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Background: Esophageal injury following anterior cervical discectomy and
fusion (ACDF) poses a significant reconstructive challenge. Buttressing
flap repairs have proven beneficial; however, there remains a paucity of
evidence to guide optimal flap selection.

Methods: A retrospective chart review was performed for patients who
presented to the senior author with esophageal perforations after ACDF
from 1995 until present. Demographic, clinical, and postoperative details
were collected. Outcomes of omental flap reconstructions were compared
against other flap reconstructions.

Results: A total of 13 flap reconstructions were performed in 11 patients
with the following distribution: 7 free omental, 1 anterolateral thigh, 1 os-
teomuscular fibula, 2 radial forearm, and 2 pedicled pectoralis flaps. Pa-
tients receiving omental flap reconstructions demonstrated a significantly
faster resolution of leak on contrast swallow imaging and earlier return
to oral feeding compared with all other flap reconstructions (22.5 versus
268 days, respectively; P < 0.05). This relationship remained evident even
when calculations excluded an outlying patient from the nonomental co-
hort (22.5 versus 111 days, respectively; P< 0.05). Length of hospital stay,
complications, and success rates were also more favorable in the omental
cohort but failed to reach statistical significance.

Conclusions: Esophageal perforation after ACDF is an uncommon but
devastating complication. The use of free omentum flap reconstruction is
associated with a more rapid functional recovery and may prove beneficial in the
managementofthese challenging cases. (Plast ReconstrSurg Glob Open 2015;3:¢400;
doi: 10.1097/GOX.0000000000000350; Published online 15 May 2015.)

nterior cervical discectomy and fusion
(ACDF) is a common surgical intervention in
the treatment of traumatic and degenerative
changes of the spine. Esophageal injury is a rare but

From the Division of Plastic and Reconstructive Surgery, North-
western University, Feinberg School of Medicine, Chicago, I1l.
Recerved  for publication September 29, 2014; accepted
March 17, 2015.

Copyright © 2015 The Authors. Published by Wolters
Kluwer Health, Inc. on behalf of The American Society of
Plastic Surgeons. All rights reserved. This is an open-access
article distributed under the terms of the Creative Commons
Attribution-NonCommercial-NoDerivatives 3.0  License,
where it is permissible to download and share the work
provided it is properly cited. The work cannot be changed in
any way or used commercially.

DOI: 10.1097/GOX.0000000000000350

devastating complication of ACDF, with a reported
incidence of approximately 1%."* The pattern of
esophageal injuries after ACDF is bimodal. Iatrogen-
ic injuries typically present early in the perioperative
period, whereas late perforations are generally as-
cribed to soft-tissue erosion of the posterior esopha-
gus by spinal hardware, bone grafts, or osteophytes.
The management of esophageal perforations re-
mains a significant reconstructive challenge as a poor
intrinsic blood supply, contamination, and flow of sa-
liva through the perforation impair wound healing. In
the setting of ACDF, treatment is further confounded
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as the native soft-tissue surroundings have been re-
placed by a more hostile postoperative milieu of scar,
unyielding bone and bone graft, and exposed metal.
In cases where adequate bony fusion has not yet oc-
curred, fixation hardware must often remain in place,
which can complicate bacterial eradication and im-
pose repetitive friction and persistent pressure upon
an already tenuous posterior esophagus. Finally, un-
like head and neck cancer esophageal reconstruc-
tions, there is minimal surgical room to maneuver to
expose and repair these perforations.

Primary closure has been successful in select cases;
however, high rates of recurrence led to the develop-
ment of reinforced primary repairs with vascularized
tissue flaps incorporated into the reconstruction.**
Flap interposition serves to bolster against further
erosion, increases antibiotic delivery, contains leaks,
and is associated with decreased rates of recurrence
and earlier reintroduction of oral feedings.*™*

Grillo and Wilkins® first described the concept
of a buttressed esophageal repair using vascularized
pleural flaps for thoracic perforations, and since this
introduction, a myriad of flaps have been utilized,
including pedicled pectoralis major,*!*!* sternoclei-
domastoid (SCM),**1519 Jongus colli,? free radial
forearm,*'"'* and omental' flaps. Given the low inci-
dence of this complication, there remains a paucity
of data and lack of consensus regarding optimal flap
selection. Given the significant nature of esophageal
perforations, with reports of up to 18% mortality, it
is an important problem to address.’

