Received: 19 July 2022

Revised: 26 October 2022

W) Check for updates

Accepted: 15 November 2022

DOI: 10.1111/vsu.13923

CASE REPORT

WILEY

Sternohyoideus-sternothyroideus muscle flap to reconstruct
oronasal fistulas due to maxillary cancer in four dogs

Brittany J. Ciepluch DVM, MS, DACVS-SA' |

Bernard Séguin DVM, MS, DA CVS>® |

Deanna Worley DVM, DA, CVS-SA %3

'Department of Small Animal Clinical
Sciences, Animal Cancer Care and
Research Center, Virginia Polytechnic
Institute and State University, Roanoke,
Virginia, USA

*Department of Clinical Sciences,
Colorado State University, Fort Collins,
Colorado, USA

3Flint Animal Cancer Center, Colorado
State University, Fort Collins,
Colorado, USA

Correspondence

Brittany J. Ciepluch, Department of Small
Animal Clinical Sciences, Animal Cancer
Care and Research Center, Virginia
Polytechnic Institute and State University,
4 Riverside Circle, Roanoke, VA 24016,
USA.

Email: ciepluch@vt.edu

Case data from dog 1 was presented as a podium presentation at
National Veterinary Conference on October 16-18 2019, Moscow,
Russia, and at the ACVS Surgical Summit on October 6-9, 2017; Seattle,

Washington

Abstract

Objective: To describe the repair of oronasal fistulas in dogs treated for maxil-
lary cancer, with a novel sternohyoideus-sternothyroideus muscle flap, and to
report the outcome.

Animals: Client-owned dogs (n = 4) with oronasal fistulas related to cancer.
Study design: Short case series.

Methods: Maxillary defects were caused by tissue destruction by the tumor
and tumor response to radiation therapy in two cases and a complication of
caudal maxillectomy in two cases, one of which had neoadjuvant radiation
therapy. All tumors were >4 cm at the level of the maxilla. Flaps were har-
vested by transecting the ipsilateral sternothyroideus and sternohyoideus mus-
cles from their origin at the manubrium and costal cartilage. The muscles were
rotated around the base of the cranial thyroid artery and tunneled subcutane-
ously in the neck and through an incision in the caudodorsal aspect of the oral
cavity. The muscle flap was sutured to the edges of the oronasal fistula.
Results: The flap reached as far rostral as the level of the first premolar with-
out tension. All dogs had clinical signs that improved postoperatively. All dogs
had partial dehiscence of the flap.

Conclusion: This flap was associated with a high rate of complications; how-
ever, all flaps were used in challenging cases. Clinical signs related to oronasal
fistula were improved in all dogs in this case series.

1 | INTRODUCTION

Oronasal fistulas are a potential complication following
caudal maxillectomy and radiation therapy (RT) for a
tumor that causes lysis of the hard palate and erosion of
the oral mucosa in dogs."” Oronasal fistulas can cause
nasopharyngitis, halitosis, chronic infection, nasal regur-
gitation and a diminished quality of life.?
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Although the exact role of surgery with RT for treat-
ment of maxillary tumors has not yet been clearly
defined, a combination approach has been reported, with
the goal of improving local disease control."*"® Complica-
tions were identified in 71% of dogs that received RT on
oral mucosal flaps.” Local healing is negatively affected
by irradiation, partially due to changes in blood supply,
fibroplasia, and collagen production.® Oronasal fistula
repair can be associated with a high rate of complications
due to many factors such as tension, defect size, local tis-
sue health including poor vascular supply, motion, and
self-trauma.>”’

