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1 | INTRODUCTION

| Peter W. Kahng MD® | Marc A. Polacco MD* |

Abstract

Background: We present our experience on reconstructive versatility and risk of
nodal transfer with the submental island flap (SIF). We also examine the role of
comorbidity as a predictor of complications.

Methods: Retrospective cohort study of patients undergoing SIF over 10-year
period. Comorbidity determined using Adult Comorbidity Evaluation 27 index
(ACE-27). Univariable/multivariable logistic regressions performed to determine asso-
ciation of these characteristics and rates of major complications.

Results: Fifty-eight patients underwent SIF reconstruction, 27 (45%) patients had
moderate/severe comorbidity, and 24 (41%) experienced major complication. Multi-
variable analysis identified ACE-27 scores >2 predictive of major flap complications
(OR: 17.38, 95% Cl: 1.96-153.74, p = .01) and medical complications (OR: 5.8, 95%
Cl: 1.11-30.23, p = .037). There were no cases of pathologic nodal transfer.
Conclusion: The SIF is a versatile flap and oncologically safe in carefully selected
patients. The ACE-27 index is strongly predictive of major postoperative
complications.

Level of Evidence: 4
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color and texture, minimal donor site morbidity, as well as decreased

operative times, duration of hospitalization, and hospital costs when
10-13

Since it was originally introduced by Martin et al in 1993, the sub-
mental island flap (SIF) become a useful addition to the armamentarium
of the head and neck reconstructive surgeon. Its use has been demon-
strated for defects of the tongue, floor of the mouth, buccal mucosa,
palate, oropharynx, hypopharynx, lateral skull base, and face.?”? The
benefits of the SIF include a pedicled vascular supply, consistent tissue

compared to free flaps without compromising functional outcomes.
Finally, as experience with this flap has evolved, additional options for
flap vascularization have been described such as retrograde flow, hybrid
flow, and free tissue transfer.”1415

In this study, we report our 10-year experience with the use of

the SIF for reconstruction of various defects of the head and neck.
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The first goal of this study is to highlight our experience with the
types of defects reconstructed as well as strategies for flap vasculari-
zation. The second goal is to provide further data on the safety profile
of SIF with regards to the risk of transfer of nodal disease from level
1A. Finally, we identify potential predictors of medical, surgical, and
flap-specific complications associated with the SIF utilizing a previ-
ously validated comorbidity index. Though comorbidity as a predictor
for postoperative complications following free tissue transfer has
been examined, there are no studies to date examining the role of

comorbidity status in the context of the SIF.

2 | MATERIAL AND METHODS

This was a single institution study with patients drawn from an aca-
demic tertiary medical center (Dartmouth-Hitchcock Medical Center).
Approval from the institutional review board at Dartmouth-Hitchcock
Medical Center was obtained (STUDY02000931). The study popula-
tion included all patients who underwent reconstruction of defects of
the head and neck utilizing the SIF from January 1, 2007 until
December 31, 2017. Patient data abstracted from the medical record
included demographics, comorbidities, primary tumor site, prior treat-
ment history, staging of the tumor, and adjuvant therapy. Reconstruc-
tive data included skin paddle dimensions, type of SIF (cutaneous,
osseocutaneous, fascial), and flap vascularization (anterograde pedi-
cled, retrograde pedicled, anterograde hybrid, retrograde hybrid, and
free flap). Flap related and non-flap related surgical complications as
well as medical complications were abstracted from the record.
Length of follow-up was determined by date of surgery and date of
last follow-up appointment or date of death. Disease status (alive
without disease, alive with disease, died of disease, died with disease)

at last follow-up or death was also abstracted.

2.1 | Surgical technique

All flaps were performed by the senior author (JP) and were performed
as described by Patel et al.X® For patients undergoing oral cavity or oro-
pharyngeal reconstruction, nasal intubation was performed. If tracheos-
tomy was required, this was performed at the conclusion of the
procedure once the neck incision had been closed. Neck dissection was
also performed in the standard fashion and included routine removal of

the peri-facial lymph nodes as part of the level 1B dissection.