In this article, we present our experience with 18
years of flap reconstruction for perforation in the
context of ACDF. We intend to describe our surgical
technique, lessons learned, and how our practice has
evolved in the care of this challenging problem.

Study Design

After obtaining ethical approval from the North-
western Institutional Review Board, we carried out a
retrospective chart review of all patients presenting to
the senior author (G.A.D.) with an esophageal perfo-
ration after ACDF from 1995 to present. Nominal vari-
ables were compared using Fisher’s exact test. Interval
variables were compared using the Mann-Whitney U
test. All data analyses were performed using IBM SPSS
Statistics (IBM Corporation, Armonk, N.Y.).

Preoperative Planning and Management

The presentation and diagnosis of esophageal
perforations has previously been described exten-
sively.” Comprehensive management requires a
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multidisciplinary team approach comprising spinal
surgeons, otolaryngology or thoracic surgeons, plas-
tic surgeons, and infectious disease physicians. Pa-
tients presenting with acute infection should initially
be managed with incision and drainage, culture-di-
rected antibiotics, and cessation of oral feeding.
Early involvement of infectious disease colleagues is
paramount, as osteomyelitis and surgical hardware
can complicate bacterial clearance. Fever and pain
are usually ameliorated with drain placement, al-
though caution is warranted as cultures from drain
fluid can be nonspecific secondary to contamination.
Prior to flap coverage, it is often helpful to obtain a
water-soluble contrast swallow to help to identify the
location of the leak. Flap reconstruction is generally
performed within the first week after acute infection
and local tissue inflammation has begun to resolve.

Surgical Technique and Postoperative Care

Our preferred method of omental free flap har-
vesting follows previously described techniques.?"??
In brief, for patients who do not require a bone re-
construction and do not have a “hostile” abdomen,
an upper midline or right paramedian abdominal
incision is made. This incision also allows access for
gastrostomy tube placement. The omentum is iden-
tified and dissected bluntly from the transverse co-
lon and mesocolon. Meticulous attention must be
paid to not injure or elevate the middle colic artery
with the flap. The size of omentum to be harvested is
based in part on the thickness of the omentum and
the composition of vascular arcades. Splitting the
omentum between vascular arcades and leaving the
left side in continuity with the stomach is protective
for the abdominal closure and lessens the chance of
bleeding from connections to the spleen. Ideally, 2
or 3 omental vascular arcades, and the tissue in be-
tween, are taken. The short gastric vessels are identi-
fied from the greater curvature of the stomach and
divided with clamps and ties. The omentum is then
isolated on the right gastroepiploic vessels and read-
ied for microvascular anastomosis (Fig. 1). Concur-
rently, a second team of otolaryngology and spinal
surgeons expose the posterior esophagus and anteri-
or cervical spine. The esophageal defects tend to be
small and less than 1 cm in size. All attempts must be
made to identify the perforation and to repair it pri-
marily with 3-0 polydioxanone suture. Even smaller
pinhole leaks that allow egress of saliva during the
high pressure phase of swallowing will not seal de-
spite placement of a flap and need to be identified
for suture closure. If necessary, the esophagus should
be opened further to completely and unequivocally
identify the perforation for suture closure. Methy-
lene blue and esophagoscopy are useful adjuncts for
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Fig. 1. Omental flap harvest demonstrating the thin, pliable
nature of the tissue, which enables surgeons to completely
encase esophageal defects.

