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Abstract
Objective: To retrospectively analyze and discuss the characteristics of the pathogenesis, diagnosis and treatment of esophageal �stula after anterior cervical
surgery.

Methods: A retrospective analysis of the clinical data of 5 patients complicated with esophageal �stula after anterior cervical surgery in our hospital from
January 2003 to December 2018 was performed.

Results: Of the 5 patients, 3 died of severe pulmonary infection and sepsis after conservative treatment, and 2 patients healed after surgery performed for
debridement and internal �xator removal.

Conclusion: Esophageal �stula after anterior cervical spine surgery is a rare and serious complication with a high mortality rate. Surgical debridement and
removal of the internal �xator accompanied by other active treatment measures can achieve good curative effects and signi�cantly improve the outcomes of
patients.

Background
Esophageal �stula is a rare but serious complication after anterior cervical surgery and was �rst reported by Balmaseda in 1985[1]. The incidence of
esophageal �stula after anterior cervical surgery is estimated to be 0.04%~0.25% according to the previous relevant literature[2-6]. Despite a relatively low
incidence, esophageal �stula may result in serious consequences, such as wound infection in mild cases, mediastinal infection, pulmonary infection, and
sepsis in severe cases, and even death in the most serious cases. We analyzed the clinical data of 5 patients with esophageal �stula who underwent anterior
cervical surgery in our hospital from 2003 to 2018 and discussed the causes, diagnosis and treatment of esophageal �stula.

Materials And Methods
1. General Data: From 2003 to 2018, there were 2,789 cases of anterior cervical spine surgery with follow-up data in our hospital. Among these cases, 5
patients developed esophageal �stula, and the incidence rate of esophageal �stula was 0.18%. The 5 patients with esophageal �stula after operation were all
male, aged 22-74 years old, with an average age of 47.6 years old. Among the 5 patients, patient 4 was diagnosed with cervical spinal canal stenosis, patient 3
was diagnosed with cervical spine fracture, patients 2 and 5 were diagnosed with cervical vertebra fracture with paralysis, and patient 1 was diagnosed with
cervical vertebra dislocation with incomplete paralysis (as shown in Table 1).

2. Clinical Manifestations: According to the onset time, the disease can be divided into three classi�cations: intraoperative, early postoperative (within 30 days
after surgery) and delayed esophageal �stula (> 30 days after surgery)[7]. There were no intraoperative esophageal �stulas or delayed esophageal �stulas in
the 5 patients. Early esophageal �stulas were found in all 5 patients 3-8 days after their operations. Among them, patient 4 presented an increased drainage
volume in the operation cavity that increased obviously when drinking water one day after the operation, patient 3 showed dysphagia 3 days after the
operation, and patients 1, 2 and 5 showed incision swelling and pain within 3 days after the removal of the drainage tube, and purulent secretions appeared at
the drainage ori�ce and incision site.

3. Diagnosis: In addition to the clinical manifestations, the main diagnostic approaches of this group of patients include the following: (1) Oral administration
of methylene blue solution: After oral administration, methylene blue solution can be exuded from the incision or the drainage tube opening. All 5 patients
were given oral methylene blue solution, and methylene blue was seen exuding from the incision or from the drainage tube opening. (2) Gastroscopy: Among
the 5 patients, considering their conditions, patients 2, 3 and 4 were treated with gastroscopy. Gastroscopy revealed esophageal �stula in all 3 patients;
patients 2 and 3 presented only esophageal mucosal damage, and the underlying metal internal �xator was directly observed through the esophageal �stula
in patient 4 (as shown in Figure 1a, 1b, 1c). (3) Esophagogram: Patient 1 underwent an esophagogram, but no obvious contrast agent leakage was observed
(as shown in Figure 2a, 2b). However, the presence of  gas shadow near the surgical segment of the cervical spine in positive and lateral cervical radiographs
(as shown in Figure 2c, 2d), and the presence of abnormal soft tissue density shadow by CT or MRI (as shown in Figure 3) should be highly suspected to be
associated with esophageal �stula.

4. Therapeutic approaches: Once the symptoms of suspected esophageal �stula after operation were identi�ed, fasting and drinking were forbidden
immediately. A gastric tube and jejunal tube were placed, nasogastric enteral was implemented, and systemic anti-infection agent administration, �uid
infusion, incision dressing changes and other treatments were carried out. Among the 5 patients, patients 2, 4 and 5 received the conservative treatment
mentioned above, and patients 1 and 3 underwent another operation to remove the internal �xator 6-8 weeks after the initial cervical spine surgery.

5. Standard of healing: The standards of healing were as follows: (1) oral methylene blue did not �ow out through the incision or drainage tube opening; (2)
the �stula appeared healed under gastroscopy; (3) there was no obvious leakage of contrast agent in the esophagogram; and (4) the incision healed well.

