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Background: Flexible endoscopic cricopharyngeal myotomy and septotomy offer a minimally invasive 
transluminal option for the treatment of symptomatic Zenker’s diverticulum (ZD). There is currently no 
consensus regarding postoperative follow-up imaging. We suggest a standardized computed tomography (CT) 
esophagram protocol for radiographic evaluation of postoperative findings.
Methods: Single center retrospective analysis of patients with symptomatic ZD who underwent flexible 
endoscopic diverticulotomy and postoperative imaging with CT esophagram from January 2015 to March 
2020. An experienced radiologist blinded to the initial imaging reports prospectively interpreted all CT 
esophagram findings, in order to minimize bias.
Results: Twenty-one patients underwent CT esophagram following flexible endoscopic diverticulotomy for 
ZD. Diverticulotomy was technically successful in all patients. Most common findings on imaging included: 
atelectasis (13/21; 62%), persistent esophageal diverticulum (7/21; 33%), pneumomediastinum (3/21; 14%), 
aspiration (2/21; 10%), and extraluminal air and contrast extravasation consistent with focal esophageal 
perforation (1/21; 5%). 
Conclusions: We describe a standardized, simple, and accessible CT esophagram protocol for 
postoperative imaging of patients with post-flexible endoscopic cricopharyngeal myotomy and septotomy 
for ZD. CT esophagram facilitates a definitive exclusion of focal esophageal perforation as a postoperative 
complication of flexible endoscopic diverticulotomy by ruling out extraluminal air and contrast extravasation.
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Introduction

Zenker’s diverticulum (ZD) is a hypopharyngeal acquired 
anatomic defect that may affect quality of life by causing 
classic symptoms of cough, dysphagia, food trapping, 
regurgitation, and weight loss. Previously managed almost 
exclusively through open surgery or transoral rigid stapled 
diverticulotomy, now symptomatic ZD is increasingly 
treated via flexible endoscopic cricopharyngeal myotomy 
and septotomy (a.k.a. diverticulotomy) (1-4). Flexible 
endoscopic diverticulotomy offers a minimally invasive 
transluminal approach for ZD intervention through 
a natural orifice and has been associated with high 
symptomatic response rate and low incidence of adverse 
events (5). Nonetheless, serious adverse events, most 
frequently related to perforation, can occur, which may lead 
to abscess formation, mediastinitis, and bronchoesophageal 
fistulas (6,7). Common modalities used to detect perforation 
include water-soluble or barium swallow esophagrams, 
but objective findings on these traditional exams correlate 
poorly with clinical symptoms such as fever, neck pain, and 
dysphagia (8-10). Therefore, true perforation detected on 
post-intervention imaging can allow for earlier diagnosis 
and intervention. 

Computed tomography (CT) esophagram involves 
imaging of the neck, chest, and upper abdomen with the 
administration of oral contrast medium. This imaging 
modality has been used to evaluate for leak after peroral 
endoscopic myotomy (POEM) procedure or when 
esophageal perforation is clinically suspected (post-trauma, 
post-surgical, foreign body ingestions) (11,12). In POEM, 
postprocedural CT esophagram has been shown to offer 
several advantages. Firstly, utilizing oral contrast allows 
for a presumed greater sensitivity to detecting esophageal 
mucosal abnormalities as compared to video fluoroscopy. 
Secondly, by scanning multiple regions, abnormalities in 
the neck, mediastinum, lungs, and upper abdomen may be 
detected. Thirdly, unlike video fluoroscopy, CT esophagram 
does not require the presence of a radiologist to perform the 
study, which may potentially increase availability of imaging 
at all hours (11). However, data on the performance of CT 
esophagram for postoperative imaging of other conditions 
is limited. In this study, we report the radiographic findings 
on CT esophagram in patients following flexible endoscopic 
cricopharyngeal myotomy and septotomy for symptomatic 
ZD. We present the following article in accordance with 
the STROBE reporting checklist (available at https://tgh.
amegroups.com/article/view/10.21037/tgh-20-269/rc). 

