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Surgical treatment of thoracic esophageal diverticula
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Abstract

Introduction: Thoracic esophageal diverticulum (TED) is a rare benign disease associated with motility disorders of the esopha-
gus. Surgical management is usually the definitive treatment, with traditional excision of the diverticulum via thoracotomy and
minimally invasive techniques being comparable and associated with a mortality rate of between 0 and 10%.

Aim: To present the results of surgical treatment of patients with thoracic diverticula of the esophagus in a 20-year period.
Material and methods: The study presents a retrospective analysis of the results of surgical management of patients with
the thoracic esophageal diverticulum. All patients underwent open transthoracic diverticulum resection with myotomy. Patients
were evaluated for the degree of dysphagia before and after surgery, associated complications and overall comfort after surgical
treatment.

Results: Twenty-six patients due to diverticula of the thoracic part of the esophagus underwent surgical treatment. Resec-
tion of the diverticulum with esophagomyotomy was performed in 23 (88.5%) patients, anti-reflux surgery was performed
in 7 (26.9%) and in 3 (11.5%) patients with achalasia, the diverticulum was left unresected. Among the patients operated on,
2 (7.7%) patients developed a fistula, and both required mechanical ventilation. In 1 patient the fistula closed spontaneously,
and the other patient required esophageal resection and colon reconstruction. Two patients required emergency treatment due
to mediastinitis. There was no mortality in the perioperative period of hospital stay.

Conclusions: Treatment of thoracic diverticula is a difficult clinical problem. Postoperative complications pose a direct threat to

the patient’s life. Esophageal diverticula is characterized by good long-term functional results.
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Introduction

Thoracic esophageal diverticulum (TED) is a rare benign
esophageal disorder which can present with dysphagia,
vomiting or chest pain. Its etiology remains unclear, but it
is associated with esophageal motility disorders [1, 2].

TED can also be described as a pulsion diverticulum,
a type of pseudodiverticulum which develops secondary
to a motility disorder. These pseudodiverticula develop
just above an area of increased pressure or uncoordinat-
ed peristalsis, which causes an increase in pressure in-
side the esophagus [1, 2]. In terms of location, TED may
be epiphrenic, or form in the mid-esophagus, 5 cm above
or below the carina [2, 3]. The former are mainly, in about
75% of cases, secondary to motility disorders, and the lat-
ter, which are true diverticula (Rokitansky diverticula),
may result from traction of the esophageal wall by post-
inflammatory scarring from mediastinal inflammation, e.g.
tuberculosis [4, 5]. In the middle part of the esophagus,
pulsion diverticula may occur and the treatment methods
are similar to that of epiphrenic diverticula. The third group
of esophageal diverticula comprises iatrogenic diverticula,

which occur as a result of an endoscopic diverticular per-
oral endoscopic myotomy (D-POEM) procedure [6, 7].

Aim
Surgical treatment of the diverticula of the thoracic

esophagus is a difficult clinical problem. We present our
analysis of patients treated over a 20-year period.

Material and methods
Patients

The study is retrospective, based on hospital records;
no consent was obtained from the Ethics Committee.

A retrospective analysis of 26 patients who underwent
operative management of the diverticula of the thoracic
esophagus during the period 1998 to 2018 was conducted.
Inclusion criteria were patients undergoing surgical treat-
ment for symptomatic thoracic esophageal diverticula who
were operated on in the Department of Thoracic Surgery,
John Paul Il Hospital, Jagiellonian University Collegium
Medicum. Routine diagnostic work up included contrast
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examination (a barium esophagram), chest computed to-
mography (CT scan), spirometry and, selectively, manom-
etry. The degree of dysphagia and general condition were
evaluated. Patients underwent transthoracic resection
of the diverticulum, myotomy and some of them anti-reflux
surgery. Perioperative complications were assessed using
the Clavien-Dindo scale [8].

The degree of dysphagia was assessed using a 4-point
scale [9]: O — no dysphagia; 1 — able to swallow a semi-
liquid diet; 2 — able to swallow a liquid diet; 3 — dysphagia
to liquids and saliva.

