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ABSTRACT

Background and study aims Killian-Jamieson Diverticu-
lum (KJD) is a rarer and more recently described upper
pharyngeal diverticulum than Zenker’s diverticulum (ZD).
KJD is more difficult to manage than ZD because it tends
to extend lower into the upper mediastinum and the diver-
ticulum neck is in close proximity to the recurrent laryngeal
nerve. There is limited literature on KJD management and
transcervical surgical diverticulectomy is the mainstay of
therapy.

Patients and methods Here we describe two methods of
endoscopic diverticulotomy to treat K|D - direct and tun-
neling diverticulotomy (with hypopharyngeal tunnel or ul-
tra-short tunnel - the latter being our preferred technique).
Results This was a retrospective study including 13 conse-
cutive patients between March 2015 and April 2018. Three
patients received direct and 10 received tunneling diverti-
culotomy (7 with the hypopharyngeal tunnel and 3 with
the ultra-short tunnel). All procedures were completed in
16 to 52 minutes. There was no incidence of bleeding, med-
iastinitis, or sign of recurrent laryngeal nerve injury. At fol-
low up of 9 to 79 months (median 33), the clinical success
rate was 92% (12/13); 11 patients had complete symptom
resolution (post-operative symptom score=0) and one pa-
tient had near-complete symptom resolution (occasional
residual dysphagia). One patient receiving direct myotomy
had limited symptom relief (frequent residual dysphagia
and occasional residual regurgitation), possibly related to
incomplete myotomy.

Conclusions Endoscopic tunneling diverticulotomy is a
feasible, safe, and effective method to treat K|D.

Introduction

Killian-Jamieson diverticulum (K|D) is a rare pharyngoesopha-
geal diverticulum. First described in 1983 [1], it is an antero-
lateral outpouching of mucosa at the Killian-Jamieson triangle,
an anatomical weakness inferior to the transverse portion of
the cricopharyngeal muscle and lateral to the longitudinal
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esophageal muscle. Compared to the more common Zenker’s
diverticulum (ZD), which is a posterolateral outpouching
through the Killian dehiscence (an area of weakness between
the cricopharyngeus distally and thyropharyngeal and inferior
constrictor muscles proximally), K|D is located more distally
and tends to be antero-lateral rather than posterior [2] and
the age of presentation tends to be younger [3,4] (»Fig.1,
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» Fig.1 a and b ZD and K|D. ZD originates above the cricopharyn-
geal muscle and tends to be posterior. K|D originates below the
cricopharyngeal muscle and tends to be lateral or anterior. The
neck of K|D is in close proximity to the recurrent laryngeal nerve,
making stapler trans-oral diverticulotomy risky.

» Table 1). Due to its rarity (having a reported incidence of one-
quarter of that of ZD [2]), K|D is often misdiagnosed as ZD on
radiographs. However, the two entities are normally readily dis-
cernable on endoscopic examination because K|D is located be-
low the cricopharyngeal bar and ZD above the bar. Differentiat-
ing the two entities is important for two reasons: 1. In KD the
recurrent laryngeal nerve passes in very close proximity to the
neck of the diverticulum and may be injured particularly if a
transoral rigid stapled diverticulotomy is attempted (» Fig. 1);
and 2. K|D tends to extend into the upper mediastinum; there-
fore, a leak may result in mediastinitis, a more morbid adverse
event than would occur from a leak after Zenker’s diverticulot-
omy, which tends to be limited to the neck [5]. These are im-
portant considerations when choosing a treatment plan. ZD
and K]D have similar clinical presentations: dysphagia, globus
sensation in the throat, halitosis, regurgitation, cough and as-
piration. The hypothesized pathogenesis for the two diseases
is also similar: a functional outflow obstruction caused by dys-
function of the cricopharyngeal or upper esophageal muscles
respectively [6]. For ZD, removal of the diverticulum itself
used to be part of the treatment paradigm but is now consid-
ered unnecessary with various forms of cricopharyngeal myot-
omy alone, reportedly achieving good symptom relief and with
flexible endoscopic diverticulotomy having emerged as the
treatment of choice [7-9]. Due to its rarity and recent descrip-
tion, there is limited published literature on the treatment of
KJD (60 or so publications in the English literature, primarily sin-
gle case reports with follow up <3 months) [4]. The mainstay
treatment for KJD is transcervical diverticulotomy, given con-
cern about recurrent laryngeal nerve injury and mediastinitis if
per-oral diverticulum myotomy is to be used. Herein we present
a series of 13 K|D patients treated with endoscopic diverticulot-
omy, the largest report to date on K]D treatment of any kind.