locating perforations. Only 1 patient (case 5) had a
defect large enough (approximately 2cm in diame-
ter) to permit a “patch” repair with the epithelium of
aradial forearm flap. The area is copiously irrigated,
and hardware is removed if possible. The omentum
is brought into the operative field, and microvascu-
lar anastomoses are performed to available recipi-
ent vessels. One should proceed on the side of the
original spine dissection, and not open the oppo-
site neck, for protection of the unscarred laryngeal
nerve. Surgery is more difficult than head and neck
reconstructions for cancer, as the vessels are not skel-
etonized and there is little extra room to place the
flap bulk—hence, the reason for a thin small flap.
After a cervical spine fusion, neck mobility may not
be full, and therefore, the entire patient may need to
be angled to allow for positioning of the microscope.
Inset is usually performed with omentum wrapping
the posterior esophageal repair and separating the
esophagus from the cervical spine with vascularized
tissue. The omentum should be inset with parachut-
ed sutures placed into the scarred tissues on the side
opposite of the leak to ensure complete coverage of
the bone. A Penrose or closed suction drain is left in
place, and a small portion of omentum can be left
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outside the skin for flap monitoring. This monitor-
ing tissue is excised several weeks postoperatively.
Venous implantable Dopplers were used for the ma-
jority of flaps for monitoring.

Postoperatively, patients are monitored in the in-
tensive care unit for at least 24 hours. The patient
is given a suction tube for spitting rather than swal-
lowing saliva. Tube feeds are begun upon the re-
turn of bowel function through a gastrostomy tube.
A water-soluble contrast swallow with fluoroscopy is
scheduled 10-14 days postoperatively if there is no
evidence of salivary leakage into the cervical drain.
If the swallow study shows no evidence of leak, the
patient is begun on a clear liquid diet. A follow-up
swallow study is ordered for advancement of a me-
chanically soft diet 2-3 weeks later. Patients are con-
tinued on parenteral antibiotics at the discretion of
infectious disease consultants postoperatively. The
length of antibiotic treatment depends on the pres-
ence or absence of osteomyelitis of the vertebral
bodies. Patients with contained leaks are maintained
on sips of clear liquids and followed with repeated
swallow studies 2—-3 weeks later.

A summary of patient data is shown in Table 1.
There were 13 flaps performed in a total of 11
patients with esophageal perforation after ACDF.
In 2 patients, a second flap was performed due to
failure of the first flap to resolve the leak (Fig. 2).
Free flaps utilized included omentum (7), anterolat-
eral thigh (1), osteomuscular fibula (1), and radial
forearm (2). Two pedicled pectoralis flaps were per-
formed. Mean age at the time of flap reconstruction
was 42+19.6 years. There were 3 acute to subacute
presentations, and the remaining presented late,
ranging from 76 to 1543 days postoperatively from
the most recent ACDF, with a mean of 455 days. Pa-
tients had a mean of 1 washout between diagnosis of
perforation and flap reconstruction. In a majority of
cases (11), hardware was removed or had been pre-
viously removed. In 1 case (an omental flap), hard-
ware was not removed due to concerns of complete
loss of bony stability in an acute perforation. This
hardware was successfully salvaged. In 1 case, a vascu-
larized fibula flap was placed with hardware to pro-
vide spinal stability after severe vertebral body loss
from osteomyelitis. There were no partial or total
flap losses, and no patient was returned to the oper-
ating room for a microvascular salvage. A compari-
son of time to oral feeding, hospital length of stay,
and nonflap complications is presented in Table 2.
In the patient (no. 6) who underwent anterolateral
thigh flap reconstruction, oral feeding was not initi-
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Procedure
Success
Yes
Yes
Yes
Yes
Yes
No
No
No
Yes
Yes
No
Yes
Yes

(d)
30
17
50
14
35
19

OtV O OO
N~ —

Length of

(d)
60
15

135
10

138

NA

739

NA
14
47

Unknown
13
36

Time to
Oral Feeding Hospital Stay

Complications
Pneumonia
Urinary tract
infection

G-tube leak
Pneur_nonia

Flap Type
Pedicled pectoralis
Radial forearm myo-

fascial
Fibula osteomuscular

Omentum

Pedicled pectoralis

Omentum
Radial forearm
Omentum
Omentum
Omentum
Omentum

Anterolateral thigh
Omentum

Time to
Presentation
(d)
97
43
76
210
866
518
654
1543
91

10
76
112
42

Level
Ch-7

C3-C6
C5-C7

Patients are organized chronologically by year of presentation, earliest to most recent.