Methods

A thoracic or abdominal approach was used in all
patients undergoing surgery. In the thoracic approach,
the incision was made either on the right or the left side de-
pending on the location of the diverticulum. During surgery
the diverticulum was identified. A 45 Fr calibrated bougie or
gastroscope was inserted into the esophagus and the diver-
ticulum was resected with a 1cm margin in order to prevent
stricture formation. The diverticulum was either resected
using a stapler device (TA-30 Ethicon, USA, Endo-GIA 60
Auto-Suture, USA), or excised and sutured manually. The sta-
pler suture line was sutured using running 000 Vicryl. Next
the esophagus was rotated 180° and esophagomyotomy
of 5-12 cm was performed on the esophagogastric junction,
and onto the stomach for 1-2 cm. Integrity of the suture line
was confirmed by insufflation of air using the gastroscope,
with the esophagus immersed underwater. Additional
buttressing of the suture line was not performed. Among
the patients who were scheduled for anti-reflux surgery,
left-sided thoracotomy access was the preferred option.
Manometry was routinely performed from 2012.

Postoperative period
Nutrition

On the first day after surgery, the patients were fed via
a feeding tube, and in the case of enteral intolerance, par-
enteral nutrition was commenced. From the 3" postopera-
tive day, patients were fed a liquid diet. Routine contrast
examination, with optional esophagoscopy, was performed
on day 7 following surgery. For patients with achalasia who
did not undergo resection of the diverticulum, a liquid diet
was introduced on the 15t postoperative day. All patients
were advised to maintain a small particle diet for a period
of 14 days after discharge from hospital.

Follow-up

A routine chest X-ray was performed on the day fol-
lowing surgery. The patients’ quality of life was assessed
30 days after surgery, then every 3 months in the first year
and once a year in subsequent years. If a follow-up check on
site was not feasible, patients were interviewed by phone.
During each follow-up visit, patients underwent contrast ex-
amination and/or CT scan, and dysphagia and general con-
dition and comfort were assessed using the Visick scale [10].

Statistical analysis

All statistical analyses were performed with the Statisti-
ca 10PL software package (StatSoft, USA). For demographic
and clinical data descriptive statistics (mean value, median
and range) were used. The non-parametric Wilcoxon-Ge-
han test was used to assess the degree of dysphagia before
and after surgery. Qualitative variables were expressed as
a number and percentage and were compared using the 2
test and Fisher’s test. P < 0.05 was considered statistically
significant.

Results
Patients

A total of 26 patients underwent surgical treatment for
esophageal diverticulum, of which 19 (73.1%) were male
and 7 (26.9%) were female. The median age was 64.2 years
(range: 45-86 years). Twenty-four (92.4%) patients under-
went elective surgery, with 2 (7.7%) being treated following
acute presentation. In 23(88.5%) a diverticulum resection
was performed and 3 (7.7%) withdrew from the resection
due to the small size of the diverticulum and patients were
followed up. Manometry was performed in 8 (30.8%) pa-
tients. In 3 (11.5%) esophageal manometry was normal, and
in 5 (19.2%) high amplitude (160-180 mm Hg) with progres-
sive peristalsis was found.

Symptoms

All patients presented with symptomatic esophageal
diverticula. In the group of treated patients, the dominant
symptoms were dysphagia, chest pain regurgitation, odyno-
phagia and halitosis which had been present for a duration
of 12-56 months (mean: 22.6 months) (Table 1). Relief was
observed in all of the patients who presented with dyspha-
gia. In the preoperative evaluation, the degree of dysphagia
in patients ranged from 2 to 3 with a mean of 2.19, and
after surgical treatment 1-2 with a mean of 1.2 (p = 0.0023).
Weight loss was present in 15 (57.7%) patients, ranging
from 4 to 12 kg (mean: 5.8 kg). All patients with weight loss
returned to pre-disease weight after surgical treatment
(p = 0.0035).

Thoracic diverticula

In 19 (73.1%) patients the diverticulum was located in
the epiphrenic region, and in the remaining 4 (15.4%) pa-
tients the diverticulum was located in the mid-esophagus.
The main symptoms were progressive dysphagia, chest
pain and regurgitation.

Epiphrenic diverticulum

Among 19 (73.1%) operated patients the size of the diver-
ticula ranged between 4 and 8 cm (mean: 5.7 cm) (Figure 1).