2.2 | Medical comorbidities and complications

Comorbidity was measured using the Adult Comorbidity Evaluation
27 (ACE-27) tool, a validated comorbidity index, which reports comor-
bidity in the context of bodily systems and is a well-accepted tool in
assessing comorbidity in cancer patients'” (http://otooutcomes.wustl.
edu/Research/Research-Focus/Cancer/Comorbidity-Data-Collection).
The 27 comorbid conditions examined in the index are evaluated sep-
arately and graded as none (0), mild (1), moderate (2), or severe

(3) based on severity of organ decompensation and overall prognosis.
The ACE-27 score is based on the highest ranked individual comorbid-
ity. If there are two comorbidities ranked as moderate, then a score of
severe is assigned. Complications were categorized as flap related
complications, non-flap surgical complications, and postoperative
medical complications. Medical and surgical complications, excluding
flap-specific complications, were categorized as either none, mild,
moderate, or severe as previously defined by Farwell et al'® and
Ferrier et al.}® Flap complications were categorized as follows:
mild—flap dehiscence alone requiring no procedural intervention;
moderate—any partial necrosis requiring bedside debridement or flap
dehiscence plus any additional flap complication; severe—any flap
complication requiring operative intervention such as pedicle revision,
extensive debridement, or flap failure. None and mild complications
were grouped as “Minor Complications” and moderate and severe

complications were grouped as “Major Complications.”

2.3 | Statistical analysis

All statistical analyses were performed using SAS software, version 9.4
(SAS Institute Inc.). A total of 59 patients were in the dataset as of May
24, 2018. Patient demographics and complications were summarized
(Tables 1 and 2). Univariable logistic regression models were used to
examine associations between potential predictors of complications and
moderate or severe complications. Joint effects of potential predictors of
complications on moderate or severe complications were then assessed
by using multivariable logistic regression with a stepwise variable selec-
tion procedure (enter the model p < .10; remain in the model p < .05). In
addition, we explored the multivariable logistic regression with “age at
date of surgery” to serve as a control variable. Statistical significance was
defined as p < .05 based on a two-sided hypothesis test with no adjust-

ments made for multiple comparisons.

3 | RESULTS

3.1 | Demographics

A total of 59 patients underwent attempted SIF reconstructions with
43 men and 16 women. The demographics of these patients are pres-
ented in Table 1. The age of patients at the time of resection and
reconstruction ranged from 28 to 88 years old with mean age of
62.7 years old. Most pathologies treated were squamous cell carci-
noma (95%) with one case of adenocarcinoma of the soft palate, one
case of melanoma of the face, and one case of ameloblastoma of the
maxilla. American Joint Committee on Cancer 7th edition staging
ranged from Stage | to Stage IV. Twenty-six (44%) tumors were staged
as T2 and with 10 (17%) tumors staged as T4. Nodal status ranged
from NO to N2b. One patient had undergone prior radiation therapy
of the neck and two patients had undergone prior chemoradiation
therapy of the neck. Eighteen patients underwent adjuvant radiation
therapy and 12 underwent adjuvant chemoradiation therapy. All
patients were followed-up for 12 to 116 months with a mean and
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TABLE 1 Characteristics of patients and flaps

Age at surgery, mean (SD), year
Male, n (%)
Tumor location, n (%)
Tongue
Floor of mouth
Oropharynx
Maxilla
Buccal
Lateral skull base
Face
Total lower lip
Tumor stage (T), n (%)
1
2
3
4
Nodal stage (N), n (%)
(0]
1
2
ACE 27 score, n (%)
Zero or one
Two or three
Preoperative radiation, n (%)
Flap size area, mean (SD), cm?
Operative time, mean (SD), min
Flap type
Mycocutaneous
Myofascial
Osseocutaneous
Vascularization
Anterograde pedicled
Retrograde pedicled
Anterograde hybrid
Retrograde hybrid
Free flap

n =59
63 (13)
43 (73%)

39%)
20%)
12%)
12%)

RY
& &R E

3
3

X

3
12
7(
7(
5(
2(
2(
1(2%

2 (20%)
26 (44%)
1(19%)
0 (17%)

35 (59%)
11 (19%)
13 (22%)

31 (53%)

27 (47%)

3 (5%)

40.0 (17.5)
609.2 (142.3)

52
4

49 (84%)
5(9%)
1
2
1

Note: Values presented are means (standard deviations [SD]), or

numbers (%).

