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KEY POINTS

e Cervical esophageal perforations are usually iatrogenic in nature, occurring most frequently as a
result of endoscopic instrumentation.

e After prompt diagnosis, appropriate initial treatment of cervical esophageal perforations includes
initiation of nil-per-os status and administration of broad-spectrum antibiotics, intravenous fluids,

and nutrition via enteral access.

e Small defects without signs of systemic disease may be managed conservatively.
e Large defects, perforations with traumatic etiology, and/or presence of hemodynamic instability

warrant operative intervention.

e Based on limited studies, novel endoscopic techniques offer promising methods of minimally inva-
sive intervention for the management of esophageal perforations.

BACKGROUND

Esophageal perforations are historically uncom-
mon but are associated with poor outcomes. While
most esophageal perforations are iatrogenic in na-
ture, less frequent etiologies include Boerhaave’s
syndrome, malignancy, trauma, and toxic inges-
tion.” Survival associated with esophageal perfo-
ration has significantly improved overtime, with
mortality rates down trending from 18% to 10%
over the last 25 years.? Despite this improvement,
mortality from this disease remains relatively high.
Prompt diagnosis and treatment have been asso-
ciated with improved outcomes, as have improve-
ments in perioperative management.>*
Perforations most frequently occur within the
thoracic esophagus, followed by the cervical and
abdominal esophagus.*® Unlike thoracic perfora-
tions, the management of cervical esophageal

perforations is highly variable.®” Clinical decision-
making can be nuanced and often requires consid-
eration of individual clinical scenario. Appreciation
of cervical esophageal anatomy is imperative to
understanding disease progression as well as
deciding on method of intervention. A wide range
of interventions are currently available to treat cer-
vical perforations, including nonoperative, endo-
scopic, and operative management options.

DISCUSSION
Anatomy of the Cervical Esophagus

The cervical esophagus extends from the lower
border of the cricoid cartilage to the level of the ster-
nal notch. Coursing posterior to the trachea and
anterior to the spinal column, the cervical esoph-
agus is anchored to the prevertebral fascia along
C6-T2. At this level, the muscular layer of the
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cervical esophagus is thin and there is no serosal
layer to provide additional support, increasing risk
of perforation.®® The physiologic narrowing caused
by the cricopharyngeal and inferior constrictor
muscles also increases risk of perforation, and
most iatrogenic esophageal perforations occur at
this location.’-® Fortunately, because of adherence
to prevertebral fascial planes, cervical perforations
are often self-contained.* The outcomes of cervical
esophageal perforations are less severe than those
of thoracic and abdominal perforations, with a mor-
tality of 6% compared to 10.9% and 13.2%,
respectively.®'° This is likely due to limited spread
of contamination, allowing for local drainage and
avoidance of a thoracotomy or laparotomy.*
Because of its proximity to the anterior cervical
spine, the cervical esophagus is also at risk for iat-
rogenic perforations due to spinal surgery from or-
thopedic hardware as well as spontaneous rupture
secondary to osteophytes.*

Diagnosis and Initial Management

The diagnostic pathway for cervical esophageal
perforations is similar to that of thoracic and
abdominal perforations. The first step in evaluation
is a detailed history and physical examination.
Common findings associated with esophageal per-
forations include pain, odynophagia, subcutane-
ous emphysema, and hemodynamic instability.®
Findings specific to cervical perforations may
include dysphagia, dysphonia, pain induced with
neck flexion, and erythema, edema, or induration
of the soft tissues of the neck.*'"'2 Any of these
signs and symptoms, particularly in the setting of
recent instrumentation or existing esophageal dis-
ease, should prompt high suspicion of esophageal
perforation. A timely diagnosis is imperative to
maximizing patient outcomes and survival.®

The study typically used in the initial diagnosis of
esophageal perforation is an upper gastrointestinal
swallow study with water-soluble contrast. When
positive, this study demonstrates location of the
perforation and extent of disease. However, water-
soluble contrast carries a high false-negative rate,
especially in the upper esophagus.*'%'® Swallow
studies using barium contrast have higher specificity
and can be used in the setting of negative findings
and high clinical suspicion.*'? Barium contrast is
not used in the initial diagnosis due to risk of media-
stinitis.'* Another method of diagnostic imaging
includes an oral-contrasted computed tomographic
(CT) esophagram. While this has not historically
been recommended as initial imaging for diagnosis
of esophageal perforation, this technique is
widely available and can be performed without the
need of a fluoroscopy team.®> Additionally, there is

mounting evidence that CT esophagram can be
more sensitive than fluoroscopic examination.*

