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Abstract
Introduction: Microsurgical reconstruction of complex head and neck defects often requires

reliable tissue in multiple spatial configurations to achieve good functional and aesthetic out-

comes. In addition to robust perforators, flap inset and wound closure require great caution to

minimize complications especially in the presence of trismus with limited space for inset. This

report describes the technique and results of our staged approach to flap inset which increases

the chance of total flap survival in complex head and neck reconstructions.

Methods: From February 2010 to August 2016, a total of 53 patients were identified via a ret-

rospective chart review. Patients who were suspected to have a high risk of vascular compro-

mise and subsequently underwent complex head and neck reconstruction with staged inset of

anterolateral thigh (ALT) flaps were included. The flap was inset only partially at the recipient

site initially with fewer sutures. At a second stage, after neovascularization from surrounding tis-

sue was established, the flap was partially elevated, divided and mobilized on its own pedicle for

definitive inset.

Results: Fifty-one patients had complete survival of flaps and had uneventful postoperative

course. Six cases required immediate re-exploration to release wound tension or reposition the

pedicle. Of these, 4 flaps were salvaged, 2 failed due to small perforators despite anastomosis

revision. The flap survival rate was 96.2% and the average time between 2 stages was 24 days

(range, 21–28).

Conclusion: Staged flap inset can improve free flap survival in complex head and neck

reconstructions.

1 | INTRODUCTION

A successful complex, 3-dimensional head and neck microsurgical

reconstruction depends on the reliable inset of the components of the

flap (skin, muscle, oral lining, and bone) and their proper spatial orienta-

tion and volume (Chana & Wei, 2004; Huang, Chen, Wei, Cheng, &

Schnur, 2003). Wide local resection of advanced stage tumors may

result in extensive composite defects involving the skin, soft tissue, oral

lining, and bone. Such defects require large composite flaps for recon-

struction. Multiflap approaches (Huang et al., 2003; Jeng, Kuo, Wei,

Su, & Chien, 2005; Kuzon, Jejurikar, Wilkins, & Swartz, 1998) have been

reported for this purpose, however, additional donor sites and vascular

anastomoses, lead to increased donor site morbidity and operative

times (Huang et al., 2002, 2003; Gong et al., 2015). Furthermore, the

reconstruction may be rendered even more challenging by previous

failed attempts at reconstruction. Radiotherapy is another confounding

factor that impairs vascular function (Halle et al., 2009) it induces the

formation of fibrous scar tissue at the recipient site (Salgado et al.,

2002) and produces trismus of the mouth that results in limited space

for free flap inset (Louise Kent et al., 2008; Wang et al., 2005). Alto-

gether, these factors may consequently increase the chance of free flap

failure (Halle et al., 2009; Khouri et al., 1998; Pohlenz et al., 2007).
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Tension-free wound closure after free flap transfer is essential for

flap survival. During inset, circulatory disturbances may arise within

the flap due to excessive folding of the flap in an attempt to fit it into

a limited 3-dimensional space. This type of inset can cause torsion and

tension on the whole flap or its components, resulting in partial or

total failure. In addition, the normal swelling can cause an obstruction

of the venous outflow with a subsequent arterial inflow disturbance.

A single-stage flap division and inset is usually the preferred

method in most reconstructions as it is more time and cost-efficient.

Careful flap planning in a single-stage free flap reconstruction can

minimize vascular complications. Yet, certain high-risk patients, partic-

ularly those with recurrent cancer and had undergone multiple tumor

resections and adjuvant radiotherapy are still at risk of flap compro-

mise. Therefore, such patients are poor candidates for a single-stage

approach. A more conservative approach, with a higher safety margin

is needed in these patients. The goal of this report is to introduce the

staged flap inset, as an alternative to the conventional single-stage

approach, for complex head and neck reconstruction with the goal of

improving the chance of total flap survival. We also report the results

from our experience.