Diverticulum with achalasia — In the 5 (19.2%) patients
with concomitant achalasia, the diverticulum size ranged
between 2 and 6 cm (mean: 3.2 cm). In 2 (7.7%) patients
the diverticulum size was 3 and 5 cm and in 3 (11.5%) pa-
tients the diverticula measured 2 cm each.
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Table I. Patient characteristics

Patients Results

Age [years]:

Median 64.2
Range 45-86

Sex, n (%):

Male 19 (73.1)
Female 7 (26.9)

BMI [kg/m?2]:

Mean 21.4
Range 18.1-31.2

Duration of symptoms [months]:

Mean 22.6
Range 12-56

Dysphagia 20 (76.7)

Dysphagia with odynophagia 3 (11.5)

Regurgitation 19 (73.1)

Halitosis 17 (65.4)

Weight loss (n/%) 15 (65.2)

Mean weight loss [kg] 5.8

Chest pain 18 (69.2) Figure 1. Esophagram demonstrating an esophageal motility dis-

Chest pain with odynophagia 5(19.2) order with an epiphrenic diverticulum

Mediastinitis (pneumonia, abscess) 2(7.7)

Size of diverticulum [cm]: (5 cm long), and in 3 (11.5%) the Heller-Dor procedure. Nine
Mean 5.1 (34.7%) patients underwent anti-reflux surgery, of whom
Range 8 5 (19.2%) underwent Belsey Mark IV fundoplication and

bosition of diverticalum: 4 (15.4%) underwent Dor fundoplication. In patients with

achalasia, 5 (19.2%) underwent myotomy with anti-reflux
Right 138 surgery. In 2 (7.7%) a left thoracic approach with long
Left 9 (34.7) myotomy was performed and in 3 (11.5%) an abdominal

BMI - body mass index.

Patients with acutely symptoms — Two (7.7%) patients
presented acutely with symptoms of mediastinitis requir-
ing emergency treatment. In the first such patient the di-
verticulum had perforated, resulting in a right lower lobe
abscess, and the second patient was operated on laparo-
scopically in a different department and had a suspected
fistula diagnosed on the first postoperative day.

Mid-esophageal diverticulum

In 4 (15.4%) patients the diverticulum was located in
the mid-esophagus, with a size range of 4-6 cm. In 2 (7.7%)
patients, pulsion diverticulum was diagnosed, and the re-
maining 2 (7.7%) had typical traction diverticula with sizes
4 cmand 6 cm.

Surgical treatment

A right thoracotomy approach was used in 14 (53.8%)
patients, a left thoracotomy approach in 9 (34.7%) and lapa-
rotomy in 3 (11.5%) patients. In 9 (34.7%) patients, a long
myotomy was performed, in 14 (53.8%) local myotomy
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approach with the Heller-Dor procedure. In these 3 (11.5%)
patients with diverticula measuring 2 cm, the diverticulum
was left unresected after intraoperative endoscopic evalu-
ation, as the small size and wide neck of the diverticula
would not be an obstacle to the passage of food. In 1 (3.8%)
patient the surgery was extended with a wedge resection
of the right lower lobe. In 18 (69.2%) patients the diverticu-
lum was excised using a stapling device and in 5 (19.2%) pa-
tients it was resected using manual suturing with Vicryl 000.

The median length of stay after surgery was 10 days
(range: 7-39 days).

Perioperative complications according to
Clavien-Dindo classification [8] (Table II)

Major perioperative complications

In 2 (7.7%) patients an esophageal leak was diagnosed
with septic complications (IV). Both patients suffered re-
spiratory failure requiring mechanical ventilation. The
first patient required ventilation for 21 days and the fis-
tula spontaneously closed following conservative treat-
ment. In long-term follow-up and endoscopic examination
of this patient, there was no stricture of the esophagus and
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Table II. Surgical complications according to the Clavien and Dindo classification

Grade  Number (%) Definition
| 7 (26.9) Urinary tract infection — 1 (3.8%); wound infection — 2 (7.7%) patients; temporary mental disorders
(postoperative delirium) —1 (3.8%)
Any deviation from the normal postoperative course without the need for pharmacological treatment or surgical,
endoscopic and radiological interventions
Allowed therapeutic regimens are: antiemetic, antipyretic, analgesic and diuretic drugs, electrolytes and
physiotherapy. This grade also includes wound infections opened at the bedside
Il Requiring pharmacological treatment with drugs other than those allowed for grade | complications
Blood transfusions and total parenteral nutrition are also included
1 3 (11.5) Patients require bronchoscopy — 3 (11.5%) Requiring surgical, endoscopic or radiological intervention
Ila 0 Intervention not under general anesthesia
b 1(3.8) Reoperation due to esophageal leak Intervention under general anesthesia
\% 2(7.8) Respiratory insufficiency
life-threatening complication (including CNS complications)* requiring IC/ICU-management
IVa 0 Single organ dysfunction (including dialysis)
IVb Multiorgan dysfunction
\Y; Death of a patient