Because most cervical esophageal perforations
occur from endoscopy, some cases may be diag-
nosed at the time of injury.* However, the use of
endoscopy to diagnose esophageal perforations
is controversial. Endoscopy in the setting of esoph-
ageal perforation is associated with risk of full-
thickness conversion of partial-thickness defects
and tension pneumothorax formation from insuffla-
tion. Endoscopy does provide the ability to directly
visualize and characterize the injury and viability of
the surrounding tissue. This technique also pro-
vides the option of immediate therapeutic interven-
tion. The use of endoscopy is often reserved for
cases of critically ill and/or intubated patients who
are unable to participate safely in radiological
studies as well as cases with high clinical suspicion
despite negative imaging.®

Treatment Options

The management of cervical esophageal perfora-
tion is less well-studied than perforations in other
regions of the esophagus. Consequently, there is
no single best practice recommendation for treat-
ment.* Regardless of management strategy, all pa-
tients diagnosed with esophageal perforation
should be made nil-per-os (npo) and started on
broad-spectrum antibiotics, enteral nutrition, and
intravenous fluid resuscitation.® Further treatment
course is dependent on patient clinical status and
disease. Patients found to have small defects while
demonstrating hemodynamic stability may be
treated with nonoperative management. Perfora-
tions associated with hemodynamic instability,
large mucosal defects, widespread contamination,
as well as those with delayed presentation or diag-
nosis warrant surgical intervention® (Table 1). While
novel endoscopic procedures are being studied in
the management of cervical perforations, there
are limited data on the efficacy of these interven-
tions. There have been smaller studies, case series,
and case reports of successful management using
endoscopic stents, clips, sutures, negative pres-
sure therapy, and adhesives (Table 2).

Nonoperative management

Patients who are hemodynamically stable with a
defect smaller than 1 cm may initially be managed
medically if no signs of free extravasation are
seenonimaging.®'? Nonoperative managementin-
cludes hospital admission, strict npo status, broad-
spectrum antibiotic initiation, and nutrition via
enteric or parenteral access.® If the patient remains
stable, a repeat swallow study should be obtained
in 5 to 7 days to reassess the perforation prior to
allowing oral intake.”'2 Clinical deterioration during



Table 1

Author

Study Design

# Of Cervical
Perforations

Operative, nonoperative, and combined technique interventions

Etiology of
Perforation?

Intervention

Outcomes

Tang et al,’ 2021

Retrospective

18/335 patients

Mixed

e 17 patients with primary repair
e 1 patient with diversion

e Cervical perforations more likely
to have repair (P = .0001)

Abbas et al,”' 2009 Retrospective  26/119 patients  Mixed e 15 operative e Cervical perforations with 8%
e 11 nonoperative mortality compared to 14%
overall
Aghajanzadeh Retrospective  26/26 patients Mixed e Primary repair: 38.46% e Overall mortality: 7.7%
etal,’® 2015 e Primary repair and drainage: e High mortality among
26.92% esophagectomies
e Drainage alone: 19.23% e 21.4% of patients who had
e Stenting: 11.53% drainage as part of their treat-
e Esophagectomy and J tube 15.4% ment experienced drain leaks
Bhatia et al,’” 2011 Retrospective  15/119 patients  Mixed e 10 primary repair e 7.6% mortality among patients
e 1 palliative care with perforations in cervical
e 2 drainage esophagus
e 1 resection
Bufkin et al,’® 1996 Retrospective  9/66 patients Mixed e 5 operative e No mortalities for nonoperative
¢ 4 nonoperative management
Eroglu et al," 2009 Retrospective  14/44 patients Mixed e 11 primary repair e No mortalities
e 3 nonoperative e 2 leaks in operative group
Schmidt et al,%° 2010 Retrospective  8/62 patients Mixed e 6 primary repair e No mortality in cervical
e 2 nonoperative perforation group
Montminy et al,>' 2023  Retrospective  8/32 patients latrogenic e 3 endoscopic (2 self expanding e 25% mortality
metal stent [SEMS], 1 clips) e Both within upper esophageal
e 4 nonoperative sphincter (UES), both endoscopic
e 1 operative ultrasound (EUS) related
Sarr et al,’® 1982 Retrospective  18/47 patients latrogenic e 3 nonoperative e 1 death in nonoperative group

e 15 operative repair (3 primary
repair + drainage, 12 drainage
only)

0 death in operative group

1 patient in nonoperative group
required later drainage

4 patients in the operative group
developed fistulas and 1
developed abscess

® Etiology describes the cause of perforation, including iatrogenic, spontaneous, traumatic, caustic, foreign body related, and malignant. Mixed etiology describes studies with 2 or

more etiologies included within the sample size.

