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ABSTRACT

Esophageal perforation associated with anterior cervical diskectomy
and fusion (ACDF) is a rare but serious complication. ACDF-related
esophageal perforations can be acute or delayed. Delayed perforations
more than 10 years after ACDF are exceedingly rare. Here, a delayed
esophageal perforation discovered 12 years after a three-level ACDF is
presented. This case highlights two main points. First, all diverticula
after an ACDF warrant close clinical monitoring. Second, routine follow-
up should be performed for patients with screw pullout to assist in early
diagnosis of delayed esophageal perforation.

nterior cervical diskectomy and fusion (ACDF) is one of the most

common spinal surgeries in the United States.! Outcomes are often

favorable with surgical success ranging from 85% to 95%.> How-
ever, there is risk of injury to nearby anatomic structures, such as the
esophagus, leading to serious complications.

Esophageal perforation associated with ACDF is rare with rates reported
between 0.02% and 1.52%.3 Perforations can lead to fistulas, abscesses,
osteomyelitis, mediastinitis, and sepsis. With timely intervention, mortality is
as high as 20%.* With delays in treatment, mortality approaches 50%.%¢
The clinical presentation of esophageal perforation is variable. Thus, diag-
nosis is challenging. There is no clear consensus on the management of
esophageal perforation after ACDF.

Acute esophageal perforation within the first 30 days of surgery is most
commonly an intraoperative injury from sharp instrumentation, burr, elec-
trocautery, or inadvertent retractor placement.? Delayed esophageal perfo-
ration is most commonly due to hardware failure and chronic erosion.”-8
Acute perforations are more common than delayed, and perforations more
than 10 years after ACDF are exceedingly rare.”-10

We present a delayed esophageal perforation discovered 12 years after a
three-level ACDF. This case suggests that delayed esophageal perforation
should remain on a clinician’s radar years after the index procedure.

October 2022, Vol 6, No 10 | © American Academy of Orthopaedic Surgeons 1


https://orcid.org/0000-0001-6523-7365
mailto:philip.zakko@beaumont.org
mailto:philip.zakko@beaumont.org
http://dx.doi.org/10.5435/JAAOSGlobal-D-22-00080
http://creativecommons.org/licenses/by/4.0/

Delayed Esophageal Perforation

Figure 1

CT of the cervical spine 7 years after ACDF demonstrating (A) nonunion of C4-5 and C6-7 with a lucency around the left C7 screw and
(B) 3-mm pullout of right C7 screw. ACDF = anterior cervical diskectomy and fusion

Case Report

Clinical Presentation

A 51-year-old man presented to our outpatient ortho-
paedic clinic with a few years of progressive neck pain and
dysphagia. He reported sharp, stabbing, and burning pain
radiating to his right trapezius. He was evaluated for these
symptoms 2 years prior but received no treatment. He
reported a current visual analog scale neck pain of 5.36, a
moderate Bazaz dysphagia score with difficulty swallow-
ing many solids but not liquids, and an EAT-10 of 26.
Surgical history was notable for a C4-7 ACDF performed
12 years prior by an outside surgeon for symptoms which
improved after surgery. He reported no surgical wound
issues or hospitalizations for sepsis from date of surgery to
present. Outside records were notable for a CT of the
cervical spine 2 years prior, demonstrating nonunion of
C4-5 and C6-7 with lucency around the left C7 screw and
3-mm pullout of the right C7 screw (Figure 1). A barium
swallow performed around the same time was diagnosed
as a Zenker diverticulum (Figure 2). Neither the loose
screw nor the diverticulum received further workup or
intervention.

In our clinic, cervical x-rays revealed a completely
loose and 180° rotated right C7 screw (Figure 3). A CT
showed pseudarthrosis and erosive changes to the ver-
tebral bodies of C4-5 and C6-7 with loss of bone directly
posterior to the plate, anterior displacement of the right
C7 screw, and fluid/air anterior to the plate (Figure 4).
The patient was diagnosed with suspected chronic

esophageal perforation with hardware failure and
pseudarthrosis.

