152 Ruanetal

Original Article

The life-saving emergency thoracic endovascular aorta
repair management on suspected aortoesophageal
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BACKGROUND: Fatal aortic rupture caused by esophageal foreign body (EFB), is associated
with a high mortality, but can be prevented by thoracic endovascular aorta repair (TEVAR)
that performed increasingly as technology improves. This study aims to investigate the cause,
management and prognosis of suspected penetrating aortoesophageal foreign body injury.

METHODS: Twelve cases who met the criteria were enrolled in this study. The demographic
and clinical data were reviewed for evaluating the characteristics of EFB.

RESULTS: Among 12 cases enrolled, 7 were males and 5 were females, with an age 27-86
years. The distance of EFB from aorta (DFA) of 7 cases were less than or equal to 0 mm, 5 cases were
0—2 mm. Eleven cases were managed with TEVAR, only one case was with open surgery standby but
finally treated by flexible endoscopy (FE) successfully, without TEVAR. In group with TEVAR, EFB of
7 cases were successfully removed by rigid endoscopy (RE), and one of them was failed at the first
RE treatment. EFB of 2 cases were successfully removed by open surgery with TEVAR, and other 9
cases were managed by endoscopies with TEVAR. The mean length of stay of hospitalization (LOS)
and length of ICU stay of patients treated by open surgery with TEVAR (18.50+2.12 days and 5.50+0.71
days) was significantly longer than those of patients treated by endoscopy with TEVAR (7.00£2.74 days
and 1.33+1.12 days, P<0.001 and P=0.001, respectively). Five cases had severe complications.

CONCLUSION: Rational application of TEVAR can be a life-saving management for
aortoesophageal foreign body injury, and jointed with endoscopy is safe and effective with a shorter
length of ICU or total hospital stay.
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INTRODUCTION
Esophageal foreign body (EFB) impaction, which is

an uncommon acquired cause of aortic injury, results in up
to 1,500 deaths per year in the US." Foreign bodies can
be impacted, dislodged and migrated. The patients may
experience serious hemorrhage at the time of esophageal
perforation or at a later time in association with aortic pseudo-
aneurysm (APA), aortoesophageal fistula (AEF), or even
aortic dissection (AD) which are rare but life-threatening
conditions.”

Thoracic endovascular aorta repair (TEVAR) was
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initially developed as a less invasive treatment for
descending thoracic aortic aneurysms in patients who were
unfit for conventional open surgery.”) As improvements
in endograft design and delivery devices, TEVAR was
applied to other thoracic aortic pathologies, such as
thoracoabdominal aortic aneurysms, or AD. Though TEVAR
can greatly improve the survival rate of patients who have
traumatic aortic injury by placing a stent-graft to seal the
lesions and cover the fistulous track, little attention has been
paid to EFB-induced aortic injury. Several reports have
described successful endovascular repair of aortoesophageal



World J Emerg Med, Vol 10, No 3, 2020

153

foreign body injury, nevertheless, most of them are case
reports.

As early as in 1967, Sloop and Thompson'* reported an
AEF case and reviewed that most of the aortic perforations
occur 1 to 5 cm below the origin of the left subclavian
artery, the area of closest approximation of the aorta and
esophagus. Later in 1978, Nandi and Ong" reviewed 2,394
cases of EFB and found only two cases complicated with
AEF. Unfortunately, the patients were both with rather
poor prognosis. In 1985 and 1986, Bullaboy et al* and
Schumacher et al"” reported two children who ingested
open safety pins and were found APA three and four months
later but survived after open surgery, respectively. At the
beginning of 21¥ centuries, Lam et al®® reported a patient
ingested a 3 cm fish bone and was showed arterial bleeding
under flexible endoscopy (FE), but was still managed
through open-surgery. Though, Zhang et al'”’ pointed out
that an aggressive surgical treatment without delay was
still the only effective therapy for EFB-induced AEF, it
was associated with high risk of morbidity and mortality;
therefore, TEVAR is a much safer alternative to it."” Since
2005, when Chen et al'"’ reported that an EFB-induced AEF
case was successfully treated by TEVAR, the percentage
of TEVAR has gone up in the management of aortic injury
induced by EFB. Since EFB-induced aortic injury didn’t
always occur at first and would be easily neglected at
the initial admission, it often resulted in fatal outcome.
Emergency TEVAR could protect the aorta and prevent
acute rupture, which can bring more time and security for
the foreign body to be removed safely.