{SUOI1RIOMB [BIIAIDD) YUM MBN S| 18YAN

1 X43



Table 2
Endoscopic interventions
# Of Cervical  Etiology of
Authors Study Design Perforations Perforation® Intervention Outcomes
Bae,?2 2019 Case study 1 patient® Spontaneous Injection of glue e Resolved
Parapar Alvarez Retrospective 1 patient Spontaneous Endovac therapy e Resolved
et al,?® 2023 e Treatment duration: <3 wk
e 4 endovac changes
Loeck et al,>* 2021 Retrospective 5/10 patients latrogenic Endovac therapy e 100% rate of closure

e Treatment duration median: 7.6 d
e Average of 2 changes per treatment

Kimura et al,?® 2013 Case study 1 patient Foreign body Injection of fibrin glue e Resolved
Takahashi et al,® 2017 Retrospective 1/17 patients latrogenic Endoscopic clip placement e Resolved
Freeman et al,?’ 2012 Retrospective 15/187 Mixed Endoscopic stent e 4/15 cervical perforation patients failed
patients stent therapy
e Cervical perforation has higher rates of
stent failure compared to thoracic
Yoon et al,?® 2015 Case report 1 patient Foreign body  Endovac therapy e Resolved
Fischer et al,%° 2007 Case series 1/4 patients Malignant Endoscopic clip placement e Resolved
Gerke et al,3° 2007 Case report 1 patient latrogenic Endoscopic clip placement e Resolved
Jung et al,?" 2021 Retrospective 1/7 patients latrogenic Endovac therapy e Successful treatment
analysis e 12 endovac changes
Kumbhari et al,?? 2015 Case series 2 patients latrogenic Fully covered self-expanding e Resolved within 3 d
metallic stents e Had to remain intubated during therapy
Horvath et al,** 2018 Retrospective  7/43 patients = Mixed 3 diagnostic endoscopy and e No mortality
medical management,
4 therapeutic endoscopy*
Ben-David et al,>* 2014  Retrospective 2 patients latrogenic Removable covered stent e Resolved
placement
Anoldo et al,*> 2017 Case report 1 patient latrogenic 10 d of drainage followed e Resolved
by glue injection
Wasano et al,3® 2014 Case Report 1 patient latrogenic Endoscopic suturing using e Resolved

laparoscopic needle
driver and knot pusher
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@ Etiology describes the cause of perforation, including iatrogenic, spontaneous, traumatic, caustic, foreign body related, and malignant. Mixed etiology describes studies with 2 or
more etiologies included within the sample size.

b patient initially diagnosed with perforation, but prolonged treatment ultimately led to fistula at time of glue.

¢ Therapeutic endoscopy describes interventions using stents, clips, endovacs, or drains.



this period of observation should prompt reimaging
and surgical exploration.

Initial conservative management of cervical
esophageal perforations has been found to have
better success rates compared to thoracic perfo-
rations, with a 13% failure rate compared to
62%.* One study demonstrated that npo status
between injury and diagnosis affects outcomes,
as patients who remain npo fare better with con-
servative measurement.”

Mechanism of perforation has also been found
to affect outcomes. Though most cases of cervical
perforation are iatrogenic in nature, approximately
15% are secondary to penetrating trauma.'®
Several studies have reported improved outcomes
associated with early surgical intervention in cases
of traumatic cervical esophageal perforation.”
Thus, it may be prudent to pursue operative inter-
vention in the setting of trauma even if the patients
appear stable or have small defects.

Endoscopic management

Significant advances in the field of endoscopy over
the years have expanded interventions available to
gastroenterologists and surgeons. There are limited
data regarding endoscopic management of cervi-
cal esophageal perforations relative to intrathoracic
perforations.

Esophageal stent placement is the most
frequently utilized intervention in cases of intratho-
racic esophageal perforation, but stenting in the
cervical esophagus is considered relatively con-
traindicated due to the risk of airway compression
and compromise, migration, and patient discom-
fort.®>6 However, this technique has been imple-
mented successfully in the literature.”>'"~1° Most
perforations are categorized by region rather
than by specific measurement, and there are no
recommendations on cervical stent placement
based on level of perforation. Stenting of proximal
cervical perforations spanning the hypopharynx
has been described, but patients required intuba-
tion to mitigate risk of airway compromise. In these
cases, patients remained in the intensive care unit
until stents were removed on post-procedure day
3.7 In contrast, intrathoracic stent management
generally occurs over the course of several weeks
prior to replacement over removal.®

Endoscopic clipping has been successfully used
to treat esophageal perforations with success rates
of 59% to 83%.2" Through-the-scope clipping is
recommended for defects less than 1 cm, while
over-the-scope clipping is recommended for de-
fects 1to 2 cm.?? There is no need for clip removal,
precluding the need for further intervention after
successful treatment.?® Endoscopic clipping within
the cervical esophagus has been described in case

What Is New with Cervical Perforations?

studies with successful resolution of perfora-
tion.?*~27 An alternative method of primary closure
is endoscopic suturing (Fig. 1).52® Wasano and col-
leagues describe endoscopic suture closure of an
iatrogenic esophageal injury spanning the pharynx
and hypopharynx using a laparoscopic needle
holder and knot pusher with complete resolution
of the injury.?® Because these techniques do not
offer source control in cases of contamination,
they are limited to patients with small defects,
good tissue quality, and limited contamination of
the cervical soft tissues.??

