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SECOND FREE RADIAL FOREARM FLAP FOR URETHRAL
RECONSTRUCTION AFTER PARTIAL FLAP NECROSIS OF
TUBE-IN-TUBE PHALLOPLASTY WITH RADIAL FOREARM FLAP:
A REPORT OF TWO CASES

LAURENT A.H. TCHANG, M.D., REN�E D. LARGO, M.D., DORIS BABST, M.D., RETO WETTSTEIN, M.D., MARTIN D. HAUG, M.D.,

DANIEL F. KALBERMATTEN, M.D., PH.D., and DIRK J. SCHAEFER, M.D.*

We present a salvage procedure to reconstruct the neo-urethra after partial flap necrosis occurring in free radial forearm flap (RFF) phal-
loplasty for sex reassignment surgery. Two cases of tube-in-tube phalloplasty using a free sensate RFF are described in which partial flap
necrosis occurred involving the complete length of the neo-urethra and a strip of the outer lining of the neo-phallus. Neo-urethra-recon-
struction was performed with a second RFF from the contralateral side providing well-vascularized tissue. No flap-related complications
were observed. Twelve months postoperatively, both patients were able to void while standing. A satisfactory aesthetic appearance of the
neo-phallus could be preserved with an excellent tactile and erogenous sensitivity. Using this technique, we successfully salvaged the
neo-urethra and reconstructed the outer lining of the neo-phallus VC 2013 Wiley Periodicals, Inc. Microsurgery 34:58–63, 2014.

The free sensate radial forearm flap (RFF) is widely con-

sidered the standard technique for phalloplasty in female-

to-male sex reassignment surgery. Different case series

have confirmed its feasibility, reliability, and good aes-

thetic and functional results.1–4 Major goals, namely the

ability to urinate while standing and an appealing aesthetic

appearance with protective and erogenous sensitivity, may

be reached in a one-stage procedure.5 The implantation of

an erectile prosthesis for sexual intercourse is usually per-

formed after protective sensitivity of the neo-phallus is

regained 6–12 months postoperatively.

Possible complications comprise early and late anas-

tomotic revisions due to venous, arterial, or combined

thromboses, partial or total flap loss, and urological com-

plications such as fistulas and strictures, which frequently

require multiple urological revisions.2,6–9

Multiple designs for the RFF have been described, with

the Chang- and the Gottlieb-designs being the most fre-

quently used for tube-in-tube phalloplasty.10,11 Modifications,

such as prelamination of the urethra using split-thickness

skin grafts (STSG), full-thickness skin grafts (FTSG), or

vaginal mucosa grafts have been performed.8,9,12

We describe two cases of partial flap necrosis after free

RFF-phalloplasty (Chang-design), which led to a full-length

necrosis of the neo-urethra. For neo-urethra-reconstruction,

we performed a second free RFF from the contralateral

side in a modified Chang-design. Furthermore, we reviewed

the literature for complications after RFF-phalloplasty.

CASE REPORTS

Case 1

The patient was a 30-year-old female-to-male transsex-

ual with a heavy smoking history. The mastectomy,

laparoscopic-assisted hyster- and adnexectomy were already

carried out.

A simultaneous vaginectomy and free sensate RFF-

phalloplasty from the left arm was performed according to

the classic Chang-design. Microsurgical anastomoses were

placed in the right groin with the radial artery onto the com-

mon femoral artery in an end-to-side fashion. One comitant

vein and two subcutaneous veins of the flap were anasto-

mosed end-to-end onto branches of the greater saphenous

vein. Two antebrachial nerves were coapted to the ilioin-

guinal nerve and to one of the dorsal clitoral nerves to

provide protective and erogenous sensitivity.

The initial postoperative course was uneventful.

Unfractionated heparin (10,000 IU) was applied for the

first 24 hours, followed by prophylactic fractionated hep-

arin (5,000 IU). 100 mg acetylsalicylic acid was adminis-

tered after postoperative day (POD) 1. Flap monitoring

was assessed clinically and by handheld Doppler by

trained nursing personnel every hour for the first 24

hours, then every 3 hours until POD 4, and afterwards

once per nursing shift. At the end of postoperative week

2, we observed a partial flap necrosis affecting the full

length of both lateral flap borders leading to a complete

necrosis of the neo-urethra and of a 2 cm wide strip on

the ventral outer lining of the neo-phallus (Fig. 1, left).
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Debridement of the necrotic areas resulted in a com-

plete resection and loss of the neo-urethra and a part of

the ventral outer lining of the neo-phallus (Fig. 1, right).

