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Abstract This study was designed to compare rates of

failure, revision and morbidity from endoscopic and open

approaches as treatment for pharyngeal pouch. Systematic

review was conducted using MEDLINE and PubMed dat-

abases. Search terms treatment, Zenker’s, hypopharyngeal,

pharyngeal, diverticulum, and pouch. There were no ran-

domised clinical trials. Therefore, cohort and comparative

studies with at least 10 patients in each arm, a follow-up of

a least 12 months and reporting on all patients were

included. Seventy-one studies met inclusion criteria.

Diverticulectomy with or without cricopharyngeal myot-

omy comprised 33 studies (1,990 patients), and endoscopic

stapler diverticulotomy was in 22 studies (1,089 patients).

Failure of open and endoscopic approaches was 4.2 and

18.4 %, respectively, and corresponding complication rates

were 11 and 7 %. Within endoscopic techniques, failure

rates were 18.9 % for stapler diverticulotomy and 21.7 %

for laser diverticulotomy. Corresponding complication

rates were 4.3 and 7.9 %. Flexible endoscopy techniques

have a higher failure (29 %) and overall complication rate

(14.3 %). Most reported complications for transcervical

techniques relate to the recurrent nerve (3.4 %) and sali-

vary fistula (3.7 %) and for endoscopic group emphysema

(3.0 %) and mediastinitis (1.2 %). Operation-related deaths

were infrequent in both groups, but more frequent with

open approach (0.9 vs. 0.4 %). Open approaches have more

success but more complications than endoscopic tech-

niques. Taking in account overall complications and failure

rates, open approaches and stapler diverticulotomy yield

different patterns, but are arguably comparable. In younger

patients open approach is preferred, as well in patients with

unfavourable anatomic conditions for endoscopic expo-

sure. Flexible endoscopic techniques provide a suitable

option for patients who do not tolerate general anaesthesia.

Keywords Zenker � Diverticulum � Pouch � Treatment �
Review

Background

A Zenker’s diverticulum or pharyngeal pouch originates

from a dehiscence in Killian’s triangle due to a dysfunction

of the cricopharyngeal muscle. Over the last 20 years, the

treatment of pharyngeal pouch has shifted from open

transcervical towards endoscopic transoral therapy. With

the introduction of the stapling device in 1993 [1, 2],

endoscopic stapling diverticulotomy has become increas-

ingly popular.

Although there is a lack of randomised clinical trials,

surgeons favour endoscopic techniques as they seem to

have a similar outcome causing less morbidity. Lang et al.

[3] in 2007 published a 2.6 % morbidity rate with endo-

scopic stapling diverticulotomy, as compared to 7.4 % with

laser and 11.8 % with open transcervical approach. Addi-

tionally, they reported a reduced mean time to start on a

normal diet, a shorter mean length of hospital stay and

reduced relapse rate, when compared to conventional open

techniques.
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In 2012, to formulate minimal clinical standards and

recommendations of best practice, Leong et al. [4] noted

that 83 % of surgeons in the UK regard endoscopic stapling

diverticulotomy as first choice treatment of pharyngeal

pouch, and they performed a review of outcomes of

endoscopic stapling diverticulotomy in the UK, collecting

585 patients for meta-analysis. They reported an intra-

operative failure of 7.7 %, overall complication rate of

9.8 % and recurrence rate of 12.8 %. The most common

reason to abandon the procedure intra-operatively was

difficulty accessing the small pouch (in 42 % of failed

cases). Difficult exposure due to a stiff cervical spine

(27 %) and prominent dentition (18 %) were other factors.

The most common major complication was perforation of

the oesophagus or pouch (4.8 %). One death was reported.

Although most surgeons seem to regard endoscopic

stapling as first choice treatment, the combination of

recurrence and difficulties with exposure can account for

an overall failure of more than 20 % with this approach.

Our own preference has been for the diverticulum to be

managed by an external cervical approach (sac inversion).

Therefore, we decided to examine and compare the current

available literature to compare the evidence base regarding

failure, complications and morbidity for endoscopic and

cervical approaches for Zenker’s diverticulum.

Methods

A systematic review was performed in November 2012

searching the PubMed, MEDLINE and Cochrane databases

using the search terms ‘Zenker’s diverticulum or hypo-

pharyngeal diverticulum or pharyngeal pouch and treat-

ment’ in combination with a search of bibliography of

retrieved papers. Studies were included using quality cri-

teria based on the PRISMA 2009 checklist and STROBE

statement. These inclusion criteria were at least 10 patients,

a mean follow-up of at least 1 year, reporting on all

patients, mean follow-up period and proportion lost to

follow-up. Papers before 1980 were excluded.