Results
1. The clinical data of the 5 patients (as shown in Table 1).

Table 1. The clinical data of the 5 patients
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Patient Case 1 Case 2 Case 
Sex Male Male Male

Age 74 22 54
Operation C6 ACCF Open

reduction+C6
ACCF

Open

Operation
time

3 h  2 h 37 min 1 h 50

Operative
levels

C5-C7 C5-C7 C5-C6

Clinical
manifestations

Redness and swelling in the incision, pain Redness and
swelling in
the incision,
purulent
secretion and
pain at the
incision and
drainage
tube opening

Dysph

Main
diagnosis

C5 vertebral dislocation with incomplete paralysis;  Type 2 diabetes 1. Cervical
spine
fracture (C6,
C7); 2.
Cervical
spinal cord
injury with
paralysis

1. Cer

Treatment
Conservative treatment + surgical treatment (debridement + removal of the internal fixator) at 6 weeks after the initial operation

 

Conservative
treatment C

 

Outcomes Cured Died Cured
       

 

2. Outcome: Of the 5 patients in this study, patient 1 and 3 were cured after treatment and discharged from hospital; the 2 cured patients both healed after the
second operation. The �nal outcome of patient2, 4 and 5 were death. The cause of death was considered to be severe pulmonary infection, septic shock,
sepsis and systemic multiple organ failure after surgery.

Discussion
1. Incidence of esophageal �stula after anterior cervical surgery: Of the 2789 cases of anterior cervical surgery, a total of 5 patients developed esophageal
�stula after anterior cervical surgery, with an incidence of 0.18%. After Balmaseda �rst reported this complication in 1985, scholars locally and abroad have
conducted relevant research on this disease. In 1989, Newhouse reported a total of 22 cases of esophageal �stula, with an incidence rate of 1.49%[5]. In 2000,
Gaudinez[8] reported 44 cases, with an incidence rate of 0.25%. In 2003, domestic scholar Chen Xiongsheng[6] reported 2 cases of postoperative esophageal
�stula, with an incidence rate of 0.06%, and in 2005, the incidence rate reported by Jin Dadi[9] was 0.24%. In general, with the gradual clinical progression of
anterior cervical surgery, the incidence of esophageal �stula after anterior cervical surgery is gradually decreasing, which is attributable to the improvements in
surgical pro�ciency and the improvements in internal �xation materials.

2. Causes and high-risk factors: According to the relevant literature, the causes of esophageal �stula after anterior cervical surgery can be divided into three
categories. The �rst category is iatrogenic injury. Early postoperative esophageal �stula is usually caused by the compression of the esophagus by surgical
instruments for too long or the inadvertent injury of the esophageal tissue by sharp surgical instruments during the operation. The occurrence of late
esophageal �stula is usually related to the loosening, dislodging and moving of internal �xators[3].The second category is trauma. The incidence of
esophageal �stula after cervical spine fracture is signi�cantly higher than that associated with cervical degenerative diseases. Among 44 patients with
esophageal �stula reported by Gaudinez[8], 34 cases were caused by cervical spine fracture; esophageal �stula might be induced by inappropriate neck
movement, falls and postoperative bronchoscopy or gastroscopy.The third category is surgical segment. Esophageal �stula complications after anterior
cervical surgery occur mostly in patients who undergo operations of the C3-C6 segments and is related to the anatomical factors of the esophagus.
Anatomically, the esophageal wall is thin (only 3-4 mm in thickness); hence, mechanical entrapment easily induces ischemia and necrosis in this region[10].
Approximately 50% of esophageal injuries are reported to occur in the cervical segments associated with the esophagus, which is mainly composed of striated
muscle with a mucosal lining and no serosa on the surface[11]. In addition, the upper and lower triangles of the pharyngeal muscles in the posterior wall of the
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esophagus (Killian’s triangle and Laimer’s triangle) are the most vulnerable regions of the esophagus to disease and the most common site of cervical
esophageal injury (as shown in Figure4). Additional high-risk factors are as follows: elderly patients, patients with a poor general condition of the whole body;
patients with complications of other basic diseases that are not conducive to postoperative recovery; and patients with a history of previous neck surgery are
all at high risk for the onset of esophageal �stula.Among the 5 patients included in this study, there was no intraoperative esophageal �stula and no obvious
evidence of operative injury or improper operation. After consideration, the possible high-risk factors for esophageal �stula development in this study may be
as follows:  patients 1, 2, 3 and 5 had cervical spine fractures caused by trauma. According to the literature, esophageal �stula complications after anterior
cervical spine surgery mostly occur in patients with cervical spine fractures[12-15]. Consequently, cervical spine fracture was an important factor in the
occurrence of esophageal �stula in these 4 patients. Chronic or blunt injury to the esophagus in the process of cervical spine fracture caused by trauma can
initiate the development of esophageal �stula in the thin posterior wall of the esophagus.  The cervical spine segments that were injured and operated on
were located on the relatively weaker site of the esophageal wall in all 5 patients.  Patients 3 and 5 had cervical spine fractures combined with ankylosing
spondylitis, which had a long disease course, and the patients had not undergone systematic treatment. According to the pathological characteristics of
ankylosing spondylitis, the bone usually becomes brittle and hard, and the compact and sharp fractured section and small fracture fragments easily damage
the esophagus when a fracture occurs. When fracture occurs, the compact and sharp fractured section and small fracture fragments may result in a high risk
of damage to the esophagus[16]. Furthermore, patient 1 was diagnosed with type 2 diabetes after admission, with no systematic diagnosis and treatment in
the past, and presented poorly controlled blood glucose levels. During hospitalization, the blood glucose level of the patient �uctuated between 14.5 and 9.1
mmol/L, which was considered high. The lack of effective blood glucose control in patients with diabetes is a signi�cant factor in the poor healing of surgical
incisions and �stulas[17]. Patient 4 had a history of cervical spine trauma and internal �xator implantation 2 years previously. The reason for this admission
was that he fell and suffered another neck injury. Intraoperative exploration of the cervical internal �xation and esophageal space revealed purulent secretions,
and an intraoperative diagnosis of “vertebral osteomyelitis” (delayed infection after cervical spine surgery) was made. The existence of a previous long-term
metal internal �xator and in�ammation, as well as scar formation in the operated area, can all cause tissue damage in the posterior esophageal wall, which is
a high-risk factor associated with esophageal �stula[18].