Patients and methods

From a prospectively maintained database of endoscopic myot-
omy procedures, we identified all diverticulotomies for K]D. We
performed the first such procedure in February 2014. The study
was approved on April 26, 2018 by NYU Winthrop IRB

> Table1 Differences between Killian Jamieson and Zenker’s diverticulum. Based on a recent literature review [4].

Location

Prevalence
Laterality
Gender

Age average
Size

Symptoms
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Killian Jamieson (K]) diverticulum

Zenker diverticulum (ZD)

Lateral wall of pharyngoesophageal junction in space below cri- Posterior wall of pharnygoesophageal junction below su-
copharyngeus muscle and lateral to longitudinal muscular fiber perior pharyngeal constrictor muscle and above cricophar-
of esophagus yngeus muscle

Rare More Common

Left Left

Female Male

58 years 70 years

Small Medium to Large

Dysphagia, requrgitation, globus sensation
At least one-third have no aerodigestive symptoms

Dysphagia, cervical borborygmus, weight loss, hoarseness,
cough, aspiration pneumonia
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»Fig.2 a, b, ¢, d, e direct endoscopic diverticulotomy using the triangular tip knife. The mucosa is approximated with clips after completion

of the myotomy.

(#03125733) to include data in a research registry including
those previously and all subsequently collected. Patients with
a diagnosis of K|D based on clinical symptoms and esophagram
and endoscopic findings were included. Patients with coagulo-
pathy or for whom diverticulotomy would have offered limited
benefit because of severe comorbidities, limited life expectan-
cy, or mild symptoms were excluded. A total of 13 procedures
were identified in the study period from February 2014 to Octo-
ber 2018. Patients were evaluated for the following symptoms:
dysphagia for solids (D), regurgitation (R), unexplained cough
or other respiratory symptoms suspicious for aspiration, or
choking sensation while eating (C), and weight loss (W). Symp-
toms D, R and C were scored according to their frequency of oc-
currence: absent=0, occasional=1, frequent=2 and daily (or
food impaction for dysphagia)=3. Weight loss was recorded.
Post-myotomy weight change was compared to the weight at
the time of myotomy.

Two types of endoscopic diverticulotomy have been used to
treat K|D in our center: direct diverticulotomy and tunneling di-
verticulotomy. Direct diverticulotomy is an established method
to treat ZD [10-14] and has been reported in K|D patients in
single case reports [15-18]. It was used in the beginning of
our study period. Our preferred method changed to tunneling
myotomy because of its perceived better efficacy and safety
profile.

In endoscopic direct diverticulotomy, all the layers of the di-
verticular septum (mucosa, submucosa, and upper esophageal
muscle) are dissected to approximately 5 to 10 mm proximal to
the level of the fundus of the diverticulum. After completion of
the septotomy, the mucosal edges of the cut are approximated
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with clips to minimize the risk of leak (» Fig. 2, » Video 1, » Ta-
ble2).

In endoscopic tunneling diverticulotomy, myotomy is per-
formed using a technique similar to that of peroral endoscopic
myotomy (POEM). There are two variations. Our initial case was
performed by initiating the tunnel in the hypopharynx proximal
to the septum of the diverticulum (» Fig.3, » Video 2, » Table
2). This technique has also been reported for ZD [19-23]. How-
ever, we subsequently modified the technique so as to initiate
the tunnel at the septum of the diverticulum (» Fig.4, » Video
2, » Table 2) because it was evident that starting the tunnel at
the diverticular septum rather than more proximally in the hy-
popharynx allows immediate ready access to the muscle of the

B VIDEO

» Video 1 Direct endoscopic diverticulotomy technique.
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> Table2 Three techniques for endoscopic diverticulotomy for hypopharyngeal diverticulum.