Methods

Patient population

The study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study was approved by 
the Institutional Review Board at the University of Florida 
(IRB202001012). This was a retrospective cohort study, and 
all patients signed informed consent for the procedure prior 
to therapeutic endoscopy. Inclusion criteria involved: (I) 
patients ≥18 years old with documented symptomatic ZD 
based on preoperative imaging and/or upper endoscopy; (II) 
patients who underwent flexible endoscopic cricopharyngeal 
myotomy for symptomatic ZD therapy; (III) flexible 
endoscopic procedures occurring between January 2015 
and March 2020 for therapy of symptomatic ZD; (IV) 
patients receiving postoperative CT esophagram during 
the same hospital admission. All patients who received this 
endoscopic therapy for symptomatic ZD also obtained a 
postoperative CT esophagram; therefore, all patients that 
were treated were included. ZD length was measured based 
on baseline preoperative diagnostic imaging, which included 
video fluoroscopy, upper endoscopy, and CT. 

Flexible endoscopic diverticulotomy of ZD

Patients were kept nil per os  (NPO or nothing by 
mouth) on the day of the procedure. The procedure 
was done under general anesthesia. The endoscope was 
fitted with a distal attachment cap (Olympus America, 
Center Valley, Pennsylvania, USA) to better isolate the 
septum separating the true esophageal lumen from the 
diverticulum. Electrosurgical knives were used to incise 
the cricopharyngeal muscle and diverticular septum as 
previously described (13). The use of clips to approximate 
the incision edges at the conclusion of the diverticulotomy 
was performed at the discretion of the endoscopist. Patients 
were administered intravenous antibiotics (ampicillin-
sulbactam 1.5 g or ciprofloxacin 400 mg) intraoperatively 
and remained on oral prophylaxis following the procedure 
for a duration of 5 days total. All patients were admitted for 
overnight observation and postoperative CT esophagram.

Postoperative CT esophagram

Following endoscopy, patients were kept on strict NPO until 
CT esophagram was performed on either postoperative day 
(POD) 0 or 1 to exclude extraluminal contrast extravasation 
(i.e., esophageal perforation) and allow the safe transition 
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to oral feeding. The CT esophagram consisted of a scan 
from the neck through the stomach before and after oral 
administration of 50 milliliters of iohexol divided into two 
portions, the second of which contained simply thick nectar. 
No intravenous contrast was given. Thin slice axial images 
were acquired with 1 mm reconstruction. Coronal and 
sagittal reconstructions were performed at the workstation 
(Visage Imaging, San Diego, California, USA). In order 
to minimize potential operator bias on existing radiologist 
interpretation summaries, a separate abdominal radiologist 
(L.L.M.) blinded to the initial imaging interpretations 
prospectively performed an independent evaluation of all 
CT esophagrams at the time of manuscript preparation 
(Figure 1). Severity of findings were described, as per the 
interpreting radiologist. Discrepancies were resolved 
by consensus, involving a second abdominal radiologist 
(J.R.G.), if necessary.

Diet was progressed to clear liquids on POD 1 if the 
CT esophagram was negative for extraluminal contrast 
extravasation. At the time of hospital discharge, patients 
were instructed to remain on a full liquid diet for 1 week 
before advancing to a mechanical soft diet for an additional 
week prior to finally advancing to a diet tolerated ad lib. 

Outcome measures

The primary outcome was to characterize postoperative 
findings on CT esophagram following flexible endoscopic 
diverticulotomy for ZD. Findings on CT were considered 
clinically significant when a follow-up investigation or 
change in clinical care were triggered based on radiographic 
findings. Secondary outcomes included rate of technical 
success of the flexible endoscopic diverticulotomy, 
defined as the ability to complete flexible endoscopic 
diverticulotomy for ZD within one session. Adverse events 
were assessed based on previously established criteria by 
the American Society for Gastrointestinal Endoscopy  
(ASGE) (14).

