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Background: Complications arising from anastomotic failure may occur after pharyngoesophageal reconstruction. In this report we present
results of pharyngoesophageal reconstruction with free thigh flaps using a refined design and inset strategy in a series of patients. Meth-
ods: From May 2011 to December 2012, pharyngoesophageal oncologic defects were reconstructed in 12 men using thigh flaps. Flaps
were designed to exceed defect circumference to allow draping of the excess over injury-prone vessels (so-called delta-inset). Patients
were 39- to 68-years-old (mean, 51.8-years-old) at the time of surgery. BMI ranged from 17 to 28 kg/m2 (average, 21.5 kg/m2). The sites
of defects were the hypopharynx in 11 cases and the pharynx in 1 case. Ten anterolateral thigh (ALT) flaps and 2 anteromedial thigh
(AMT) flaps were used. All patients underwent radiation therapy. Results: The average flap size was 22 3 9 cm (range: 16–26 3 7–
11 cm2). There were no partial or total flap losses, and no donor site complications. Follow-up was 19.3 months (range: 2.4–21.6 months)
including 8 patients (75%) who succumbed to disease in the follow-up period. Oral intake was achieved in all patients. Recipient site com-
plications occurred in 50% of cases and included fistula (2 cases), fistula and stricture (2 cases), stricture (1 case), and lymphocele
(1 case). Four patients required revision for fistula. Conclusions: A refined thigh flap design and inset method in pharyngoesophageal
reconstruction may circumvent complications arising from toxic drainage and vascular injury. However, there are insufficient data to make
meaningful comparisons to alternative methods. VC 2015 Wiley Periodicals, Inc. Microsurgery 00:000–000, 2015.

Successful reconstruction of the aerodigestive tract is a

formidable challenge that requires complete flap survival,

a watertight seal, and resistance to stenosis and stricture.

Marginal necrosis and dehiscence is poorly tolerated in

the setting of microbes, radiation, and pharyngoesopha-

geal transit. Comorbidities in head and neck cancer

patients and increased operative time of combined

extirpation-reconstruction cases adds further risk.1 One

series described 9.6% failure of head and neck free flaps,

as compared to 5.6%, 4.9%, and 2.5% in the extremity,

breast, and trunk, respectively.2

The standard for pharyngoesophageal reconstruction

has evolved from local3 and regional myocutaneous flaps4,5

to free tissue transfer.6,7 Viscera-based reconstruction is

practiced, but fasciocutaneous flaps are in vogue for

decreased donor-site morbidity and improved outcomes.1

Fasciocutaneous flaps from the forearm, arm, and thigh

have been described; more recently Miyamoto reported his

experience with a pure-muscle pectoralis flap in secondary

reconstruction.8 At our institution the anterolateral (ALT)

and anteromedial thigh flaps (AMT) are favored for ease of

harvest and well-tolerated donor site morbidity.

Innovations in pharyngoesophageal reconstruction

address flap loss, fistula and stricture,9–17 but long-term

outcomes data are scarce in the literature. Strictures and

fistulae, the yardstick outcomes of most studies, are a

costly nuisance but may improve with nonoperative man-

agement. Since flap loss and death are irreversible and

potentially preventable, these are our primary concerns.

Toxic drainage and radiation injury may result in friable

blood vessels at increased risk for blowout. In this report

we present results of free thigh flap pharyngoesophageal

reconstruction using a refined design and inset method

intended to divert toxic drainage and circumvent related

complications in a small series of at-risk cancer patients.

PATIENTS AND METHODS

Twelve thigh flap pharyngoesophageal reconstructions

were performed for circumferential segmental defects of

the aerodigestive tract in 12 men at a single hospital

(Chang Gung Memorial Hospital, Linkou, Taiwan) from

May 2011 until December 2012. Patients were 39- to 68-

years-old (mean, 51.8 years old) at the time of surgery.

Patients who underwent patch coverage for non-

circumferential defects with free or pedicled flaps were

not included. The BMI of patients ranged from 17 to

28 kg/m2 (average 21.5 kg/m2). Reconstruction was per-

formed at the time of tumor extirpation in every case.

Defect etiology was malignant neoplasm in all 12 cases;

7 were primary and 5 were recurrent lesions. The defect
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site was the hypopharynx in 11 cases and the pharynx in

1 case. There was tumor involvement of the carotid sheath

in 5 cases with resultant exposure of the carotid media layer.

There were 3 cases of synchronous esophageal cancer. Ten

patients (83%) were irradiated preoperatively. There were

no associated skin defects at the time of the original proce-

dure (Table 1). Procedures followed were in accord with the

Helsinki Declaration of 1975.