Direct septotomy

Tunnel starting in hypopharynx

Tunnel starting at septum

Entry at septum and the tunnelis formed as the
myotomy is initiated and as the mytomy is extended
the tunnel is extended. The tunnel is formed by the
myotomy since the beginning of the tunnelis at the
apex of the septum.

11th case Hook knife
12th case Hook knife
13t case | type hybrid knife

11th case 4 endoclips
12t case 4 endoclips
13t case 6 endoclips

Secure closure
Allows for long myotomy
Easier closure than in the hypopharyngeal tunnel

Secure closure

Technique Performing septotomy through 2 cm submucosal tunnel prior to
mucosa, submucosa and muscle reaching the muscle and initiat-
and stopping 10 mm proximal to ing the myotomy. A true submu-
fundus of diverticulum to avoid cosal tunnelis formed upstream
mediastinal entry of the myotomy site.

Knife 15t case triangle tip knife and | 4th case Hook knife
type 5t case | type hybrid knife
hybrid knife 6t case | type hybrid knife and
2" case triangle tip knife and dual hook knife
knife 7th case | type hybrid knife
31 case triangle tip knife 8t case | type hybrid knife

9th case Hook knife
10t case Hook knife

Closure! First two cases no closure per- 4th case- 5 endoclips
formed 5t case 5 endoclips
Third case 5 endoclips and tisseel 6t case 3 endoclips
fibrin sealant 7th case 6 endoclips and tisseel

fibrin sealant

8t case 7 endoclips
9th case 4 endoclips
10t case 6 endoclips

Advantages Technically simple Secure closure
Fast Allows for longer myotomy

Disadvanta- Less secure closure, higher risk of More challenging tunnel closure

ges leak than the ultra-short tunnel
Short myotomy, higher risk of re-
currence

1 Generally, we prefer short-stem endoclips.

septum and permits easier closure of the tunnel orifice than is
possible in the hypopharynx, where there is less space to man-
euver the endoscope, access to the tunnel orifice is more tan-
gential, and tissue is less mobile. Another difference from the
ZD technique presented by Li et al is that we perform the myot-
omy and tunneling concurrently rather than sequentially.

In direct diverticulotomy, the Triangle Tip Knife (Olympus
America, KD-640L) was preferably used; in tunneling diverticu-
lotomy, the HookKnife (Olympus America, KD-620LR) or Hy-
bridKnife (ERBE USA, 20150-261) was preferably used. During
direct diverticulotomy, dissection was performed with spray
coagulation (effect 2, 45 watts), and Endocut | (effect 1, dura-
tion 3, interval 1) was used for fibrotic areas with poor conduc-
tance. During tunneling diverticulotomy, tunneling was per-
formed with Endocut | (effect 1, duration 3, interval 1) and
myotomy was performed with spray coagulation (effect 2, 45
watts). In both direct and tunneling diverticulotomy, a Coagras-
per (Olympus America, FD-410LR) with soft coagulation (effect
5, 80 watts) was used as needed to achieve hemostasis. A trans-
parent cap at the tip of the endoscope was used to facilitate vi-
sualization and endoscopic maneuvering. The 4-mm straight
ESD cap (Olympus America, D-201) was initially used. This was
changed to the tapered-tip ST hood (Fujifilm Japan, DH-28R)
when it became available because it allowed for easier access
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Allows for long myotomy
Easier closure than in the hypopharyngeal tunnel

into the submucosal space. A diverticuloscope was not used as
it was not deemed to offer any advantages over the distal trans-
parent cap attachment in this clinical application.

