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Relapsing or far advanced rectal and anal cancers remain difficult to treat and

require interdisciplinary approaches. Due to modern standard protocols all patients

receive irradiation and neoadjuvant chemotherapy—and in case of a relapse a second

irradiation—rendering the surgical site prone to surgical site infections and oftentimes

long lasting sinus and septic complications after exenteration in the pelvis. Despite an

improved overall survival rate in these patients the downside of radical tumor surgery in

the pelvis is a major loss of quality of life, especially in women when parts of the vagina

need to be resected. Derived from our experince with over 300 patients receiving pelvic

and perineal reconstruciton with a transpelvic vertical rectus abdominis myocutaneous

(tpVRAM) flap we studied the impact of this surgical technique on the outcomes of female

patients with or without vaginal reconstruction following pelvic exenteration. We found

out that the tpVRAM flap is reliably perfused and helps to reduce long termwound healing

desasters in the irradiated perineal/vaginal/gluteal region.

Keywords: VRAM, rectal cancer, transpelvic vertical rectus abdominis myocutaneous flap, anal cancer, vaginal

reconstruction

“Interdisciplinary surgical approaches in vaginal and perineal reconstruction of rectal and anal female

cancer patients with the transpelvic VRAM flap – long term results in a large cohort.”

BACKGROUND

Especially in female patients with advanced rectal or anal cancer the rate of perineal and pelvic
wound complications after a neoadjuvant chemoradiotherapy and abdominoperineal resection
(APR) has been described up to 60% of patients (1). The most frequent sequelae include acute
perineal abscesses, perineal herniation and long term wound dehiscence (2–6).

The value of the transpelvic (tp) Vertical Rectus Abdominis Myocutaneous (VRAM) flap
to reconstruct the perineum has been reported previously (1, 7–10). The non-irradiated
myocutaneous flap can be used to cover the resected sacrum and occlude the pelvic entrance.
Thus, the previously described surgical complications can be reduced by the obliteration of the
dead space utilizing well-vascularized tissue while also reconstructing the perineal soft tissue and
skin defect in far advanced and relapsing rectal carcinoma with abdominoperineal resection and
(neo)adjuvant chemoradiotherapy. In female patients with relapsing or advanced carcinoma in
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the pelvis either the posterior part or sometimes also the anterior
part or even most of the vagina needs to be resected for
oncological reasons and to prevent therapy resistant sinuses and
fistulae (11). In these patients it has been shown that primary
reconstruction of the vagina—mostly the posterior vaginal wall
with a tpVRAM flap can be achieved with a low complication
rate and excellent long term results concerning vaginal function
and stability of the reconstruction. Technical variations have
been developed over the years to fit the individual reconstructive
needs. The aim of this study was to retrospectively evaluate the
clinical outcome of female patients receiving a perineal and/or
vaginal reconstruction using a tpVRAM flap at the University
Hospital Erlangen and Erlangen Cancer Center over the past
20 years.

STUDY DESIGN, PATIENTS,
AND METHODS

All patients with advanced rectal, anal or vulvar cancer
who underwent preoperative chemoradiotherapy and
abdominoperineal resection (APR) with an interdisciplinary
reconstruction utilizing a pedicled myocutaneous flap during a

FIGURE 1 | (A) Vertical rectus abdominis myocutaneous (VRAM) Flap

preoperatively outlined on standing female patient. (B) Planned intrapelvic

VRAM flap transposition to reconstruct the posterior vaginal wall.

20-years period at the University Hospital Erlangen and Erlangen
Cancer Center were retrospectively reviewed.

BetweenMarch 1st of 1999 and August 1st 2019 361 (219 male
and 142 female) patients were identified, who presented with
rectal, anal, or vulvar carcinoma, or locally advanced or relapsing
perineal/groin malignant tumors and who were surgically treated
in an interdisciplinary approach using a reconstruction with a
tpVRAM flap after discussing the procedure according to the
votes to the tumor board of a comprehensive cancer center.

RESULTS

Among the 142 female patients 77 female patients with vaginal
wall resections were treated with a vascularly pedicled tpVRAM
flap to reconstruct the vaginal wall and/or the perineum and
sacrum (Figure 1).