2 | PATIENTS AND METHODS

This was an institutional review board approved, single-center, retro-

spective chart review of patients who underwent staged head and

neck reconstruction using the anterolateral thigh (ALT) flap. From

February 2010 to August 2016, 53 patients were identified. There

were 42 males and 11 females with an average age of 65 years (range,

45–72) (Table 1). All surgeries were carried out by the senior author

(HCC). There were 40 cases with ALT, 13 cases with ALT plus a mus-

cle component (either vastus lateralis or TFL). Oral cancer re-

section was the reason for reconstruction in all patients in this cohort.

Most patients had history of betel quid chewing (n = 43), alcohol con-

sumption (n = 37), and cigarette smoking (n = 49). Forty-one patients

had previous surgical procedures and 35 received preoperative radio-

therapy (Table 1). The recipient arteries used were: transverse cervical

(n = 19), superior thyroid (n = 30), and thoracoacromial (n = 4) arter-

ies. The recipient veins used were: external jugular vein (n = 42) and

branches of the internal jugular vein (n = 11) (Table 1).

The decision to implement a staged inset was based on the fol-

lowing factors: the number and size of perforators, the spatial orienta-

tion of the defect, risk of infection (intraoral defects), preoperative

radiotherapy, recipient site scarring, previous reconstructive attempts,

and presence of peripheral vascular disease. Moreover, a primary inset

was often attempted initially and switched to a staged inset due to

signs of vascular compromise such as flap congestion and ischemia.

2.1 | Surgical technique

During the first stage of the procedure, all perforators were properly

marked on the skin with non-absorbable sutures, allowing easy iden-

tification of each perforator in the second procedure. During the first

stage, the flap was only partially sutured to the recipient site to avoid

any tension, torsion, or compression. Vital structures such as bone

and vessels were covered in the first operation. If necessary, a tem-

porary orocutaneous fistula was left in the first operation. The flap

was allowed to stabilize over a period of 3–4 weeks. Flap stabiliza-

tion was achieved through neovascularization from the surrounding

tissue via the designed “anchoring points” that remained intact in the

second procedure (Figure 1). Once swelling had subsided, the flap

was partially elevated and divided into separate flaps. Then each part

of the flap was rearranged on its corresponding pedicle based on the

reconstructive needs while connections to the surrounding tissue

remained intact via the anchoring points. Finally, the parts of the flap

were inset completely to achieve the desired functional and aesthetic

results.

TABLE 1 Demographics and surgical details

Number

Gender

Male 42

Female 11

Total 53

Age Mean: 65 years

Range: (45–72)

Follow-up Mean: 14 months

Range: (8–21)

Diagnosis Oral cancer (all patients)

Predisposing factors

Tobacco 49

Betel nut 43

Alcohol 37

Risk factors

Previous procedures 41

Prior radiotherapy 35

Recurrent cancer 31

Location

Cheek 49

Oral mucosa 53

Tongue 13

Lip 5

Neck 2

Defect size

Mean: 96 cm2

Range: 56–120 cm2

Flaps

ALT 40

ALT+ VL 13

Recipient artery

Superior thyroid 30

Transverse cervical 19

Thoracoacromial 4

Recipient vein

External jugular 42

Internal jugular and branches 11
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3 | RESULTS

Out of the 53 cases that underwent staged inset, 47 had uneventful

recovery with complete survival of the flaps (Table 2). Six patients

required immediate re-exploration in the post-operative period due to

signs of vascular compromise (changes in flap color and turgor,

delayed capillary refill, decreased temperature). Of these, in 4 cases,

the circulatory disturbance was secondary to swelling and was

improved by releasing sutures and reinsetting the flap with no tension.

To the contrary, despite revision of the vascular anastomosis, the

remaining 2 flaps were unsalvageable. Most likely, this occured due to

small caliber of the perforators. The flap survival rate was 96.2%

(51 of 53 flaps). No flap component was lost after the second stage of

inset. With the exception of 3 cases of wound infection that were

managed successfully with excision and debulking in the second stage,

final inset was successful in all cases (Table 2). The average time

between the 2 surgical stages was 24 days (range, 21–28), mean hos-

pital stay was 34 days (range, 29–36). Mean follow-up was

14 months, with a range of 8–21 months (Table 1). At the time of

their last follow-ups, one patient had trismus but was unwilling to

undergo further surgeries due to old age (72 years old). Another

patient developed an orocutaneous fistula that lead to salivary leak-

age. It was treated with closure of the fistula. No patient had oral

incontinence, and the remaining 49 patients had no associated compli-

cations and reported adequate oral function.