All procedures were performed by a single operator with ex-
tensive experience of POEM and ESD. General anesthesia with
endotracheal intubation was used and patients were monitored
in the hospital postoperatively. An esophagram with gastro-
graffin was performed for all patients before a diet was re-
sumed. Broad-spectrum antibiotics were used perioperatively.
Patients were seen in clinic T month postoperatively and tele-
phone follow-up was performed at 6 months and then yearly
after.

Results

Thirteen K]D patients received endoscopic diverticulotomy be-
tween February 2014 and October 2018 in our center. There
were seven men and six women. The median age was 71 years
(range 50-94). Four patients were ASA class Il and 9 were ASA
class lll. Duration of disease ranged from 6 months to 30 years
(median 3 years). Based on preoperative Barium esophagram
radiologic interpretation, the cephalocaudal length of the di-
verticulum ranged from 1.5 to 6 cm and four patients were re-
ported to have an anterior diverticulum, four a right antero-lat-
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> Fig.3 A case of tunneling diverticulotomy with hypopharyngeal tunnel. a An upper pharyngeal diverticulum is seen left lateral to the true
lumen and inferior to the cricopharyngeal muscle. b Submucosal injection at the hypopharynx 2 cm above the proximal end of the diverticu-
lum septum. The operating space is extremely limited in this location, leading to difficulties in anchoring and maneuvering the endoscope.

c Myotomy is performed concurrently with submucosal injection to delineate the muscle septum. There is not separate step of tunneling, as
compared to the standard technique of sequential tunneling and myotomy for peroral endoscopic myotomy (or the technique reported by Li et
al for Zenker’s diverticulum). d The diverticulum disappeared at the end of the myotomy. e Mucosal defect at the tunnel entrance. f Endo-

scopic clips were used to close the defect.

eral and three a left antero-lateral diverticulum. Preoperatively
all patients reported frequent to daily dysphagia, nine patients
reported occasional to frequent regurgitation, and six patients
reported occasional to daily food-related cough or choking sen-
sation or history of unexplained aspiration pneumonia.

The first three patients received direct myotomy and the fol-
lowing 10 tunneling myotomy. For the three direct diverticulo-
tomies, procedure time ranged from 16 to 55 minutes (median
49). Patients resumed diet in 48 to 72 hours and were dis-
charged in 2 to 8 days. For the 10 tunneling diverticulotomies,
procedure time ranged from 19 to 52 minutes (median 27). Pa-
tients resumed diet in 24 to 120 hours and were discharged in 1
to 5 days.

There was no bleeding, mediastinitis, vocal cord paralysis or
leak intraoperatively or postoperatively. One patient with a his-
tory of substance abuse was kept in the hospital for 8 days be-
cause of concern about non-compliance with diet after dis-
charge and social issues. He resumed clear fluids 72 hours post-
operatively and had no unexpected events. One patient re-
sumed diet 120 hours postoperatively because of a pharyngeal
tear caused by the echoendoscope for EUS done during the
same session for an unrelated issue.

Patients were followed up for 9 to 79 months (median 33).
Clinical success was achieved in 12 of 13 patients (92 %). Eleven
patients had complete resolution of all symptoms and one pa-
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tient receiving tunneling myotomy reported a marked improve-
ment in his dysphagia from daily dysphagia prior to treatment
to occasional dysphagia after treatment, and complete resolu-
tion of the frequent regurgitation that he had prior to treat-
ment (»Table3). One patient receiving direct myotomy (the
first patient in the series) was considered a failure as she report-
ed persistent dysphagia despite improvement in regurgitation
from frequent to occasional.

D VIDEO

> Video 2 Tunneling Diverticulotomy. Two techniques demon-
strated: Hypopharyngeal tunnel versus ultrashort septal tunnel.
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» Fig.4 A case of tunneling diverticulotomy with ultra-short tunnel. a Submucosal injection at the apex of the septum. b Tunnel initiation is
undertaken. After incision of the mucosa, injection is undertaken on both sides of the muscular septum to isolate and clearly define the mus-
cle, which is then incised. Incision of the muscle is necessary to establish the tunnel proximally since the submucosal portion of the tunnel is
only a few mm (equal to the thickness of the injected submucosa at the apex of the septum). ¢ We perform simultaneous dissection of the
muscle and submucosa on either side of the muscle extending the tunnel distally. d Completion of tunnel/myotomy. The end of the muscle
incision at the tunnel terminus can be seen through the tunnel opening. e, f Tunnel closure with clips is facilitated by the en face location of the
tunnel opening in this ultra-short tunnel technique which is our preferred technique.

