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Abstract. – OBJECTIVE: Very few reports in-
vestigated techniques of closure of the basal 
wound area to reduce severe complications like 
mediastinitis after endoscopic laser diverticulo-
tomy. In this study, we report our experiences af-
ter routine use of a collagen-fibrin sealant patch 
for basal wound covering after laser diverticulot-
omy in consideration of postoperative complica-
tions and recurrence rates.

PATIENTS AND METHODS: This retrospective 
study was conducted in a tertiary referral center 
and university hospital. Endoscopic laser diver-
ticulotomies performed in our hospital between 
January 2006 and July 2018 were included. After 
complete transection of the laser septum of the 
diverticulum, we placed a collagen-fibrin patch 
onto the basal wound area to cover the opening 
to the mediastinum. Patient records were evalu-
ated to assess the occurrence of perioperative 
complications, and the data were compared with 
those reported in the literature.

RESULTS: A total of 127 endoscopic laser diver-
ticulotomies were performed in 109 patients (71 
men, 38 women) suffering from Zenker’s divertic-
ulum. Morality rate was 0%, in particular no me-
diastinitis was observed. Mediastinal emphysema 
was observed in two patients (1.6%), and tempo-
rary or persistent recurrent nerve palsy in one pa-
tient (0.8%) each. The mean follow-up period was 
71.6±5.16  months. Recurrent symptomatic diver-
ticulum was observed in 19.3% of the patients. 

CONCLUSIONS: These findings suggest that 
use of a collagen-fibrin sealant patch in endo-
scopic laser diverticulotomy may contribute to 
the safety of endoscopic controlled laser diver-
ticulotomy without comprising the success rates. 
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Introduction

Various surgical techniques are nowadays used 
to treat Zenker’s diverticulum (ZD) including 
transcervical approaches1 as well as rigid or flex-
ible endoscopic techniques2. Minimally invasive, 
endoscopically guided techniques were favored 
more and more in the recent years in order to 
reduce frequency and severity of complications, 
morbidity and mortality. In particular in the older 
patients affected by ZD, methods using rigid en-
doscopes including endoscopic stapler diverticu-
lotomy (ESD)3-9, and endoscopic CO2 laser diver-
ticulotomy (ELD) are now well-established7,10-14. 
For transection of the septum also variable tech-
niques using flexible endoscopes (FED)15-17 have 
been published including stapler techniques, laser 
techniques and various other modifications. Out-
comes after transcervical approaches and rigid 
endoscopic procedures using ESD4,18, ELD19-21 or 
using ESD and ELD22-24 were published. A liter-
ature review25 compared the outcomes of trans-
cervical approaches and endoscopic approaches 
using rigid devices. In the comprehensive review 
published by Verdonck and Morton26 results after 
endoscopic procedures using a rigid or flexible 
endoscopes were compared. As a summary, en-
doscopic procedures were reported to be associat-
ed with significant shorter operating times, short-
er hospital stays, lower rates of complications and 
postoperative morbidity but higher recurrence 
rates. Verdonck and Morton26 reported an overall 
recurrence rate of around 20% for rigid endoscop-
ic procedures, in comparison with 4-5% for tran-
scervical surgery. 
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In comprehensive literature reviews analyzing 
results after FED, rates of postoperative bleed-
ing were 2.95 and 6.6% and rates of perforation 
3.4 and 5.3%. Recurrences were reported to be 
11.3 and 13.7%, respectively. Hospital stays were 
short, but in a substantial part of the patients more 
than one, sometimes up to three procedures were 
necessary to achieve clinical success15,16.

Although minimally invasive transoral en-
doscopically controlled diverticulotomy is pre-
ferred today, the surgeon always faces a con-
flict. It is between complete transection of the 
septum down to the fundus of the diverticulum 
to avoid recurrences or leaving an adequate tis-
sue barrier at the bottom of the diverticulum, 
at the border with the mediastinum, to avoid 
complications. Bacterial mediastinitis is a ma-
jor cause of perioperative morbidity and is the 
main cause of the perioperative mortality. Up 
to 1% were reported in the literature for tran-
scervical and endoscopic techniques after use 
of rigid devices6,9,14,19,22,23,26,27 and 3 to over 5% 
when flexible endoscopes were used15,16.