3.1 | Case report

A 61-year-old male presented with a painful ulcer on the right buccal

mucosa for more than 4 months. Upon examination, the patient had

FIGURE 1 The staged inset principle. Instead of primary division and complete inset, the flap received a partial inset initially with a partial closure

of recipient site to avoid tension. The flap was allowed to stabilize over a period of time (3–4 weeks) before it was divided and partially mobilized
for complete inset
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trismus with a maximum interincisal opening (MIO) of 18 mm due to

panoral submucosal fibrosis. An ulcerative 4 × 3 cm lesion was noted

at the right posterior buccal mucosa. Biopsy of the lesion confirmed

squamous cell carcinoma (SCC). Panorex imaging showed a general-

ized alveolar bone resorption. Subsequently, a composite resection of

the tumor with marginal mandibulectomy and radical neck dis-

section was performed, creating a through-and-through cheek defect

(Figure 2A,B). To reconstruct the oral and check defects, a flap mea-

suring 10 × 25 cm was planned on the left ALT. Two perforators from

the lateral femoral circumflex artery (LFCA) were identified with hand-

held Doppler. However, the perforators were found to be very small

and therefore a tensor fascia lata (TFL) flap was included in the flap.

The recipient vessels were the right superior thyroid artery and the

external jugular vein. Initially, the facial skin on the right side was ele-

vated (Figure 2B) to allow free flap inset. The proximal part of the flap

received a complete inset with the skin paddle covering the mucosal

side. The flap was folded as an upside down “U” with the distal skin

paddle covering the extraoral facial defect and exposed mandible.

Then, the elevated facial skin was allowed to drape over the free flap.

The distal part of the flap received partial inset with sutures only

around half of the extraoral defect and to the lower face to secure the

flap in place (Figure 2C,D). The lower face was partially closed with an

opening left to avoid tension on the flap. Three weeks later

(Figure 2E,F), the wound was revised though the previous midline inci-

sion on the chin. The flap was debulked by removing a portion of the

middle (bridging) part of the skin flap, thus partially dividing the flap

into 2. The distal part of the flap was further trimmed and de-

epithelialized to allow a complete closure of the wound (Figure 2E,F).

At 1-year follow-up, complete survival of the flap was noted with no

contractures at the recipient site. The patient reported no salivary

leakage or trismus of the mouth (Figure 2G,H).

4 | DISCUSSION

Herein, we present a safe strategy to approach complex head and

neck reconstruction with free tissue transfer. The principle of staged

inset should be considered early when flap or recipient site related

risks are suspected (Figure 3). If the perforators are considerably small

in caliber, the vascularity of the flap may be tenuous. The problem is

even more pronounced in the presence of peripheral arterial occlusive

disease (PAOD) with impaired blood flow in the distal arterial tree. In

combination with tissue ischemia, the result may be a chronic non-

healing wound (Eweida, Lang, Schmitz, & Horch, 2013) This concern is

even more pertinent when a larger flap is required in order to meet

the soft tissue requirements of an extensive defect. By maintaining a

reliable pedicle and avoiding any compression, staged inset of flaps

may allow optimal blood supply until the flap develops neovasculariza-

tion from the surrounding tissues. This is particularly true in the case

of a poor/sub-optimal recipient site such as irradiated tissue that, due

to its impaired vascularity, may increase the risk of flap failure and

wound infection (Halle et al., 2009) The staged inset is especially use-

ful in reconstruction of complex, composite tissue defects. Torsion or

tension on the flap components may result from folding and twisting

during flap inset. Perforator kinking or stretching may also cause

impaired vascularity (Chang, 2013; Gong et al., 2015; Kuo et al.,

2010). With the proposed method, the flap can be inset at a

TABLE 2 Postoperative details and outcomes

Outcome

Flap

ALT ALT + VL Total

Re-explored 4 2 6 (11.3%)