Abbreviation: ACE-27, Adult Comorbidity Evaluation 27 index.
2Flap harvest was aborted in one patient due to metastatic adenopathy
identified in level 1A during flap elevation. Comorbidity and flap related

outcomes and data are not included for this patient.

median follow-up duration of 33 and 22 months, respectively. Within

this period, a total of 6 patients died of disease, 3 patients died with

disease, and 12 patients died without any evidence of disease, includ-

ing one perioperative death.

TABLE 2
complications®

Total medical complications

Cardiovascular
Arrhythmia
Myocardial ischemia
Myocardial infarction
Congestive failure
Code Blue
Pulmonary
Hypoxia
Ventilator support >24 h
Pneumonia
Adult respiratory distress syndrome
Bronchospasm
Pulmonary embolism
Other pulmonary
Neurologic
Delirium
Other neurologic
Infection
Surgical site infection deep
Bacteremia
Abscess
Sepsis
Other infectious
Miscellaneous
Deep venous thrombosis
Renal insufficiency
Alcohol withdrawal
Fall
Other miscellaneous
Unexpected transfer

Death

Total non-flap surgical complications

Wound breakdown
Fistula formation
Wound hematoma

Need for additional unexpected procedure

Total flap related complications

Flap dehiscence

Partial flap necrosis (nonoperative management)
Partial flap necrosis (operative management)
Flap congestion

Flap failure

Abbreviations: DNO, did not occur.
2Complications as defined by Farewll et al. and Ferrier et al.

363

Moderate to severe medical, non-flap surgical, and flap

No. (%)
10(17)
2(3)
2(3)
DNO
DNO
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3.2 | SIF reconstruction

One SIF flap was aborted partway through flap elevation due to meta-
static disease identified in level 1A despite an NO clinical and PET/CT
preoperative evaluation. This patient was excluded from comorbidity
and flap outcomes analysis. For the remaining flaps, flap type, vascu-
larization, flap size, and duration of surgery are shown in Table 1. Flap
vascularization was via anterograde pedicle in 49 (84%) cases. Vascu-
larization in 5 (9%) flaps was via retrograde pedicle. Three (5%) flaps
required a hybrid approach as described by Hayden et al.'* In these
cases, a venous anastomosis was required due to the presence of a

valve in the facial vein in two cases of retrograde flow and to improve

System Mild (score = 1)

Cardiovascular

Myocardial infarction 2

Coronary artery disease 2

Congestive heart failure 3 0

Arrhythmias 1 10

Hypertension 20 0

Venous disease 2 0

Peripheral arterial disease 3 0
Respiratory system [¢) 0
Gastrointestinal system

Hepatic 1 1

Stomach/intestine 0

Pancreas
Renal

End-stage renal disease 2 0
Endocrine

Diabetes mellitus 8 1
Neurological system

Stroke 2 1

Dementia 1 0

Paralysis 0 0

Neuromuscular 0 0
Psychiatric 2 0
Rheumatologic 0 2
Immunological system

AIDS 1 0
Malignancy

Solid tumor

Leukemia and myeloma 0

Lymphoma
Substance abuse

Alcohol 8 10

Illicit drugs 0 0

Body weight
Obesity 0 1

Moderate (score = 2)

pedicle length in one case of anterograde flow. Free tissue transfer
was performed in 1 (2%) flap. Sites of reconstruction are broken down
in Table 1 and include floor of mouth (FOM), tongue, oropharynx,
maxilla, soft palate, buccal mucosa, face, lateral skull base, orbit, and
one case of total lower lip reconstruction. Flap sizes ranged from
18 to 96 cm? with a mean flap size of 40.3 cm?.