Surgical Technique

A single surgeon (C.K.T.) performed all operations.

Either an ALT or an AMT flap was marked in the supine

position with the hip internally rotated and knee

extended. Two lines were drawn: one from the ASIS to

the midpoint of the superior patella (“F line”) and one to

the superolateral patella (“S line”). Reassuring Doppler

signals confirmed perforator position. The F line was the

medial boundary for ALT flaps and the lateral boundary

for AMT flaps. The S line represented the axis of the

descending branch of the lateral femoral circumflex

artery. Flap width was dictated by defect length. Flaps

were designed as long as possible to facilitate coverage.

ALT flaps up to 26 cm and AMT flaps up to 20 cm

were reliably harvested. A 3 3 5 cm cutaneous paddle

was designed distally. The laterality of the irradiated

neck dictated orientation of the trapezoidal design. The

long and short limbs reflected the diameter of the pha-

ryngeal and esophageal diameter (limb length 5 p 3

diameter). We overcorrected limb length by 1–1.5 cm. A

rounded knob-like expansion of the shorter (esophageal)

side was designed proximally (Fig. 1).

The inset method was named after its cross-sectional

resemblance to the lower case Greek letter delta (d). The

Figure 1. Markings for ALT flap. Left panel: S and F lines, and the neo-esophageal “ trapezoid” centered about 1–2 reliable perforators. In

this example, the medial limb was proximal and the lateral limb distal. Center panel: measurements used in flap design. Right panel: a

graphic representation of the raised flap.

Figure 2. Simplified depiction of hypopharyngeal reconstruction

after left-sided neck dissection. In this example the flap was

designed to shield the diseased neck from toxic leakage and radia-

tion, protecting vulnerable tissues like the carotid artery (C). The

suture line was oriented away from the contralateral neck. The skin

paddle (P) was at the most distal end of the flap, theoretically

enhancing sensitivity to perfusion changes.

Delta Inset Thigh Flap 3
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flap was inset with the interval between the neo-esophagus

and skin paddle buried under native skin (Fig. 2). The

buried portion and 1 cm of the proximal rim of the neo-

esophagus were de-epithelialized (Fig. 3). The vertical

suture line was oriented 458–608 away from recipient

vessels (Fig. 4). Surplus distal flap tissue was draped

over vessels of the neck that were compromised or vul-

nerable to scarring and irradiation. After establishing flap

configuration and lie, running absorbable suture was used

to invaginate the de-epithelialized vertical suture line of

the neo-esophagus. Proximal and distal anastomoses were

performed using intervening 3–0 and 4–0 absorbable

sutures. The distal knob was inset into a linear esophageal

rent to maximize anastomotic circumference. The flap was

stented with a nasogastric tube and feeding tube inserted

beyond the distal anastomosis. Anastomotic integrity was

evaluated with clean dry gauze while methylene blue was

injected through the feeding tube with moderate force.

The skin paddle was incorporated into the wound closure

in a tension-free manner. Closed-suction and Penrose

drains were placed in dependent areas.

The donor site was closed in layers over closed suc-

tion drains soon after the flap was raised to minimize

edema and facilitate primary closure. In some cases,

hemi-circumferential scoring of the crural fascia, perpen-

dicular to the fascial defect, helped to reduce localized

muscle bulge and distribute compartmental contents. If

part of the wound could not be approximated with a

small penetrating towel clamp, it was covered with a

split-thickness skin graft from either thigh and secured

with a bolster dressing for five days.

Figure 4. Cross-sectional anatomy at the level of the red arrow in the left panel and loose resemblance to the Greek letter d (blue, above

right). The axially oblique orientation of vertical suture was intended to direct fluid egress (E) away from the anastomotic site (A). The

islandized skin paddle (P) was designed for monitoring and as a tissue bank for secondary surgery. The buried portion was designed for

insulation and fistulous drainage diversion from the dependent neck (D).

Figure 3. In this illustration the flap was inset with the skin paddle

directed away from the anastomotic site (white arrow), and oriented

obliquely. The cutaneous paddle lined and protected compromised

tissues below.

4 Zelken et al.

Microsurgery DOI 10.1002/micr



Postoperatively, the skin paddle was monitored for

changes in color, turgor, and temperature without special-

ized instruments. When there was concern, bleeding was

evaluated with superficial scoring of the skin using an

18-gauge needle and irrigated with heparinized saline

solution. No effort was made to identify or monitor a

perforator using Doppler. The donor extremity was moni-

tored for signs of neurovascular injury and compartment

syndrome.