Statistical analysis

Summary data were expressed as the mean ± standard 
deviation (SD) for variables with a standard distribution, 
and the median and range for variables with a skewed 
distribution. Frequencies and percentages were calculated 
using basic descriptive statistics. Analysis was conducted 
using GraphPad Prism 8.3.0 for Windows (GraphPad 
Software, San Diego, California, USA).

Results

Patient demographics

A total of 21 patients (52% men; mean age 73±9.4 years) 
with symptomatic ZD underwent flexible endoscopic 
diverticulotomy followed by postoperative CT esophagram 
during the study period. Median duration of symptoms 
prior to intervention was 36 months (range, 8–168 months). 

Most  cases  of  ZD were  d iagnosed at  base l ine 
through video fluoroscopy or in combination with 
esophagogastroduodenoscopy (EGD) (19; 90%). One 
patient had previously undergone POEM for type II 
achalasia in 2015. Two referred cases from otolaryngology 
had history of aborted attempts at transoral rigid stapled 
diverticulotomy due to a retrognathic mandible and an 
unfavorable distal location of the ZD, respectively (Table 1). 

Flexible endoscopic diverticulotomy of ZD

Procedural characteristics are summarized in Table 2. The 
procedure was technically successful in 100% of the cases 
(Figure 2). CO2 insufflation was used in 100% of the cases. 
The mean total procedure time was 32±12.9 minutes. 
Diverticulum length was described on preoperative baseline 
imaging in 13 patients with a median length of 25 mm 
(range, 15–60 mm). The scissors-type electrosurgical knives 
Clutch Cutter (DP2618DT-35 Fujifilm Endoscopy, Wayne, 
New Jersey, USA) and Stag Beetle (SB) (Olympus America, 
Center Valley, Pennsylvania, USA) were used in most cases 
(20; 95%) (Table 2). One case used the SB Junior knife. In 
another case, both Clutch Cutter and Insulated tip type 
2 (IT2) (Olympus America, Center Valley, Pennsylvania, 
USA) electrosurgical knives were utilized. Endoscopic 
clipping (mean 3 clips; SD 1.5; range, 0–6) to appose the 
edges of the diverticulotomy was performed in 20 patients 
(95%). Nearly all (20/21; 95%) were able to resume 
liquids by mouth on POD 0 or 1 in the absence of contrast 
extravasation/suspicion for leak on postoperative CT 
esophagram. The mean length of stay was 2±1.1 days.

Adverse events

There were no immediate intraoperative or postoperative 
adverse events in 20 of 21 patients (95%). One patient (a 
61-year-old man) experienced throat pain and productive 
cough in addition to developing fever and tachycardia 
approximately 10 hours after diverticulotomy. No 
hemostatic clips had been placed at the conclusion of 
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this procedure. Although no evidence of esophageal 
perforation was visible endoscopically during the procedure, 
extraluminal air and contrast extravasation were identified 
on postoperative POD 1 CT esophagram (Figure 3) 
obtained 14 hours after endoscopy. The patient remained 
NPO, received three days of intravenous antibiotics as 
part of a total 10-day antibiotic regimen, and underwent 
laparoscopic gastrostomy tube placement for nutritional 
support. Outpatient CT esophagram confirmed resolution 
of perforation, and the patient was able to resume oral diet 
43 days after initial procedure. 