Options for reconstructive techniques to address oro-
nasal fistulas include use of local tissue, distant tissue, or
an implant. Reconstructive techniques using local tissues,
such as the angularis oris flap, are not feasible in some
cases due to tumor involvement of the tissues, the tumor
margin, the surgical approach or size of the RT field.
Reconstructive techniques employing distant tissue have
been described in the post-tumor treatment of oronasal
fistulae, though, there are limitations to each of these

techniques. Microvascular transfer requires special train-
ing and equipment.” The staged mandibular lip flap
required two procedures.'® Furthermore, the mandibular
lip might not maintain its normal blood supply in some
dogs with maxillary tumors. A free auricular cartilage
autograft was used for repair of a small (5 mm x 3 mm)
mid-palatal defect. The bony rim of the defect was used
as the graft recipient bed.'" This type of recipient bed is
not often present post-caudal maxillectomy. The tempor-
alis muscle flap was used to cover a small (16 mm X
14 mm) maxillary defect in a dog with severe trismus,
ventral orbitectomy and globe exenteration.'? This flap
has not been used in a dog with normal jaw motion or a
globe. Reconstructive techniques that use an implant
require a bony rim to retain the implants, which is often
not present post-caudal maxillectomy.'>'* Because of the
challenges with reconstruction of oronasal fistulae fol-
lowing cancer treatment, alternative approaches should
be considered. Here, we describe a technique that uses
the sternohyoideus and sternothyroideus muscles in a
rotational flap to repair large oronasal fistulas.

FIGURE 1

Photographs from a cadaver dog. Rostral is towards the top and caudal is towards the bottom of the image. (A) The

sternohyoidus and sternothyroidus have been isolated on the right side. (B) After transecting the origin of the muscles, they have been
pulled cranially and laterally to show their respective insertion on the hyoid apparatus and thyroid cartilage. (C) Using a Carmalt forceps, a
tunnel was created starting close to their insertion. (D) The opening of the tunnel is made in the buccal cavity, lateral to the ramus of the
mandible. The yellow arrow points to the tips of the Carmalt forceps entering the buccal cavity. Unlike the clinical cases, a cheilotomy was
not performed in the cadaver. (E and F) The muscular graft has been pulled though the tunnel to bring the muscles in the oral cavity.
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2 | MATERIALS AND METHODS

2.1 | Surgical technique

With the dog in dorsal recumbency, a cervical ventral
midline incision was made through skin and subcutane-
ous tissues from cranial to the larynx to the manubrium.
The sternohyoideus and sternothyroideus muscles, ipsi-
lateral to the oronasal fistula, were isolated (Figure 1A)
and transected at their origin on the manubrium and first
costal cartilage. The muscles were reflected cranially
towards the neck in one group maintaining their inser-
tions on the hyoid apparatus and thyroid cartilage
(Figure 1B). A subcutaneous tunnel was made using Car-
malt forceps starting at the cranial edge of the skin inci-
sion towards the oral cavity (Figure 1C), coursing
laterally to the vertical ramus of the mandible. The Car-
malt forceps were gently opened to enlarge the tunnel to
fit the muscle. A cheilotomy was made at the commissure
to the caudal end of the vestibule of the oral cavity. An
incision was made over the Carmalt forceps to form a
connection from the subcutaneous tunnel into the dorso-
caudal oral cavity (Figure 1D and Figure 2). The muscle
group was rotated on the cranial vascular pedicle at the
level of the hyoid bone and thyroid cartilage. A stay
suture was placed in the muscle group then was pulled
through the subcutaneous-to-intraoral tunnel to repair
the fistula (Figure 1E,F and Figure 2B). The recipient bed
was prepared by debridement of unhealthy bone and soft
tissues. The muscles were sutured to the palate in two

(A)

Oronasal fistula

Vertical
ramus

Origin of
sternohyoideus and,
sternothyroideus

FIGURE 2

layers including one layer secured into predrilled palatal
bone tunnels using 3-0 polydioxanone or polyglyconate in
a simple interrupted pattern and then apposed to the
mucosa using the same suture type in a simple interrupted
pattern. The muscle flap was also sutured to the soft palate
and the buccal mucosa where indicated using 3-0 polydiox-
anone or polyglyconate in a simple interrupted pattern.
The cheilotomy and neck incisions were closed routinely in
two layers. All flaps were reinforced by additional soft tis-
sues including the sternocephalicus (dog 1), a buccal muco-
sal flap (dog 2), a labial mucosal flap (dog 3) and an
angularis oris mucosal flap (dog 4). Severity of complica-
tions was reported as mild, moderate or severe based on
The Accordion Severity Classification of Postoperative
Complications: Contracted Classification (Table S1)."> The
time frame of complications were defined as short term if
the complication was diagnosed within 14 days of surgery
and long term if it was diagnosed after 14 days of surgery.'