Endoscopic vacuum therapy (EVT), or endovac
therapy, is a relatively new technique in the man-
agement of esophageal perforations. This interven-
tion is performed by placing a sponge at the tip of a
nasogastric tube within the perforation bed and
applying negative pressure therapy. This system
reduces bacterial contamination while promoting
wound healing.??> The sponge can be placed over
the luminal defect or within the cavity itself, allowing
for drainage of contamination while facilitating
wound closure.?® The use of EVT is not well
described in the cervical esophagus compared to
other regions, but successful case reports have
been reported in the literature.?®=? Drawbacks to
this therapy include patient discomfort and need
for repetitive procedures for sponge change. This
therapy can also be limited by proximity to carotid
sheath due to bleeding risk.?%%?

The use of adhesives has been described for the
treatment of various esophageal perforations.
These include cyanoacrylate glue plugs, polygly-
colic acid sheet sealant, and fibrin glue. These
measures have been described more frequently
for iatrogenic perforations of the middle and lower
esophagus, but implementation in the cervical
esophagus perforations has only been described
in case reports.?+33-36

Fig. 1. Cervical esophageal perforation on esophago-
gastroduodenoscopy (EGD).
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Surgical management

Surgical management of cervical esophageal per-
forations is always warranted in patients with
instability, delayed presentation, and significant
contamination. Principally, the management of
the contaminated space is no different from any
other, and the most straightforward intervention
is open surgical drainage alone via cervicotomy
through the left neck.® Perforations that occur in
the cervical esophagus are often contained within
the prevertebral space, allowing for open opera-
tive drainage without extensive dissection and
collateral damage to surrounding structures. This
has been associated with lower rates of morbidity
compared to open drainage of thoracic and
abdominal disease, which require access through
thoracotomy or laparotomy.*

Following opening of the prevertebral space, ac-
curate assessment of the perforation and viability
of the surrounding tissue is mandatory. Whenever
possible, primary repair should be performed
following adequate debridement of nonviable
esophageal tissue.® The full extent of mucosal
injury should be exposed by opening the muscular
layers longitudinally cephalad and caudal to the
mucosal perforation.'?3” If primary repair is not
feasible secondary to the quality of tissue or the
size of the defect, debridement and drainage can
be followed by T-tube placement. This technique
creates a controlled esophago-cutaneous fistula
that can be managed overtime with T-tube removal
when the patient’s contamination is controlled and
nutritional status improves.'* T-tube placement is
typically reserved for critically ill patients, allowing
for timely source control.®®

When primary repair is possible, it is performed
by drainage and thorough debridement of the area
followed with 2 layer closure. Longitudinal myot-
omy is again sometimes required to visualize the
full extent of the mucosal defect to allow for a
complete mucosal repair.® Primary repair can be
augmented with muscle flap creation for additional
reinforcement with vascularized tissue. Addition of
a flap has been found to reduce risk of sepsis and
accelerate initiation of feeding. Because the cervi-
cal esophagus is vulnerable to injuries related to
cervical spine hardware or osteophytes, flaps
also serve to provide a layer of protection in the
prevertebral space.® Options for flaps include
rotated sternocleidomastoid muscle (SCM), omo-
hyoid, or strap muscles due to their proximity.*
SCM flaps have demonstrated lower morbidity
than other flaps, but patients may develop chronic
neck pain or functional deficits secondary to spinal
accessory nerve injury.*® For small perforations,
omohyoid flaps may be more appropriate as they
are associated with decreased risk of pain.®”

Perforations in the cervical esophagus are often
contained, making them amenable to localized
drainage. However, in critically ill patients or in
cases primary repair cannot be achieved, esopha-
geal diversion can be performed.’ Diversion in
esophageal perforation has a mortality of 23%,
much higher than 11% reported in patients who un-
dergo primary repair. However, diversion has been
found to have improved outcomes in patients who
are critically ill.*® When performing a diversion, an
end esophagostomy is created and externalized
through the left neck. While creation of a side
esophagostomy has been described, it is not
frequently performed due to technical difficulty,
habitus limitations, and risk of incomplete diver-
sion.*"+42 After diversion, the remaining esophagus
is reduced into the abdomen and the hiatal dia-
phragm is closed.>'* Alternatively, esophageal
exclusion is a technique in which the esophagus
is stapled distal to the perforation and left in place
to heal.® Patients can pursue reconstruction 6 to
12 months after diversion.>>14

Esophageal diversion and exclusion leave the
gastrointestinal tract in discontinuity, requiring
enteric access for nutrition and decompression.
This can be achieved by placement of a gastro-
stomy or gastrojejunostomy tube. These adjuncts
may also be warranted in cases that require pro-
longed npo status while the space is being decon-
taminated, as enteral nutrition is preferable to
parenteral.®