Postoperative CT esophagram findings

All 21 patients underwent CT esophagram after flexible 
endoscopic diverticulotomy on POD 0 (6/21; 29%) or on 
POD 1 (15/21; 71%). The most common postoperative 
findings included: atelectasis (13/21; 62%), residual 
esophageal diverticulum (7/21; 33%), pulmonary infiltrate 
without consolidation (3/21; 14%), pneumomediastinum 
(3/21; 14%), and subcutaneous emphysema (3/21; 14%). 
Other notable postoperative findings were relatively 
infrequent and mild, including aspiration (2/21; 10%), 

Figure 1 Computed tomography (CT) esophagram data collection form.
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pneumothorax (1/21; 5%), and pneumoperitoneum (1/21; 
5%). Aspiration was defined as visualization of contrast 
entering the subglottic lower respiratory tract (15). Pleural 
effusion and pericardial effusion were described in 2/21 
or 10% of patients each, respectively. As previously noted, 
extraluminal air and contrast extravasation was identified 
in one patient (Table 3). Other incidental findings on 
CT esophagram were referred for follow-up with each 
patient’s primary care provider (Table 4). One patient had 
findings on inpatient postoperative CT esophagram of both 
pneumothorax and pneumomediastinum. CT esophagram 
on POD 1 had revealed a tiny left apical pneumothorax 
and mild pneumoperitoneum, pneumomediastinum, 
and subcutaneous emphysema. These were considered 
procedure-related findings and may be attributable to CO2 

insufflation into these regions during flexible endoscopic 
diverticulotomy. In this patient, these findings were self-
limiting and did not translate into clinical adverse events, as 
CO2 is spontaneously reabsorbed (16).

Conclusions

Although a relatively uncommon occurrence overall, ZD 
is the most frequently encountered type of esophageal 
diverticulum (17,18). In our study of patients undergoing 

f lexible  endoscopic  divert iculotomy for  ZD, CT 
esophagram was used as the standard postoperative 
imaging modality. Both procedure-related and additional 
findings were identified and triaged by acuity. Our study 
comprehensively details postoperative radiographic 
findings after flexible endoscopic diverticulotomy, which 
are important to know for gastroenterologists, radiologists, 
and surgeons alike, to differentiate procedural complication 
from anticipated postoperative imaging changes. In 
addition, CT esophagram facilitates definitive exclusion 
of esophageal perforation as a postoperative complication 
of flexible endoscopic diverticulotomy by ruling out 
extraluminal air and contrast extravasation.

There is widespread acceptance for symptomatic patients 
undergoing video fluoroscopy (ex. barium esophagram) to 
aid in diagnosis of ZD (2,19). On the other hand, there is no 
consensus on the optimal postprocedural imaging strategy 
in patients who undergo treatment of ZD. Huberty et al. 
described postoperative same-day barium esophagram to 
exclude esophageal perforation and subsequently allow oral 

Table 1 Baseline patient demographics (total n=21)

Characteristics Number

Age, mean ± SD; years 73±9.4

Gender, male: female 11:10

Symptom duration, median [range]; months 36 [8–168]

Baseline diagnostic imaging for ZD

Video fluoroscopy 8 (38%)

EGD 3 (14%)

CT 1 (5%)

Video fluoroscopy & EGD 8 (38%)

Video fluoroscopy & EGD & CT 1 (5%)

Prior treatment for ZD

None 18 (86%)

CO2 laser ablation 1 (5%)

Transoral rigid stapled diverticulotomy attempt 2 (10%)

SD, standard deviation; ZD, Zenker’s diverticulum; EGD, 
esophagogastroduodenoscopy; CT, computed tomography; 
CO2, carbon dioxide.

Table 2 Endoscopic procedural and hospitalization specifications 
(total n=21)

Variables Number

Procedural success rate 21 (100%)

Procedure time, mean ± SD; min 32±12.9

Diverticulum length, median [range]; mm (n=13) 25 [15–60]

Distance from incisors, mean ± SD; cm (n=6) 17±2.3

Type of endoscopic knife

Clutch Cutter 15 (71%)

IT2 1 (5%)

Clutch Cutter & IT2 1 (5%)

SB 3 (14%)

SB Junior 1 (5%)

Endoscopic hemostatic clips used, median [range] 4 [0-6]

Immediate postoperative adverse event 1 (5%)

CT esophagram postoperative day #

0 6 (29%)