NA, not available. ”, same as above

Fixation
C4-C6
C6-7
C4-7
C6-T1
Cbh-6
C2-Ch
C3-7
C5-6

ACDF
Indication

Osteoarthritis, revision

Trauma, revision
Trauma

Trauma, revision
Osteoarthritis
Osteoarthritis
Osteoarthritis

Osteoarthritis

Trauma
Trauma
Trauma

Sex
Male
Male
Male
Male
Female
Female
Female
Female
Female
Male
Male
Male
Male

78
18
17
19
60
46
47
41
41
60
18
45
60

Age (y)
p2)
(flap 2)

Table 1. Summary of Patient Characteristics and Management

Patient
6 (fla
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ated until 739 days postoperatively due to a persis-
tent leak. With this outlying patient removed from
calculations, the mean time until oral intake in the
nonomentum group was 111 days, which is still sig-
nificantly longer than the omental cohort (111 ver-
sus 22.5 days, respectively; P=0.01). Nonflap-related
complications included a urinary tract infection,
a gastrostomy tube leak requiring an exploratory
laparotomy, a ventilator-associated pneumonia in
the nonomental group, and a ventilator-associated
pneumonia in the omental flap group. Procedure
success was defined as the resolution of clinically
evident esophageal leaks and the ability to resume
oral feeding. Four of the esophageal flap closures (3
patients) were defined to have failed. Case 6 under-
went a free fibula flap for bony reconstruction of an
osteomyelitic cervical spine due to the esophageal
perforation after ACDF. Flexor hallucis longus was
used to buttress the esophageal closure. Persistent
esophageal drainage led to a subsequent anterolat-
eral thigh flap buttressed esophageal repair that also
leaked. This persistent leak eventually walled off into
a cavity, allowing the patient to tolerate limited oral
feedings on day 739. Case 7 underwent a free radial
forearm flap to place vascularized soft tissue against
a pinhole leak of the esophagus that could not be
identified. The patient continued to leak saliva for
3 additional months until she was reexplored for
closure of the esophageal perforation and successful
placement of an omental flap. The omental vessels
were anastomosed to the pedicle of the radial fore-
arm as a confirmation of the patency of the original
flap. Case 9, an omental flap reconstruction, never
underwent an esophageal swallow study due to per-
sistent aspiration. This patient was eventually lost to
follow-up and definitive healing could not be con-
firmed. As such, this reconstruction was considered
unsuccessful for data analysis purposes.

Esophageal perforations in the setting of ACDF
continue to pose significant reconstructive challeng-
es, and a lack of consensus remains regarding op-
timal surgical management. This study reviews our
18-year experience managing these complex cases
and represents the largest case series to our knowl-
edge.

The successful management of all types of esoph-
ageal leaks is predicated on 3 key factors: the restora-
tion of gastrointestinal integrity, infectious control,
and spinal stability. Conservative measures are es-
sential and include the early use of broad-spectrum
antibiotics, cessation of oral feeding, and nutritional
support.>'® However, conservative treatment alone
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Fig. 2. Lateral preoperative and postoperative fluoroscopic imaging of a late presenting cer-
vical esophageal perforation. A, Preoperative presentation demonstrating an esophageal
leak and persistent fluid collection adjacent to the surgical hardware. B, Postoperative imag-
ing attained 2 months after a radial forearm flap reconstruction with evidence of a persistent
leak. C, Imaging attained 14 days after a second reconstructive operation using omentum.