Dog 1 presented for evaluation of a maxillary squa-
mous cell carcinoma after neoadjuvant RT. Maxillectomy
with ventral orbitectomy and buccal mucosal flap were
performed 37 days after completion of RT. Dehiscence
was diagnosed 6 days after surgery, and was addressed
with collagen mesh. Nine days later, dehiscence was
again diagnosed and sternothyroideus-sternohyoideus
flap was pursued. (Figure 3).

Dog 2 presented for evaluation of a maxillary fibrosar-
coma. Stereotactic RT (SRT) was performed. The dog pre-
sented for progressive halitosis and the external mass was
noticeably larger 75 days after SRT. Due to a diagnosis of

(A) Sternohyoideus-sternothyroideus muscle flap illustration — donor tissue harvesting. A subcutaneous tunnel (blue) was

made using Carmalt forceps starting at the cranial edge of the skin incision towards the oral cavity, coursing rostrally, lateral to the vertical

ramus of the mandible and entering the oral cavity dorsally. The cheliotomy (depicted between the red X marks) facilitated this step. The

illustration on the right (B) depicts the same step with the mandible and muscle flap removed.
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aspiration pneumonia, sternohyoideus-sternothyroideus
flap was delayed until 153 days after the completion
of SRT.

FIGURE 3
Preoperatively (top), there was a large oronasal fistula after RT and

Pre- and intraoperative appearance of dog 1.

two surgeries. The fistula was reconstructed with a sternohyoideus,
sternothyroideus, sternocephalicus flap (bottom). The chilotomy
(short arrow) and intraoral opening of the tunnel (long arrow) are
highlighted.

Dog 3 presented for evaluation of a maxillary fibrosar-
coma causing oral pain and dysphagia. A right caudal
maxillectomy and partial orbitectomy were performed.
Two days postoperatively, the dog began reverse sneez-
ing. Oral examination revealed 4 cm of dehiscence along
the hard palate mucosa at the level of 109 extending cau-
dally. A sternohyoideus-sternothyroideus muscle flap
was performed. (Figure 4).

Dog 4 presented with an osteosarcoma of the right
caudal maxilla and zygomatic arch. Treatment included:
65.4 mCi of Samarium IV 122 days prior to presenta-
tion, RT 61 days prior to presentation, two doses of
carboplatin (300 mg/m2 IV) up to 19 days prior to
presentation and surgery to address bone exposure
21 days prior to presentation which involved extraction
of teeth 105-110 and a local buccal mucosal flap. Dehis-
cence of this flap was diagnosed at presentation. CT
showed the expansile mass and multiple oronasal fistu-
las within the mass, centered at the level of the fourth
maxillary premolar. Debridement of necrotic bone and
sternohyoideus-sternothyroideus flap were performed. A
vital pulpectomy of 409 was performed to protect the
flap from self-trauma.

3 | RESULTS

Clinical data are presented in Table 1. Due to the retro-
spective nature of this case series, the three-dimensional
defect size for each case was not reported because of
missing information in each medical record. The CT
reports and CT images were used to determine that the
tumor size was at least 4 cm at the level of the maxilla in
each case.