3. Diagnosis: (1) Clinical manifestations: The earliest manifestations are usually dysphagia, redness and pain at the incision, increased drainage volume, and
purulent secretion at the incision and drainage ori�ce. However, the above clinical manifestations are not unique in postoperative patients with esophageal
�stula. Nevertheless, it should be noted that a sudden increase in drainage �uid after drinking water or the leakage of food residue after eating can be
regarded as speci�c manifestations of esophageal �stula after anterior cervical surgery. When in�ammation cannot be controlled, in�ammation quickly
develops along the mediastinum, which may further lead to mediastinal infection, pulmonary infection, and even sepsis and multiple organ failure, eventually
leading to death. (2) Auxiliary examinations and tests:  Oral administration of methylene blue solution: Oral methylene blue administration is the simplest
and most accurate test in the early stage of suspected esophageal �stula and before relevant imaging examinations are performed.  Positive and lateral X-
rays of the cervical spine: The main manifestations of esophageal �stula on positive and lateral X-rays of the cervical spine are subcutaneous edema of the
neck, changes in the anterior space of the vertebral body, and displacement of the internal �xator and bone graft. However, the sensitivity of X-ray examination
for the diagnosis of esophageal �stula was only 72%[9].  Digital upper gastrointestinal radiography: Digital upper gastrointestinal radiography can directly
con�rm the occurrence of esophageal �stula, and the diffusion range of the contrast agent can help to determine the location of the esophageal �stula and
the extent of purulent secretion diffusion.  CT and MRI: CT and MRI can be used to evaluate the size of the abscess cavity and show the status of the internal
�xator, bone graft and surrounding bone structure. According to the research of White[19], the gas outside the esophageal leak is the most de�nite atypical
clinical manifestation of esophageal leakage. Additionally, MRI is the gold standard for diagnosis when esophageal �stula is accompanied by vertebral body
infection; its sensitivity is 96%, and its speci�city can be as high as 93%[20]. However, it is necessary to carefully determine whether the patient can tolerate a
prolonged CT or MRI examination.  Gastroscopy: The position and surrounding conditions of the �stula can be directly observed. However, this examination
is not recommended for patients after internal cervical spine �xation because it can miss new posterior pharyngeal wall and esophageal �stulas caused by
reinjury of the posterior pharyngeal wall and esophagus due to improper operation[21]. Additionally, the sensitivity of gastroscopy is only 64%, despite a high
speci�city[9]. According to relevant research reports, in�ammation of the esophagus during endoscopy may lead to adverse consequences, such as the spread
of infection in the mediastinum and enlargement of the esophageal �stula[22]. In general, the oral administration of methylene blue solution can be adopted
�rst in the case of suspected postoperative esophageal �stulas. Esophageal �stula can be diagnosed initially if the methylene blue solution exudes from the
incision. Then, further examinations, such as gastroscopy, can be selected according to the patient's condition.

