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 Introduction

The treatment of dysphagia associated with Zenker diverticula (ZD) has evolved 
since its description by Zenker and Ziemssen [1]. While initial attempts were made 
to manage these transorally, these efforts were largely abandoned because of 
limitations in exposure and concerns for patient safety. For many years through the 
early 1900s, surgeons approached Zenker diverticula through a transcervical 
approach in order to control the alimentary tract and drain expected fistulae. As 
recovery was protracted and complications such as fibrosis, fistula formation, and 
recurrent laryngeal nerve injury continued to occur, a less invasive—yet efficacious—
method of surgical correction was sought through the latter half of the twentieth 
century. As a result of modifications in technique, equipment, and imaging, most 
surgeons now choose to manage ZD through endoscopic means, with open 
techniques reserved for ever fewer challenging cases.

 Historical Considerations

Early attempts at diverticulotomy by an endoscopic approach were initiated in the 
early twentieth century. Jackson was the first to report his experience with 
esophagoscope-assisted diverticulectomy in 1915 [2]. This first attempt was a 
combined endoscopic and transcervical procedure, using a standard esophagoscope 
to remove retained debris from within the diverticulum, present and transilluminate 
the diverticulum through the external wound, and maintain the esophageal lumen 
during esophageal closure. Though the diverticulum was still excised in a 
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transcervical fashion, this represented the first effort to use endoscopic techniques 
during diverticulectomy. Two years later, Mosher was the first to attempt an entirely 
endoscopic approach. During this procedure, the esophagoscope was used to 
visualize the diverticulum, and a surgical knife was used to cut the cricopharyngeal 
bar through the esophagoscope [3]. As visualization of the cricopharyngeal bar was 
limited during these procedures, the subsequent risk of mediastinitis was high. 
Indeed, the seventh patient that underwent this procedure developed mediastinitis 
and died. Thus, Mosher and other surgeons abandoned this technique in favor of 
transcervical approaches that could control leaks from the hypopharynx. Based on 
the high rate of morbidity and mortality seen in this limited experience in endoscopic 
management, open diverticulectomy remained the gold standard for the decades to 
follow. However, with advances in imaging, antibiotic therapy, optics, 
diverticuloscopes, and endoscopic tools, surgeons continued to seek safe and 
efficacious endoscopic approaches to treat ZD.

The first of these advances came in the form of exposure. By the late 1950s, 
Dohlman developed a modified esophagoscope, which displayed two “lips” (one 
placed into the esophagus and one placed into the diverticulum) allowing for 
exposure of the common diverticular and esophageal wall and the ability to place it 
on tension for more controlled surgical division. By utilizing this modified 
esophagoscope, diathermic coagulation (similar in many ways to monopolar 
electrocautery) could be utilized to divide the cricopharyngeus [4]. In Dohlman’s 
experience of nearly 100 cases, there were no cases of severe complications 
(including death or mediastinitis), and a recurrence rate of 7% was reported. This 
published experience gave more surgeons the confidence that endoscopic 
diverticulotomy could be safe and efficacious and laid the foundation for further 
development and experimentation.

With improved exposure of the cricopharyngeal bar, further modifications to 
Dohlman’s technique sought to allow even more controlled division of the 
cricopharyngeal muscle and overlying mucosa with the operating microscope [5] 
and surgical lasers (both carbon dioxide [5] and potassium titanyl phosphate [6]). 
While technically feasible and likely superior to electrosurgical endoscopic 
approaches, the use of the surgical microscope and laser was not commonly available 
and still required a great deal of skill. Surgeons continued to seek a simpler solution 
to the problem of controlled cricopharyngeal bar division. The answer came in 
1993, when both Collard and Martin-Hirsch independently published reports of 
performing a stapled diverticulotomy with an endoscopic gastrointestinal 
anastomosis stapler (Multifire Endo GIA 30, Medtronic, Minneapolis, MN) [7, 8]. 
Both reports demonstrated the safety of these instruments when applied to ZD, and 
surgeons rapidly embraced this technique. By the mid-1990s, endoscopic stapler-
assisted diverticulotomy became the procedure of choice by most surgeons for the 
treatment of ZD.