Definitive closure of the leak is noted.

was found to yield high rates of infectious complica-
tions and a 17% mortality rate in the largest review
of all-cause esophageal perforations to date.” Com-
paratively, surgical intervention in addition to con-
servative measures reduced mortality to 12%, and as
such, represents the gold standard.**!*#

Leaks after ACDF are a distinct and separate sub-
set from the larger group of all esophageal perfo-
rations. The soft-tissue bed comprised scarred bone
and therefore was unlikely to contract against the
leaking esophagus to achieve closure over time.
Leaks from the esophagus after cancer resections
are also quite distinct, due to the wide-open surgi-
cal fields present to affect a direct epithelium-to-
epithelium closure with the skin paddle of a flap. For
these ACDF-related cases, the esophagus should be
primarily closed to achieve a closed gastrointestinal
lumen, and vascularized tissue placed between the
cervical esophagus and cervical vertebrae to buttress
the repair, eliminate dead space, improve antibiotic
delivery, contain leaks, and shorten the time of a per-
sistent postrepair leak.

The pedicled pectoralis muscle flap represents
an appealing nonmicrosurgical option, given its
frequent and reliable use in the reconstruction of
esophageal defects following cancer resection. Favor-

able reconstructive results have been reported after
oncologic resection; however, this patient popula-
tion differs significantly from our target demograph-
ic. Patients with cancer are missing tissue from the
anterior cervical esophagus, whereas the patients in
this series are leaking from the posterior esophagus.
The restricted exposure makes insetting these bulky
pedicled muscle flaps challenging. Both pedicled
pectoralis flaps in this series were eventually success-
ful, but these 2 patients experienced longer hospital
stays and duration until oral feeding. Furthermore,
a theoretic functional donor site deficit is created
for patients with spinal cord injury, who may use the
pectoralis function for arm movement or as an acces-
sory breathing muscle. Although limited, previous
published results of pectoralis flap reconstructions
following ACDF have also proven less than desirable.
Pichler et al'® and Kau et al'? each reported 1 case
of successful pectoralis flap repair, but Phommach-
anh et al® and Dakwar et al'' each described cases
of failed pectoralis flaps, requiring reoperation and
the use of radial forearm flaps to achieve definitive
closure.

The SCM muscular flap offers another local tissue
option. Several recent reports have advocated the
superiority of the SCM flap citing its proximity, ease

Table 2. Comparison of Outcomes between Omental Flap Reconstruction of Esophageal Perforation and All

Other Flaps
Mean Time Until  Mean Length of Nonflap-related All Procedure

Flap Type Oral Intake (d) Hospital Stay (d) Complications (No.) Complications  Success (No.)
Omental reconstruction

(7 cases) 22.5% 13.1 14.3% (1) 28.6% (2) 85.7% (6)
Nonomental 268* 24.5 50% (3) 66.7% (4) 50% (3)

reconstruction

(6 cases)

Patients with missing or unknown data were excluded from calculations for that parameter. Patients experiencing >1 complication were

counted only once for the “all complications” metric.
*A statistically significant difference between groups (P < 0.05).
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Fig. 3. Oral contrast swallow study depicting a posterior esophageal perforation after C5-7
anterior fusion (A). Seven days after omental flap reconstruction, a large leak contained with-
in the omental soft-tissue envelope is observed (B). The contained leak dramatically shrunk
on the follow-up swallow by 3 weeks after surgery (C). By 5 weeks after omental transfer, the
esophageal repair was judged healed, and the patient was allowed a regular diet (D).

of mobilization, and minimal donor site morbidity as
advantages compared with other tissue flaps.®*!15-19
However, debate exists regarding the vascular re-
liability of the SCM muscle, especially the inferior
pedicle, which is of particular concern in patients