Looking to the Future

The outcomes of esophageal perforations have
improved overtime, likely secondary to improve-
ment in perioperative management, diagnostic
technology, and surgical technique.>** Manage-
ment trends have also changed with a decreased
rate of surgical diversion and increased rate of pri-
mary repair from 2005 to 2020.> While there are
limited studies describing the effect of endoscopic
interventions on esophageal perforation outcomes,
development of new technology has certainly
broadened the armamentarium of treatment options
available to interventionalists. Endoscopic therapy
has gained traction to the point that it is now well
established in the algorithm for management of
intrathoracic perforations. As these data accumu-
late and stent technology improves, this may trans-
late to increased use in the cervical esophagus.
Similarly, endovac therapy is now becoming a
frequently employed method of managing intratho-
racic perforations and anastomotic leaks following
esophagectomy. It may be considerably more toler-
able than stents within the cervical esophagus in
critically ill patients and may accelerate closure of



defects when combined with drainage of the prever-
tebral space.

The literature is limited with regard to endo-
scopic management of cervical perforation at
this time. In addition to techniques that have
been applied to intrathoracic perforations, there
are even more novel and innovative endoscopic
techniques do show promise in the treatment of
cervical esophageal perforations. For example,
the combination of endovac and stent placement,
aptly described as the sponge-over-stent tech-
nique, has been described in small studies in up-
per gastrointestinal perforations.?° While it has
been used for postoperative leaks in the cervical
esophagus, it has yet to be determined whether
this can be applied to patients with cervical perfo-
rations.**® Cellular therapies may also yield some
advancements in the future as authors have
described the injection of emulsified adipose tis-
sue stromal vascular fracture into esophageal fis-
tulas resulting in successful closure of cervical
esophageal fistulas.*® While the need has moved
relatively slowly in the arena of cervical perfora-
tions, these opportunities offer the possibility of
continued progress in patient outcomes after cer-
vical esophageal perforation.*”%°

SUMMARY

The outcome of esophageal perforations is influ-
enced by time to diagnosis/treatment, location
and extent of the perforation, etiology of injury,
and patient comorbidities. Unlike other regions of
the esophagus, determining best treatment of cervi-
cal esophageal perforations is controversial and
nuanced. All esophageal perforations warrant hos-
pital admission for monitoring, initiation of broad-
spectrum antibiotics, implementation of strict npo
status, and provision of early nutrition via enteral
or parenteral access. Further management with
conservative, endoscopic, or operative measures
is chosen based on individual patient factors.
In the case of critically ill patients, operative inter-
vention is always warranted to achieve prompt
source control. Otherwise, some patients may be
appropriately treated with medical or endoscopic
management. While conservative and operative
management has remained relatively unchanged
in the management of cervical esophageal perfora-
tions, innovations in endoscopic technology have
broadened the treatment options available to this
patient population. Endoscopic stents, clips, su-
tures, endovac therapy, and adhesives have been
described inthe successful management of cervical
esophageal perforations, but continued research is
necessary to understand best application of these
techniques within this patient population.

What Is New with Cervical Perforations?

CLINICS CARE POINTS

e Prompt diagnosis and initiation of treatment
is associated with improved esophageal
perforation outcomes.

e Initial management includes admission for
careful monitoring and implementation of
broad-spectrum antibiotic coverage, nutri-
tion via enteral or parenteral access, intrave-
nous fluid resuscitation, and strict npo status.

e Conservative management can be successful
in carefully selected patients without evi-
dence of systematic disease, while hemody-
namic instability always warrants prompt
surgical intervention.

e Endoscopic techniques have been successfully
used to treat cervical esophageal perfora-
tions, providing a minimally invasive proce-
dural intervention.

e Endoscopic clips, sutures, and adhesives allow
for primary repair.

e Endovac therapy and stent placement pro-
vide methods of source control while the
defect heals secondarily.

e More research is needed to understand the
population of patients who would benefit
most from endoscopic intervention.

DISCLOSURE

There are no commercial or financial conflicts of
interest nor are there any funding sources associ-
ated with the authors.

REFERENCES

1. Brinster CJ, Singhal S, Lee L, et al. Evolving options
in the management of esophageal perforation. Ann
Thorac Surg 2004;77(4):1475-83.

2. Wong LY, Leipzig M, Liou DZ, et al. Surgical Man-
agement of Esophageal Perforation: Examining
Trends in a Multi-Institutional Cohort. J Gastrointest
Surg 2023;27(9):1757-65.

3. Khaitan PG, Famiglietti A, Watson TJ. The Etiology,
Diagnosis, and Management of Esophageal Perfo-
ration. J Gastrointest Surg 2022;26(12):2606-15.