3.3 | ACE-27 scores
For all 58 patients who underwent successful flap elevation, an ACE-
27 score could be determined. Patient comorbidity type and severity,

TABLE 3 Comorbidity status of
patients undergoing submental island flap
reconstruction

Severe (score = 3)

o » O O O O O O

o O O O O o
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TABLE 4 Bivariate logistic regression investigating associations between potential predictors and complications
Flap complication Non-flap surgical complication Nonsurgical complication
Odds ratio (95% Cl) p QOdds ratio (95% Cl) p Odds ratio (95% Cl) p
Age at surgery, year 1.04 (0.99-1.1) 14 1.04 (0.98-1.11) .18 1.03 (0.97-1.09) 31
Male (vs female) 1.41 (0.33-5.95) .64 0.6 (0.15-2.45) 48 1.94 (0.37-10.21) 43
Flap size area, cm? 0.99 (0.96-1.03) 77  1.02(0.98-1.06) 27 0.96 (0.92-1.02) 17
Operative time, min 1(0.999-1.01) 11 1(0.998-1.01) 26 1(0.995-1) .99
Tumor location: oral cavity (vs other) 0.41(0.1-1.7) 22 1.03 (0.19-5.6) .98 2.61(0.3-22.86) .39
Tumor stage
1vs4 1.33(0.18-10.12) .74 0.36(0.03-4.74) .39 3(0.26-34.57) 3
2vs4 0.73 (0.11-4.77) 42 0.95(0.15-5.94) .65 2.14 (0.22-21.05) .56
3vs4 1.5(0.2-11.54) .59  0.89(0.1-7.86) 8 0.9 (0.05-16.59) .52
Nodal stage
Ovs2 0.83(0.18-3.86) 96 0.43 (0.08-2.26) .18 1.38(0.25-7.67) 43
1vs2 0.74 (0.1-5.49) 81  1.25(0.2-7.96) 42 0.55 (0.04-7.03) .51
ACE27 score of “two or three” (vs “zero or one™) 19.41 (2.3-163.65) 0064 3.11(0.72-13.48) 13 5.8 (1.11-30.23) .037
Radiation (vs none) 2.05(0.17-24.65) .57 2.61(0.21-31.94) 45 NA®

Abbreviation: Cl, confidence interval.
2Not estimable due to data sparsity.
Bold values significes p < 0.5.

TABLE 5 Multiple logistic regression results for predictors of complications®

Model adjusted for age Model selection without adjusting for age

Flap complication Nonsurgical complication Flap complication Nonsurgical complication

Odds ratio (95% Cl) p
1.01 (0.95-1.08) .67
17.38 (1.96-153.74) .01

Odds ratio (95% Cl) p
1.01 (0.95-1.08) 77
5.35 (0.95-30.03) .057

Odds ratio (95% Cl) p Odds ratio (95% Cl) p

Age at surgery
ACE27 score, “two or

19.41 (2.3-163.65) .006 5.8 (1.11-30.23) .037

three” (vs “zero or
one”)

Note: Candidate predictors: Age at surgery, gender, flap size area, operative time, tumor location, tumor stage, nodal stage, ACE27 score, and radiation

status.
Abbreviation: Cl, confidence interval.

Multiple logistic regression model was used to investigate joint effects of predictors of complications with a stepwise variable selection method (enter the

model p < .10; remain in the model p < .10) with and without adjusting for age.

Bold values significes p < 0.5.

according to the ACE-27 index, are listed in Table 2. The most com-
mon specific comorbidities among patients were hypertension and
alcohol abuse. The most common moderate or severe comorbidities
were arrhythmias, history of myocardial infarction, and current alcohol
abuse. A total of 31 (53%) of patients had mild or no comorbidity
(ACE-27 < 2), 18 (31%) of patients had moderate comorbidities (ACE-
27 = 2), and 9 (16%) patients had severe comorbidities (ACE-27 = 3).