Salvaged 3 1 4 (7.5%)

Failed 1 1 2 (3.8%)

Survived 39 12 51 (96.2%)

Hospitalization time (days) Mean: 34

Range: (29–36)

Time between surgeries (days) Mean: 24

Range: (21–28)

Complications

Infection 3

Fistula 0

Hematoma 0

Partial flap necrosis 0

Seroma 0

Additional procedures

Debulking 13

Functional outcomes

Resumed oral intake and progressed normally 49

Trismus 1

Salivary leakage 1

Oral incontinence 0
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temporary relaxed position while neovascularization is being estab-

lished. When a flap is fitted into a limited space such as the oral cavity,

vascular supply to the flap and circulation within the flap itself may be

compromised as a result of compression to the flap and/or its perfora-

tors. Consequently, partial or complete flap loss may occur due to the

initial venous congestion followed by arterial insufficiency. To

increase the chance of total flap survival, the cavity or wound can be

first closed partially (Figure 2) and then completely covered at a sec-

ond stage.

Although our success rate for this series was 96.2%, it is impor-

tant to keep in mind that this was a special group of patients with an

increased risk of vascular compromise from over a 6-year period.

Most patients had previous tumor resections and reconstructions

often with adjuvant radiotherapy prior to referral to our center. Due

to tumor recurrence, patients required further resections of parts of

the cheek, oral lining, lips, and tongue (Table 1). All patients had SCC

of the oral cavity mainly from long-term additive effects of betel

quid, alcohol, and cigarette smoking. Their combined usage results in

larger areas of SCC in the entire oral cavity attributed to the effect

of field cancerization (Liao et al., 2014; Van Oijen & Slootweg, 2000)

which describes a process in which a broad area of tissues

undergoes carcinogenic transformation. In addition, betel quid, alco-

hol, and cigarette smoking have been linked to not only a high inci-

dence but also recurrence of oral cancer (Adel, Liao, & Lee, 2016;

Guo et al., 2013).

The strategy of staged flap inset has several advantages over the

conventional method where more than one flaps are harvested in one

operation. First of all, the surgical time is greatly reduced and only one

set of recipient vessel is required. Although a second surgery is

required, it is much shorter and simpler. The flap can be partially ele-

vated, divided, and fitted into the target site during this stage. On the

other hand, primary flap division and inset is the preferred method in

a typical noncomplicated case, when both the donor and recipient

sites are in optimal condition with decent perforator size and minimal

risk of infection.

Additional factors to be considered when deciding on a staged

inset in the first operation include bulky flaps harvested from obese

patients and reconstructions involving the oral cavity which has a lim-

ited space. Complete inset can be attempted first and the flap

assessed prior to final closure. If there is any sign of vascular compro-

mise (impaired arterial inflow or venous congestion), one should per-

form a partial inset and plan staged inset to avoid tension.

In contrast to a regular revision, a staged flap inset is different

as the time between the first and second operation is much

shorter—3–4 weeks versus 2–3 months in a regular revision. In regu-

lar revision, the flap's vascular supply is no longer reliant on the orig-

inal pedicle. On the other hand, in staged flap inset, the time

window of 3–4 weeks allows the flap components to establish some

neovascularization from the surrounding tissues, but the original

pedicle is still an important source of vascular supply to the flap

components. It is this combination of these vascular supplies that

greatly increases the chances of total survival of the flap compo-

nents. A study in a swine model has shown that neovascularization

between the flap and the surrounding tissue becomes well estab-

lished by the 8th day after free tissue transfer (Black, Chait, O'Brien,

FIGURE 2 Case report. A, A through-and-through right cheek defect

was present after composite resection and radical neck dissection for an
oral tumor. B, The extent of resection and dissection could be seen. C,
Immediately after the initial reconstruction, the flap was folded into an
upside-down “U”. The distal portion of the flap that covered the cheek
received a partial inset (only half of the through-and-through defect was
sutured) to secure the flap. The proximal and intraoral part of the flap
was inset completely to avoid saliva leakage. D, The neck wound was
partially closed with an area that was left open to avoid too much
compression on the folded flap. E, F, 3 weeks later, during the second
stage of the reconstruction, the flap was partially divided and de-
epithelialized to allow complete inset and closure of the wound. G, 1-
year postop. A lateral view of the patient that showed complete survival
of the extraoral part of the flap and overall acceptable aesthetic
appearance. H, The patient did not have trismus postoperatively
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Sykes, & Sharzer, 1978) and serves as the basis for the staged inset