6

who have undergone multiple neck explorations for
ACDEF.2** Use of the SCM flap puts the spinal acces-
sory nerve at risk during the dissection, and a neu-
ropraxia/neurotomy of this nerve as a complication
has been seen by the senior author after this pro-
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cedure. Additionally, the flap tip is small and may
not provide adequate soft-tissue coverage for larger
esophageal defects.**? We elected not to attempt
SCM reconstructions in this series. Nonetheless,
previously published studies demonstrate reliable
outcomes, suggesting SCM muscular flaps represent
a sufficient reconstructive option in esophageal de-
fects. However, we generally believe that free tissue
transfer provides more abundant tissue with greater
blood supply than any local flap option.

Distant omental tissue presents a reconstructive
alternative that may augment esophageal wound
healing, given its unique angiogenic and immuno-
genic qualities.?* Omental flaps have been used
extensively in contaminated fields and are associated
with improved mortality and bacterial eradication
compared with muscle flaps.* On a technical
level, the thin, pliable nature of omentum allows
an inset that lines the posterior esophagus and iso-
lates it from the cervical spine, contains residual
microperforations, and fills associated dead space
(Fig. 3). Our results revealed significantly faster
recovery of esophageal defects after omental flap
repairs compared with other reconstruction types
and trends toward shorter hospital stays and high-
er overall flap success rates. Our findings are
consistent with current teaching of treatment of
lower esophageal perforations with omental wraps.?
Omental harvesting is not without risks, however, as
it requires entry into the peritoneal cavity, predispos-
ing patients to future hernia development. However,
a majority of these patients require gastrostomy
tube placement to facilitate enteral nutrition, which
obviates a “new” incision for the omental flap.
Additionally, the increasing popularity of laparo-
scopic harvesting may mitigate this risk, with reports
of hernia rates as low as 1%.%” The complexity and
added risks of an omental free flap reconstruction
may deter some surgeons, but we believe that these
risks are acceptable, given the potential wound-
healing benefits and improved recovery rates.

It is unclear why the nonomental free flaps in
our series did not fare as well, with 3 of 4 recon-
structions ultimately failing and the other success-
ful case exhibiting delayed closure (138 days).
A review of the literature reveals a limited number
of cases reporting on this indication for free tissue
transfers.®!"1*3% In this series, each free flap was
selected for its unique advantages. The osteomus-
cular fibula flap was utilized in a single patient with
significant bony destruction secondary to osteo-
myelitis from the leak. Although the flap helped
to achieve complete bony fusion, the esophageal
leak persisted. In retrospect, the limited amount of
soft tissues harvested with the fibula for this case

Omental Flaps for Esophageal Repairs

was likely inadequate to buttress the primary clo-
sure of the esophagus. The radial forearm flap and
the anterolateral thigh flap each lack the intrinsic
immunogenic qualities of omentum as an explana-
tion for their relative poorer performance in this
series. Surgeon experience should not have played
a large factor, as the nonomental flaps were inter-
posed with omental flaps for the length of this 18-
year series. The predominant reason to choose a
nonomental flap was the presence of a hostile abdo-
men or the ability to use a lower extremity flap in a
paraplegic.

Although this study represents the largest case se-
ries to date, it remains limited by its retrospective na-
ture and small patient cohort size, precluding more
rigorous statistical analyses. Statistical significance
was achieved, both with and without the inclusion of
an outlying patient; however, these results must be
interpreted in the context of a single-surgeon, lon-
gitudinal study. It should also be noted that surgeon
experience may affect reconstructive outcomes, par-
ticularly as omental flaps tended to be performed
later in the senior author’s career. Future efforts
should focus on a more standardized reporting
method and the direct comparison of reconstructive
techniques.

Esophageal perforation after ACDF is an uncom-
mon but devastating complication. The use of free
omentum flap reconstruction is associated with a
more rapid functional recovery and may prove bene-
ficial in the management of these challenging cases.
This has become our flap of choice for these difficult
defects, with excellent success rates and short hospi-
tal stays.
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