Efforts have been made to improve the safe-
ty of the procedures and avoid complications. In 
ESD, the basal defect is closed using two rows of 
clips; this offers the advantage of primary wound 
closure but is associated with incomplete expo-
sure at the bottom of the pouch and a risk of a 
residual septum6,8,9,18. This has been reported to 
have a favorable effect on complications, but not 
necessarily on recurrence rates3-9.

By contrast, ELD provides excellent visualiza-
tion of the tissue layers, allowing maximum tran-
section of the septum down to the fundus of the 
diverticulum and avoiding inappropriate opening 
of the mediastinum. Primary wound closure is de-
sirable but has not been reported to be a routine 
part of this procedure. This may at least partly ex-
plain the higher rates of mediastinitis (1.0-1.5%) 
and postoperative bleeding (0.5-2.0%) reported in 
the literature7,10-14,26.

To overcome this, attempts to achieve pri-
mary wound closure after ELD have been de-
scribed11,12,28. Sommer et al11 compared primary 
wound closure using fibrin glue with closure us-
ing sutures in combination with fibrin glue. Anag-
iotos et al12 compared cases without manipulation 
with those after wound closure using sutures and 
fibrin glue. Positive effects on complication rates 
and recurrence rates after additional suturing had 
been reported in both of these publications.

In FED closure of the basal wound area was 
described using the stapler technique29 and endo-

scopic closure by clipping after submucosal tun-
neling (Z-POEM)30-41.

The intention in this retrospective analysis was 
to examine the effects of a sealant patch consist-
ing of collagen matrix covered with fibrinogen 
and thrombin on one side (TachoSil®, Takeda, 
Berlin, Germany), which was used to cover the 
basal wound area after ELD, on the perioperative 
and postoperative course.

Patients and Methods

This retrospective study was carried out at 
the Department of Otorhinolaryngology, Head 
and Neck Surgery in the University of Erlan-
gen-Nuremberg, Germany. The approval for the 
study was obtained from the Local Institutional 
Review Board of Friedrich Alexander University 
of Erlangen-Nuremberg. Informed consent was 
obtained from all study participants. Patients be-
ing treated for ZD using ELD between January 
2006 and July 2018 were included. The investiga-
tion focused on the possible impact on postopera-
tive complications after attaching a sealing patch 
to the basal tissue. The patients’ medical records 
were analyzed for age and sex, type and duration 
of preoperative symptoms, size of the diverticu-
lum, length of the operation, intraoperative com-
plications (e.g., invasion of the mediastinum), 
postoperative complications (bleeding, increase 
of C-reactive protein, white blood cell count, fe-
ver, thoracic pain, pneumo-mediastinum, paral-
ysis of vocal cord), length of hospital stay, and 
recurrences. The size of the diverticulum was 
calculated using video fluoroscopy for assessment 
of the radiologic stage according to the Brombart 
classification42,43.

ELD was carried out with microscopic control 
using a carbon dioxide laser after insertion of a 
Weerda distending diverticuloscope. After place-
ment of a nasogastric feeding tube, the septum 
and the bottom of the diverticulum pouch were 
exposed. A moist pad was used to protect the 
mucosa of the esophagus and pharynx from acci-
dental laser injury. With microscopic viewing, the 
diverticular septum was cut down along the mid-
line until the adventitia covering the mediastinal 
adipose tissue was exposed. A TachoSil® fibrin 
sealant patch was placed on the adventitia layer 
for wound sealing at the end of each procedure. 
This additional measure took about 3-5 minutes 
(Figures 1-4).
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The postoperative regimen usually included a 
hospital stay of 7  days and feeding through the 
nasogastric tube. Intravenous antibiotic treat-
ment was started preoperatively and continued 
for 7  days postoperatively (2  g ampicillin/1  g 
sulbactam 3×/d or clindamycin 600  mg 3×/d). 
Symptoms, such as pain or dyspnea, were mon-
itored daily. Vital parameters, body temperature 
and inflammation parameters were recorded. 
Further examinations, such as medical imaging, 
were performed in case of atypical symptoms or a 
rise in body temperature. Video fluoroscopy was 
performed 5-6 days after surgery. In case of un-
remarkable findings oral nutrition was started the 
same day. After discharge a follow-up visit was 
scheduled usually 2-3 months after surgery.