RESULTS

All flaps were based on the lateral femoral circumflex

system. Ten ALT and 2 AMT flaps were raised. The

average flap was 22 cm long 3 9 cm wide (range, 16–

26 cm 3 7–11 cm). Combined reconstruction with gas-

tric pull-up was performed in 2 of 3 patients with esoph-

ageal cancer. There were no perioperative complications

requiring re-exploration or flap salvage maneuvers.

Average follow-up time was 19.3 months (range:

2.4–21.6 months). No donor site complications were

reported and all flaps survived. All patients achieved oral

intake. The average time to intake was 5.8 weeks (range:

2–32 weeks) for all patients. One patient that required 32

weeks to achieve oral intake had recurrent fistulae that

ultimately resolved with deltopectoral flap coverage.

Excluding that patient, average time to oral intake was

3.5 weeks. A soft diet (7 patients), rice diet (2 patients),

and solid diet (3 patients) were achieved. Five patients

(42%) received postoperative irradiation (Fig. 5).

Eight patients succumbed to their disease 10 months

into the follow-up period (range: 2–18 months). Cause of

death was unknown in many cases, but there was no

evidence of flap-related causes like sepsis or carotid

blowout. No deep space infection, abscess, or other life-

threatening complications were documented. Late compli-

cations occurred in 6 cases (50%) and included fistula

alone (2 patients), fistula and stricture (2 patients), stric-

ture alone (1 patient), and lymphocele (1 patient). Fistu-

lae occurred during the course of postoperative

irradiation in three cases. Four patients required one or

more revisions for fistula repair.

DISCUSSION

Compared to locoregional options, we prefer free tis-

sue transfer for pharyngoesophageal reconstruction to

maximize quantity and quality of donor tissue. Locore-

gional options should be reserved for revision procedures

that warrant less tissue, including the deltopectoral flap

for fistula repair. The thigh is an important warehouse

that provides a versatile surplus of tissue and is favored

at our institution.18 Unlike visceral donor tissue, the

abdomen is not violated and there is a tendency toward

less “wet” speech.1,19,20 Versatile thigh flaps are prefera-

ble in all types of reconstruction, so the harvest and anat-

omy are familiar.

Refinements in hypopharyngeal reconstruction techni-

ques target early flap loss, fistula, and stricture.9–17 Mur-

ray et al. reviewed recent innovations,21 but did not

identify any modification that independently reduced

complications. That review cited fistula and stricture rates

of 13% and 16.1%, respectively, among 20 series. A

<1% perioperative mortality rate was cited, but long-

term mortality was not elaborated. More recently, Selber

et al. observed fistula and stricture rates of 11% and

9.3% in their own database of 193 circumferential recon-

structions. They cited a 5-year survival rate of 0–35%

depending on esophageal pathology but did not discuss

cause of mortality.22

Despite the dismal survival rates of persons with

head and neck cancer who require pharyngoesophageal

reconstruction16,22 most outcomes studies target treatable

complications like hematoma, fistula, stricture, and infec-

tion. Some series do not mention follow-up time at

all.9,13,15 Most series do not address mortality9,13–15;

when mortality is discussed the cause of death is seldom

elaborated. In our series, 75% of patients expired after

3.5 years, and in most cases the cause of death was

unknown.

Life-threatening flap-related complications like men-

ingitis, sepsis, and carotid blowout may be vastly under-

reported. Carotid blowout afflicts 2.9–4.3% of all head

and neck cancer patients23–27 with mortality rates

reported as high as 50%,24,28 yet no recent series address

its incidence or strategies to prevent blowout.9,10,13–15,22

Accordingly, in six series with 315 pharyngoesophageal

reconstructions, more than 10 occurrences of carotid

blowout would be expected, yet none are reported.23 In

Figure 5. Postoperative evaluation at 4 weeks revealed hyperemic

irradiated neck tissue and a comparatively robust skin paddle (red

arrow).

Delta Inset Thigh Flap 5
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one series of 2,590 patients, independent risk factors for

blowout were BMI< 22.5 kg/m2, primary lesion in the

hypopharynx, open neck wounds, radical neck dissection,

and radiation dose �70 Gy. With an average BMI of

21.5 kg/m2 and the fact that every patient in our series

was irradiated, lifetime risk of blowout is significant.

Considering this risk, the tail of the delta-inset thigh flap

(dITF) was designed to shield irradiated, skeletonized,

and unsheathed great vessels in the ipsilateral neck from

additional irradiation and exposure-related vascular injury.