FIGURE 2 | Schematic drawing of principle of vaginal wall reconstruction with

pedicled transpelvic VRAM flap. (A) VRAM flap mobilized and routed through

pelvis into resectional defect. (B) VRAM flap sutured to remaining anterior

vaginal wall and constructing new posterior vaginal wall. (C) Positioning of

patient on operating table and schematic drawing of planned bi-parted skin

island of VRAM flap to reconstruct vaginal wall and perineum/sacrum defect

with the same skin island.
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77 patients received vaginal wall reconstruction with a
tpVRAM together with perineal and sacral reconstruction as well
as occlusion of the pelvic floor (Figure 2).

In 41 female patients a tpVRAM was applied to reconstruct
the perineum and to cover the sacrum as well as to occlude
the dead space in the pelvis following exenteration or radical
resection without the necessity of a vaginal reconstruction.

In three patients a transpelvic rectus abdominis muscle only
(RAM) flap was deemed sufficient and suitable to occlude the
pelvic entrance and close the pevlic floor when no skin was
resected or no skin defect resulted after radical tumor surgery.

Additionally 16 patients were treated with an
extraabdominally routed (non-transpelvic) VRAM flap to
reconstruct the vulva, vagina and the groin.

For various surgical reasons five female patients were not
eligible for a tpVRAM flap and were therefore treated with either
a single sided or double sided myocutaneous gluteus maximus

FIGURE 3 | (A) Anatomic site of relapsing lower rectal cancer following

neoadjuvant radiochemotherapy in a 55 years old female patient (patient in

prone position). (B) Resectional defect with missing posterior vaginal wall and

pelvic floor defect following radical resection of relapsing rectal cancer

following cylindrical resection (patient in prone position). (C) Vertical recztus

abdominis myocutaneous flap harvested from right abdominal wall. (D) Skin

island of VRAM flap utilized to reconstruct posterior vaginal wall and sacral

defect after coccyectomy to cover os sacrum and to close resectional skin

defect (patient in prone position). (E) Aspect of posterior vaginal wall

reconstruction and sacral defect coverage with skin island of transpelvic

VRAM flap (patient in prone position).

myocutaneous advancement flap (n = 4) or in one case with a
gracilis myocutaneous flap (n= 1).

In all cases the reconstructive goal was achieved and secondary
wound treatment was only necessary in 5 of these patients (3.5%)
for wound dehiscence between the flap and the irradiated gluteal
tissue. Conservative treatment with wound care was sufficient
to heal these minor complictions in the perineum. Only one
revisional surgery was necessary in this group.

In 54% of vaginal reconstructions the skin paddle was used to
simultaneously cover the perineum, sacrum and to reconstruct
the posterior vaginal wall, while in 46% the skin island over the
muscular flap was divided into two parts and used for vaginal
repair with an appropriate amount of skin on the one hand while
the second half of the island was used to cover the sacral bone
following resection of the os coccygeum (Figures 3, 4).

Three patients received a RAM only to occlude
the pelvic entrance, without any further complications
noted postoperatively.

We observed abdominal bulging in two patients (1.4%)
between 2003 and 2007. In this period we did not routinely
use abdominal wall enhancement with a semisynthetic mesh
inlay. These patients were treated symptomatically. After the
introduction of routine abdominal wall enhancement at the
muscular donor site with a semisynthetic mesh inlay we did

FIGURE 4 | (A) 64 year old female patient with resectional defect after

exenteration with removal of posterior vaginal wall und parts of the lateral

aspects. (B) Transpevlic pull through of the VRAM flap into defect with patient

in prone position after cylindrical excision. (C) VRAM flap skin island split into

two parts to reconstruct the vaginal wall and covert he sacral perineal defect

when vulvar entrance can be preserved. (D) External coverage of sacral /

perineal defect with partially divided VRAM flap skin island, while second half

of skin paddle was used to reconstruct the vaginal wall.
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not see any clincially symptomatic hernias or abdominal bulging
during the postoperative course until now.

One obese 77 years old female patient succumbed due to
pulmonary embolism 30 days after the surgical procedure with
a vaginal wall and perineal VRAM flap reconstruction. There
was no surgical wound healing problem with the flap or the
abdominal wall.

Also in the long term no problems with sitting were noted.
Since the flap has no sensitivity, we do not let the patient sit or
lie in the skin island flap in order to relieve any tension for 3
weeks and then start gradual flap training with a subsequently
increasing sitting time up to the 6th week postoperatively, when
normal load on the flap is allowed.