34 | Complications

All perioperative complications are reported in Table 3. Ten patients
(17%) developed a major medical complication, 10 patients (17%) had
major surgical, non-flap, complications, and 11 patients (19%) had a

major flap complication. Overall, major complications affected a total of

24 patients (41%), with some patients developing a mix of flap, non-flap,
and medical complications. Among flap complications, there was one
total flap loss, four cases of partial necrosis requiring operative debride-
ment, seven cases of partial necrosis requiring bedside debridement, and
seven cases of flap dehiscence. Donor site complications were limited to
one case of donor site skin dehiscence. One patient died during the
postoperative course due to septic shock and respiratory failure second-

ary to aspiration pneumonia in the setting of severe alcohol withdrawal.
3.5 | Predictors of major perioperative
complications

Univariate logistic regression of predictors of major flap, non-flap sur-

gical, and medical complications are shown in Table 4. As seen, the
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only significant predictor of major flap and medical complications was
high comorbidity status as indicated by ACE-27 > 2. None of the fac-
tors were found to be predictive of non-flap surgical complications.
Multivariable logistic regression was the performed in a stepwise
manner to include for all factors with a cutoff of p < .1 and remained
if p<.05. ACE-27 2 2 remained the single predictor of major flap
complications (OR, 19.41, 95% Cl 2.3-164.65, p = .006) and major
medical complications (OR, 5.8, 95% IC 1.11-30.23, p = .037)
(Table 5). Patient age at time of surgery, gender, duration of surgery,
tumor stage, location, and radiation status were not found to be pre-

dictive of major complications.

3.6 | Tumor recurrence risk

There were no local recurrences within the submental flap inset. Ten
patients developed recurrence with local recurrence in three patients,
regional recurrence in five patients, and distant recurrence in two
patients.

4 | DISCUSSION

In this study, we present our institutional experience with the SIF for
head and neck reconstruction. The goals of this study were to high-
light the reconstructive versatility of the SIF as well as provide addi-
tional data on the safety profile of this flap with regards to the risk of
transfer of metastatic disease. Finally, we examined the role of comor-
bidity and postoperative complications associated with SIF recon-
struction as this has not been reported previously.

Since its introduction in 1993 by Martin et al,* the SIF has been
increasingly utilized for defects of the oral cavity, oropharynx, face,
lateral, and anterior skull base.>® Prior studies have demonstrated
that application of the SIF for head and neck reconstruction results in
shorter operative times, duration of hospitalization, and decreased
hospital costs when compared to free tissue transfer without signifi-
cant differences in complication rates or functional outcomes.®-13
The results of our 10-year study highlight this flaps versatility applied
to various defects of the head and neck. Although the primary vascu-
larity of the SIF was via an anterograde pedicled approach, our series
does highlight alternative vascularization approaches previously
described such as retrograde,>*>2° hybrid,** and free tissue transfer.”
The use of retrograde flow allows for this pedicled flap to be used for
regions such as the upper face and hard palate. While we report on
three flaps that were vascularized via retrograde flow, it should be
noted that two additional flaps were initially attempted with retro-
grade venous outflow but required microvascular revision of the vein
(hybrid flap) due to the presence of valves in the facial vein. Although
the literature on the presence of valves in the facial vein is sparse,
they appear to be most commonly found along the lower border of
the mandible®; therefore, the reconstructive surgeon considering this
flap should be aware of this variation and be prepared to modify the

venous outflow accordingly. In line with previous studies, the SIF is

highly versatile as not only a skin flap but can also be harvested as a
fascial or osteocutaneous flap. Flap size ranged from 18 to 96 cm?
with 15 flaps (25%) being greater or equal to 50 cm? with no
increased rates of flap or donor site complications, suggesting larger
skin paddles can be considered in select patients. Three patients in
our series who underwent SIF reconstruction had prior radiation. Of
these cases, only one flap developed partial necrosis requiring
nonoperative debridement. There were too few patients with prior
radiation in this series to provide any conclusive statements; however,
our experience seems to support the findings of others who have
shown that the SIF can be safely utilized in patients with prior neck
irradiation.?223

Another aim of this study was to examine the oncologic safety of
this technique due to the concern of direct extension of tumor into
the submental space or transfer of metastatic nodal disease from level
1A. We found no evidence of transfer of metastatic disease for our
58 patients who had successful flap harvest and inset. Our study sup-
ports the conclusion reached from multiple authors'?42> that there
is minimal risk of cancerous nodal transfer with SIF. However, we do
report one case in which metastatic nodal disease was identified in level
1A during flap harvest despite NO preoperative PET/CT imaging and
physical exam. In this case, the SIF was aborted, and reconstruction
converted to a pectoralis flap. This cautionary note should reinforce to
the reader the importance of careful imaging workup to rule out patho-
logic lymph nodes in level 1A, a high index of suspicion for metastatic
disease during flap harvest, and a contingency reconstructive plan.