A second free RFF from the contralateral side was har-

vested as a salvage procedure to reconstruct both the

neo-urethra and the necrotic part of the outer lining of

the neo-phallus. A modified, shortened Chang-design was

harvested from the so far intact right forearm: the part of

the flap used for neo-urethra-reconstruction measured

3.5 cm 3 14 cm, followed by a 0.5 cm wide, de-

epithelialized strip and a shortened strip of 3 cm 3 11

cm for the reconstruction of the outer lining of the neo-

phallus (Fig. 2).

The neo-urethal part was wrapped around a 17 Ch

foley catheter with the skin-inside and closed onto the

de-epithelialized strip. After urethral reanastomosis to the

lengthened pars fixa, the remaining outer lining of the

initial neo-phallus was wrapped around it. The phallic

part of the second flap was incorporated into the ventral

outer lining in order to regain a sufficient circumference

(Figs. 3 and 4). The microvascular anastomoses were per-

formed in the intact left groin with an end-to-side anasto-

mosis of the radial artery onto the common femoral

artery. One of the comitant veins and a total of three sub-

cutaneous veins of the flap were connected onto branches

of the great saphenous vein in an end-to-end fashion. No

nerve reconstruction was performed. The donor-site was

covered with FTSG. A summarizing illustration of the sur-

gical technique is given in Figure 5.

Postoperatively, the same pharmacological and flap

screening protocol was applied as for the first RFF. The

postoperative courses were uneventful. No flap-related

complications occurred.

After discharge, clinical examinations took place at

the outpatient clinics 1, 3, 6, and 12 months postopera-

tively. Twelve months postoperatively, the patient rated

his impression of the appearance of the neo-phallus as

Figure 1. Left: Partial flap necrosis affecting the full length of both lateral flap borders after free RFF phalloplasty in a female-to-male

transsexual patient. Right: Debridement of the necrotic areas resulting in a complete loss of the neo-urethra and a part of the ventral outer

lining of the neo-phallus. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

Figure 2. Modified, shortened Chang-design with 3.5 cm 3 14 cm

for reconstruction of the neo-urethra (A), a 0.5 cm wide and de-

epithelialized strip (B), and 3 cm 3 11 cm for the reconstruction of

the outer lining of the neo-phallus (C). [Color figure can be viewed

in the online issue, which is available at wileyonlinelibrary.com.]
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excellent on a subjective scale (poor, sufficient, good,

and excellent) (Fig. 6, top left and middle left). Tactile

and erogenous sensitivity was also rated as excellent.

Urethrography carried out by the urologists showed a

stricture at the urethral anastomosis 4 months postopera-

tively which required an open urethroplasty. Two months

later, another urethroplasty was necessary due to recur-

rent stricture. Twelve months postoperatively, the patient

was able to urinate while standing (Fig. 6, bottom left).

No donor-site complications were recorded. The

patient regained full range of motion of the wrist with

unimpaired strength. No nerve-related complications were

encountered.

Case 2

The patient was a 48-year-old female-to-male trans-

sexual with an osteogenesis imperfecta, arterial hyperten-

sion, and a heavy smoking history with chronic

obstructive pulmonary disease. In this case, vaginectomy

had been performed in a previous procedure combined

with adnexectomy and hysterectomy.

We performed the free sensate RFF-phalloplasty from

the right side using the Chang-design. The microsurgical

anastomoses were performed in the right groin: the radial

artery onto the common femoral artery in an end-to-side

fashion, and three venous end-to-end anastomoses of the

flap onto branches of the greater saphenous vein. Both

antebrachial nerves were coapted to the ilioinguinal and

to one of the dorsal clitoral nerves respectively.

The same pharmacological and flap monitoring proto-

col was followed as for case 1.

Starting from POD 11, a partial flap necrosis

appeared, affecting the areas of the lateral flap borders.

The debridement resulted in a complete loss of the neo-

urethra.

We decided to apply an identical approach to recon-

struct the neo-phallus and the neo-urethra.

The same modified, shortened Chang-designed RFF

was harvested on the contralateral left forearm. The flap

dimensions were identical to the ones described in case 1

(Fig. 2). The anastomoses were carried out in the intact

left groin: an end-to-side anastomosis of the radial artery

onto the common femoral artery, one of the comitant

veins and a total of three subcutaneous veins of the flap

onto branches of the great saphenous vein in an end-to-

end fashion. No nerve reconstruction was performed. The

postoperative course was uneventful. No flap-related

complications occurred.

Due to a filiform stricture at the urethral anastomosis,

the patient underwent open urethroplasty 10 months

Figure 3. Re-anastomosis of the neo-urethra and incorporation of

the flap into the remaining neo-phallus, partially reconstructing the

ventral outer lining. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Figure 4. Immediate postoperative picture showing the newly incor-

porated second flap on the ventral side of the neo-phallus. [Color

figure can be viewed in the online issue, which is available at

wileyonlinelibrary.com.]
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postoperatively. Twelve months postoperatively, the

patient was able to urinate while standing. The appear-

ance of the neo-phallus was subjectively rated as good,

and the patient reported on an excellent tactile and eroge-

nous sensitivity (Fig. 6, right column). No donor-site

complications were recorded.