Secondary thinning of a flap was necessary in one patient
due to too much bulk of the skin island that did not shrink
in the postoperative course and was felt to be unpleasant when
sitting on the bulky mass. Surgical excision and flap thinning was
performed 12months postoperatively without complications and
the further course was uneventful.

With ongoing and broadening spectrum of reconstructive
challenges we learned to modify the tpVRAM flap for pelvic and
vaginal reconstruction with various modifications. We proved
that when the perineum or sphincter muscle can be preserved
the skin paddle can be safely divided into two parts or split into y-
shaped designs to exactly fit the individual reconstructive needs.
This offered a greater variability of functional restoration. We
also showed that the VRAM flap can be easily desepithelialized
and buried under the sacral skin in case of vaginal wall resection
when no extensive sacral skin resection was performed, The
desepithelialized portion of the flap skin paddle served to occlude
the pelvic cavity and to cover exposed bone surfaces after
resection of the sacrum.

We administered betadine ointment intravaginally during the
first 4 weeks and then recommended sitting baths. During the
first 4–6 weeks the skin paddle of the flap within the vagina was
seen to keratinize more than the rest of the non-intravaginal skin
island. This phenomenon subsided in all patients after this time
period and no further particularities were reported.

DISCUSSION

Reconstruction of the vagina after APR with or without pelvic
exenteration has been an integral part of our interdisciplinary
treatment algorithm and is a highly reliable single stage
procedure in almost all cases (9, 12, 13). Independant from
the radicality of surgery it has been shown by Bregendahl
and coauthors that due to the irradiation effects urinary and
sexual problems are quite common in women following radical
surgery for rectal cancer (14). In addition a preoperative
radiotherapy interferes with several aspects of urinary and sexual
functioning (14). Postoperative bowel dysfunction following
APR is affiliated with urinary dysfunction and a reduction
in sexual activity and desire, as well as satisfaction (14).
Vulvovaginal symptoms of non-reconstructed resectional vulvar
and vaginal defects have been described to discourage patients
and their partners from genital contact (15). The use of a
myocutaneous transpelvic rectus abdominis myocutaneous flap
may therefore not only improve wound healing, especially

following a previous radiotherapy but is also suitable to
reconstruct the vaginal wall and restore vaginal function. It
provides ample non-irradiated, well-vascularized tissue for large
pelvic soft tissue defects and skin reconstruction, that can fill
up the pelvic dead space in the pelvic cavity and the perineal
floor as well as the vaginal defects if necessary. It also allows
for the placement of the enterostomy, and provides a chance for
sexual function (16). In our study patients did not report any
impairment in terms of sexual function when asked although
there was no standard protocol to evaluate this topic.

Therefore, immediate single stage interdisciplinary VRAM
flap reconstruction after chemoradiation and APR should
be strongly considered (17). Although we did not perform
standardized long term vaginal inspections, and we might have
missed some complications, our own long term observations over
20 years in female patients showed that although the abdominal
skin of the flap island is not primarily accomodated to the
moist milieu of the vagina the skin island seems to adapt to
the new surrounding conditions even when the whole vagina
was reconstructed with two flaps (10). We did not observe
any long term problems of the flap skin surface in the vagina.
Although no true prospective studies exist that compare the
outcome of vaginal reconstruction vs. non-reconstruction the
additional filling of the dead space in the pelvis with a tpVRAM
adds additional value to reduce surgical site infections in the
irradiated pelvis (18–20). Christian et al. claimed that they in
2005 reported on their belief on the hitherto largest series of 153
patients with APR and strived to analyse the complication factors
(21). They observed 22 major (14 percent) and 32 minor (24
percent) wound complications which were associated with tumor
size, body mass index, diabetes, while patients with anal cancer
and inflammatory bowel disease were at a higher risk to develop
perineal wound complications compared to those suffering from
rectal cancer (21).