Figure 2. Double diverticulum of the thoracic part of the esophagus

the patient was on a full diet. In the second patient double
diverticula resection was performed (Figure 2) and unfortu-
nately there was a fistula, re-closure was also ineffective,
the patient underwent esophagectomy and esophagos-
tomy and was scheduled for reconstruction with colonic
interposition (lllb). In the postoperative course the patient
required mechanical ventilation for 5 days (V). In the re-
maining patients the postoperative period was uneventful.
There was no mortality in the perioperative period of hos-
pital stay.

Minor postoperative complications

Postoperative wound infection occurred in 2 (7.7%)
patients (I). Three (11.5%) patients required bronchoscopy
and aspiration secretions from the bronchial tree during
the postoperative period (lll). One (3.8%) patient experi-
enced symptoms of postoperative psychosis () and 1 (3.8%)
patient suffered a postoperative urinary tract infection ().

Late complications

Recurrence of diverticulum was not observed in this
study. In 1 (3.8) patient following colonic reconstruction,
an anastomotic stricture was diagnosed and this patient
required dilatation once every 12 months. One (3.8%) pa-
tient reported recurrence of symptoms, not confirmed on
diagnostic testing with CT scan and esophagoscopy and
required conservative management only.

General comfort of patients after surgery

In the long-term follow-up, 19/23 (73.1%) patients were
evaluated using the Visick scale [12]. A very good result was
achieved for 7 (26.9%) patients, a good result for 11 (42.3%)
patients, and a bad result for 1 (3.8%) patient.

Discussion

TED is a rare benign esophageal disorder. The prevalence
of esophageal diverticulum is estimated at 0.0015% in
the USA, 0.77% in Japan and approximately 2% in Europe [11].

The criteria for surgical treatment are not entirely clear.
It is believed that a diverticular size of over 5 cm that re-
sults in clinical symptoms is an indication for surgical treat-
ment. Altorki et al. believe that regardless of symptoms,
epiphrenic diverticula should be resected [12]. In the pre-
sented paper only patients with clinical symptoms were
qualified for surgical treatment.

Among patients treated for esophageal epiphrenic di-
verticula, motility disorders are found in 60-100% of pa-
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tients [13-15]. Therefore, it is important to identify patients
with elevated intraluminal pressure, which is responsible
for the formation of epiphrenic diverticula. For these pa-
tients, resection of the esophageal diverticulum is insuf-
ficient and esophageal myotomy is required.

There are three surgical treatment options: convention-
al open thoracic or abdominal approach; minimally invasive
approach via either laparoscopy, thoracoscopy or robotic
technique; and from 2010, the endoscopic approach. Be-
cause of their decreased invasiveness, the minimally inva-
sive techniques are the preferred approaches, but an open
thoracic approach remains one of the most commonly used
techniques [16-21].

Performing myotomy of diverticula is still a subject of de-
bate. Myotomy is necessary to decrease intraesophageally
pressure and therefore lower the risk of esophageal leaks.

Varghese et al. and Belsey propose a long myotomy from
the aortic arch to the lower esophageal sphincter (LES), but
Streitz et al. suggest performing myotomy only on the seg-
ment of the esophagus with abnormal manometry, while
others suggest extending myotomy from the diverticu-
lum neck to the proximal 1.5 cm and 2 cm of the stomach
[3, 13, 22]. Westcott et al. propose only a myotomy and
leaving the diverticulum, and resection when symptoms
recur [23]. In our study short myotomy was performed in
14 (53.8%) patients. Esophageal leak occurred only in this
group. In 1 patient, the cause could be related to a double
diverticulum, the resection line was long, approx. 6 cm,
which could lead to wall ischemia and fistula, and in
the second patient, the diverticulum and esophageal
wall were altered by an inflammatory reaction drawing
of the esophagus wall, which resulted in a too deep diver-
ticulectomy and the occurrence of the fistula. We associate
the occurrence of the above-mentioned complications with
technical difficulties in diverticulum resection rather than
with the type of myotomy — in the first case, with a long re-
section line of two diverticula, and in the second case, with
an inflammatory process that makes it difficult to close
the defect of the esophageal wall. In such difficult cases,
a long myotomy is justified taking into account the results
of the manometric examination.