Surgical Intervention
A joint procedure between a fellowship-trained ortho-
paedic spine surgeon (D.P.) and a fellowship-trained

Figure 2

Diverticulum

Barium swallow showing 10 years after index ACDF
diagnosed as a Zenker diverticulum. However, in the setting
of anterior cervical hardware, this is most consistent with an
ACDF-related diverticulum. ACDF = anterior cervical
diskectomy and fusion
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Figure 3
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Cervical spine x-rays 12 years after ACDF demonstrating a completely loose and 180° rotated right C7 screw, along with gas anterior to

the C4-7 ACDF plate. ACDF = anterior cervical diskectomy and fusion

otolaryngologist (M.R.) was performed. With the
patient supine, an anterior cervical skin incision was
made on the right side in correspondence with the
incision from the index procedure. The right C7 screw
was extracted from the plate and removed. Gross
purulence and food debris were evident around the
plate. Cultures were obtained. The plate was removed.
The C4-5 and C6-7 interbody cages were loose. The C5
and C7 vertebral bodies were eroded from infection,
leaving defects of 14 mm at the C4-5 and C6-7 disk
spaces. After copious irrigation and débridement, tita-
nium cages were placed and buttressed by plates across
the C4-5 and C6-7 spaces.

Figure 4

Next, the esophagus was explored, and a 4-cm vertical
defect was identified. Consideration was given to a
regional flap; however, reasonable laxity of the esopha-
gus allowed for primary repair. After repair, a C4-7
posterior spinal fusion with lateral mass screws was
performed the same day.

Flap Coverage

The patient initially did well with improvement in his
neck pain. However, over days, he progressively lost the
ability to tolerate tube feeds. On postoperative day 10, an
esophagram showed a persistent esophageal leak
(Figure S5). Thus, the decision was made for an

CT of the cervical spine 12 years after ACDF demonstrating pseudoarthrosis at C4-5 and C6-7, erosive changes to the vertebral bodies
of C4-5 and C6-7 with loss of bone directly posterior to the plate, loosening around the left C7 screw (left image), anterior displacement
of the right C7 screw (right image), and fluid/air anterior to the surgical plate. ACDF = anterior cervical diskectomy and fusion
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Figure 5

Residual Leak

Barium swallow performed 10 days postoperatively showing
residual esophageal leak.

esophageal reconstruction with a supraclavicular artery
island flap (SCAIF) (Figure 6).

Postoperative Course
After surgery, the patient remained in a c-collar for
2 weeks, had a percutaneous endoscopic gastrostomy
tube placed, and was kept nil per oral for 3 months.
Surgical cultures grew Lactobacillus gasseri, Rothia
mucilaginosa, and Candida albicans which were treated
with 1 month of IV ampicillin/sulbactam through a
peripherally inserted central catheter and fluconazole
through his percutaneous endoscopic gastrostomy tube.
Most recently, he continues to have a moderate Bazaz
with occasional swallowing difficulties to solids such as
meats but no difficulty with liquids. He has a slight
improvement in his postoperative EAT-10 of 18. He also
reports improvement in his postoperative visual analog
scale neck pain of 3.5. His neck disability index is 56,
PROMIIS physical score is 31, and EQ-5D is 0.797. His
C-reactive protein (6.3 mg/L) and erythrocyte sedi-
mentation rate (15 mm/hr) both normalized at 1 month
after surgery. He is currently off all antibiotics. At 1 year
follow-up, imaging confirmed C4-7 fusion with stable
hardware (Figure 7).
recurrent esophageal leaks (Figure 8).

Barium swallow showed no

Discussion

This case highlights a delayed esophageal perforation
discovered 12 years after the index ACDF. This is an
exceedingly rare complication after ACDF with only four
other known reports occurring more than 10 years after
surgery.” 10 Early recognition and treatment are para-
mount to reduce morbidity and mortality; however,
diagnosis can be difficult, especially in delayed
presentations.