1 15 (71%)

Time to oral diet resumption, median [range]; days 1 [0–43]

Total hospital stay, mean ± SD; days 2±1.1

SD, standard deviation; IT2, insulated tip type 2, SB, stag 
beetle, CT, computed tomography
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diet resumption (20). Other reports suggest no immediate 
postoperative imaging if patients remain asymptomatic, 
instead opting for scheduled surveillance upper endoscopy 
in 3 months after hospital discharge (21,22). Indeed, there 
is no clear guideline regarding postoperative imaging even 
in the surgical literature describing transoral rigid stapled 
diverticulotomy. Dissard et al. described 16% of 50 patients 

obtaining a postoperative cervicothoracic CT scan in their 
retrospective cohort review (23). 

CT esophagram has multiple advantages compared to 
standard video esophagography. In our institution, CT 
esophagram is readily available at all times—including 
nights and weekends—and can be performed by a CT 
technician without a radiologist present at the time of 
scan. The CT esophagram scans multiple body regions 
promoting detection of abnormalities in the mediastinum, 
lungs, and upper abdomen. Finally, utilizing both thick and 
thin oral contrast mediums may carry a greater sensitivity 
to detecting serious complications that may otherwise be 
missed, such as microperforations or abscesses (11). In our 
study, postoperative CT esophagram revealed extraluminal 
air and contrast extravasation consistent with esophageal 
perforation in a patient in whom no evidence of adverse 
events was detected at the conclusion of the procedure. 
Prompt detection allowed swift triage and intervention. 
Furthermore, the routine use of CT esophagram has 
allowed us to identify and characterize other postoperative 
findings that would otherwise be missed with traditional 
video fluoroscopy or no imaging at all. In our study, 
atelectasis and aspiration were seen in 62% and 10% of our 
patients, respectively. As a result, our postoperative protocol 
has expanded to include patient activity instructions to 
remain out of bed every two hours on the day of the 
procedure as well as providing an incentive spirometer for 
use every two hours while awake. Additionally, intravenous 
antibiotics are routinely scheduled while the patients remain 
NPO on the day of procedure. Once the CT esophagram 
excluded perforation, antibiotics were transitioned to 
oral equivalent formulations to complete a total five-day 
prophylactic course.

This study comprises several strengths. First, our 
series serves as the first CT esophagram protocol of ZD 
offering similar advantages to that previously described of 
CT esophagram after POEM (11). Second, we account 
for potential sources of variability. Discrepancies in initial 
imaging interpretations were bypassed by an unbiased 
radiologist independently interpreting each CT esophagram. 
Third, all cases described in the study met specific inclusion 
criteria, underwent the same flexible endoscopic procedure 
and completed imaging promptly by POD 1. All patients that 
received flexible endoscopic therapy for symptomatic ZD 
also received CT esophagram and were included, therefore 
precluding the risk for selection bias.

Limitations include the small sample size of patients 
within a single institution. Nevertheless, our study had 

A

B

C

Figure 2 Endoscopic views of flexible endoscopic diverticulotomy 
for Zenker’s diverticulum. (A) Endoscopic view of Zenker’s 
diverticulum and septum (bottom arrow) separating true from false 
lumen (left arrow). (B) Endoscopic view after septotomy performed 
with Clutch Cutter electrosurgical scissors. (C) Completed 
septotomy with hemostatic clips placed to appose defect.
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a near 1:1 male to female ratio with patients at an age 
range classically associated with ZD. The retrospective 
nature of our study precludes statistical comparison of 
CT esophagram to other imaging methods. Finally, a 
postoperative CT esophagram protocol can provide greater 
detail about both clinically significant and incidental 

findings but comes at an increased financial cost and 
radiation exposure. As a baseline comparison, a typical 
single contrast fluoroscopic esophagram effective radiation 
dose is approximately 5 milliSieverts (mSv), whereas CT 
esophagram can range from 7–10 mSv (24). Lastly, certain 
nonspecific incidental findings, often benign, may elicit 

Figure 3 Representative example findings on postoperative computed tomography (CT) esophagram. (A) Axial view of CT esophagram 
depicting oral contrast extravasation along the right lateral border of upper esophagus (arrow). (B) Coronal view of contained esophageal 
perforation (arrow). (C) Axial view of right upper lobe atelectasis (arrow) without oral contrast extravasation from esophagus.