To compare different groups, we used the statistical

programme SPSS and non-parametric tests, Mann–Whit-

ney test and Kruskal–Wallis test. p values of 0.05 or less

were assumed statistically significant for the comparisons.

Primary outcome was failure to successfully manage the

pouch and resolve the dysphagia. Secondary outcomes

were complications, hospital stay, long-term recurrence

and short-term failure including intra-operative failure as

well as postoperative persistence of symptoms with early

recurrence. Noted complications were fistula, emphysema,

recurrent nerve palsy, mediastinitis, haematoma, stenosis

and death.

Results

Included papers

The search provided 794 potentially relevant articles.

English, French, German and Spanish papers were inclu-

ded. After relevance for title and abstract 586 papers were

excluded. The two authors blinded to each other read 208

selected papers. As there were no randomised clinical tri-

als, only cohort and comparative studies were retrieved; 70

series met inclusion criteria and one clinical series of

unpublished data was added (Fig. 1).

There were 28 comparative studies and 43 cohort stud-

ies. Most comparative studies involved different external

approaches (13 publications). Nine papers compared

experience between endoscopic and external approaches;

five compared various endoscopic techniques, and one

study compared several different endoscopic as well as

Fig. 1 Number of retrieved

papers and order of selection.

Right column shows number of

excluded papers and reason. Left

column shows number of added

series. N number
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external approaches. Diverticulectomy with or without

cricopharyngeal myotomy comprised 33 studies (1,990

patients) and 22 studies (1,089 patients) reported on

endoscopic stapler diverticulotomy.

Within-group differences

Comparing the different transcervical techniques, the rate

of fistula and length of hospital stay (LOS) was signifi-

cantly higher after excision of the pouch (p\ 0.01, and

p\ 0.03, respectively) (Table 1). Fistula rate was 4 % for

excision, compared to 1 % with inversion and suspension

(Tables 2, 3). LOS after excision, inversion and suspension

was 9.5, 6.2 and 5.4 days, respectively. Failure rate

between different techniques was not significantly different

despite apparent greater success with the suspension tech-

nique. Of the different transcervical techniques, suspension

provided best overall outcomes (Fig. 2).

When comparing endoscopic diverticulotomy with sta-

pler, laser or coagulation, the stapling technique has sig-

nificantly lower rate of mediastinitis (0.2 %) and

emphysema (0.8 %) (p\ 0.01) as well as shorter LOS

(p\ 0.03) (Tables 4, 5, 6). LOS with stapler, laser and

coagulation is 3.2, 5.2 and 4.5 days, respectively. Failed

exposure accounted for 6.2 % with stapler and 6.4 % with

laser. Coagulation has no reported problems with exposure,

however, only four papers are included and the last report

dates from 1997. Stapling provides the best overall out-

comes from the different endoscopic techniques (Fig. 3).

Between-group differences

Primary outcome: failure

Rate of failure is significantly higher with endoscopic

techniques (p\ 0.001); 18.4 % compared to 4.2 % for

external approaches. The major difference lies in the short-

term failure (p\ 0.001, 14.5 vs. 1.3 %), especially due to

problems with exposure (5.2 vs. 0 %) (Fig. 4).

Secondary outcomes: complications, length of stay

Complications yield a different pattern with the various

surgical approaches (Fig. 5). Mediastinitis (p\ 0.01, 1.2

vs. \0.3 %) and emphysema (p\ 0.001, 3.0 vs. \0.1 %)

occur significantly more often with endoscopic treatment.

Fistula (p\ 0.01, 3.7 vs 1.2 %), recurrent nerve palsy

(p\ 0.001, 3.4 vs.\0.3 %), and haematoma (p\ 0.01, 2.2

vs \0.6 %) with transcervical treatment. Postoperative

stenosis is uncommon and comparable between groups.

Surgery-related deaths were infrequent in both groups

(0.9 % for the open approach vs 0.4 % for endoscopic

techniques). Overall postoperative complications tend toT
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occur more frequently after transcervical approach (7 vs

11 %). LOS is significantly shorter after endoscopic treat-

ment (p\ 0.001, 3.9 vs 8.4 days) (Fig. 5).

Comparing ‘‘best’’ endoscopic and ‘‘best’’ transcervical

techniques

Rate of failure is significantly higher with stapling than with

sac suspension (18.9 vs 1.9 %, p\ 0.001). Complications

for these techniques have a different pattern; however, there

is no statistically significant difference in frequency.