The widespread application of the endoscopic stapler was made possible through 
contemporaneous refinements to Dohlman’s original modified esophagoscope. 
Further evolution occurred with the development of the Weerda diverticuloscope 
(Karl Storz Endoscopy, Tuttlingen, Germany). Developed in Germany, this was the 
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first scope to utilize a bivalved design, in which both the proximal and distal open-
ings could be widened or collapsed (Fig. 7.1). This esophagoscope design provided 
markedly improved visualization of the common wall. This visualization was essen-
tial for application of the endoscopic stapler in many cases and allowed the diver-
ticulum wall to be placed under greater tension for division with a laser.

Despite the simplicity of the laparoscopic stapler to perform diverticulotomy and 
cricopharyngeal myotomy and its widespread application, surgeons recognized that 
this treatment was not universally effective. Difficulties in exposure and the pres-
ence of small diverticula that did not allow complete division of the cricopharyn-
geus muscle limited the use of the endoscopic stapler to a subset of intermediate-sized 
diverticula that could be suitably exposed for the 12-mm-diameter stapler. While 
some surgeons continued to use carbon dioxide lasers to address these smaller 
lesions, others sought innovative solutions to this problem. Scher and his colleagues 
used a laparoscopic suture applier to encircle the cricopharyngeus muscle on either 
side of the diverticulotomy [9]. Traction could be applied to these sutures to pull the 
cricopharyngeus muscle into the stapler for more complete division. Other innova-
tive endoscopic techniques in the twenty-first century have been reported, including 
the use of ultrasonic high-frequency transduction (Harmonic scalpel, Ethicon Inc., 
Somerville, NJ) [10] or bipolar diathermy (LigaSure, Medtronic, Minneapolis, MN) 
[11]. The Harmonic scalpel was felt to “seal” the diverticulum mucosa and submu-
cosa thus providing a safer means to divide smaller diverticula than the carbon diox-
ide laser. While reports of this technique are limited to relatively small cohorts of 
patients, the most recent evaluation of this approach suggests an unacceptably high 
complication rate to merit widespread application [12].

Outcomes for treatment of ZD via transoral means remain excellent with high 
first-treatment success and low complication rates. A large retrospective study by 
van Overbeek et al. of 545 patients treated endoscopically by a variety of tech-
niques (including diathermic electrocoagulation and carbon dioxide laser) showed 
that 91% of patients reported “high satisfaction” with the procedure [13]. A large 
meta-review published in 2004 shows a satisfactory outcome in 96% of patients 

Fig. 7.1 The Weerda diverticuloscope (Karl Storz Endoscopy, Tuttlingen, Germany). For refer-
ence, see Lang et al. [45]
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treated endoscopically, with a 6% persistence/recurrence rate and a 3% rate of 
major morbidity (including a 2.6% rate of esophageal perforation or leak) [14]. A 
recent retrospective review by Barton of 106 consecutive patients undergoing 
either laser-assisted or stapler-assisted endoscopic Zenker diverticulotomy dem-
onstrated an overall satisfaction rating of 8.2 on a 10-point scale with no major 
complications [15].

 Modern Endoscopic Approaches

Modern endoscopic techniques for safe and successful management of ZD require 
careful consideration of patient factors. Successful intervention mandates adequate 
exposure of the diverticulum and esophagodiverticular, or “party,” wall containing 
the cricopharyngeus muscle. Once exposed, a variety of techniques can be used to 
intervene upon the diverticulum in an effective manner. Following the procedure, 
cautious advancement of oral intake may be initiated, or imaging should be obtained 
to ensure the absence of an esophageal leak or perforation.

 Preoperative Considerations

A comprehensive preoperative work-up is imperative for appropriate patient selec-
tion prior to endoscopic procedures for ZD.  All patients should undergo radio-
graphic imaging with either an esophagram or modified barium swallow study 
(MBSS) to evaluate the size and location of the pouch. MBSS with esophageal 
follow-through, a functional study, is the preferred imaging modality, which allows 
for assessment of comorbid pharyngoesophageal conditions. Diverticula that are 
longer than 2 cm and adequate to expose may be considered for stapler-assisted ZD, 
while others may be treated with the laser [15]. Furthermore, an assessment of 
anatomic factors that may limit exposure of the diverticulum from an endoscopic 
approach should be pursued. Patients who may be at risk for unsuccessful endoscopic 
exposure of the diverticular sac include those with small ZD (<2 cm), retrognathic 
mandibles, large tongues, kyphosis, or decreased neck mobility [16].