Screw loosening and hardware failure are often cau-
ses of delayed esophageal perforation. In a study by
Tasiou et al,!! the reported incidence of screw pullout
after ACDF was 0.9%. In a systematic review of
esophageal injury after ACDF, 41% of esophageal
perforations were due to hardware failure (24% from
screw and/or plate loosening) and 31% due to chronic
erosion by hardware.3 Although the occurrence of
screw pullout with associated esophageal perforation is
relatively rare, early detection and management could
prevent complications.

The management of screw loosening varies. There are
reports of conservative management in asymptomatic
patients with screw pullout but no plate displacement.!?
For screw loosening of 2 to 5 mm, Ning et al found that
conservative treatment with Philadelphia collar immo-
bilization for 3 months was successful with bony fusion
in all patients.!® Lowery also found that screw loosening
of 5 mm or less does not increase risk of injury to nearby
anatomic structures; however, loosening of 5 mm or
more can increase risk of esophageal perforation.'
Before presentation at our institution, our patient had a
CT scan demonstrating 3-mm pullout of the right C7
screw. Therefore, we recommend routine follow-up
radiographs for all symptomatic and asymptomatic pa-
tients who demonstrate any degree of pullout, especially
in the setting of a nonunion.

Furthermore, the preoperative CT showed bone loss
directly posterior to the ACDF plate with erosive changes
around the cages of C4-5 and C6-7. Especially in a patient
with increasing neck pain and dysphagia, these findings
increase suspicion for chronic infection with osteomyelitis
potentially in the setting of an esophageal leak. Thus,
suspicion for infection should be raised in any patient with
increasing bone loss seen on imaging after an ACDF.

In addition, this patient was diagnosed with a Zenker
diverticulum years after his index ACDF. Zenker
diverticulum, a false diverticulum involving the esopha-
geal mucosa and submucosa, is a very rare complication
after anterior spine surgery.!3>-1° Alternatively, ACDF-
related diverticulum, a true diverticulum involving the
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Pictures showing esophageal reconstruction with a SCAIF. A, The triangle between the external jugular vein, clavicle, and

sternocleidomastoid muscle was marked, and the pulse from the transverse cervical artery was identified. This pulse was followed
laterally into the deltoid region as the supraclavicular branch of the transverse cervical artery. B, An 18-cm long and 5-cm wide flap was
harvested and demonstrated good doppler signals. C, The flap was then de-epithelialized and rotated into the paracesophageal region
through a tunnel under the sternocleidomastoid muscle to cover the primary esophageal repair, the great vessels, and the spine. D, The
surgical site was closed with drains placed into the paraoesophageal region and the flap donor site. SCAIF = supraclavicular artery
island flap

esophageal mucosa, submucosa, and muscular layers, is
thought to be due to dense scar tissue adhering the
esophagus to the vertebral body and surgical hard-
ware.120 As a true diverticulum, there is increased risk
of esophageal perforation compared with Zenker.
However, ACDF-related diverticulum can be easily
misdiagnosed as a Zenker diverticulum.?%2! For these
reasons, any diverticulum after ACDF should be con-
sidered an ACDF-related diverticulum until proven
otherwise to allow prompt treatment and prevent
complications such as perforation.

Regarding treatment, both nonoperative and opera-
tive management for perforations are used. The criteria
for nonoperative management include early diagnosis or

delayed diagnosis with contained leak, perforation notin
the abdomen, contained in the mediastinum, not
involving neoplasm or obstruction, absence of sepsis,
presence of experienced thoracic surgeon, and contrast
imaging in the hospital.?>?3 Nonoperative management
involves supportive care with nil per oral status and IV
antibiotics.3?* Although nonoperative management can
be successful in the appropriate setting, most esophageal
perforations require surgical intervention.