4. Chen S, Shapira-Galitz Y, Garber D, et al. Manage-
ment of latrogenic Cervical Esophageal Perfora-
tions: A Narrative Review. JAMA Otolaryngol Head
Neck Surg 2020;146(5):488-94.

5. SdralisE, llias K, Petousis S, et al. Epidemiology, diag-
nosis, and management of esophageal perforations:
systematic review. Dis Esophagus 2017;30(8):1-6.

327


http://refhub.elsevier.com/S1547-4127(24)00042-2/sref1
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref1
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref1
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref2
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref2
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref2
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref2
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref3
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref3
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref3
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref4
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref4
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref4
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref4
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref5
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref5
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref5

328

11.

12.

14,

16.

16.

17.

18.

19.

20.

21.

Conrad & Sridhar

. Bourhis T, Mortuaire G, Rysman B, et al. Assessment

and treatment of hypopharyngeal and cervical
esophagus injury: Literature review. Eur Ann Otorhi-
nolaryngol Head Neck Dis 2020;137(6):489-92.

. Zenga J, Kreisel D, Kushnir VM, et al. Management

of cervical esophageal and hypopharyngeal perfo-
rations. American Journal of Otolaryngology -
Head and Neck Medicine and Surgery 2015;36(5):
678-85.

. Akgoz Karaosmanoglu A, Ozgen B. Anatomy of the

Pharynx and Cervical Esophagus. Neuroimaging
Clin N Am 2022;32(4):791-807.

. Biancari F, D’Andrea V, Paone R, et al. Current treat-

ment and outcome of esophageal perforations in
adults: Systematic review and meta-analysis of 75
studies. World J Surg 2013;37(5):1051-9.

. Navarro R, Javahery R, Eismont F, et al. The Role of

the Sternocleidomastoid Muscle Flap for Esopha-
geal Fistula Repair in Anterior Cervical Spine Sur-
gery. Spine (Phila Pa 1976) 2005;30(20):E617-22.
Fairbairn K, Worrell SG. Esophageal Perforation: Is
Surgery Still Necessary? Thorac Surg Clin 2023;
33(2):117-23.

Nirula R. Esophageal Perforation. Surgical Clinics of
North America 2014;94(1):35-41.

. Sarr M, Pemberton J, Payne WS. Management of

instrumental perforations of the esophagus. J Thorac
Cardiovasc Surg 1982;84:211-8.

Lampridis S, Mitsos S, Hayward M, et al. The insid-
ious presentation and challenging management of
esophageal perforation following diagnostic and
therapeutic interventions. J Thorac Dis 2020;12(5):
2724-34.

Tang A, Ahmad U, Raja S, et al. Repair, Reconstruct,
or Divert Fate of the Perforated Esophagus. Ann
Surg 2021;274(5):E417-24.

Aghajanzadeh M, Porkar NF, Ebrahimi H. Cervical
Esophageal Perforation: A 10-Year Clinical Experi-
ence in North of Iran. Indian J Otolaryngol Head
Neck Surg 2014;67(1):34-9.

Bhatia P, Fortin D, Inculet R, et al. Current concepts
in the management of esophageal perforations: A
twenty-seven year Canadian experience. Ann
Thorac Surg 2011;92(1):209-15.

Bufkin BL, Miller JI, Mansour KA. Esophageal Perfo-
ration: Emphasis on Management.; 1996.

Eroglu A, Turkyilmaz A, Aydin Y, et al. Current man-
agement of esophageal perforation: 20 years expe-
rience. Dis Esophagus 2009;22(4):374-80.
Schmidt SC, Strauch S, Résch T, et al. Management
of esophageal perforations. Surg Endosc 2010;
24(11):2809-13.

Montminy EM, Jones B, Heller JC, et al. Endoscopic
iatrogenic esophageal perforation and manage-
ment: a retrospective outcome analysis in the mod-
ern era. BMC Gastroenterol 2023;23(1). https://doi.
org/10.1186/s12876-023-03004-x.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Bae SH. Transcatheter embolization of the esophago-
mediastinal fistula with N-butyl cyanoacrylate glue: A
case report. Int J Surg Case Rep 2019;65:73-7.
Parapar Alvarez L, Cerrella Cano C, Andrés Vargas
Gonzélez C, et al. Endoscopic endoluminal therapy
with the Eso-SPONGE® system for the treatment of
spontaneous esophageal perforation with associ-
ated paraoesophageal collection. Rev Esp Enferm
Dig 2023;115(10):589.

Loeck J, von Lucken HJ, Munscher A, et al. Endo-
scopic negative pressure therapy (ENPT) in head
and neck surgery: first experiences in treatment of
postoperative salivary fistulas and cervical esopha-
geal perforations. Eur Arch Oto-Rhino-Laryngol
2021;278(11):4525-34.