Comorbidity as a predictor for postoperative medical and surgical
complications following major head and neck surgery and specifically
free tissue transfer has been well documented in the literature®%:2¢-
33. however, we are not aware of any studies specifically examining
the role of comorbidity in the context of the SIF. To answer this ques-
tion, we applied the ACE-27 comorbidity index to our cohort of
patients. The ACE-27 tool, which has been validated for assessing
comorbidity in cancer patients grades comorbidity on a 0-3 scale
based on assessment of 27 comorbid conditions. This index has been

[26:34 1932 i patients

correlated with medica and surgical complications
undergoing major head and neck surgery. Overall, approximately 81%
of patients had some comorbidity with 46% having major comorbidity.
ACE-27 index scores 22 were the single predictive factor for both
medical and flap-specific complications following multivariable logistic
regression. The most common major flap complication involved partial
necrosis requiring either bedside or operative debridement. This
would suggest that higher comorbidity may increase the risk of vascu-
lar insufficiency, independent of factors such as flap size, operative
time, or age.

We did find it interesting that there was no significant correlation
between age at the time of the surgery and development of complica-
tions. There is mixed evidence in the literature as to whether age is an
independent risk factor for complications in patients undergoing head
and neck free flap reconstruction with some authors reporting a

correlation,?”-2834

while others reporting no significant difference in
outcomes.??3 Even with age designated as a control variable in our

multivariable logistic regression model, the significant relationship
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between comorbidity status and development of complications
remained. It is possible that a greater sample size of SIF cases could
reveal an underlying association but as previously described,**"13
patients undergoing SIF had significantly reduced operative time,
anesthesia exposure, and hospitalization course when compared to
free flap reconstruction. Consequently, it could be that these benefits
afforded by SIF help to reduce the association of age on complication
rates. Therefore, the results of this cohort study support this notion
of focusing on optimizing comorbidity status rather than age by itself.

For cases where SIF is being considered and tracheostomy is
planned, placement of the tracheostomy should be delayed until after
flap elevation. If tracheostomy is placed at the outset of the operation,
it is possible that with the skin undermining necessary to close the SIF
donor site, the skin incision of the tracheostomy will need to be
revised. Therefore, our protocol has been to perform nasal intubation
and then decide on tracheostomy at the conclusion of the procedure.
Generally, our protocol has been to refrain from tracheostomy alto-
gether. However, we did experience one patient death following
glossectomy and FOM resection due to aspiration pneumonia and
respiratory failure in the setting of acute alcohol withdrawal. Addition-
ally, two other patients had a similar postoperative course involving
aspiration pneumonia and respiratory failure requiring ventilatory sup-
port, secondary to alcohol withdrawal. We have since revised our pro-
tocol to include tracheostomy for patients with higher comorbidity
scores, especially with regards to pulmonary disease and alcohol abuse.

In conclusion, the present study demonstrates that the SIF is a
reliable and highly versatile flap for head and neck reconstruction;
however, comorbidity as measured by the ACE-27 index is a strong
predictor of both major medical and flap-specific surgical complica-
tions. Given the multiple factors that influence reconstructive decision
making, high comorbid status alone should not preclude the utilization
of SIF; as with free flap reconstruction, careful patient selection and
optimization of comorbid diseases prior to surgery are essential to
improving postoperative outcomes. Furthermore, early identification
of such high-risk patients may help dictate the level of surveillance for
postoperative complications and the need for additional interventions
such as prophylactic tracheostomy.
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