 Exposure

Rigid diverticuloscopy is performed under general anesthesia with neuromuscular 
blockade. Once general anesthesia is obtained and the patient is intubated, the 
patient is typically rotated 90° or 180° away from the anesthesia team. The patient 
is then placed into the “sniffing position,” with extension of the neck and slight 
flexion of the atlanto-occipital joint. The dentition or maxilla is protected in all 
cases with either a durable pre-molded dental guard or thermoplastic sheeting 
(Aquaplast, Allied Medical Products, Tarzana, CA) molded to the patient’s denti-
tion. Such protection is essential as the forces on the maxillary dentition can be 
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substantial during rigid diverticuloscopy. Unlike direct laryngoscopy, the surgeon 
should also be careful to observe the mandibular dentition during exposure and 
suspension, as the distending diverticuloscopes can apply pressure to these teeth 
in many cases. If the patient is edentulous, a moist gauze may be used to protect 
the maxillary mucosa.

Rigid exposure for direct transoral endoscopic intervention is performed using a 
diverticuloscope to expose the cricopharyngeus (CP) muscle. As previously stated, 
the Weerda endoscope is preferred once the patient is correctly positioned, and the 
diverticuloscope is then placed gently into the oral cavity and advanced past the 
base of the tongue and epiglottis and through the oropharynx to the postcricoid 
hypopharynx. It is important to remember to insert and advance the scope with the 
distal and proximal openings in a collapsed or closed position. Surgical lubricant 
may facilitate advancing the scope and minimize mucosal injury. The scope is then 
advanced until the flanges of the scope expose the CP muscle, with the posterior 
flange proximal to the diverticulum and the anterior flange proximal to the 
esophagus. When using an articulating diverticuloscope, the proximal and distal 
openings are then widened to place the diverticuloesophageal wall containing the 
cricopharyngeus muscle wall on stretch. The diverticuloscope is then suspended 
using a suspension arm (Karl Storz Endoscopy, Tuttlingen, Germany) and a mustard 
table (Medtronic, Dublin, Ireland), allowing for adequate visualization of the CP 
muscle (Fig. 7.2) [15, 17]. At this point, correct placement of the diverticuloscope 
may be confirmed by using a nasogastric tube or bougie stylet to palpate the diver-
ticular pouch and esophagus.

Fig. 7.2 The Weerda 
diverticuloscope in use for 
transoral exposure of a 
Zenker diverticulum
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If entry into the cervical esophagus is challenging because of hypertonicity or 
fibrosis of the cricopharyngeus muscle, careful dilation of the esophagus may be 
performed. This can be performed under direct visualization either with the use of 
Savary-Gilliard dilators (over a guidewire), serial dilations of the upper esophageal 
sphincter from 21 to 42 Fr [20], or a controlled radial expansion (CRE) balloon 
catheter [17]. The authors prefer to pass a bougie into the cervical esophageal 
introitus and follow this with the anterior flange of the diverticuloscope. This is 
effective in almost all cases and does not cause significant trauma in our experience.

Once adequate exposure of the diverticular wall is achieved, the diverticulopharyn-
geal wall can then be divided by a variety of techniques. Endoscopic staplers, laser, cold 
instruments, bipolar diathermy, and harmonic scalpel have all been used recently for this 
technique. The endoscopic staple approach will be covered in a separate chapter.

 Laser-Assisted Diverticulotomy

Endoscopic stapler-assisted Zenker diverticulotomy may not be adequately or easily 
performed secondary to small pouch size or patient anatomical factors resulting in 
limited exposure. In these cases, an endoscopic laser-assisted diverticulotomy should 
be considered. In general, laser techniques can be performed on diverticula smaller 
than 2 cm since the laser is able to divide the diverticulopharyngeal wall more com-
pletely than the stapler [18]. Additionally, endoscopic laser diverticulotomy may 
require less exposure when compared to endoscopic stapler-assisted procedures and 
may allow the endoscopic procedure to be completed in cases which previously 
would have been aborted [15]. Historically, endoscopic laser cricopharyngeal myot-
omy has been performed using both the potassium-titanyl-phosphate (KTP) laser [6, 
19] and carbon dioxide (CO2) laser [5]. The CO2 laser is likely superior for this pro-
cedure as it is easier to control on a micromanipulator attached to the microscope and 
better at cutting tissue with less thermal artifact and char than the KTP laser.