Compared to the problems of secondary vaginal
reconstructions it seems obvious that single stage VRAM
flaps should be attempted whenever possible (22). From
our observations of earlier postoperative courses before the
implementation of the single stage VRAM flap procedure the
significantly lower complication rate indicates a primary flap
reconstruction even when the skin could be closed primarily.
The objections of many colorectal surgeons who are recalcitrant
to use a transpelvic VRAM flap unless primary closure is
unattainable are outweighed by the advantages of perineal
and vaginal reconstruction (1). In the pertinent literature
reports on VRAM flap outcomes it has been mentioned that the
complication rate is much lower than without flap reconstruction
despite the greater extent of resection in more advanced cancers
in the group with VRAM reconstructions. It was also noted
that VRAM flap patients with APR in anal cancer experienced
less perineal herniations vs. primary closure (0 vs. 15.4%; P =

0.0072) (19).
This holds also true for a comparison of VRAM flaps with

other pedicled local flaps—such as a thigh flap for instance—
which result in a much higher complication rate (23). These
data also reflect our own results that indicate that immediate
VRAM flap reconstructions result in fewer major complications
than local flaps in the repair of APR and pelvic exenteration
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defects. Chan and coworkers reported their experience with
24 VRAM reconstructions and 6 gracilis flaps compared to 21
patients who had a primary closure in an open prospective 5
years observational study. While they did not see complications
following primary closure of the unirradiated perineum they
reported 17% complications after radiotherapy. They showed
that a closure with a flap reduced the length of stay from 20 to
15 days, although this difference was not statistically significant
(2). Spasojevic et al. also investigated whether pelvic repair with a
VRAM flap following APR can improve perineal wound healing
when compared to a direct perineal wound closure, which they
termed non-VRAM-procedure (24). They found that in the non-
VRAM group at 3 months delayed wound healing with 31.5%
was more frequent than in the VRAM group (10.4%; with a p
< 0.01) (24). In their cohort of the non-VRAM group, 26.9%
of patients developed pelvic abscess, compared to only 10.1%
in the VRAM group (p < 0.01) (24). Touny et al. compared a
group of 60 patients which were randomly assigned to a VRAM
flap procedure or a primary closure. They observed that perineal
wound complications occurred in 5 patients in the VRAM group
(17.2%) vs. in 14 patients in the primary closure group B (46.4%)
(P = 0.015) (25).

Hinojosa et al. published their results with APR with vertical
rectus abdominis myocutaneous flap reconstructions (VRAM)
after preoperative pelvic radiation in 15 patients including 5
patients who also required posterior vaginectomy with the APR
(4). They concluded that APR with VRAM flap reconstruction
after preoperative pelvic radiation can be performed safely with
limited wound complications and nomortality (4). Campbell and
Butler compared their overall complication rates with VRAM
flaps in a cohort of 185 patients with a mean follow-up of
25.1 months (26). They found that in their patients with fascia-
sparing VRAM flaps resulted in significantly fewer hernias (1.5
vs. 11.5%, p < 0.01), with less dehiscence, abdominal bulge,
and evisceration (26). In our experience we noticed abdominal
bulging in our earlier series until 2005 in 4% of patients but
did not see any abdominal hernia so far after we changed our
operative abdominal wall closure to a standardized protocol
using a semisynthetic mesh to augment abdominal wall stability.
This compares favorably with the data of Campbell and Butler
who reported a lower number of postoperative hernias with 2.6
vs. 5.5% in patients receiving donor-site mesh inlay. On the
other hand we did not find more abdominal laxity/bulge as
was described by others (26). A component separation as was
reported by others in the literature (27) was not necessary to close
the abdominal donor site in our patients. We assume that the use
of a semisynthetic mesh inlay augmentation is a cornerstone of
preventing abdominal wall bulging or hernia.

This study shows our clinical experience with a low
complication rate using the tpVRAM flaps in female patients for
vaginal and/or perineal reconstruction over 20 years in a large
cohort. To the best of our knowledge this is the largest hitherto
reported series of reconstructing the vaginal wall during rectal
and anal cancer surgery in a one stage procedure.

The main limitation of this retrospective study is, that, except
a few patients who were – for different reasons and secondary
morbidities—seen at a later stage within 1–5 years following the

initial surgical therapy, we were not able to investigate all of the
patients clincially since our center is serving a large regional area
with great distances of our patients who had been transferred
from all over the country and in a number of cases from other
countries. The long term oncological outcome will be subject to
further studies which aim at the oncological aspects.