Dog 1 experienced mild epistaxis and swelling around
the cervical incision immediately post-operatively how-
ever, the complications resolved without intervention.
Partial dehiscence was noted 34 days postoperatively,

FIGURE 4 Pre- and intraoperative appearance of dog 3. Preoperatively (left), there was a large oronasal fistula caused by previous
surgery. The labial mucosa is inflamed and the palatal bone is exposed (arrow). Intraoperatively (right), the flap covers the entire oronasal
fistula. The exposed part of the muscle flap can be seen caudally (arrow). The rostral end of the muscle flap is covered by a labial mucosal flap.
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TABLE 1 Case information of four dogs treated with sternohyoideus-sternothyroideus flap
Case no. 1 2 3 4
Signalment 8 year, NM terrier mix 11 year, NM Golden 13 year, FS Eskimo

Tumor and resulting
defect location

Right maxilla, ventral
orbit, affecting teeth
105-110

Tumor diagnosis/ TNM Squamous cell carcinoma

stage for oral tumors

Cause of maxillary
defect

RT dose prescription

Timing of fistula

development post-RT

Timing of flap surgery
post-RT

Flap reinforcing
techniques used

Clinical signs that
improved post-flap

Short-term
complications
(within 14 days of

surgery)

Long-term
complications (after
14 days of surgery)

Donor site morbidity

Subsequent revision
surgery post-flap

T3bNOMO

Neoadjuvant fractionated
RT followed by
maxillectomy and
ventral orbitectomy —
surgical complication

3 Gy x 16 fractions

44 days

64 days

Sternocephalicus included
in the donor tissue

Sneezing, cough, melena

Mild - epistaxis

Severe - subtotal
dehiscence in 34 days

Mild, short term - edema
and discharge

Six additional fistula
repairs

Retriever

Right caudal maxilla
extending to midline,
extending into the right
nasal cavity, affecting
teeth 105-107

Fibrosarcoma T3bN1bMO0

Destruction by tumor and
tumor response to RT

8 Gy x 5 fractions daily

36 days

153 days

Buccal mucosal flap,
extraction of 410-411
prophylactically to
protect the flap from
self-trauma

Nasal discharge, epiphora,
halitosis, dysphagia

Mild - moderate swelling
on right maxillary lip
and ventral to eye. Mild
hemorrhagic to
serosanguinous nasal
discharge for 1 day.
Severe — dehiscence of
rostral 2/3 of the flap in
7 days

None

Moderate, short term —
purulent discharge
7 days postoperatively

None

Right caudal maxilla,
zygomatic arch,
approaching midline,
affecting teeth 108-110

Fibrosarcoma T3bNOMO

Right caudal maxillectomy
- surgical complication

N/A

N/A

N/A

Labial mucosal flap
rostrally

Anorexia, reverse
sneezing,
serosanguinous
discharge from mouth,
halitosis

Severe - dehiscence of two
small areas in 5 days.

None

None

One fistula repair

5 year, NM mix

Right caudal maxilla,
zygomatic arch,
approaching midline,
affecting teeth 105-110.

Chondroblastic
osteosarcoma T3bNOMO

Destruction by tumor and
tumor response to RT

Samarium-153-DOTMP
2 mCi/kg IV and 2-3 Gy
x 18 fractions for 48 Gy
total

21 days

62 days

Angularis oris mucosal
flap, hyperbaric oxygen
therapy starting 9 days
postoperatively

Exposure of necrotic
alveolar and maxillary
bone in the oral cavity

Moderate —edema/
swelling along buccal
incision in 8 days. Slight
irritation of the graft
where the mandibular
molar tooth was
contacting the graft in
1 day. Severe - partial
dehiscence in 5 days

None

Moderate, short term -
dehiscence at proximal
donor site, mild
swelling, superficial
surgical site infection
8 days postoperatively

One fistula repair using
previous muscle flap

(Continues)
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TABLE 1

Case no.

Survival time post-
diagnosis
Survival time post-RT

Survival time post-flap

Chemotherapy

Reason for euthanasia

(Continued)

1 2

Lost to follow-up 392 days

2010 days post-diagnosis

Lost to follow up 339 days
1969 days post-RT

Lost to follow up 182 days
1905 days post-flap

No No

Metastasis from anaplastic Pain from local disease
sarcoma of the neck, progression
presumed late RT

complication

3
1170 days

N/A

1061 days

No

Acute dyspnea, lethargy,
lung nodules and
splenic mass, metastatic
hemangiosarcoma
suspected

4
532 days

455 days
393 days

Carboplatin 300 mg/m?
two doses preflap and
three doses post-flap.