 Technique
As with any procedure involving laser use,  a laser safety checklist should be per-
formed prior to using a laser device, ensuring the use of eye protection by the patient 
and staff and determining that laser settings are correct and the laser has been test 
fired, irrigation is available on the surgical field, and all staff are aware of fire extin-
guisher locations. Following adequate exposure of the ZD wall, a CO2 or KTP laser 
is then used with a micromanipulator attached to the operating microscope to divide 
the CP muscle until the muscular fibers are completely transected and the diverticu-
lar pouch is flushed with the esophagus [17] (Figs. 7.3 and 7.4). Cervical esophageal 
fibers that contribute to the upper esophageal sphincter can also be divided for 
5–10 mm inferiorly just under the esophageal submucosa. The laser should be used 
to cautiously divide all of the cricopharyngeal muscle fibers layer by layer to ensure 
a complete myotomy without inadvertent injury to the buccopharyngeal fascia that 
invests the entire pharyngoesophageal segment. Hemostasis is generally easy to 
achieve with the laser and topical 1:10,000 epinephrine on cotton pledgets. In rare 
cases, more troublesome bleeding may be treated with judicious monopolar cautery, 
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thrombin, or microfibrillar collagen hemostat application (Avitene, Davol, subsid-
iary of CR Bard, Warwick, RI). A laser-shielded or metal endotracheal tube should 
be used and communication with the anesthesiologist that a laser is about to be used 
should be undertaken to assure that the end tidal oxygen level is brought to its low-
est allowable concentration. The authors prefer to use room air for ventilation when-
ever possible to minimize the risk of a laser airway fire.

Careful attention and operator experience are required to safely complete the 
myotomy without creating an esophageal perforation. The myotomy should only be 

Fig. 7.3 Transoral use of 
the CO2 laser to divide the 
mucosa. Note the 
well-defined 
cricopharyngeus muscle 
fibers within the 
diverticulopharyngeal 
party wall

Fig. 7.4 Demonstration of the buccopharyngeal fascia and cervical esophagus within the diver-
ticulopharyngeal party wall after the use of the CO2 laser for diverticulotomy and cricopharyngeal 
myotomy. This fascia prevents leakage from the alimentary tract into the prevertebral space. Note 
that the cricopharyngeus muscle is completely divided and retracts laterally deep under the mucosa 
when under tension
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performed when the CP muscle can be adequately visualized, and dissection should 
stop once the deepest muscle fiber is divided and the buccopharyngeal fascia is 
visualized. Aside from utilizing extreme caution, several techniques have been 
described to prevent esophageal perforation. Primary mucosal closure with Vicryl 
suture has been described [20]. Alternatively, some authors recommend avoiding 
division of the soft tissue all the way down to the buccopharyngeal fascia and instead 
use a CRE balloon to dilate the cricopharyngeal area to 18–20 mm after a laser-
assisted partial myotomy is performed [17]. These techniques are not routinely per-
formed—nor are they required in the authors’ opinion—and their usage largely 
depends on the operator’s preference and comfort level.

 Outcomes
Patients undergoing endoscopic laser treatment of ZD report overall satisfaction with 
the procedure. In an early series of ten patients treated with KTP laser diverticulot-
omy, all were either “very satisfied” or “satisfied” with their results, and none of the 
patients required further treatment after diverticulotomy [6]. Four of these patients 
had evidence of a residual pouch on postoperative MBSS, of which two patients 
experienced mild persistent pill dysphagia. In a study of 37 patients undergoing 
laser-assisted diverticulotomy, a 92% long-term satisfaction rate was noted, with 
70% complete resolution and 22% partial resolution of symptoms [21]. A large 
patient satisfaction study, evaluating 507 patients treated endoscopically with carbon 
dioxide laser-assisted myotomy (with or without diathermy for hemostasis) showed 
a 99% satisfaction rate [22]. Additionally, the majority of patients experience a sig-
nificant reduction in their symptoms, including a subjective reduction in dysphagia 
and regurgitation in 91% [23], reduction in functional outcome swallowing scale 
(FOSS) scores by 1.4 of 6 points [17], and significant reduction in EAT-10 scores by 
11.2 points [15]. These improvements seemed durable in the vast majority of these 
patients with an average follow-up of over 4 years.