In recent years, a joint management has been feasible
and popular for suspected aortoesophageal foreign body
injury including TEVAR at first to seal the aortic defect
and endoscopy next to remove the EFB, depending on
the advantages of less risk and more rapid recovery than
open surgery. However, not all patients with suspected
aortoesophgeal foreign body injury will be treated by
TEVAR if the distance from the EFB to aorta (DFA) was
not so close on CT scan, and those patients often had
poor outcomes in the end. In this paper, we reviewed our
experience during the last seven years and investigated the
cause, management and prognosis of suspected penetrating
aortoesophageal foreign body injury, to evaluate the
critical importance of emergency TEVAR on suspected
aortoesophageal foreign body injury.

METHODS
Study population

Between January 2013 and September 2019, 651
admissions due to EFB impaction were recorded in our
hospital. Cases were identified by reviewing the consultation
and hospitalization records with a diagnosis of EFB

and confirmed by FE, rigid endoscopy (RE), or surgery.
Suspected penetrating aortoesophageal foreign body injury
was diagnosed when DFA was less than 2 mm between the
foreign body and aortic wall seen on CT scan, or clinical
symptoms and physical examination highly indicated even
if DFA was more than 2 mm. After excluding 87 cases
with insufficient records, 52 cases without detected EFBs
under FE, RE, or surgery, 31 cases with discontinuation of
treatment, 469 cases without suspected aortic injury, only 12
cases were enrolled for analysis.

Data extraction

The following records were reviewed for evaluating
the characteristics of EFB, demographic and clinical data,
including age, gender, basal diseases, clinical manifestations,
physical examinations (PE), laboratory findings, the type,
shape and size of EFB, distance of EFB from incisor (DFI),
symptoms, duration of impaction (DOI), distance from the
margin the EFB to aorta (DFA), managements, length of stay
of intensive care unit (ICU), length of stay of hospitalization
(LOS), complications and 30-day mortality. TEVAR
procedures involves a stent graft system via the femoral
artery and manipulated within the aorta under radiological
guidance."” The patients were followed up at outpatient
department (OPD) for six months after discharge.

Statistical analysis

Statistical analyses were performed using SPSS
software (Version 21.0; IBM Corp., Armonk, NY, USA).
Continuous variables were expressed as the mean+tstandard
deviation (SD) for normally distributed and median for non-
normally distributed. Statistical significance of differences
was analyzed by one-way ANOVA. Categorical data were
summarized as frequencies and percentages.

Ethics approval and informed consent

The study protocol was reviewed and approved by the
Ethical Committee of the First Affiliated Hospital, School
of Medicine, Zhejiang University (Reference Number:
2018386). We obtained written informed content for all
enrolled patients. The treatment protocols were carried out in
accordance with the principles of the Helsinki Declaration.

RESULTS

Baseline parameters and their relationship
Among 12 cases enrolled, 7 were males and 5
females, with an age 27-86 years. Six patients had basal
diseases. The clinical manifestations included retrosternal
pain, odynophagia, fever, acid regurgitation, abdominal
pain. Five cases were detected with high white blood cell
(WBC) counts (>10x10° cells). The median DOI was 24
hours (first to third quartiles: 12.5-48 hours). Five types

WWw.wjem.com.cn



154 Ruanetal

World J Emerg Med, Vol 10, No 3, 2020

and three shapes of EFB were included. The maximal
length of EFB was 28.08+3.90 mm (range 20-35 mm).
The mode and median DFI of EFB was 24 cm and 24.5
cm (first to third quartiles was 23.25-28.75 cm). Details
were showed in Table 1.