Discussion

KJD is a rare and recently described type of cricopharyngeal di-
verticulum. Compared to ZD, K|D is less likely to be symptomat-
ic (probably due to its lower location) [2] but more challenging
to treat due to its extension in the mediastinum and proximity
to the recurrent laryngeal nerve. Here we reported on endo-
scopic diverticulotomy using a submucosal tunneling myotomy
method similar to that used in POEM. Compared to direct diver-
ticulotomy, tunneling diverticulotomy allows easy and secure
closure of the mucosal defect at the end of the procedure.
This enables the operator to safely carry a full length myotomy
through the entire septum of the diverticulum. This complete
myotomy may improve symptom relief and durability [10] as
compared to direct diverticulotomy, in which the septotomy/
myotomy is not usually carried through the full extent of the
septum because of fear of perforation and leak. Furthermore,
endoscopic myotomy is performed under high magnification,
with the ability to precisely identify structures before cutting,
and thus minimize the risk of accidental laryngeal nerve injury.
Our method varies from the one reported by Li et al [19] and
others [20-24] in ZD as we start tunneling at the septum rather
than the hypopharynx, which facilitates closure of the mucosa
defect and expedites the procedure. The myotomy and tunnel-
ing are done concurrently rather than sequentially because

E124

there is limited space to do a complete tunnel. This further ex-
pedites the procedure compared to the technique reported by
Li et al. In our series of three direct and 10 tunneling diverticu-
lotomies, all procedures were completed in 19 to 55 minutes. A
similar ultra-short tunnel technique was recently reported by
Repici et al for “short-septum” (septum<20mm) ZD [25].
There were no adverse events related to the K|D diverticulot-
omy, specifically, no mediastinitis or sign of recurrent laryngeal
nerve injury. After a follow-up of 9 to 79 months, 12 of 13 pa-
tients reported excellent long-term symptom relief. The only
patient who had partial symptom relief was the first patient
who had direct myotomy, possibly secondary to incomplete
myotomy. In this small case series, there was no apparent dif-
ference between the two methods in terms of operation time,
time with nothing by mouth or length of hospital stay. How-
ever, we do want to note that tunneling myotomy with the ul-
tra-short tunnel is our preferred method because it allows com-
plete myotomy to the bottom of the diverticulum without fear
of mediastinal leak. We believe that such complete myotomy is
the key to obtaining durable correction of the functional out-
flow obstruction caused by the muscular septum. This is the lar-
gest report to date on K|D treatment.

Modayil Rani | et al. Endoscopic diverticulotomy for... Endosc Int Open 2022; 10: E119-E126 | © 2022. The Author(s).



"19p10sIp asnqe Iduelsqns buiisixaaid o3 pajejau A|qissod ‘@fy wouy uonnjosal woldwAs 931dsap Awo3ojndiuaAlp 3s0d sso| ybiam panunuo) ¢
pauie1qo aq ued dn-moj|o} 19Y3iN OU 0S SISNED 19YI0 WO PIIP JUBNE

