithms are presented, it becomes clear that influen-
tial determinants are increasingly recognised and acknowledged by labiaplasty surgeons.

WHERE PERINEOGENITAL PLASTIC SURGERY MAY GO
Each of the studies presented in the afore chapters pointed to future directions of 
research to regard. As such, we did not study the influence that diabetes mellitus might 
have specifically on perineogenital pedicled flap transplantations in chapter 2 and, there-
fore, our observations cannot be extrapolated to the outcome of perineogenital recon-
structive or aesthetic surgery. It is of interest to focus future studies on the influence 
of diabetes mellitus on perineogenital plastic surgery. In addition, such studies should 
focus on Hba1C and perioperative glucose levels rather than diabetes treatment modality 
only, as these are found to be more directly associated with adverse outcomes.25

In Chapter 3, we remarked that the comparably high rate of major complications 
observed after perineopelvic wound reconstructions with the ERAM flap, might be attrib-
utable to poorer patients’ conditions and disease processes. Future study has to assess 
whether, or not, a more freely use of local or regional perineal flap additional to the ERAM 
flap may successfully prevent the high rate of perineal complications observed in these 
patients. Given the results of the gluteal fold flap (Chapter 4) and the possibility to re-use 
this flap more than once (Chapter 5), the application of this flap ought to be considered 
for such a study.

Our observations on the noncircular inset of an anterior vaginal wall advancement flap 
for urethral meatal reconstruction as presented in Chapter 6, likewise, imply the direc-
tion future research has to take. Larger sample sizes of these promising techniques are 
needed to reliably allow for statistical comparison between the two techniques and to 
establish possible risk factors for a complicated outcome. Additionally, further reduction 
of external traction to the urethral remnant by reconstruction of its tubed length may 
be studied as a means to reduce post-operative urinary incontinence in these patients.

In chapter 7, we already remarked that future algorithms may be proposed for the 
assessment and treatment of the female genital structures, other than the labia minora. 
Likewise, algorithms ought to be developed in which the reduction labiaplasty is inte-
grated in an overall approach of aesthetic adaptation of the perineogenital area. Addi-
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tionally, it is to be remarked here that there is a lack of specific, valid, and reliable satis-
faction and quality of life patient-reported outcome measures (PROMs) in the field of 
female genital cosmetic procedures. Thus, future study is needed to develop measures to 
more accurately assess the outcomes of the various procedures available.26 Any research 
after the association of the human cognitive evolution and the unparalleled obsession 
with the female perineogenital area is of equal interest.

8
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SUMMARY

REGARDING INFLUENTIAL DETERMINANTS IN RECONSTRUCTIVE OR AESTHETIC 
PERINEOGENITAL SURGERY
The structural integrity of the perineogenital area is vital for primary bodily functions 
as micturation, bowel evacuation, reproduction, and sexuality. Anorectal, gynecolog-
ical, and urological resections potentially destruct this integrity. Perineogenital recon-
structive surgery aims to restore form and function, and to subsequently reduce physical 
complications and psychological and behavioral sequelae secondary to disfigurement and 
loss of body image function.

Optimal perineogenital reconstruction is increasingly considered an integral part of 
treatment as it may markedly improve the quality of life, self-esteem, and functional reha-
bilitation of the patient with perineogenital damage.

In Chapter 1, we explained why we intended to regard patient-related and procedure-re-
lated characteristics that may potentially act as risk factors of complicated surgical 
outcome of reconstructive or aesthetic surgery of the female perineogenital region. 
In addition, we intended to elucidate to what extent they can aid when regarding the 
options for a surgical strategy. By doing so, we aim to offer clinically relevant selection 
criteria that might help to optimize post-operative surgical and psychological outcomes. 
Because perineogenital plastic surgery mostly involves pedicled cutaneous or myocuta-
neous flaps, only these were regarded in the studies presented.