The association of EFB with aorta, management
and prognosis

The DFA of 7 cases were less than or equal to 0 mm,
5 cases were 0—2 mm. Eleven cases were all managed
with TEVAR, and only one case wasn’t given TEVAR
(whose DFA was around 2 mm). All cases were treated
by limiting oral intake and giving parenteral broad-
spectrum antibiotics after the EFBs were removed. In
group with TEVAR, EFBs of 7 cases were successfully
removed by RE, and one of them was failed at the
first RE treatment. EFB of 2 cases were successfully
removed by open surgery, and one of them was failed
at the first FE treatment. The one without TEVAR was
treated by FE with open surgery standby. The median
LOS was 7.5 days (first to third quartiles: 4.5-10.5
days). Nine cases were transported to SICU or EICU
after management. The mean length of ICU stay were
significantly longer in open surgery group (5.50+0.71
days) than endoscopy group (1.33+1.12 days, P=0.001).
The one without TEVAR stayed only 2 days in hospital
without transferred to ICU. The mean LOS of patients
treated by open surgery with TEVAR (18.50+2.12
days) was significantly longer than that of patients
treated by endoscopy with TEVAR (7.00+£2.74 days,
P<0.001). Five cases with severe complications were
given strong and broad-spectrum antimicrobial therapy
intravenously during the hospitalization, such as the third
cephalosporin, carbapenems, and vancomucin, etc. The
patients with TAVER were given oral antibiotics after

Table 1. Baseline characteristics

discharge for at least one month to prevent infection. All
patients survived with 30 days after effective treatment.
Within six-month follow-up, only one patient was
reexamined by CTA while other patients had regular
CT or esophagram. No one got endograft infection after
discharge depending on the clinical manifestations,
physical examinations, lab examinations, and image
examinations at OPD, and no one died during the period
of six-month follow-up. Details were showed in Table 2.

Representative cases

In the following paragraphs, 2 representative cases
with different etiologies, clinical manifestations, CT
indications, management options, complications, will be
described in details.

Case 1. TEVAR, RE, no severe complications, survive

The first case was a male patient, aged 48 years, who
had no basal disease. The patient ingested a fish bone
at dinner, then he swallowed a mass of steamed bun
(which was seemed as a traditional way to treat EFB in
the nation), making an attempt to push the fish bone into
stomach, however he got retrosternal pain instantly. CT
showed that a sharp foreign body perforated left wall of
esophagus and penetrated the right side of aorta on the
plane of the 7" thoracic vertebra (Figure 1A). TEVAR
and RE with open surgery standby were planned. After
emergency endovascular stent successfully placed within
aorta, no obvious foreign body and no active hemorrhage
were showed under RE at the first time. After repeated
examination, a 30 mm %3 mm fish bone was found at 35
cm of the esophagus from the incisor. He was discharged
4 days later with a stent in the right site of aorta (Figure
1B) and no severe complications. After 30-day and six-
month follow-ups, he survived well.

Clinical characteristics

EFB characteristics

No. Gender Basal disease Clinical symptoms T BP WBC  DOI Type Shape L, (mm) DFI
/Age(year) (°C) (mmHg) (x10°/L) (hours) /Lyin(mm)  (cm)

1 Male/40 - Fever and odynophagia 37.5  112/71  10.5 20  Crabshell  Pin-like 29/2 29
and retrosternal pain

2 Female/67 Paroxysmal atrial Retrosternal pain and acid 37 179/84 1.7 24 Fish bone Pin-like  27/2 24

fibrillation regurgitation
3 Female/63 Breast cancer, Retrosternal pain 36.8 175/86 7.3 4 Fish bone Sheet 20/20 23
cholecystitis