Local disease progression,
pain, dysphagia,
progressive
nonambulatory in rear
legs

Abbreviations: FS, female spayed; N/A, not applicable; NM, neutered male; RT, radiation therapy; TNM, tumor node metastasis.

causing an 1.5 x 0.5 cm oronasal fistula in the right max-
illa affecting the region of teeth 105-110, which was sus-
pected to be due to contraction at the rostral aspect of the
flap. No clinical signs were noted at this time. The muscle
graft was still viable and covered with granulation tissue.
The dog had no clinical signs 41 days postoperatively.
The small oronasal fistula remained static. Four addi-
tional surgeries were performed to repair the oronasal fis-
tula including a mucoperiosteal transposition flap of the
hard palate and soft palate transposition flap reinforced
with polyester mesh, a buccal mucosal flap reinforced
with teeth bonding, and two additional buccal mucosal
flaps. The oronasal fistula remained; however, it was not
associated with clinical signs. CT scans at 706 and

FIGURE 5 Postoperative
appearance of dog 3. On day 1 (left),
both portions of the reconstruction are
intact. On day 2 (right), the
caudomedial portion of the muscle flap
was dehisced (arrow). The portion that
is covered by the labial mucosal flap is
intact.

1435 days after the original surgery revealed no tumor
regrowth. The dog was fed through an esophagostomy
tube for 2 years following the maxillectomy and ate pre-
dominately by mouth for the last 2 years of life.

Dog 2 experienced immediate improvement of coughing
and sneezing postoperatively. Subtotal dehiscence of the flap
was diagnosed by physical examination during a recheck
appointment 34 days postoperatively. The cause of the
dehiscence was not clear but the flap had retracted from the
rostral, mesial and medial edges of the recipient bed and
sutures were pulled through tissues. The dog was eutha-
nized 182 days postoperatively for pain at the tumor site.

Two days postoperatively, the oral examination on
dog 3 showed that the rostral edge of the flap was healthy
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but sutures pulled through the flap. No flap necrosis was
noted. (Figure 5) A recheck examination 37 days postop-
eratively revealed dehiscence of the rostral Y2 of the flap.
One revision surgery was pursued, entailing a mucoper-
iostal transposition flap of the hard palate for the rostral
portion of the defect and buccal mucosal flap to repair
the remaining caudal portion of the defect. Although the
clinical signs resolved in this dog, an approximately 5-
10 mm oronasal fistula remained. She was euthanized
1061 days after the flap surgery for reasons unrelated to
the fibrosarcoma or the flap.

Eight days postoperatively, dog 4 presented without
clinical signs of dehiscence. The rostral portion of the
muscle flap was partially dehisced and pale yellow tissues
with purulent material were visible on oral examination.

FIGURE 6 Appearance of dog 4 7 days postoperatively.
Although there was dehiscence of the rostral half of the flap, there
was no gross evidence of flap necrosis. The dehisced portion of the
donor tissue has rounded edges and has retracted from the rostral
edge of the recipient bed. The healing portion of the muscle flap is
adhered to the caudal margin of the palatine defect.

Ascending Cervical

(Figure 6) The dog received 10 treatments of hyperbaric
oxygen therapy and antibiotic therapy based on culture
and sensitivity results. After 14 days, a revision surgery
was performed which entailed re-suturing the dehisced
muscle flap plus a local buccal mucosal flap. Six days
later, there were no clinical signs and the fistula was
resolved. This dog was euthanized 393 days after the flap
surgery with local disease progression.