Kimura T, Takemoto T, Fujiwara Y, et al. Esophageal
perforation caused by a fish bone treated with surgi-
cally indwelling drainage and fibrin glue injection for
fistula formation. Ann Thorac Cardiovasc Surg 2013;
19(4):289-92.

Takahashi R, Yoshio T, Horiuchi Y, et al. Endoscopic
tissue shielding for esophageal perforation caused
by endoscopic resection. Clin J Gastroenterol
2017;10(3):214-9.

Freeman RK, Ascioti AJ, Giannini T, et al. Analysis of
unsuccessful esophageal stent placements for
esophageal perforation, fistula, or anastomotic leak.
Ann Thorac Surg 2012;94(3):959-65.

Yoon BW, Yi KI, Kang JH, et al. Negative pressure
wound therapy for cervical esophageal perforation
with abscess. Auris Nasus Larynx 2015;42(3):254-7.
Fischer A, Schrag HJ, Goos M, et al. Nonoperative
treatment of four esophageal perforations with he-
mostatic clips. Dis Esophagus 2007;20(5):444-8.
Gerke H, Crowe GC, lannettoni MD. Endoscopic
Closure of Cervical Esophageal Perforation Caused
By Traumatic Insertion of a Mucosectomy Cap. Ann
Thorac Surg 2007;84(1):296-8.

Jung CFM, Muller-Dornieden A, Gaedcke J, et al.
Impact of Endoscopic Vacuum Therapy with Low
Negative Pressure for Esophageal Perforations and
Postoperative Anastomotic Esophageal Leaks.
Digestion 2021;102(3):469-79.

KumbhariV, Azola AA, Tieu AH, et al. latrogenic phar-
yngoesophageal perforations treated with fully
covered self-expandable metallic stents (with video).
Surg Endosc 2015;29(4):987-91.

Horvath P, Lange J, Stiker D, et al. Multimodal
Treatment Strategies for Esophageal Perforation,
Available at: www.surgical-laparoscopy.com, Ac-
cessed February 12, 2024. 2018.

Ben-David K, Behrns K, Hochwald S, et al. Esopha-
geal perforation management using a multidisci-
plinary minimally invasive treatment algorithm.
J Am Coll Surg 2014;218(4):768-74.

Anoldo P, Manigrasso M, Milone F, et al. Case report of
a conservative management of cervical esophageal


http://refhub.elsevier.com/S1547-4127(24)00042-2/sref6
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref6
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref6
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref6
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref7
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref7
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref7
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref7
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref7
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref8
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref8
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref8
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref9
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref9
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref9
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref9
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref10
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref10
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref10
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref10
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref11
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref11
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref11
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref12
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref12
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref13
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref13
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref13
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref14
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref14
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref14
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref14
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref14
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref15
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref15
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref15
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref16
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref16
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref16
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref16
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref17
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref17
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref17
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref17
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref19
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref19
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref19
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref20
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref20
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref20
https://doi.org/10.1186/s12876-023-03004-x
https://doi.org/10.1186/s12876-023-03004-x
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref22
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref22
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref22
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref23
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref23
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref23
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref23
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref23
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref23
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref23
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref24
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref24
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref24
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref24
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref24
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref24
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref25
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref25
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref25
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref25
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref25
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref26
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref26
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref26
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref26
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref27
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref27
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref27
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref27
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref28
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref28
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref28
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref29
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref29
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref29
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref30
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref30
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref30
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref30
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref31
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref31
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref31
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref31
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref31
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref32
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref32
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref32
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref32
http://www.surgical-laparoscopy.com
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref34
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref34
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref34
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref34
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref35
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref35

36.

37.

38.

39.

40.

41.

42.

43.

perforation with acrylic glue injection. Annals of Med-
icine and Surgery 2018;31:11-3.

Wasano K, Hashiguchi S, Suzuki N, et al. Transoral
closure of pharyngeal perforation caused by gastro-
intestinal endoscopy. Auris Nasus Larynx 2014;
41(1):113-7.

Chirica M, Champault A, Dray X, et al. Esophageal
perforations. J Vis Surg 2010;147(3). https://doi.
org/10.1016/j.jviscsurg.2010.08.003.

Binda C, Jung CFM, Fabbri S, et al. Endoscopic Man-
agement of Postoperative Esophageal and Upper Gl
Defects—A Narrative Review. Medicina (Lithuania)
2023;59(1).  https://doi.org/10.3390/medicina5901
0136.

Takeshita N, Ho KY. Endoscopic closure for full-
thickness gastrointestinal defects: Available appli-
cations and emerging innovations. Clin Endosc
2016;49(5):438-43.