4 Female/53 Diabetes Retrosternal pain 36.4  172/82 6.7 24 Fish bone Pin-like  30/2 27

5 Male/65 Hypertension Odynophagia 36.2 136/86 8.8 120  Fish bone Sheet 30/25 25

6 Male/65 Hypertension Retrosternal pain 36.6  142/52 9 24 Fish bone Sheet 25/20 23

7 Male/31 - Fever and odynophagia 38.5 121/73 12 10  Foil shell of Irregular 25/15 22
and retrosternal pain a pill

8 Male/86 Hypertension Odynophagia and 36.9 120/62 10.1 312  Pork bone  Sheet 31/15 24
retrosternal pain

9 Male/48 - Retrosternal pain 369 136/90 9.6 22 Fish bone Pin-like  30/3 35

10 Female/51 - Odynophagia and 37 118/80 12.9 48  Fish bone Pin-like  25/3 28
retrosternal pain

11 Male/33 - Fever and abdominal pain 37.6  139/73 15.8 48  Fish bone Pin-like ~ 30/5 40

12 Female/27 - Retrosternal pain 36.8  113/74 5.1 4 Poultry bone Sheet 35/15 24

DOI: duration of impaction; L,,,,: length of the major axis of EFB; L, length of the minor axis of EFB; DFI: distance from the incisor.
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Case 2: TEVAR, open surgery, mediastinitis and
pneumonia, survive

The second case was a male patient, aged 33 years, who
had no basal disease either. He felt epigastric pain right after
he ate fish, and the pain intensified with fever the next day.
He was then admitted by the local hospital. CT indicated that
an EFB appeared in the esophagus 5 cm above the cardia
of stomach, perforating the left-back wall of esophagus and
penetrating the front of aortic wall. He was then transferred to
our hospital, with emergency TEVAR and antibiotics therapy
instantly. However, there was only a swelling area without
EFB in the 40 cm of esophagus from the incisor explored by
FE. Reexamined CT showed that the foreign body had pierced
through the esophageal wall to the aorta. The consultation of
multi-disciplinary team (MDT) prompted that the dangerous
foreign body had perforated the esophagus and caused
mediastinitis, aorta might rupture at any moment. Thanks
to the occlusion of endovascular stent, there were still some
probabilities to remove the EFB by open-surgery. Finally, it
was successfully removed by surgeons and three tubes were
left to drain the pus. The patient was then discharged 20 days
later and survived after 30-day and six-month follow-ups.

DISCUSSION
Aortoesophageal was a catastrophic complication of EFB

impaction. Since the esophagus lacks serosa and is surrounded
by loose areolar connective tissue, it is vulnerable to spread

A — —— B
Figure 1. Computed tomographic images of case 1 before and after
TEVAR. A: a sharp pin-like foreign body perforated left wall of esophagus
and penetrated the right side of aorta on the plane of the 7" thoracic
vertebra; B: a stent sealed the same site where the EFB had been.

Table 2. The association of EFB with aorta, management and prognosis

of infection and erosion which would cause mediastinitis and
aortic perforation easily. The ruptures of aorta rarely occur at
the time of impaction, but a period of time later when AEF,
APA or other fatal complications develop.”"!

Management selections rely on the type, size, location
of EFB, extent of injury, age and comorbidities of the
patients. The aims of treatment include elimination of
further infection, prevention of fatal complications,
restoration of esophageal continuity. Due to high
morbidity and mortality rates by open surgical repair
of aortic pathology,™'* minimally invasive approaches
are increasingly used to mitigate the risk of repair, for
example, TEVAR.""” First published in 1994, TEVAR was
a novel treatment modality. Recently, urgent endoscope
combined with TEVAR is a valuable and popular approach
to prevent severe complications and reduce the morality
rate of penetrating aortoesophageal foreign body injury.
However, outcomes of the technique have mixed results, it
is less invasive but not widely available.!""!