Reported mean LOS is significantly shorter after endo-

scopic stapling (3.2 vs 5.4 days, p\ 0.03) (Fig. 6).

Flexible endoscopic treatment

Eight studies report on flexible endoscopic treatment, which

is performed under sedation (Table 7; Fig. 7). Different

techniques are used: cap-assisted (three reports), needle

knife papillotomy (three reports), argon laser (one report)

and diverticuloscope (two reports). In two series, diverti-

culotomy is performed in multiple sessions over several

days. Failure is 29 %. Most frequent reported complications

are emphysema (8 %), fistula (5.6 %), haematoma (0.4 %)

and mediastinitis (0.4 %). Mean length of stay is 3.6 days.

Discussion

This literature review indicates a failure rate from endo-

scopic surgical techniques that is significantly higher than

for transcervical procedures (18.4 vs 4.2 %), especially in

respect of short-term failure (14.5 vs 1.3 %). A particular

issue relates to difficulty with access (5.2 vs 0 %). As

expected, the pattern of complications differs widely with

surgical approach.

Overall, postoperative complications tend to occur more

frequently with the transcervical approach (7 vs 11 %).

Any particular complication occurs less than 4 % of the

time, but mediastinitis and emphysema occur significantly

more often with endoscopic treatment whereas fistula,

recurrent nerve palsy and haematoma are more likely with

the transcervical, sac-excision approach. Length of stay is

significantly shorter after endoscopic treatment.

Of the various endoscopic techniques, the stapling

technique had significantly more problems with exposure

and intra-operative failure—but significantly less medias-

tinitis and emphysema, and a shorter length of hospital

stay—compared to laser or coagulation. On balance, the

stapling technique can be considered to provide the best

outcomes using an endoscopic approach.

Of the different transcervical techniques, excision of the

pouch had a higher fistula rate and longer length of hospital

stay compared with inversion or suspension. Overall, the

suspension technique provided the best overall outcome

among transcervical procedures, although the numbers for

the inversion technique were too small for robust

comparison.

The principles of treatment for Zenker’s diverticulum

are to obtain lower morbidity and fewer complications

without compromising the functional outcome. The trans-

cervical approach is technically more challenging as sur-

gical dissection of the neck is required. Endoscopic

treatment requires no open dissection which might explain

its popularity with surgeons less experienced in head and

neck surgery.

If one compares the ‘‘best’’ of the endoscopic and open

approaches (i.e., diverticulopexy and stapling), the differ-

ence in complications is minimal because the risk of fistula

after the ‘‘mucosa-preservation’’ open approach is very

low.

Several publications confirm lower morbidity, shorter

operation time and shorter length of stay with endoscopic

treatment [3, 4, 31–33, 40–49]. Our results confirm these

findings. But by avoiding resection of the pouch, LOS is

much improved with inversion and suspension of the

diverticulum. In our hands (using open approach and sac

inversion), patients start on a soft oral diet the evening of—

or the day after—surgery and can leave the hospital the first

or second postoperative day.

Endoscopic stapling of Zenker’s diverticulum is popu-

lar, presumably related to the simple surgical approach,

low morbidity and fast recovery. However, a substantial

proportion of patients cannot be treated because of intra-

operative failure or unfavourable anatomical factors [4]

Fig. 2 Histogram of incidence for each of the outcomes under

consideration, using an external surgical approach for Zenker’s

diverticulum. The y-axis refers to mean rate (%)
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and there is a higher recurrence rate and higher rate of

persistent symptoms [75].

Bloom et al. [76] reported failure of exposure in 30 % of

endoscopic stapling cases. The major contributing factors

were shorter neck, shorter hyomental distance and higher

BMI. Prominent dentition was not significantly related to

difficult exposure, but there was evidence of a trend toward

an association. Koch et al. [66] compared laser-assisted

diverticulotomy to open approach and reported conversion

to open approach in 30.8 % mainly because of pouch-

related problems, but also because of prominent teeth and

insufficient neck motility. Moreover, an endoscopic

approach was not attempted in 5.8 % of patients because of

preoperatively unfavourable anatomy. Thus, in their group

38.7 % of patients could be addressed only by open

approach [66]. Also size matters; Rizzetto et al. [54]

reported a 36 % chance of recurrence after stapling div-

erticulotomy in patients with small diverticula id est

B3 cm. In our review, intra-operative problems accounted

for up to 6.2 % of failures in the endoscopic stapling group,

which is comparable to the findings of Leong [4]. Patient

selection regarding pouch size and anatomical conditions

will help the surgeon in his preoperative assessment to

choose the most suitable approach for each individual case.