CONCLUSION

VRAM flap reconstruction of defects following APR—with or
without vaginal wall resection—is an effective technique that
reduces major perineal wound complications and wound healing
delay in patients undergoing APR and irradiation without
increasing early abdominal wall complications. To the best of
our knowledge this is the largest hitherto reported series of
reconstructing the vaginal wall during rectal and anal cancer
surgery in a one stage procedure. Although the abdominal
skin of the flap island is not accomodated to the moist milieu
of the vagina we did not observe long term problems of the
skin surface in the vagina and patients report of a possible
proper sexual function with the reconstructed vagina. This type
of interdisciplinary reconstruction has proven to be technically
feasible in almost all cases despite of previous abdominal
surgical incisions. The tpVRAM flap is reliably perfused, helps
to reduce long term wound healing desasters in the irradiated
perineal/vaginal/gluteal region and adds enormously to the
quality of life in female patients with advanced or relapsing rectal,
anal or vaginal cancer.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by ethics committee of the Friedrich-Alexander
University Erlangen-Nuernberg. Written informed consent for
participation was not required for this study in accordance
with the national legislation and the institutional requirements.
Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.

AUTHOR CONTRIBUTIONS

RH formulated the hypothesis, performedmost of the operations,
collected data and interpreted the data, and wrote the first
draft of the manuscript. IL, AC, KW, RG, and AA performed
surgery, and contributed to the discussion and critically reviewed
the manuscript.

Figures 1, 2were drawn by RH. All authors read and approved
the final manuscript.

Frontiers in Oncology | www.frontiersin.org 5 May 2020 | Volume 10 | Article 719

https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles


Horch et al. Vaginal/Perineal Reconstruction Using VRAM

ACKNOWLEDGMENTS

We would like to thank The Manfred Roth Stiftung,
Wissenschaftsstiftung Universitätsklinikum Erlangen of
the Friedrich-Alexander University Erlangen-Nuernberg

(FAU), Boya Marshall and Hans Peter Mall for
their continuing support of scientific research of the
Department of Plastic and Hand Surgery of the University
Hospital Erlangen of the Friedrich Alexander University
Erlangen-Nuernberg FAU.

REFERENCES

1. Butler CE, Gundeslioglu AO, Rodriguez-Bigas MA. Outcomes of immediate

vertical rectus abdominis myocutaneous flap reconstruction for irradiated

abdominoperineal resection defects. J Am Coll Surg. (2008) 206:694–703.

doi: 10.1016/j.jamcollsurg.2007.12.007

2. Chan S, Miller M, Ng R, Ross D, Roblin P, Carapeti E, et al. Use

of myocutaneous flaps for perineal closure following abdominoperineal

excision of the rectum for adenocarcinoma. Colorectal Dis. (2010) 12:555–60.

doi: 10.1111/j.1463-1318.2009.01844.x

3. Abdou A, Bruns H, Troja A, Antolovic D, Li L, Raab HR. Plastic surgery

of extended defects after exenteration of the pelvis. Zentralbl Chir. (2015)

140:214–8. doi: 10.1055/s-0035-1545809

4. Hinojosa MW, Parikh DA, Menon R, Wirth GA, Stamos MJ, Mills S. Recent

experience with abdominal perineal resection with vertical rectus abdominis

myocutaneous flap reconstruction after preoperative pelvic radiation. Am

Surg. (2009) 75:995–9.

5. Pemberton JH. How to treat the persistent perineal sinus after rectal excision.

Colorectal Dis. (2003) 5:486–9. doi: 10.1046/j.1463-1318.2003.00520.x

6. Lohsiriwat V. Persistent perineal sinus: incidence, pathogenesis,

risk factors, and management. Surg Today. (2009) 39:189–93.

doi: 10.1007/s00595-008-3846-z

7. Horch RE, Kneser U, Weber K, Hohenberger W, Dragu A. The transpelvic

vertical rectus abdominis flap: one interdisciplinary approach to reduce

postoperative complications after surgery for rectal cancer. Ann Surg. (2013)

257:e16. doi: 10.1097/SLA.0b013e31828cbe3a

8. Horch RE, Hohenberger W, Weber K, Arkudas A, Beier JP. Myocutaneous

transpelvic flaps do improve quality of life and help to reduce wound healing

complications in patients receiving abdominoperineal resection in the real

world. Int J Colorectal Dis. (2016) 31:1525–7. doi: 10.1007/s00384-016-2543-4

9. Horch RE, HohenbergerW, Eweida A, Kneser U,Weber K, Arkudas A, et al. A

hundred patients with vertical rectus abdominis myocutaneous (VRAM) flap

for pelvic reconstruction after total pelvic exenteration. Int J Colorectal Dis.