A B C

Table 3 Flexible endoscopic diverticulotomy-related findings described on postoperative CT esophagram

Endoscopic septotomy-related findings on CT esophagram
Number (N=21) [%]

POD #0 (n=6) POD #1 (n=15)

Atelectasis 4 [19] 9 [43]

Persistent diverticulum 4 [19] 3 [14]

Pneumomediastinum 0 3 [14]

Subcutaneous emphysema 1 [5] 2 [10]

Tree-in-bud nodularities 1 [5] 2 [10]

Aspiration without consolidation 1 [5] 1 [5]

Pericardial effusion 0 2 [10]

Pleural effusion 0 2 [10]

Extraluminal air and contrast extravasation (i.e., focal 
esophageal perforation)

0 1 [5]

Pleural air/fluid level 0 1 [5]

Pneumoperitoneum 0 1 [5]

Pneumothorax 0 1 [5]

Hematoma 0 0

Hemothorax 0 0

Esophageal intramural air 0 0

Pneumopericardium 0 0

CT, computed tomography; POD, postoperative day.
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Table 4 Additional findings described on postoperative CT esophagram identified by organ system

Organ system Additional findings on CT esophagram Number (N=21) [%]

Cardiovascular Aortic aneurysm 1 [5]

Aortic calcifications/atherosclerosis 6 [29]

Cardiomegaly 2 [10]

Coronary calcifications/atherosclerosis 10 [48]

Pulmonary artery enlargement 1 [5]

Pulmonary Granulomas 2 [10]

Ground-glass opacities 5 [24]

Lung nodules 5 [24]

Gastrointestinal/hepatic Ascites 1 [5]

Cholelithiasis 3 [14]

Diverticulosis 2 [10]

Hepatic cysts 1 [5]

Hepatic hypodensities 1 [5]

Hepatic steatosis 2 [10]

Hiatal hernia 3 [14]

Pancreatic atrophy 3 [14]

Splenic granuloma 1 [5]

Renal Nephrolithiasis 2 [10]

Renal cysts (simple) 4 [19]

Endocrine Gynecomastia 1 [5]

Thyroid nodule 1 [5]

Hematologic/lymphatic Mediastinal/hilar lymphadenopathy 3 [14]

Musculoskeletal DISH 1 [5]

Scoliosis 1 [5]

Vertebral compression deformity 2 [10]

Other 2 [10]

CT, computed tomography; DISH, diffuse idiopathic skeletal hyperostosis.

subsequent evaluation that may not necessarily be indicated 
in the absence of any associated clinical findings. The 
majority of the postoperative CT esophagram findings 
were procedure-related and self-limiting. It is plausible that 
the timing of the postoperative CT esophagram may have 
influenced a portion of these self-limiting imaging findings.

Larger studies in postoperative ZD patients with head-
to-head comparisons between CT esophagram and video 
esophagography are needed. This would allow broader 
application of our reported findings. It also would provide 

an objective comparison between the two imaging methods 
evaluating sensitivity and specificity for clinically significant 
postoperative changes. Ultimately, gastroenterologists, 
radiologists, and surgeons will need to tailor their respective 
ZD repair postoperative protocol by accounting for local 
comfort, expertise, and resources.

We conclude that CT esophagram expands on currently 
available options for postoperative imaging after flexible 
endoscopic diverticulotomy of ZD. The advantages of CT 
esophagram, including its ease of use and fidelity to describe 
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postoperative detail, may prove valuable in a patient’s 
clinical course.
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