 Complications
Potential complications of endoscopic laser-assisted diverticulotomy are similar to 
that of stapler-assisted procedures and include esophageal perforation, which may 
require external drainage, mediastinitis, dental injury, subcutaneous emphysema, 
bleeding, temporary regurgitation of liquids, and throat pain [15, 24]. In the 
aforementioned patient satisfaction study, an 8% complication rate was identified, 
including 2% rate of mediastinitis [22]. In Kuhn’s series evaluating KTP laser 
diverticulotomy of ten patients, 10% had subcutaneous emphysema, and 20% had 
postoperative fever (over 101.5 °F), though there were no major complications [6].

 Endoscopic Stapler-Assisted Versus Laser-Assisted 
Diverticulotomy

Both stapler-assisted and laser-assisted techniques can be successfully used to man-
age patients with ZD and provide myriad benefits over the traditional open approach. 
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Endoscopic techniques lead to similar or better outcomes and have fewer complica-
tions. When compared to an open approach, laser techniques offer an improved 
postoperative course, shorter operative time, and potentially shorter hospital course 
[25]. Stapler-assisted techniques offer shorter operative time, reduced hospital stay, 
earlier initiation of oral intake, and lower overall complication rates [26–32].

 Outcomes
Both endoscopic laser-assisted and stapler-assisted Zenker diverticulotomy offer 
symptom relief and a high degree of patient satisfaction [21, 32]. Postoperative 
outcomes with regard to swallowing are similar despite method of endoscopic 
management. In the 2016 study by Barton et al., an improvement in postoperative 
dysphagia scores on the EAT-10 improved by an average of 8.0 points out of 40, 
with no statistically significant difference in improvement based on endoscopic 
technique [15]. It is important to note that this study was not a head-to-head 
comparison of techniques, rather an analysis of safety and efficacy of endoscopic 
treatment using both stapler- and laser-assisted techniques to resolve symptoms 
by transoral means. Secondary outcomes, such as length of hospitalization or 
length of time to initiation of oral intake, can be difficult to compare between the 
two techniques since most centers use different postoperative protocols for each 
procedure. Regardless, Chang et  al. performed a review of the literature as it 
pertains to the endoscopic surgical treatment for ZD and found that those treated 
with laser-assisted diverticulotomy experience an average of 2.2 days to initia-
tion of oral intake and mean hospital stay of 6.5 days, compared to an average of 
1.0 day to initiation of oral intake and a mean hospital stay of 1.8 days in the 
stapler-assisted group [25]. Therefore, postoperative outcomes favoring stapler-
assisted technique include a shorter duration of nil per os (NPO) status [26, 40] 
and a decreased length of hospitalization [16, 18, 33]. Additionally, a lower inci-
dence of postoperative fevers [18] and abnormal chest X-rays are seen following 
stapler-assisted Zenker diverticulotomy [33]. On the contrary, though patients 
undergoing either laser- and stapler-assisted endoscopic diverticulotomy experi-
ence significant improvement in both dysphagia and regurgitation [15, 16, 34], a 
greater improvement in these outcomes has been shown in those patients who 
underwent laser-assisted procedures in some studies [15, 33, 34].

 Revision Rate
In most studies, a lower revision rate has been reported in those undergoing endo-
scopic laser Zenker diverticulotomy as compared to endoscopic staple-assisted 
diverticulotomy [33–35]. Other reports have demonstrated no significant difference 
in revision rate when comparing endoscopic stapler-assisted and laser-assisted 
techniques [15, 18, 33]. If reoperation is required, however, the length of time to 
reoperation has been shown to be significantly shorter in the stapler-assisted group 
[18]. Because a more complete and precise diverticulotomy can be performed with 
the laser, this may contribute to the lower revision rate seen compared to stapler-
assisted procedures [15, 34].