In Chapter 2, we regarded the relationship between different diabetes mellitus treat-
ment modalities and post-operative outcomes of 9,332 patients that underwent pedicled 
flap surgery, registered in the American College of Surgeons National Surgical Quality 
Improvement Program (ACS-NSQIP) dataset. We found that diabetic patients in general 
run an increased risk of local and systemic complications. When comparing non-in-
sulin dependent diabetics to insulin dependent diabetics, the latter run a higher risk 
of systemic complications and 30-days mortality. Our findings suggest that diabetes 
mellitus is an independent confounder of surgical site infection, wound dehiscence, 
serious adverse events, and 30-day mortality. This study demonstrates that patients 
with diabetes mellitus are confronted with significantly more postoperative complica-
tions than non-diabetic patients.

In Chapter 3, we reported on the outcomes of delaying 105 extended rectus abdominis 
myocutaneous (ERAM) flaps to help prevent intra-abdominal (partial) flap loss after 
pelvic reconstruction in highly complex situations including previous irradiation. Poten-
tial patient- or procedure-related risk-factors associated with an eventful outcome 
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were retrospectively assessed. We observed a comparably high rate of major complica-
tions after ERAM transplantations. These complications were associated with surgery for 
residual or recurrent malignancy, with tip necrosis after flap delay, and with the use of a 
mesh to close the abdominal donor site. We consider our complication rate to be attrib-
utable to poorer patients’ conditions and disease processes, rather than to flap viability. 
We posited that delay of the flap allowed for the use of large and voluminous flaps with 
comparably little (partial) flap loss.

In Chapter 4, the outcomes and associated risk-factors of 114 gluteal fold flaps for vulvo-
perineal reconstruction were prospectively assessed to establish clinically relevant 
selection criteria. The observed complication rate was in line with that reported in other 
studies. We found previous radiotherapy, recurrent disease, multifocal tumour localiza-
tion, a bilateral flap procedure, and the use of a rotation flap design rather than a VY 
advancement to be clinically relevant risk factors for postoperative complications. We feel 
these observations ought to be regarded to minimize postoperative complications, when 
selecting patients or procedures.

As vulvoperineal (pre)malignancies are associated with a high recurrence rate, future 
reconstructive options should be reckoned with during primary surgical treatment of 
these lesions. In Chapter 5, we presented our experience with the reuse of 10 gluteal fold 
flaps in women presenting with local cancer recurrence. We observed that the repeated 
use is not associated with an increased risk of postoperative complications, further 
supporting the selection of this flap for initial use.

In 15% to 55% of oncological vulvectomies, resection of the distal urethra is performed 
to achieve radicality of the resection. The repair of such distal urethral resections is often 
complicated by urethral stenosis as the neomeatus is sutured in a circular fashion. In 
Chapter 6, we reported on our experience with two innovative surgical techniques in 
which the anterior vaginal wall is advanced and sutured with interposing flaps to the 
neomeatus in a noncircular fashion, to prevent such stenosis. We observed one case of 
stenosis and one case of partial vaginal wall flap loss in 42 such procedures,. We feel that 
both complications were not caused by a flaw of design of the flap but, rather, by the 
phenomenon of arrivée’s pit-fall. Therefore, both could have been prevented. We advocate 
the use of these techniques to prevent stenosis in reconstruction of the meatus urethrae 
after oncologic resection.

In Chapter 7, we proposed an algorithm for labia minora reduction technique that is based 
on anatomical, configurational and technical considerations, as well as on patient’s indi-
vidual preferences. We regard these to be of equal importance when choosing the right 

9

160369-Maurits_Lange-BNW_def.indd   145160369-Maurits_Lange-BNW_def.indd   145 09-08-2022   16:0709-08-2022   16:07



146

CHAPTER 9

technique. No previous algorithm encompasses all of these factors. In our proposed algo-
rithm we included modifications of the three conventional labiaplasty techniques. As 
these modifications each have their distinct features, a more detailed consideration of 
influential determinants can be made to assure an optimal result for every patient. There-
fore, we feel our algorithm offers an improvement over previously presented algorithms.