In addition, surgical site infections (SSI) resulting from

salivary leak may induce inflammation, vessel thrombosis

and flap failure. In a series of 12 patients, Genden et al.

attributed one flap loss to a deep neck infection secondary

to fistula.9 Overall SSI after head and neck surgery ranges

from 24 to 87% in the literature.29–31 Yang et al. observed

15 infections in 40 ALT-based head and neck reconstruc-

tions (37.5%), and 5 of 23 hypopharyngeal reconstructions

(21.7%).31 We recognize data17,32–34 that suggest fistulae

occur at the T-junctions of the tubed flap where the vertical

suture line and anastomoses intersect. We therefore ori-

ented those junctions obliquely to divert toxic runoff from

the contralateral neck, away from the microvascular anasto-

mosis, and shielded from dependent regions of the ipsilat-

eral neck. If neck dissection was performed on both sides,

vascular anastomosis was performed on the healthier side

with the tail draped over the comparatively more compro-

mised side.

The dITF was designed to protect the patient from

secondary effects of toxic leakage and radiation injury.

Four patients developed fistulas in this series (33%).

Other recent series’ rates vary widely (range: 7–

50%),9,10,13–15,22 and small sample sizes make it difficult

to generate meaningful comparisons. We did not identify

why our rate was higher than other series. Decondition-

ing, malnutrition, and variations in diagnosis, reporting,

and patient care across centers and nations are probable

culprits. Furthermore, 10 of 12 patients had preoperative

radiation.35,36 Chemotherapy and radiation (CCRT) are

the first line of therapy for hypopharyngeal cancer at this

institution, except in extensive cases (2 of 12 in this

series) when extremely poor prognoses warrant palliative

treatment versus cure. Surgery was reserved for those

who failed to respond to CCRT or recurred after CCRT.

The advanced nature of disease in our patients, and

exclusion of noncircumferential lesions probably contrib-

uted to the fistula and stricture rates we report.

Radiation therapy prolongs survival but it also pro-

motes stricture formation. Stricture risk reduction was

addressed by integrating a knob (U-shaped advancement

flap) into the flap. Inspired by Randolph’s Y-U advance-

ment pyloroplasty, this modification was designed to max-

imize antral diameter, pedicle base width, and blood flow

to the tip.37 The knob should be designed proximally

where tissue is easiest to close. Longitudinal orientation of

the flap facilitated closure. In this series, defect length

(and thus, flap width) was 11 cm or less; primary donor

site closure was achieved in every case.

Monitored skin paddles are not a new concept15,38 and

may prove advantageous over the implantable Dopp-

ler.11,14–17,22,39–43 The dITF skin paddle was positioned dis-

tally and perfused by the subfascial plexus. This may

enhance sensitivity to changes in perfusion (100% in one

study15). Furthermore, the skin paddle can be internalized to

obliterate anastomotic leaks after it is no longer needed for

monitoring, as was the case for one patient in this series.

Although the data are unpublished, the senior author

observed two nonfatal carotid blowouts after 12 recon-

structions when traditional reconstructive methods were

used. The dITF method was designed to divert drainage

at the T-junctions and vertical suture line where break-

down is most likely.17,32–34 It may not outperform other

methods should a leak occur elsewhere; this is the great-

est limitation in flap design. There are not enough data

to determine whether the dITF method reduces carotid

blowout risk and mortality; this is the greatest limitation

of this series. Ongoing data collection at this center, per-

haps with multicenter collaboration, might reveal trends

toward reduced mortality, flap loss, and infection.

Despite our best efforts, fistulae and strictures should

be anticipated using state-of-the-art methods in pharyng-

oesophageal reconstruction. Large defects, high func-

tional demands, malnutrition, and radiation injury favor

reconstructive failure. The dITF was designed to mini-

mize fistula and stricture risk, as well as secondary

effects of these somewhat inevitable complications. The

dITF may be a feasible strategy to prevent mortality and

infection-related flap loss via fistulous leak diversion and

soft tissue augmentation after free flap pharyngoesopha-

geal reconstruction.

CONCLUSIONS

The dITF may be a feasible approach to pharyngoeso-

phageal reconstruction. Refinements in thigh flap design

and inset may circumvent complications secondary to toxic

drainage, radiation, and vascular injury. We encourage

dITF implementation on the basis of our experience, but

further data are needed to conclusively evaluate infection,

flap loss, carotid blowout, and mortality risk reduction.

With the present data, meaningful comparisons cannot be

made to alternative reconstructive strategies.
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