(2014) 29:813–23. doi: 10.1007/s00384-014-1868-0

10. Horch RE, Gitsch G, Schultze-Seemann W. Bilateral pedicled myocutaneous

vertical rectus abdominus muscle flaps to close vesicovaginal and

pouch-vaginal fistulas with simultaneous vaginal and perineal

reconstruction in irradiated pelvic wounds. Urology. (2002) 60:502–7.

doi: 10.1016/S0090-4295(02)01823-X

11. Tankel J, Yellineck S, Reissman P. Fistulation between a colonic J-Pouch and

the upper vagina in an irradiated pelvis: a rare complication following low

anterior resection with colonic J-pouch anal anastomosis for rectal cancer.

BMJ Case Rep. (2018) 2018:bcr2017222251. doi: 10.1136/bcr-2017-222251

12. Brodbeck R, Horch RE, Arkudas A, Beier JP. Plastic and reconstructive

surgery in the treatment of oncological perineal and genital defects. Front

Oncol. (2015) 5:212. doi: 10.3389/fonc.2015.00212

13. Beier JP, Croner RS, Lang W, Arkudas A, Schmitz M, Gohl J, et al. Avoidance

of complications in oncological surgery of the pelvic region: combined

oncosurgical and plastic reconstruction measures. Chirurg. (2015) 86:242–50.

doi: 10.1007/s00104-014-2835-6

14. Bregendahl S, Emmertsen KJ, Lindegaard JC, Laurberg S. Urinary and

sexual dysfunction in women after resection with and without preoperative

radiotherapy for rectal cancer: a population-based cross-sectional study.

Colorectal Dis. (2015) 17:26–37. doi: 10.1111/codi.12758

15. Gleeson NC, Baile W, Roberts WS, Hoffman MS, Fiorica JV,

Finan MA, et al. Pudendal thigh fasciocutaneous flaps for vaginal

reconstruction in gynecologic oncology. Gynecol Oncol. (1994) 54:269–74.

doi: 10.1006/gyno.1994.1209

16. D’Souza DN, Pera M, Nelson H, Finical SJ, Tran NV. Vaginal

reconstruction following resection of primary locally advanced and

recurrent colorectal malignancies. Arch Surg. (2003) 138:1340–3.

doi: 10.1001/archsurg.138.12.1340

17. Abbott DE, Halverson AL, Wayne JD, Kim JY, Talamonti MS, Dumanian

GA. The oblique rectus abdominal myocutaneous flap for complex

pelvic wound reconstruction. Dis Colon Rectum. (2008) 51:1237–41.

doi: 10.1007/s10350-008-9359-4

18. Bognar G, Novak A, Istvan G, Loderer Z, Ledniczky G, Ondrejka P. Perineal

soft-tissue reconstruction with vertical rectus abdominis myocutan (VRAM)

flap following extended abdomino-perineal resection for cancer. Magy Seb.

(2012) 65:388–95. doi: 10.1556/MaSeb.65.2012.5.10

19. Lefevre JH, Parc Y, Kerneis S, Shields C, Touboul E, Chaouat M, et al.

Abdomino-perineal resection for anal cancer: impact of a vertical rectus

abdominis myocutaneus flap on survival, recurrence, morbidity, and wound

healing. Ann Surg. (2009) 250:707–11. doi: 10.1097/SLA.0b013e3181bce334

20. Howell AM, Jarral OA, Faiz O, Ziprin P, Darzi A, Zacharakis E. How should

perineal wounds be closed following abdominoperineal resection in patients

post radiotherapy–primary closure or flap repair? Best evidence topic (BET).