4 | DISCUSSION

Here, we report a novel technique for repair of oronasal
fistulas using a sternohyoideus-sternothyroideus muscle
flap. Closure of recurrent oronasal fistulas in the caudal
maxilla is challenging. Exposure is limited, the local tis-
sue is contaminated from the oral and nasal cavities and
the tissues are subjected to constant motion. Loss of elas-
ticity and blood supply can be present due to chronic
inflammation and dogs with chronic oronasal fistulas
may have systemic comorbidities that affect healing." We
speculate that sternohyoideus and sternothyroideus mus-
cles are acceptable for oronasal fistula repair because
they are robust enough to withstand the normal forces
seen in the mouth and are of sufficient length, reaching
to the level of the first premolar without tension in these
four dogs. In dog 1, the sternocephalicus was included in
the donor tissue because of surgeon preference to have
more tissue volume and the novel nature of the proce-
dure. The angularis oris flap was not used in cases 1 and
2 because the flap underwent RT prior to surgery, as part
of the tumor treatment. The angularis oris flap was not
used in dog 3 because she was an Eskimo and her lip
anatomy did not allow for a large enough flap to cover

Cranial Thyroid

’/
Caudal Auncular

FIGURE 7 Angiogram from a canine cadaver showing the blood supply to the sternohyoideus and sternothyroideus. These muscles are

expected to survive solely on the presence of the major pedicle, the cranial thyroid artery (circle) and ascending cervical artery. The caudal

half of the muscles are supplied from the minor pedicle via the ascending cervical and/or deltoid branches of the superficial cervical artery.

Most commonly, one branch of the ascending cervical artery penetrates dorsocaudal to the tendinous intersection of the muscles. A second

branch enters each muscle cranial to the tendon and travels cranially in the muscle bellies. Additionally, a small vessel enters the muscles at

the origin, most commonly arising from the external thoracic artery. Image reproduced with permission from Purinton et al.'®
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her defect. The angularis oris flap was used as a reinfor-
cing technique in dog 4, but it was determined to not be
large enough to cover the entire defect.

The sternohyoideus and sternothyroideus muscles
have a type II vascular pattern, with one or more domi-
nant vascular pedicle and minor vascular pedicles.
(Figure 7) The muscle group is expected to survive on the
presence of the dominant pedicle, comprised of the cranial
thyroid and superficial cervical arteries.'® These muscles
have been used to reconstruct the larynx in humans fol-
lowing subtotal laryngectomy'’ and laryngo-tracheos-
tomy'® and to reconstruct total glossectomies in humans
with tongue cancer.” In dogs, a similar muscle flap has
been used experimentally to reinforce a tracheal end-to-
end anastomosis* and to patch esophagotomy sites.’

The sternohyoideus-sternothyroideus flap has advan-
tages and disadvantages. It is an axial pattern flap so flap
survival is less dependent on recipient tissue's ability to
supply nutrients. Special equipment was not required for
flap creation, unlike with microvascular transfer tech-
niques. Another subjective advantage is that donor tissue
has adequate, but not excessive thickness to withstand
motion in the mouth and is large enough to cover large
defects without tension. Since this flap can be sutured to
buccal mucosa, it can be used in an oronasal fistula that
is not amenable to an implant. A disadvantage of this flap
is that harvest requires more dissection of the donor site
compared to local flaps, which may increase donor site
morbidity.

All dogs experienced partial dehiscence of the flap.
The high dehiscence rate may reflect a lack of understand-
ing of this novel flap, a recipient bed with low healing
potential, or a combination of factors. The flaps performed
after RT were executed in an unfavorable clinical setting
with a known high complication rate.” In spite of partial
dehiscence, the flap was considered to have substantially
contributed to the rectification of the fistula. Staging the
surgery might improve the blood supply and decrease the
risk of dehiscence of the flap. The flap provided improved
clinical signs for all dogs. To further explore the utility of
this flap, this surgery could be performed in dogs with oro-
nasal fistulas with a more favorable healing environment,
such as congenital oronasal fistulas.

Based on our experience with these cases, we recom-
mend considering the sternohyoideus-sternothyroideus
muscle flap in challenging caudal oronasal fistula cases
to attempt to improve quality of life. Further study to
optimize flap survival is warranted.
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