Rueth etal?® devised an algorithm for management of
esophageal perforation after anterior cervical spine
surgery. For intraoperative perforation, they recom-
mend primary repair. For suspected perforation after
surgery, they recommend diagnosis with clinical
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Figure 7

Cervical spine radiograph and CT performed 1 year postoperatively demonstrating C4-7 fusion with stable constructs and no signs of
loosening or hardware failure.

examination, esophagoscopy, and contrast swallow stud-
ies. If these studies suggest perforation, surgical débride-
ment with primary repair should be performed. If repeat
studies in 2 to 3 weeks show residual leak, surgical revision
with or without flap coverage should be performed.
When flap coverage is necessary, it is essential that the
flap is adequately vascularized. With esophageal perfo-

rations, the surrounding soft tissue is often compromised
with infection, scar, and poor wound healing. Thus, local
flaps, such as sternocleidomastoid and longus colli, are
often limited in viability leading the surgeon to choose
from other vascularized flaps including pleural, omental,
pedicled pectoralis major, free radial forearm, and
omental flaps.2¢
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Figure 8

Diverticulum

Barium swallow 1 year postoperatively showing stable
diverticulum with no evidence of esophageal leak.

In this case, we elected for SCAIF coverage. Consider-
ation was initially given to radial forearm free flap recon-
struction, but the patient’s Allen test did not demonstrate
an intact palmar arch. A pectoralis major flap was con-
sidered; however, the patient worked as an auto mechanic,
and the donor site morbidity would not be acceptable. An
infrahyoid flap would not be reliable because infection and
debris had infiltrated the strap muscles.

There is also controversy regarding use of hardware
during the primary surgical procedure in patients with
cervical osteomyelitis. Similar to a periprosthetic joint
infection, infection in the setting of spinal instrumen-
tation leads to presumed biofilm formation.?” As such,
removal of all hardware in a primary procedure is
thought to be essential with return to operating room
for hardware placement at a later date after eradication
of infection.?’ In cases of an unstable spine after pri-
mary hardware removal, various temporary stabilizing
measures have been described including cervical
external fixation, posterior spinal fusion, and rigid
cervical collar application.?%-28:2% Although there is a
lack of literature regarding osteomyelitis after ACDF,

Philip Zakko, MD, et al

newer literature suggests that use of hardware during
the primary surgical procedure for cervical osteomye-
litis may allow for appropriate eradication of infection.
In a systematic review of 239 patient across 24 studies
treated for cervical spine osteomyelitis, Wang et al
found that primary placement of instrumentation
during active infection did not increase the rates of
hardware failure or wound complications compared
with those of elective cervical spine procedures.3?
Aryan et al3! further found that corpectomy followed
by placement of titanium cages in the setting of oste-
omyelitis did not lead to recurrent hardware infections.
Titanium implants are shown to have reduced pro-
pensity for biofilm formation compared with
polyether-ether-ketone and stainless-steel implants,
thus supporting its potential safety.?”

In this case, given the amount of osteomyelitis and
degree of bony removal required, our patient would have
had significant spinal instability without hardware sta-
bilization. Temporary external fixation was considered
at the index procedure; however, in consultation with
ENT it was believed that we had adequate débridement
and repair to allow a one-stage procedure. Unfortun-
ately, there was found to be residual leak requiring a
secondary procedure and SCAIF. Regardless, even with
placement of stabilizing hardware, the patient ade-
quately eradicated his infection as suggested by his lack
of wound complications, normal postoperative
C-reactive protein and erythrocyte sedimentation rate,
and lack of systemic signs of infection.

Conclusion

This patient had an ACDF-related diverticulum with
chronic delayed esophageal perforation. Earlier identifi-
cation and surgical intervention may have alleviated the
need for extensive esophageal flap coverage and anterior
cervical spine revision surgery. This case highlights two
main points. First, all diverticula after an ACDF warrant
close clinical monitoring. Second, routine follow-up
should be performed for patients with screw pullout to
assistin early diagnosis of delayed esophageal perforation.
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