DISCUSSION

Partial flap necrosis is reported to occur in 7–11% of

phalloplasty cases.1–3 The largest series published by

Doornaert et al. showed a rate of 7.2% (23 out of 316

cases) with a higher incidence in smokers, patients who

insisted on large-sized neo-phalluses, and after anastomotic

revision. In 15 out of these 23 patients (63%), debride-

ment and secondary closure or skin grafting was neces-

sary.2 Partial flap necrosis frequently affects the radial and

ulnar flap borders, which are both directly involved in the

formation of the neo-urethra in the Chang-design. This

may lead to a necrotic or exposed neo-urethra and conse-

quently to urethral dysfunction. Possible contributing fac-

tors to partial flap necrosis in a tube-in-tube setting are

the flap width and the need for double bending of the

flap. Additionally, postoperative flap-swelling may cause

venous congestion. In the presented cases, additional risk

factors which may have contributed to the occurrence of

the partial flap necrosis are a heavy smoking history in

both cases, as well as an osteogenesis imperfecta and

arterial hypertension in the second case. In the first case,

the simultaneously performed vaginectomy led to an

increased operation time and blood loss, which might

have further increased the risks. This led us to modify our

approach by performing vaginectomy together with hyster-

ectomy and adnexectomy. The partial flap necrosis resulted

in a complete loss of the neo-urethra and a partial loss of

the outer lining of the neo-phallus on the ventral side. A

second free RFF in a modified, shortened Chang-design

provided well-vascularized tissue for reconstruction of both

elements. Instead of a second free flap for immediate neo-

urethra-reconstruction, a tubed skin graft could be used,

although the risk for urethral strictures due to graft contrac-

ture may be increased compared to vascularized tissue.

Moreover, the decreased circumference due to partial loss

of the outer lining and the loss of flap volume is not

addressed. If no immediate neo-urethra-reconstruction is

considered, a primary urethrostomy has to be performed.

To our knowledge, no data concerning the specific problem

of total loss of the neo-urethra and its treatment after RFF-

phalloplasty in sex reassignment surgery is available in the

literature. Harrison initially described the usage of the free

RFF for urethral reconstruction in hypospadia.13 Dabernig

et al. presented a series of nine patients who underwent

urethral reconstruction and in some cases simultaneous

glans penis reconstruction with a tubed RFF: three patients

after subcutaneous penectomy for penile cancer and six

patients after failure of primary urethra-construction in

Figure 5. Summarizing illustration of the surgical technique. Left: Dimensions of the modified, shortened Chang-design RFF. Middle: For-

mation of the neo-urethra by wrapping the flap with the skin-inside around a foley catheter and suturing onto the de-epithelialized flap

part. Right: Insertion of the flap into the remaining portion of the initial RFF and re-anastomosis of the neo-urethra. [Color figure can be

viewed in the online issue, which is available at wileyonlinelibrary.com.]
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phalloplasty for sex reassignment surgery. Of these six

phalloplasties, three were bilateral groin flaps and three

abdominal flaps. The indication was recurrent strictures

after multiple corrective procedures. All patients had satis-

factory skin envelope of the neo-phallus. Two patients suf-

fered strictures at the site of urethral anastomosis, requiring

revision procedures with local flaps. At 6 months, all

patients were able to urinate while standing.14 In order

to prevent partial flap necrosis in RFF-phalloplasty,

alternatives to the Chang-design may be considered. As a

modification to the Chang-design, in which the neo-urethra

is constructed with the ulnar part of the flap, the Gottlieb-

design may be chosen, in which the neo-urethra is con-

structed with the central part of the flap.11 The flap width

and the need for double-bending of the flap, however, are

not altered. Additionally, most patients do not accept an

additional scar on the dorsal, most visible part of the neo-

phallus. Another possibility to reduce the necessary flap

width and double-bending consists of neo-urethra-

prelamination with STSG, FTSG, or vaginal mucosa.3,8,9,12

The partial flap necrosis rate of prelaminated neo-urethra

varies in most case series. A significantly lower rate in par-

tial flap necrosis, however, does not clearly appear in the

literature review. K€untscher and Hartmann reported no

occurrence in 15 cases of RFF phalloplasties with prelami-

nated urethra (FTSG).9 In contrast, Schaff and Papadopulos

presented a large case series of phalloplasties with prelami-

nated urethra (vaginal mucosa or STSG) with a partial flap

necrosis-rate of 16% (5 out of 31 cases) in free fibular flaps

and 16.6% (1 out of 6 cases) in free RFF.8 Fang et al.