Recurrence after endoscopic treatment is significantly

higher (18.4 % compared to 4.2 %), especially comparing

stapling with open suspension (18.9 vs 1.9 %). Most

authors state that reoperation is as straightforward with

comparable low complication and morbidity rate as the

initial surgery. After endoscopic treatment, the remaining

cricopharyngeal bar is often clearly apparent on postoper-

ative radiographs [19, 77]. Jaramillo et al. [43] reported

Fig. 3 Histogram of incidence for each of the outcomes under

consideration, using an endoscopic surgical approach for Zenker’s

diverticulum. The y-axis refers to mean rate (%)
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persisting pouches on postoperative barium swallow in all

treated patients; 66 % of cases actually showed no differ-

ence compared to preoperative radiographs. Though it is

claimed that there is no clear correlation between radio-

logical findings and postoperative symptoms [19, 43, 77], a

persisting bar is present and several authors advocate the

importance of complete myotomy of the cricopharyngeal

muscle for at least 4–5 cm [6, 10, 16, 19, 28, 30, 37, 38].

An external approach allows better control for a complete

myotomy. We believe that incomplete transection of the

cricopharyngeal muscle plays an important role in persis-

tent and recurrent symptoms after endoscopic treatment.

Most papers, do not grade the postoperative patient-based

outcomes. Wirth et al. [32] reported in 2006 good postop-

erative satisfaction, quality of life and relief of symptoms no

matter whether after open or endoscopic treatment. They

used a qualified, standardised and well-accepted question-

naire. Because of small numbers in both groups, it was not

appropriate to compare satisfaction outcomes. However,

persisting abnormalities on barium swallow and higher

recurrence rate might mean that the subjective satisfaction

after endoscopic treatment is less than with an open

approach. Seth et al. [75] compared long-term outcomes of

Fig. 4 Histogram of incidence for the primary outcome, comparing

external and endoscopic surgical approaches for Zenker’s diverticu-

lum. The y-axis refers to mean rate (%)

Fig. 5 Histogram of incidence for secondary outcomes, comparing

external and endoscopic surgical approaches for Zenker’s diverticu-

lum. The y-axis refers to mean rate (%)

Fig. 6 Histogram of incidence for outcomes with the ‘‘best’’ external

and ‘‘best’’ endoscopic surgical approaches for Zenker’s diverticulum.

The y-axis refers to mean rate (%)

Fig. 7 Histogram of incidence for outcomes using a flexible endo-

scopic surgical approach for Zenker’s diverticulum. The y-axis refers

to mean rate (%)
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endoscopic stapling treatment and transcervical external

approach. They conducted a telephone survey. There was a

high satisfaction postoperatively in both groups. However,

complete resolution of symptoms was obtained more often

after transcervical approach, and the endoscopic group had a

worsening symptom profile over time compared with the

transcervical group. The same recurrence of symptoms over

time was reported by Chang et al. [46] in nearly 30 % of

patients. Seth et al. [75] stated that patients treated by an open

approach attain a greater resolution of symptoms than with

endoscopic treatment and that endoscopic results tend to

decline over time. Therefore, they advised that an open

approach may be better suited for patients of younger age and

with less medical comorbidities who would prefer a greater

assurance of long-term resolution of symptoms [75].

Finally, a relatively new technique—the flexible endo-

scopic approach—developed and performed by gast-

roenterologists has a high complication and failure rate

compared to both conventional endoscopic and open sur-

gical treatments. More experience with this technique, and

longer follow-up, is required. Nevertheless, this approach

can be performed under sedation so it is suitable for

patients who do not tolerate general anaesthesia.

Conclusion

In general, open approaches have more success but more

complications than endoscopic techniques. On balance,

open and endoscopic approaches yield different patterns.

For younger patients with few comorbidities and long-

lasting expectations, as well as for patients with unfa-

vourable anatomic conditions for endoscopic exposure, an

open approach is preferred. Flexible endoscopic techniques

under sedation provide a suitable option for patients with

high comorbidity that do not tolerate general anaesthesia.

Patient selection regarding pouch size and anatomical

conditions will help the surgeon in his preoperative

assessment to choose the most suitable approach for each

individual case.

Significantly, all patients can be managed by an open

mucosa-sparing approach, whereas only a proportion of

patients can be successfully treated by endoscopic means.

This review has prompted us to audit our own experience

with sac inversion, as there is a relative paucity of infor-

mation on that technique in the literature.
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