principle. A clinical study determined that free flaps are able to sur-

vive a pedicle occlusion only after postoperative day 10 (Granzow,

Li, Caton, & Boyd, 2015; Yoon & Jones, 2016) Another case series

that investigated the effect of early pedicle loss documented that

50% of their flaps were able to survive completely after the loss of

arterial inflow on the postoperative day 7 (Salgado et al., 2002)

However, considering the complexity of head and neck procedures

and confounding risk factors such as preoperative radiotherapy and

scarring of the recipient site tissue bed, a period of 3–4 weeks is pre-

ferred. An advantage of the staged flap inset is the much shorter and

simpler operation of the second procedure. A disadvantage would

be that if a major rearrangement is required (i.e. out of reach of the

original pedicle), a regular revision is more suitable, which is typically

done at a much later time.

When staged flap inset is used for through-and-through cheek

defects, the intraoral side should be given priority for complete flap

inset during the first operation to cover any exposed bone, hardware,

vessels, or nerves, whereas the extraoral side can be partially inset to

avoid vascular compromise. The goal is to reduce the chance of infec-

tion and saliva leakage (Liu, Yang, & Ou, 2011) in addition to minimiz-

ing the risk of partial flap loss.

The staged inset protocol is longer than most conventional pro-

tocols and may lead to a delay in patient management. However, it

is necessary to emphasize that this procedure is uncommon even at

our unit (53 cases over a 6-year period), as we always strive to

accomplish inset in a single if it is possible and safe. This procedure

is reserved for select patients with high risk of flap failure (thick

flap, unfavorable perforator characteristics, and tight-fitting recipi-

ent site) who nevertheless require reconstruction. Many of the

FIGURE 3 An illustration showing the conventional single stage flap inset. After harvest, a flap could be completely divided to meet the

reconstructive demand. However, in case of unfavorable conditions such as small caliber perforators, postradiotherapy, and high risk of infection
at the recipient site, primary division and complete inset might result in complete or partial flap loss
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selected patients had previous failed reconstruction attempts and

were referred from other centers. In some cases, the 2-stage flap

inset was chosen after an attempt at one-stage was noted to be

failing intraoperatively. Staged flap inset is safer and it can maxi-

mize the chance of total flap survival, which is critical, as many of

these patients may require adjuvant chemoradiotherapy following

the reconstruction. Moreover, the aforementioned cancer treat-

ments may result in dramatic changes in the flap, making the sur-

vival of every part of the flap even more necessary. Additionally, in

our patient cohort, the decision to keep a patient hospitalized was

also based on thorough evaluation of the patient's social and living

arrangement in order to determine if the patient can be properly

taken care of once discharged. Due to safety concerns, only simple

division of the flap was done for the frail elderly oncological

patients to obtain an acceptable appearance without further

remodeling.

Often, it is difficult to make the decision to perform a staged flap

inset instead of a typical primary inset as it is dependent on the sur-

geon's experience in predicting complications. Switching to a staged

inset is recommended upon suspecting any chance of partial or com-

plete flap failure. Complete survival of all flap components is the basis

for successful complex free flap reconstruction. Over time, partial flap

failure or tenuous vascular supply may cause atrophy of the trans-

ferred tissue, resulting in contracture or trismus. The novelty of this

method is that it offers a safer approach to a free flap head and neck

reconstruction that is otherwise associated with a high chance of

failure.

5 | CONCLUSION

Although staged flap inset requires a 2-step surgical approach, this

experience shows that it is a safe technique that can improve the

chance of complete flap survival in a cohort of patients with an other-

wise high risk of flap failure. Selective application of this technique is

fundamental for optimum outcomes.
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