compared the traditional tube-in-tube flap and the free RFF

with a prelaminated urethra (vaginal mucosa). Partial flap

necrosis occurred in 6 out of 28 patients (21%) in the tradi-

tional flap group, while none was found in the 28 patients

of the prelaminated group.3 In a recent study, Song et al.

reported on 3 partial flap necrosis (15.8%) of their 19 free

osteocutaneous RFF with prelaminated urethra (FTSG).12

The literature review of urological complication shows

a high incidence of strictures and fistulas. The benefits of

urethra prelamination have not been clearly demonstrated.

Fang et al. reported strictures in 14% (4 out of 28 cases)

and urethrocutaneous fistulas in 79% (22 out of 28 cases)

of patients after the classic tube-in-tube design. With prel-

aminated urethra, strictures occurred in 11% (3 out of 28

cases) and urethrocutaneous fistulas in 57% (16 out of 28

cases). All the fistulas occurred at the junction between

the pars fixa and the pars pendulans of the neo-urethra

and no fistulas were observed in vaginal mucosa prefabri-

cated penile neo-urethra.3 With the classic tube-in-tube

free RFF, Doornaert et al. reported on urological compli-

cations in 40% of their patients (127 out of 316 cases).

Fistulas were detected in 25% (80 out of 316 cases), stric-

tures in 6% (20 out of 316 cases), and a combination of

both in 8.5% (27 out of 316 cases). Spontaneous healing

occurred in 66% (53 out of 80 cases) of the fistulas, while

42.5% (54 out of 127 cases) of the patients with urologi-

cal problems needed further surgical procedures to obtain

urethral function.2 K€untscher and Hartmann found an inci-

dence of 53% out 15 cases for fistulas at the urethra-

anastomosis in their series of free RFF with a FTSG-

prelaminated urethra.9 Using a FTSG for prelamination of

a osteocutaneous-free RFF in 19 phalloplasties, Song et al.

observed one fistula (5.3%), five strictures (26.3%) and a

Figure 6. Result 12 months postoperatively. Left: Patient 1. Right:

Patient 2. Top: View of the dorsum penis. Middle: View of the ven-

tral side with the incorporated second flap. Bottom: Micturition in

standing position. [Color figure can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]
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combination of both in nine cases (47.4%) when suturing

the urethral anastomosis in a multilayer fashion including

perineal muscle flaps to bolster the anastomosis.12 In a

series of 31 free sensate osteofasciocutaneous fibula

flaps and 6 RFF with prelaminated urethras, Schaff and

Papadopulos presented 32.4% out of 37 cases involving

urethral strictures and 16.2% (6 out of 37 cases) involving

fistulas. Five out of the six fistulas originated at the con-

nection site of the lengthened urethra to the prelaminated

urethra.8 In both our cases, urological complications

occurred leading to open urethroplasties. Twelve months

postoperatively, both patients were able to urinate through

a competent neo-urethra while standing. We do not think

that the occurrence of urological complications is related

to the salvage-procedure but rather reflects the generally

high incidence in phalloplasties.

Donor-site morbidity after the RFF harvesting is con-

sidered a major drawback. Incomplete graft-take after

donor site coverage with STSG or FTSG, functional

impairment, prolonged swelling of the hand and sustained

paresthesia in the hand, and neuroma formation have all

been described.15–17 Moreover, the scar on the forearm is

frequently perceived as a stigma for transsexuals. In the

presented cases, no donor-site complications or morbidities

were encountered. The bilateral scars were not perceived

as a major problem by either patient.

Summarizing, in two cases of complete loss of the

neo-urethra after total phalloplasty using a free sensate

RFF in the Chang-design, we successfully salvaged the

neo-urethra and reconstructed the outer lining of the neo-

phallus using a second RFF. Twelve months postopera-

tively, both patients were able to urinate while standing.

The aesthetic appearances were rated excellent and good,

respectively. Sensitivity was not impaired, as both patients

reported an excellent tactile and erogenous sensitivity. In

our experience, the presented technique is a valuable alter-

native to primary urethrostomy in such cases.

It is clear that additional techniques for eliminating or

at least mitigating partial flap necrosis as a major draw-

back of the standard tube-in-tube phalloplasty are needed.

We propose the primary usage of a flap-in-flap technique,

e.g. the combination of a free or pedicled sensate antero-

lateral thigh flap for neo-phallic construction and a free

RFF or a pedicled groin flap for neo-urethral construction.

Since only few reports on flap-in-flap approaches are pres-

ently available,18,19 the feasibility and safety of such a

technique needs further assessment.
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