The follow-up was conducted by phone inter-
views in January 2020. A total of 109 patients 
were asked about any symptoms, in particular 
disturbed swallowing or dysphagia, regurgitation, 
and whether any further medical treatment was 
necessary. If the patients had died or were unable 
to take part in the phone interview for reasons 

such as severe illness or dementia, an attempt was 
made to obtain information from family members 
or from the physicians treating the patient.

Statistical Analysis
The software program IBM SPSS Statistics for 

Windows, version 24, was used (IBM Corpora-
tion, Armonk, NY, USA). All data are given as 
means ± SEM, range, and median. Bivariate cor-
relations were calculated using the Pearson cor-
relation coefficient. Differences between groups 
were calculated using the Mann-Whitney U test, 
and differences between categorical variables us-
ing the chi-squared test. The significance level 
was p ≤ 0.05.

Results

127 ELDs were performed in 109 patients (71 
men, 38 women). The Brombart radiologic stag-
es were stage 1 in two patients (1.6%), stage 2 in 
11 (8.7%), stage 3 in 48 (37.8%), and stage 4 in 
51 patients (40.1%). It was not possible to deter-
mine the initial Brombart stage retrospectively in 
15 patients (11.8%) because video fluoroscopy re-
cords from external radiology departments were 
not available and the Brombart stage was not stat-
ed in the radiology report (Figure 5).

In 28 patients (22%), the procedure was per-
formed as a revision operation after failure of ear-
lier treatments consisting of ESD in four patients, 
argon plasma coagulation in three, prior ELD in 
20, and transcervical pouch resection in one.

The patients’ mean age at the time of surgery 
was 68.1±8.87 years (median 70, range 50-90). 
The mean duration of preoperative symptoms was 
21.8±2.79 months (median 12, range 1-180). The 
mean operating time was 51.8±2.10 minutes (me-

Figure 1. View to the exposed septum after the start of the 
CO2 laser diverticulotomy in the midline. 

Figure 2. Situation after transection of the septum down to 
most basal parts of the fundus of the diverticulum, until the 
basal adventitial layer (black arrow) becomes visible. 

Figure 3. The collagen-fibrin sealing patch before and af-
ter (inset) its preparation for basal wound sealing.
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dian 47.5, range 22-145). The mean hospital stay 
was 8.5±0.15 days (median 9, range 5-15).

Major postoperative complications were noted 
in 3.2% of the patients and recurrences in 19.3% 
(21/109, Table I). There were no cases of medias-
tinitis. Mediastinal emphysema accompanied by 
a possible rise in leukocytes, without an increase 
in body temperature, occurred in 1.6% of the 
procedures (2/127, Table I). There were no cas-
es of postoperative bleeding from the pouch area, 
but one patient had bleeding due to laceration of 
the mucosa in the vallecula region, presumably 
caused either by traumatic intubation or by the 
diverticuloscope. The mortality rate was 0%. Mi-
nor complications were observed in 6.4% of the 
patients and are listed in Table I.

During the follow-up, clinical examinations 
have to be carried out when the patients present-

ed to the outpatient service. Radiologic examina-
tions have to be conducted only in case of symp-
toms. However, due to the patients’ advanced age 
and/or for other reasons, 89 patients were not able 
to present personally and seven patients had died 
before the follow-up investigation could be done. 
The medium to long-term follow-up was conse-
quently mainly performed via phone interviews 
with the surviving patients. 79 patients (72.47%) 
were interviewed only. The mean follow-up peri-
od was 71.6±5.16 months (median 72, range 3-173; 
95% CI 61.34-81.85). In patients with recurrent 

Table I. Major complications (including recurrences) and 
minor complications after endoscopic laser diverticulotomy 
in 109 patients.

	 n	 %	

Major complications and recurrences (n = 127)
Emphysema	 2	 1.6
Recurrent nerve palsy		
Temporary	 1	 0.8
Persistent	 1	 0.8
Bleeding	 0	 –
Fistula	 0	 –
Mediastinitis	 0	 –
Recurrence	 22	 19.3
Minor complications (n = 127)
Tooth damage	 2	 1.6
Lip damage	 2	 1.6
Drug rash	 1	 0.8
Dysgeusia (temporary)	 1	 0.8
Sensory tongue disturbance (temporary)	 1	 0.8

Figure 4. Situation after positioning the collagen-fibrin 
sealing patch onto the basal tissue layer.