*“AwojoAw jo awy ay3 je 3ybram uo paseq pajejno|ed si ssoj/uieb 3ybram AwojoAw-1s04 “¢ = (e1beydsAp 1oj uoroeduwl pooy 10) Ajiep ‘z =3uanbauy ‘| = |BUOISEII0 ‘() =JUdsqe :92U31INI20 Jo Aduanbauy 11ay3 03 buipiodde

pa103s ale ) pue Y ‘g woldwiAs *ssoj 1o uieb Jybiam = ‘Buies ajiym uonesuas bupjoyd Jo ‘uonetidse buidadsns swoidwiAs A1ojelidsal 1ayio 1o ybnod pauiejdxaun =3 ‘uonelbinbal =y ispijos 1oy elbeydsAp = g :2103s wordwiAs |
“J01I93UB ‘JUY {|e12}e| 343 3| T 3|qB[IBAR JOU ‘YN

ve
44
14
14
6
LE
€€
LE
144
LS

LL

LL
6L

(syjuow)
dn-mojjoy
Jo y3bua

0=M‘0=2'0=¥'0=0
Z=M‘0=]°0=¥0=0
:€=M‘0=2°0=¥'0=0
0=M‘0=2'0=¥°0=0
0=M‘0=2'0=¥'0=0
0=M‘0=2'0=¥°L=0
0=M‘0=]‘0=¥°0=0
DIL=M‘0=D'0=¥"0=0
0=M‘0=2'0=¥'0=0
DIE=M‘0=D'0=4"0=0

DIE-=Mm 0=D‘0=¥0=0

DIs=Mm0=D‘0=¥°‘0=0

VN=M‘'VYN=D‘L=¥‘C=a

AwojoAw-3sod
¢,9103s wojdwAs

0=M‘L=D‘E=d‘c=a
0=M‘0=D°0=3‘€=0a
0=M‘Z=D°L=¥‘€=a
0=M‘0=D°Z=¥‘c=a
L~=M'€=D‘L=¥'€=Q
6-=M‘0=D'7=¥'c=a
6-=M‘L=D°0=¥‘c=a
0=M‘0=2°0=3‘C=0
S'ZT-=M‘¥YN=D‘L=¥'C=0
0=M‘0=2'0=¥4'C=0
B/-=m‘L=D‘L=¥‘C=a

by
GZT-=M‘€E=D‘L=¥‘€E=A

Byp-=M‘7=D‘CT=¥‘C=0

AwojoAw-aid
¢,9102s woldwAs

4

Aep
‘Aeys jo
Yy3bua

8
44
L
8

L
L
144
L
8y

L

8
L

inoy

CITE

OdN

€C
€C
Le
S
(84
6l
LZ
0¢
S
ot

61

SS
9L

ulw ‘dwmn
ainp
-33041d

jauung
jauung
|auung
|auung
jauung
jauung
j]auung
[auung
jauung
jauung

12110

a1
12110

poylai
Awo
-10AN

uy
3817
1817
SLIRY
3817
uy
juy
uy
uy
181y

1801

ey

181y

uone}
-uanQO

(4

43

S'C
(jepne>

-ojeydad)
un ‘azis

S

S'C

0€

N-EY
‘wAs jo
yibua

4 E| L9 €l
4 N G8 L
€ N L8 LL
4 N 0§ oL
€ N 78 6
€ El 98 8
€ E| 18 L
3 N 89 9
€ el LL S
€ N L9 14
4 N 0L €
€ E] 6 [4
€ E| Lz L
VSY X3S aby oN

‘Alewwins juaned gajqel <

E125

Endosc Int Open 2022; 10: E119-E126 | © 2022. The Author(s).

Modayil Rani ] et al. Endoscopic diverticulotomy for-...



& Thieme

Conclusions

Endoscopic tunneling diverticulotomy is a feasible, safe, and ef-
fective method to treat KJD. The tunneling technique offers the
theoretical benefit of more complete septotomy, and thus,
long-term symptom resolution while minimizing the risk of ac-
cidental laryngeal nerve injury or leak. The “ultra-short tunnel”
technique is a modification that is easier and faster than the
more traditional “tunneling-followed-by-myotomy” technique
employed in per-oral endoscopic myotomy. Because of the low
incidence of the disease and scarcity of literature on it, a defini-
tive benefit would be difficult to prove. However, in centers
with relevant expertise, tunneling diverticulotomy can be an at-
tractive alternative to surgical resection or direct endoscopic
septotomy for patients with K|D.
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