7 Non-staple Endoscopic Management of Zenker Diverticulum



86

 Complications
Complications in both procedures are typically uncommon and relatively minor, 
and mortality after both procedures has rarely been reported [34, 35]. The most 
common operative complication of either endoscopic technique was dental trauma 
[34], which may be prevented by the judicious use of dental protection and careful 
insertion and suspension of the diverticuloscope. An increased risk of non-dental 
complications is seen with the CO2 laser technique; however, no statistically 
significant difference in overall complications, dental complications, or major 
complications is reported in most studies [33]. The Barton et al. study demonstrated 
an overall complication rate of 8% when evaluating all methods of endoscopic 
diverticulotomy, though all of the complications were noted in patients undergoing 
a laser-assisted procedure [15]. All complications were minor, including transient 
subcutaneous emphysema (5%), dental injury (2%), esophageal perforation (1%), 
and temporary regurgitation of liquids (1%). In Chang et  al.’s literature review, 
patients undergoing endoscopic laser-assisted Zenker diverticulotomy experienced 
a complication rate of 7.4%, compared to a complication rate of 2.6% in stapler-
assisted diverticulotomy [26]. Other studies have shown overall higher complica-
tion rates: 31% in laser procedures and 11% in stapler-assisted procedures [16]. 
Cervical subcutaneous emphysema or the presence of extra-esophageal air on lat-
eral neck X-ray has been reported to occur more frequently in those patients under-
going laser diverticulotomy. When this occurs, it frequently resolves within 24 h 
without further complication (such as radiographic evidence of perforation) but 
must be followed until resolution [16, 18, 34].

 Alternative Methods of Endoscopic Diverticulotomy

In recent decades, additional methods of endoscopic diverticulotomy have been 
explored. These techniques utilize alternative means for dividing the tissue within 
the common wall and performing the cricopharyngeal myotomy.

In 2009, Fama et al. was the first to describe the use of the Harmonic scalpel 
to perform the endoscopic diverticulotomy [10]. The Harmonic scalpel (Ethicon 
Inc., Somerville, NJ) is an ultrasonic transduction device, by which high-fre-
quency vibrations in the transducer tip, creating mechanical energy, divide and 
coagulate tissue. This high-frequency disruption of tissues results in low-tem-
perature coagulation and is commonly utilized in other head and neck proce-
dures, including neck dissection and thyroidectomy. In this initial report, 25 
patients were treated with the Harmonic scalpel, and complication rates were 
similar to other endoscopic techniques (8% postoperative chest pain, 4% post-
operative cardiac event, 4% aspiration pneumonia, 4% transient cervical emphy-
sema). Several additional smaller case series [36–38] showed similar rates of 
persistent symptoms and complications when comparing Harmonic scalpel-
assisted and traditional endoscopic techniques. One study even reported the safe 
and efficacious use of a Harmonic scalpel through a flexible endoscope [39]. 
However, a more recent and larger series showed an increased rate of 
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complications in Harmonic scalpel-assisted procedures (25%) compared to sta-
pler-assisted procedures (5%) [12].

Another method recently introduced in the literature is endoscopic diverticulot-
omy with bipolar diathermic electrocoagulation (LigaSure, Medtronic, Minneapolis, 
MN) [11]. This electrosurgical device uses bipolar cautery to effect rapid coagulation 
and division of tissue. While similar to ultrasonic electrosurgery, this method may 
create similar tissue coagulum with less thermal injury and reduce the risk of fibro-
sis and stenosis at the surgical site. First described by Nielsen et al. in 2010 for the 
treatment of ZD in 15 patients, 80% of patients treated with bipolar electrocautery 
had resolution of symptoms in the long term, although 1 patient (7%) had an 
esophageal perforation requiring treatment with long-term antibiotics [11]. Several 
small case studies show promising efficacy and complication rates, which are 
similar to standard endoscopic techniques [40–43]. However, given the lack of large 
patient studies with long-term results, further study is needed to determine whether 
these alternative methods may replace more widely accepted techniques.

 Postoperative Management

The management of patients undergoing endoscopic Zenker diverticulotomy in the 
immediate postoperative period is crucial to a safe and efficacious outcome. 
Although postoperative management protocols differ based on institution and 
surgeon preference, general guidelines and principles should be followed. 
Management also differs by type of endoscopic procedure performed. For example, 
since endoscopic laser diverticulotomy places patients at higher risk for esophageal 
perforation, they should be observed more closely or kept NPO longer than those 
undergoing a stapler-assisted procedure. The focus of postoperative management 
should be to reduce the risk of mediastinitis and infection. Signs and symptoms of 
mediastinitis include tachycardia, fever, chest pain, EKG changes, diaphoresis, and 
a general sense of unexplained discomfort and require immediate evaluation and 
intervention.