Figure 5. Diverticulum sizes relative to Brombart stages 
in the 127 diverticula.

Figure 6. Recurrence rates relative to Brombart stages in 
the 109 patients.
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diverticula, the average time between ELD and 
recurrent symptoms was 20.6±6.04 months (me-
dian 12, range 4-94; 95% CI 7.23-32.87).

Symptomatic clinical recurrences developed in 
19.3% of the patients (21/109) and after 18.9% of 
the surgical procedures (24/127, Table I). A small 
residual pouch was visible on video fluorosco-
py after surgery, but without any accompanying 
symptoms, in a further 4.7% (six patients). Most 
of the recurrences (83.3%; 20/24 procedures) oc-
curred in the first 24 months after surgery. The 
initial Brombart stage was not known for five of 
the recurrent diverticula (Figure 6). More detailed 
analysis was carried out in patients with known 
Brombart stages. This revealed that neither of 
the two patients with Brombart stage 1 and only 
one patient with stage 2 (9.1% of all those with 
Brombart 2) developed recurrences (4% of all re-
currences). Most recurrences developed in higher 
stages: in eight patients with Brombart 3 diver-
ticula (16.6% of all those with Brombart 3; 33% 
of all recurrences) and in 10 patients with Brom-
bart stage 4 (19.6% of all those with Brombart 4; 
42% of all recurrences). There were no significant 
differences in the recurrence rates between the 
Brombart groups.

Discussion

The results obtained in this series after 127 
ELDs in 109 patients indicate that additional 
wound sealing can contribute to the safety of the 
procedure. There were no cases of postoperative 
bleeding from the pouch area, no fistulas, and no 
mediastinitis, and the mortality rate was 0%. The 
major complications after ELD reported in a com-
prehensive literature review26 – mediastinitis at a 
rate of 1.2%, emphysema 3%, hematoma/bleed-
ing 0.2%, and morbidity 0.4% – were not noted.

Endoscopic techniques are now favored in the 
majority of patients presenting with ZD. This is 
supported by the high level of patient acceptance 
of the procedures, shorter operating times and 
low postoperative morbidity4,15,16,18-26.

An issue that is still unresolved is whether and 
how to protect the basal area that is created after 
transection of the septum and which separates the 
mediastinum from the endoluminal space. The 
various techniques for endoscopic controlled di-
verticulotomy have to be considered here. 

In comparison with ELD, ESD or FED with 
use of stapler device has the advantage of provid-
ing primary wound closure. Immediate closure 

of the mucosal barrier can keep the complication 
rates and morbidity low. Because of its simplicity 
and low-risk profile, this technique is endorsed by 
some authors as the first-line therapy, especially 
for elderly patients3-6,9,23. The stapler is a relatively 
expensive, single-use device. It does not always 
allow a complete transection of the mucosa un-
der direct visual control and may leave a residual 
septum with the need for a second stapler proce-
dure. Higher rates of repeated procedures have 
been described in some reports. In addition, the 
stapler brackets remain in the tissue as foreign 
bodies, with potential problems during revision 
surgery8,26,29. 

Several techniques for primary wound clo-
sure after ELD have been described, in one use 
of fibrin glue11 and in two suture techniques12,28 

were described. Sommer et al11 investigated the 
effectiveness of primary wound closure using fi-
brin glue in one group and closure using sutures 
and additional fibrin glue in a second group. They 
reported better results in relation to mediastini-
tis, increased body temperature, and need for 
revision surgery in the group with suture clo-
sure. Anagiotos et al12 described similar effects 
in a comparison between a closed-wound group 
and an open-wound group after ELD. Following 
wound closure using sutures and fibrin glue, they 
observed lower rates of fever (7.4% vs. 11.4%), 
fistula (3.7% vs. 5.7%), and mediastinitis (0.0% 
vs. 2.9%). Despite these good results, this modi-
fication did not become a routine procedure. The 
main reason for this, as also mentioned by the 
authors, appears to be that suturing the residual 
walls after transecting the septum in this region is 
a somewhat risky, time-consuming process, lead-
ing to disproportionate increases in the duration 
and cost of the procedure. 