In Chapter 8, study observations were placed in perspective and directions for future 
study were discussed. The general role of the aesthetic or reconstructive surgeon was 
evaluated and objectives, pitfalls, and surgical options for perineogenital, perineopelvic 
and perineoplastic surgery were regarded.
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SAMENVATTING

EEN BESCHOUWING VAN DETERMINANTEN BIJ RECONSTRUCTIEVE EN 
ESTHETISCHE PERINEOGENITALE CHIRURGIE
De structurele integriteit van de perineogenitale regio is essentieel voor basale lichaams-
functies zoals mictie, defecatie, reproductie en seksualiteit. Anorectale, gynaecologi-
sche en urologische resecties kunnen deze integriteit verstoren. Het doel van de perineo-
genitale reconstructieve chirurgie is het herstellen van vorm en functie om beperking van 
de fysieke en mentale gevolgen van een aangetast lichaam en veranderd zelfbeeld zoveel 
mogelijk te beperken. Optimale perineogenitale reconstructie wordt toenemend als een 
belangrijker onderdeel van de behandeling beschouwd omdat het een grote rol kan spelen 
bij het herstel van kwaliteit van leven, zelfvertrouwen en functie.

Verschillende patiënt- en operatiegerelateerde eigenschappen fungeren als potentiële 
risicofactor voor complicaties na reconstructieve of esthetische chirurgie in de vrouwe-
lijke perineogenitale regio. In Hoofdstuk 1 legden we uit dat we er naar streefden om 
klinisch relevante criteria vast te stellen die kunnen bijdragen aan de selectie van patiënt 
of ingreep, teneinde de mentale en fysieke resultaten van een operatie te kunnen verbe-
teren. Hierbij beperkten we ons tot de beschouwing van gesteelde huid- en/of spier-
lappen die bij reconstructies in het perineogenitale gebied meestal gebruikt worden.

In Hoofdstuk 2 beschouwden wij het verband tussen postoperatieve resultaten van 
een gesteelde transpositie en de verschillende behandelingsmodaliteiten van diabetes 
melllitus, aan de hand van de gegevens van 9332 patiënten uit de American College of 
Surgeons National Surgical Quality Improvement Program (ACS-NSQIP) database. In dit 
onderzoek bleken patiënten met diabetes over het algemeen een groter risico te lopen op 
lokale en systemische complicaties. Insulineafhankelijke diabetes-patiënten bleken een 
hogere kans had op systemische complicaties en mortaliteit binnen dertig dagen te lopen 
dan niet-insulineafhankelijke diabeten. Onze resultaten suggereerden dat diabetes een 
onafhankelijke statistische confounder is voor chirurgische infecties, wonddehiscentie, 
ernstige systemische complicaties en mortaliteit binnen dertig dagen. We concludeerden 
dat diabetici significant meer postoperatieve complicaties ondervinden na een gesteelde 
transpositie, dan patiënten zonder diabetes.

In Hoofdstuk 3 onderzochten we retrospectief de resultaten van precisie bij 105 extended 
rectus abdominis myocutane lappen (ERAM) die gebruikt werden voor bekkenreconstruc-
ties in complexe situaties na bestraling. Door precisie van de lap lijkt intra-abdominaal 
afsterven ervan voorkomen te worden. Patiënt- en operatiegerelateerde risicofactoren 
die verband hielden met een gecompliceerde uitkomst werden beschouwd. Het vastge-

9
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stelde hoge complicatiegetal was vergelijkbaar met de getallen uit andere onderzoeken, 
terwijl de resecties over het algemeen uitgebreider waren. De complicaties bleken verband 
te houden met de volgende factoren: een ingreep voor een tumorrecidief of -residu, het 
afsterven van de punt van de lap na precisie en het gebruik van een mat om de abdominale 
donorplaats te sluiten. Daarom beschouwen we ons hoge complicatiegetal als te wijten 
aan de relatief slechte preoperatieve condities van de patiënten, en niet aan de levens-
vatbaarheid van de lap zelf. We veronderstelden dat grotere en meer volumineuze lappen 
gebruikt kunnen worden na een precisie.