Int J Surg. (2013) 11:514-7. doi: 10.1016/j.ijsu.2013.05.004

21. Christian CK, Kwaan MR, Betensky RA, Breen EM, Zinner MJ, Bleday R.

Risk factors for perineal wound complications following abdominoperineal

resection. Dis Colon Rectum. (2005) 48:43–8. doi: 10.1007/s10350-004-0855-x

22. Krautz C, Weber K, Croner R, Denz A, Maak M, Horch RE, et al.

Cylindric abdominoperineal rectum exstirpation with partial vulvar and

vaginal resection as well as perineal and vaginal defect reconstruction by

a Vertical Rectus Abdominis Myocutaneous (VRAM) flap. Zentralbl Chir.

(2017) 142:543–7. doi: 10.1055/s-0043-117172

23. Nelson RA, Butler CE. Surgical outcomes of VRAM versus thigh flaps for

immediate reconstruction of pelvic and perineal cancer resection defects. Plast

Reconstr Surg. (2009) 123:175–83. doi: 10.1097/PRS.0b013e3181904df7

24. Spasojevic M, Mariathasan AB, Goscinski M, Thorgersen EB, Solbakken

AM, Gullestad HP, et al. Vertical rectus abdominis musculocutaneous flap

repair improves perineal wound healing after abdominoperineal resection for

irradiated locally advanced rectal cancer. Ann Surg Oncol. (2018) 25:1357–65.

doi: 10.1245/s10434-018-6363-3

25. Touny A, Othman H, Maamoon S, Ramzy S, Elmarakby H. Perineal

reconstruction using pedicled vertical rectus abdominis myocutaneous flap

(VRAM). J Surg Oncol. (2014) 110:752–7. doi: 10.1002/jso.23692

26. Campbell CA, Butler CE. Use of adjuvant techniques improves surgical

outcomes of complex vertical rectus abdominis myocutaneous flap

reconstructions of pelvic cancer defects. Plast Reconstr Surg. (2011)

128:447–58. doi: 10.1097/PRS.0b013e31821e6fd2

27. Baumann DP, Butler CE. Component separation improves outcomes in

VRAM flap donor sites with excessive fascial tension. Plast Reconstr Surg.

(2010) 126:1573–80. doi: 10.1097/PRS.0b013e3181ef8d00

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Horch, Ludolph, Cai, Weber, Grützmann and Arkudas. This is an

open-access article distributed under the terms of the Creative Commons Attribution

License (CC BY). The use, distribution or reproduction in other forums is permitted,

provided the original author(s) and the copyright owner(s) are credited and that the

original publication in this journal is cited, in accordance with accepted academic

practice. No use, distribution or reproduction is permitted which does not comply

with these terms.

Frontiers in Oncology | www.frontiersin.org 6 May 2020 | Volume 10 | Article 719

https://doi.org/10.1016/j.jamcollsurg.2007.12.007
https://doi.org/10.1111/j.1463-1318.2009.01844.x
https://doi.org/10.1055/s-0035-1545809
https://doi.org/10.1046/j.1463-1318.2003.00520.x
https://doi.org/10.1007/s00595-008-3846-z
https://doi.org/10.1097/SLA.0b013e31828cbe3a
https://doi.org/10.1007/s00384-016-2543-4
https://doi.org/10.1007/s00384-014-1868-0
https://doi.org/10.1016/S0090-4295(02)01823-X
https://doi.org/10.1136/bcr-2017-222251
https://doi.org/10.3389/fonc.2015.00212
https://doi.org/10.1007/s00104-014-2835-6
https://doi.org/10.1111/codi.12758
https://doi.org/10.1006/gyno.1994.1209
https://doi.org/10.1001/archsurg.138.12.1340
https://doi.org/10.1007/s10350-008-9359-4
https://doi.org/10.1556/MaSeb.65.2012.5.10
https://doi.org/10.1097/SLA.0b013e3181bce334
https://doi.org/10.1016/j.ijsu.2013.05.004
https://doi.org/10.1007/s10350-004-0855-x
https://doi.org/10.1055/s-0043-117172
https://doi.org/10.1097/PRS.0b013e3181904df7
https://doi.org/10.1245/s10434-018-6363-3
https://doi.org/10.1002/jso.23692
https://doi.org/10.1097/PRS.0b013e31821e6fd2
https://doi.org/10.1097/PRS.0b013e3181ef8d00
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Interdisciplinary Surgical Approaches in Vaginal and Perineal Reconstruction of Advanced Rectal and Anal Female Cancer Patients
	Background
	Study Design, Patients, and Methods
	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Acknowledgments
	References