In contrast to other wound closure techniques 
that have been described, positioning a sealing 
patch at the base after complete transection of 
the diverticulum is easily feasible, can be per-
formed with microscopic guidance, and takes only 
3-5 minutes. After the complete mucosal wall has 
been cut down, the patch not only serves as a seal-
ant but also enhances the generation of granulation 
tissue from beneath. In the present authors’ expe-
rience, it provides excellent wound closure, is fast 
and easy to perform, and results in minimal rates 
of complications, morbidity, and mortality. Com-
pared to any clip fixed to a basal incision there is 
also no risk for dislocation into the mediastinum. 

Size or one radiologic parameter used for its 
estimation, the Brombart stage, may have in-
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fluence on which technique can be applied to 
treat the ZD20,42,43 and also on the recurrence 
rates4,10,20,25,26,44. In very small diverticula (radio-
logic stage Brombart 1) more often show inade-
quate protection and therefore not amenable to 
endoscopic controlled therapy due to a greater 
risk of morbidity and higher recurrence rates. 
Therefore, such diverticula are treated predom-
inantly by a transcervical approach with good 
success1,20,26. In particular a complete myotomy 
necessary to achieve long-term success cannot be 
performed in these stages at least in one surgi-
cal step. Earlier opening of the mediastinal space 
must be expected. If an endoscopic procedure is 
performed, use of a sealing patch in this situation 
in particular may enable the surgeon to continue 
with the procedure to the maximum extent and to 
cover the adventitia adequately. Bigger sized di-
verticula (radiologic Brombart 2-4), which show a 
better protection with a longer septum, suggest a 
clear indication for endoscopic controlled therapy. 
In any stage, sealing of the basal tissue layer next 
to the fundus of the diverticulum appears to help 
reduce the morbidity, with little effort (Figures 
3-4). In general, even if the adventitia has been 
damaged and the mediastinum has been opened 
accidentally in a small area, a sealing technique 
may prevent the need for conversion to open sur-
gery. This can be advantageous for ELD, ESD 
and also FED techniques. For all of these higher 
rates of adverse reaction, in particular perforation 
(3 to over 5%) were reported15,16,45.

ELD provides excellent exposure and allows 
complete cutting down of the septum under mi-
croscopic control as far as the bottom, until the 
adventitia can be seen - resulting in maximum 
transection of the musculature - at least to the 
level of the adventitia. Due to the flimsy layer 
of adventitial tissue left above the mediastinum, 
which becomes broader the deeper the transection 
extends to the fundus, these techniques involve 
a distinct risk of perforation and mediastinitis. 
After ELD in the present study, a sealant patch 
proved to be useful for eliminating exactly this 
risk without compromising the surgical success 
rates. Even if the mediastinum is opened, a seal-
ing procedure can bridge the uncovered area and 
open surgery can be avoided. This is underscored 
by the low complication rates in our study, partic-
ularly 0% rates of fistula and mediastinitis. 

Additional sealing was performed in all diver-
ticula of all stages with no significant influence 
on the recurrence rates. Most of the diverticula 
(78.0%) were classified as Brombart stage 3 or 4, 

and also most of the recurrences were observed in 
these cases (Table I, Figures 5, 6). In direct com-
parison, Brombart stage 3 diverticula (48/127; 
37.8%) were associated with a lower recurrence 
rate of 16.6% than stage 4 diverticula (51/127; 
40.2%), with a recurrence rate of 19.6%. The dif-
ference was not significant. The clinical and ra-
diological verified recurrence rate in the present 
group was 19.3% – comparable with the rates re-
ported in the literature15,16,26,45. 

Conclusions

This study suggests that routine use of a fibrin 
sealant patch in endoscopic laser diverticulotomy 
allows maximum removal of the diverticular sep-
tum without increasing the risk of morbidity and 
mortality. It can increase the safety and effective-
ness of endoscopic treatment for Zenker’s diver-
ticulum. The sealing material did not have a neg-
ative impact on the recurrence rates, which were 
equivalent to or even lower than those reported 
in the literature. Sealing of the basal wound layer 
compensates the disadvantages of ELD compared 
to ESD and has the potential to contribute to the 
safety and effectivity of this surgical procedure. 
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