In Hoofdstuk 4 werden de resultaten en daarmee geassocieerde risicofactoren van 114 
infragluteale lappen voor vulvoperineale reconstructies prospectief in kaart gebracht om 
daarmee klinisch relevante selectiecriteria vast te kunnen stellen. Het aantal complica-
ties in ons onderzoek kwam overeen met de aantallen uit vergelijkbare onderzoeken. Als 
klinisch relevante risicofactoren voor postoperatieve complicaties vonden we: eerdere 
bestraling, een tumorrecidief, multifocaliteit van de tumor, een bilaterale procedure en 
het gebruik van een rotatielap in tegenstelling tot een VY-lap. Deze observaties dienen 
onzes inziens mee gewogen te worden bij het selecteren van patiënten of ingrepen, 
teneinde postoperatieve complicaties zoveel mogelijk te beperken.

Omdat vulvoperineale (pre-)maligniteiten na een eerste resectie kunnen recidiveren, 
moet er tijdens een initiële reconstructie rekening worden gehouden met eventuele 
toekomstige reconstructies in hetzelfde gebied. In Hoofdstuk 5 presenteerden wij de 
resultaten van onze ervaring met het hergebruiken van 10 infragluteale lappen bij lokale 
tumorrecidieven. Wij observeerden dat het opnieuw gebruiken van deze lap niet geasso-
cieerd is met een toegenomen risico op postoperatieve complicaties, wat de keuze voor 
deze lap bij een initiële reconstructie verder ondersteunt.

In 15% tot 55% van de uitgevoerde vulvectomieën moet het distale uiteinde van de 
urethra verwijderd worden om radicaliteit van de resectie te bereiken. Het postopera-
tieve beloop na reconstructie van een meatus urethrae wordt echter vaak gecompliceerd 
door een urethrastenose, omdat de hierbij gecreëerde neomeatus circulair wordt inge-
hecht. In Hoofdstuk 6 beschreven wij onze ervaringen met twee innovatieve chirurgi-
sche technieken waarmee de neomeatus op een non-circulaire manier in een vaginale lap 
werd ingehecht. Na de 42 uitgevoerde meatusreconstructies observeerden we éénmaal 
een stenose en éénmaal een randnecrose van de vaginalap. We meenden dat de oorzaak 
van deze complicaties niet ligt in het ontwerp van de lap zelf, maar veeleer een vorm van 
arrivée’s pitfall vertegenwoordigt. Met andere woorden, denken we dat beide complicaties 
voorkomen hadden kunnen worden. We bevelen het gebruik van deze technieken aan om 
een meatusstenose na oncologische resecties te voorkomen.
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In Hoofdstuk 7 presenteerden wij een algoritme voor labia minora-reducties waarbij 
zowel objectieve anatomische en fysiologische factoren, als subjectieve voorkeuren van 
de patiënt in beschouwing worden genomen. Verschillende varianten op de drie meest 
gangbare labiaplastiektechnieken werden in het algoritme opgenomen om tot een 
optimale keuze van techniek voor elke individuele patiënt te komen. Geen eerder gepu-
bliceerd algoritme houdt op een vergelijkbare manier rekening met het geheel aan deter-
minanten. Derhalve denken wij dat ons algoritme een waardevolle aanvulling is op eerdere 
algoritmen.

In Hoofdstuk 8 werden onze observaties beschouwd en aanbevelingen gedaan voor 
mogelijk toekomstig onderzoek. De algemene rol van de esthetische of reconstructieve 
plastisch chirurg werd geëvalueerd en de doelstellingen, valkuilen en chirurgische moge-
lijkheden van de perineogenitale, perineopelviene of perineoplastische chirurgie werden 
beschouwd.

9
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