Standards for TEVAR were first established in 1997.""
According to the guideline, the complications of TEVAR can
be divided into local vascular and remote systemic. Local
complications are always due to the foreign body features
of the graft itself, including bleeding, hematoma formation,
wound or graft infection, graft thrombosis, intestinal
ischemia, endoleak, graft migration, and aneurysm rupture.
Remote systemic complications included myocardial
infarction, organ failure, systemic infection, etc. Any death
occurring within 30 days despite the cause was deemed
as procedure related. Therefore, it is prudently to treat
aortoesophageal foreign body by TEVAR for protection and
prevention, especially when the EFB was several millimeters
away from aorta on CT. Thus, a right application criteria of
TEVAR was of vital importance. Nevertheless, few reports
and no guidelines suggested the criteria for the use of
TEVAR to treat aortoesophageal foreign body.

Wei et al'" once put forward a classification to grade
the injury of EFB-induced AEF, and the DFA was a great
important index in the classification. When an EFB was

No. DFA (mm) TAVER Stent size (mm)

Remove treatment

ICU (days) LOS (days) Severe complications 30-day mortality

1 0 + 20x160 RE - 8 Survive

2 0 + 30x160 FE 2 9 - Survive

3 0 + 30%x200 FE 4 11 Pneumonia Survive

4 2 + 28x160 RE 1 7 - Survive

5 2 + 34x160 RE 1 6 Pleural effusion Survive

6 1 + 30x160 RE 1 2 - Survive

7 1 + 28x160 in trunk RE 1 7 - Survive

10x50 in subclavian artery

8 0 + 28x160 RE 1 9 Pleural effusion Survive

9 0 + 31x150 RE twice - 4 - Survive
(open surgery standby)

10 0 + 28x150 Open surgery 17 Pleural effusion Survive

11 0 + 28x160 FE failed, 5 20 Mediastinitis and Survive
then open surgery pneumonia

12 3 - - FE - 2 - Survive

(open surgery standby)

DFA: distance from aorta; +: with TAVER; -: without TAVER; stent size: diameter x length; FE: flexible endoscopy; RE: rigid endoscopy.
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visible on CT, DFA less than 2 mm suggested potential or
definite AEF. In this research, DFA of all cases were less
than 2 mm, 11 of them were treated with TEVAR timely,
and all of them survived within 30 days. In addition, the
only one case whose DFA was around 2 mm was managed
by FE without TEVAR, despite open surgery stand by, and
also survived. The results indicated that TEVAR was safe
and effective in the cases with DFA less than 2 mm, and the
value may be expected to be an indication for TEVAR at
least.

Moreover, all cases in this study treated by TAVER
had satisfactory short-term and long-term outcomes, which
were associated not only with the rational use of antibiotics,
but also with the optimal procedures to prevent fatal
complications. In addition to the life-saving importance
of TEVAR to prevent the threatening aortic rupture, other
superiority was remarkable as well. TEVAR allowed EFB of
more cases to be retrieved under endoscopy, not limited to
be treated by open surgery. Grigorian et al''” demonstrated
in a study that using TEVAR had a shorter mean LOS than
using open repair in blunt thoracic aortic injury. However,
few study has compared the length of hospital or even ICU
stay between TEVAR jointed with endoscopy and TEVAR
jointed with open surgery. In the current study, the hybrid
management of TEVAR and endoscopy significantly
decreased the length of ICU and hospital stay compared with
TAVER and open surgery. As a result, the patients could
rapidly recover after minimally invasive procedures.

There were some limitations in the current study. Only
12 cases were enrolled in the final analysis, and the sample
size was not large enough to increase the risk of bias. DFA of
all cases were less or around 2 mm, so no conclusion could
be made to the cases whose DFA were more than 2 mm.

CONCLUSION
The rational application of TEVAR can be a life-saving

management for aortoesophageal foreign body injury, and
jointed with endoscopy is safe and effective with a shorter
length of ICU or total hospital stay. DFA less than 2 mm
is an important parameter, which may be considered as a
criteria for TEVAR application.
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