Paspatis GA, Dumonceau JM, Barthet M, et al. Diag-
nosis and management of iatrogenic endoscopic
perforations: European Society of Gastrointestinal
Endoscopy (ESGE) Position Statement. Endoscopy
2014;46(8):693-711.

Gurwara S, Clayton S. Esophageal Perforations: An
Endoscopic Approach to Management. Curr Gastro-
enterol Rep 2019;21(11). https://doi.org/10.1007/
$11894-019-0730-5.

Kasuga K, Hosaka H, Sato K, et al. Endoscopic tis-
sue shielding with polyglycolic acid sheet, fibrin
glue, and endoclip for perforation during balloon
dilation for esophageal stricture after endoscopic
submucosal dissection. Clin J Gastroenterol 2022;
15(2):320-4.

Seehawong U, Morita Y, Nakano Y, et al. Successful
treatment of an esophageal perforation that occurred
during endoscopic submucosal dissection for

What Is New with Cervical Perforations?

44,

45.

46.

47.

48.

49.

50.

51.

esophageal cancer using polyglycolic acid sheets
and fibrin glue. Clin J Gastroenterol 2019;12(1):
29-33.

Hanwright PJ, Purnell CA, Dumanian GA. Flap recon-
struction for esophageal perforation complicating
anterior cervical spinal fusion: An 18-year experience.
Plast Reconstr Surg Glob Open 2015;3(5). https://doi.
0rg/10.1097/GOX.0000000000000350.

Treffalls JA, Jacobsen CP, Das NA, et al. Delayed
Esophageal Reconstruction: Indications, Tech-
niques, and Outcomes. Foregut. The Journal of the
American Foregut Society 2023. https://doi.org/10.
1177/26345161231212388.

Raymond DP, Watson TJ. Esophageal Diversion.
Operat Tech Thorac Cardiovasc Surg 2008;13(2):
138-46.

Deng Y, Hou L, Qin D, et al. Current treatment and
outcome of esophageal perforation: A single-
center experience and a pooled analysis. Medicine
(United States) 2021;100(16):E25600.

Valli PV, Mertens JC, Kroger A, et al. Stent-over-
sponge (SOS): A novel technique complementing
endosponge therapy for foregut leaks and perfora-
tions. Endoscopy 2018;50(2):148-53.

Lange J, Dormann A, Bulian DR, et al. VACStent:
Combining the benefits of endoscopic vacuum ther-
apy and covered stents for upper gastrointestinal
tract leakage. Endosc Int Open 2021;09(06):E971-6.
Nachira D, Trivisonno A, Costamagna G, et al. Suc-
cessful Therapy of Esophageal Fistulas by Endo-
scopic Injection of Emulsified Adipose Tissue
Stromal Vascular Fraction. Gastroenterology 2021;
160(4):1026-8.

Abbas G, Schuchert MJ, Pettiford BL, et al. Contem-
poraneous management of esophageal perforation.
Surgery 2009;146(4):749-55.

329



http://refhub.elsevier.com/S1547-4127(24)00042-2/sref35
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref35
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref36
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref36
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref36
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref36
https://doi.org/10.1016/j.jviscsurg.2010.08.003
https://doi.org/10.1016/j.jviscsurg.2010.08.003
https://doi.org/10.3390/medicina5901<?show [?tjl=20mm]&tjlpc;[?tjl]?>0136
https://doi.org/10.3390/medicina5901<?show [?tjl=20mm]&tjlpc;[?tjl]?>0136
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref39
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref39
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref39
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref39
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref40
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref40
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref40
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref40
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref40
https://doi.org/10.1007/s11894-019-0730-5
https://doi.org/10.1007/s11894-019-0730-5
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref42
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref42
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref42
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref42
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref42
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref42
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref43
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref43
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref43
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref43
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref43
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref43
https://doi.org/10.1097/GOX.0000000000000350
https://doi.org/10.1097/GOX.0000000000000350
https://doi.org/10.1177/26345161231212388
https://doi.org/10.1177/26345161231212388
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref46
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref46
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref46
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref47
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref47
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref47
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref47
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref48
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref48
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref48
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref48
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref49
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref49
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref49
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref49
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref50
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref50
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref50
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref50
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref50
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref51
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref51
http://refhub.elsevier.com/S1547-4127(24)00042-2/sref51

	What Is New with Cervical Perforations? A Clinical Review Article
	Key points
	Background
	Discussion
	Anatomy of the Cervical Esophagus
	Diagnosis and Initial Management
	Treatment Options
	Nonoperative management
	Endoscopic management
	Surgical management

	Looking to the Future

	Summary
	Clinics care points
	References