4. Treatment: On the basis of relevant reports, there are still large differences in the treatment of postoperative esophageal �stula. On the one hand, according
to the opinions of some experts and scholars who support conservative treatment, patients with esophageal �stula after cervical anterior cervical surgery can
be treated by solid and liquid fasting, active dressing changes, intravenous antibiotic administration, indwelling of a gastric tube, and nasogastric enteral
nutrition combined with intravenous nutrition to achieve natural �stula healing. On the other hand, some experts and scholars who support surgical treatment
think much attention should be paid to the nonhealing of the �stula caused by the compression of tissues around the �stula by the internal �xator. Surgical
removal of the internal �xator and thorough debridement of the operative cavity may be performed if the patient's basic conditions allow. Timely operation
may contribute to the healing of the esophageal �stula[21]. In the patients in this study, two were treated conservatively for 6-8 weeks, but the �stula did not
heal. They were treated with “debridement + removal of the internal cervical vertebra �xator”. Intraoperative exploration showed screw loosening and plate
displacement, obvious compression by the displaced plate on the posterior wall of esophagus, and marked in�ammation in the tissues around the plate.
Esophageal �stula repair was not performed due to the small size of the �stula. The operation proceeded successfully, and the patients were treated
continuously with nasogastric enteral nutrition combined with intravenous nutrition postoperatively. After surgery, the incision exudation was alleviated
gradually. Finally, the 2 patients were discharged from the hospital with esophageal �stula healing con�rmed by the oral administration of methylene blue
solution, upper digestive tract digital radiography and electronic gastroduodenoscopy (as shown in Figure 1d). However, due to pulmonary infections, the other
3 patients who underwent conservative treatment showed gradual aggravation of the infections and eventually developed severe pneumonia, sepsis, shock,
multiple organ failure and �nally death despite treatments with intravenous antibiotics.
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We analyzed the treatment process of the three patients as well as relevant literature reports. In the case of the 3 patients who actively received intravenous
systemic antibiotic therapy, the infection of multiple organs was not alleviated and even became incrementally worse. We consider that the reason for the
above situation was the long-term existence of infection around the cervical esophageal �stula, which caused the systemic intravenous antibiotic therapy to
fail at achieving satisfactory results. However, according to the literature reports, patients complicated with esophageal �stula after anterior cervical surgery
still have a 20-25% probability of abscess formation after conservative treatment, and the �nal mortality rate can reach 18%[23,24]. Therefore, we advocate
active treatment for patients complicated with esophageal �stula after anterior cervical surgery.

In patients with esophageal �stula complications after anterior cervical surgery, the �stula does not heal for a long time, and secondary surgery should be
performed as soon as possible to remove the internal �xator. The main reasons for active surgical treatment are as follows: (1) The metal internal �xator will
exert a certain pressure on the posterior wall of the esophagus that may cause ischemia of the �stula tissue and lead to poor blood supply in the �stula. Under
low blood supply conditions in the tissue around the �stula, long-term nonhealing or even further expansion of the �stula may occur. (2) The internal �xator is
generally a foreign metal body, and patients may present different degrees of rejection to the metal internal �xator. When such stimulation exists for a long
time, it will often lead to a persistent �stula[25]. (3) The metal internal �xator very easily becomes the site of bacterial colonization in cases of incision and
cavity infections. Timely removal of the internal �xator is helpful to promote infection control and is bene�cial for systemic anti-infection treatments.

Therefore, after a certain period of conservative treatment, when �stula healing is poor, nonexistent or becomes worse, surgical conditions should be
implemented for the patient as soon as possible. The compression and stimulation of the posterior esophageal wall by the internal �xator can be relieved by
removing the metal internal �xator, which is often a steel plate, and the surgical cavity should be thoroughly washed and debrided during the operation. The
existing infection should be removed as much as possible, and the neck should be externally �xed with a neck brace after the second operation. Active
surgical treatment can obviously promote the healing of esophageal �stula.

In conclusion, esophageal �stula after anterior cervical surgery is a rare but serious postoperative complication with extremely high mortality. The mortality
rate in this group of patients was 60%, while according to reports from domestic and foreign studies, the mortality rate of esophageal �stula after anterior
cervical surgery is 9-45%[13]. Because its clinical manifestations sometimes lack speci�city, it is necessary to �nd, diagnose and treat it as early as possible.
Regarding treatment, through the analysis of the diagnosis and treatment of the 5 rare cases in this group, we suggest adopting a more active surgical
treatment scheme as much as possible and promoting the healing of esophageal �stula through the removal of internal �xators and thorough debridement.
Active surgical treatment is important for curing esophageal �stula and improving the prognosis of anterior cervical surgery.
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