Postoperative management protocols following endoscopic cricopharyngeal 
myotomy vary in the literature and among practitioners, without a standard 
algorithm or process by which to follow. One published protocol immediately 
advances patients to a clear liquid diet on postoperative day 0 and to a soft diet on 
postoperative day 1 with discharge once diet is tolerated [17]. Another protocol 
maintains NPO until postoperative day 1, at which time they are initiated on a clear 
liquid diet and advanced to a soft mechanical diet prior to discharge home [16]. In a 
more conservative approach, patients are kept NPO until postoperative day 3, when 
they are advanced to a clear liquid diet and then to a full liquid diet prior to discharge, 
with advancement to a mechanical soft and regular diet as an outpatient [34].

In general, patients undergoing stapler-assisted endoscopic diverticulotomy are 
at lowest risk for esophageal perforation; this is due to the staple lines sealing the 
mucosal incisions along the diverticulopharyngeal wall and creating a water-tight 
seal of the tissue edges. Therefore, the postoperative management protocol tends to 
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be more liberal than with other procedures. In the absence of concerning symptoms 
or findings in recovery, patients may be discharged home the same day and initiate 
a clear liquid diet on postoperative day 0. Indeed, a study by Gross et al. demonstrated 
the safety of discharge home from the recovery room on a liquid and soft food diet 
in uncomplicated cases if the patients could swallow adequately before discharge 
[44]. It is important to note that patients should be counseled extensively regarding 
symptoms concerning for mediastinitis and advised to present immediately to an 
emergency department should they develop concern for these. If the patient tolerates 
the clear liquid diet, they may be advanced to a soft mechanical diet and maintained 
on this until they are seen in follow-up several weeks later.

Patients undergoing laser-assisted endoscopic diverticulotomy are likely safest if 
observed until at least postoperative day 1. As the mucosal incisions are not routinely 
closed in these procedures, the risk for esophageal perforation is significant. 
Overnight observation allows the patient to be monitored for signs of mediastinitis, 
allowing for prompt diagnosis and management. Subcutaneous emphysema may be 
seen occasionally and, although worrisome, does not necessarily herald the 
development of mediastinitis. Though not all practitioners will obtain routine 
postoperative imaging, an esophagram obtained prior to initiation of oral intake can 
rule out a significant esophageal perforation. The absence of concerning findings on 
imaging can allow the practitioner to feel confident initiating oral intake trials if 
there is no evidence of leak [15, 18]. The patient is then advanced to a diet of all 
liquids and soft foods and discharged home. In our experience, patients may advance 
their own diet after 2 weeks to an unrestricted diet and be seen at approximately 4 
weeks to assess response to surgery.

Some authors do not advocate for routine standard imaging unless there is clinical 
concern postoperatively. In those patients who demonstrate clinical concern for a 
postoperative complication, a lateral neck X-ray or CT neck and chest should be con-
sidered. If this demonstrates free air within the neck, the patient should be maintained 
NPO, and serial daily imaging examinations should be obtained until resolution is 
evident. If clinical decompensation or failure of resolution is apparent, a radiographic 
swallow study should be obtained to assess for a leak [17]. If at any point an esopha-
geal perforation is identified, a nasogastric feeding tube should be placed under fluo-
roscopic guidance, and the patient maintained NPO for at least 1 week. Such placement 
may be challenging, and, as such, the authors (and others) choose to place a 10–12 Fr. 
nasogastric tube in all patients who undergo laser-assisted diverticulotomy or have 
anything to suggest concern during stapler-assisted diverticulotomy [15, 18].

The algorithms for postoperative diet advancement described above are not nec-
essarily applicable to patients who were fed preoperatively via a gastrostomy tube 
or are at high risk of aspiration; instead, these patients require additional assessment 
and consideration prior to initiation of an oral diet.

 Conclusion
ZD can be safely and effectively managed with endoscopic techniques. Through 
technological and procedural advancements, the vast majority of patients can be 
treated endoscopically. Patients with large ZD and favorable anatomy should be 

K. A. Chadwick et al.



89

treated with stapler-assisted endoscopic diverticulotomy. However, patients with 
more difficult diverticular exposure, recurrent diverticula, or smaller diverticula 
may require a laser-assisted endoscopic approach. Although these approaches 
are preferred, other minimally invasive techniques, such as septotomy via flexi-
ble esophagoscopy, remain available as alternatives. With careful patient selec-
tion, precise surgical technique, and conservative postoperative practices, 
patients with ZD treated endoscopically have minimal risk of complications and 
excellent functional results.
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