Tapias et al. propose that the suture line should be
buttressed with a viable tissue, e.g. intercostal muscle,
and emphasize the importance of meticulously performed
diverticulectomy and myotomy surgery. In their analysis
the esophageal leak incidence rate was 3.2% [11]. This is
the most commonly reported postoperative complica-
tion which is reported to occur in up to 10-20% of cases
[14, 20, 21]. In many studies, including ours, there were
no fatal postoperative complications, but in previous
studies the mortality rate ranged from 0 to 10% [20, 21].
Using a laparoscopic approach, the percentage of esopha-
geal leaks is similar [6, 17, 18].

Diverticulum resection is a very important element
of surgical treatment. In our procedure, we suggest leav-
ing a 1 cm margin to avoid postoperative esophageal ste-
nosis. In the resection technique, we use a Bougie 45 Fr
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or a gastroscope, simultaneously assessing the tightness
of the suture line. Leaving a larger margin and inaccurately
performed myotomy may result in a recurrence of the di-
verticulum or esophageal fistula.

Long myotomy is mandatory for patients with an epi-
phrenic diverticulum and diffuse esophageal spasm. In pa-
tients with a hypertensive and unrelaxing LES, myotomy
from the upper margin of the diverticulum to 1-2 cm be-
low the cardia should be performed [3, 14]. Cardiomyotomy
is not recommended in patients with a normotensive or
hypotensive LES [3]. In patients undergoing cardiomyoto-
my, partial fundoplication should also be performed. This
type of myotomy and anti-reflux surgery was performed in
9 (34.6%) patients in whom the diverticulum was located in
the lower part of the esophagus. The preferred type of anti-
reflux surgery was the incomplete procedures of Belsey,
Toupet or Dor. Tapias et al. performed anti-reflux surgery
in 12.9% of their population and emphasize the lack of im-
provement in clinical symptoms after the procedure [11].
Authors using a laparoscopic approach are of the opposite
opinion and prefer to perform anti-reflux surgery in their
patients [16, 17]. In our study, 3 patients underwent myot-
omy with anti-reflux surgery, and the diverticula, measur-
ing 2-3 cm in diameter, were left unresected. Herbella and
Patti and Westcott et al. propose that small diverticula may
be left and not resected and this did not result in persistent
dysphagia symptoms, with patients experiencing clinical
improvement after surgery [18, 23].

In our study, patients were followed up long term for
a mean of 43 months. During follow-up, 7 (30.4%) patients
achieved a very good result, 11 (47.8%) had a good result
and 1 (4.3%) had a bad result, and required esophageal
dilatation once a year. Other authors also report very good
results in long-term follow-up [11, 12, 19, 20].

Conclusions

Surgical treatment of TED using an open approach is
a safe procedure, but with a relatively high rate of periop-
erative complications. The complication rate is comparable
between laparoscopic and open approaches. Resection
of an esophageal diverticulum with myotomy should be
the standard treatment, with anti-reflux surgery recom-
mended in cases of epiphrenic diverticulum, concomitant
diffuse esophageal spasm and in diverticula with achala-
sia. Manometry, particularly high-resolution manometry,
should form part of the routine diagnostic workup [24].

Disclosure
The authors report no conflict of interest.

References

1. Soares R, Herbella FA, Prachand VN, Ferguson MK, Patti MG. Epiphrenic diver-
ticulum of the esophagus. From pathophysiology to treatment. J Gastrointest
Surg 2010; 14: 2009-2015.

2. Tedesco P, Fisichella PM, Way LW, Patti MG. Cause and treatment of epi-
phrenic diverticula. Am J Surg 2005; 190: 891-894.



Surgical treatment of thoracic esophageal diverticula

10.

11.

12.

13.

14.

. Streitz JM, Glick ME, Elis FH Jr. Selective use of myotomy for treatment of epi-

phrenic diverticula. Manometric and clinical analysis. Arch Surg 1992; 127:
585-588.

. Charles T, Sturgeon MD. Esophageal diverticula. JAMA 1929; 92: 379-385.
. Schick A, Yesner R. Traction diverticulum of esophagus with exsanguination:

report of a case. Ann Intern Med 1953; 39: 345-349.

. Badillo R, Francis D, DeVault K. Formation of large esophageal diverticulum

after peroral endoscopic myotomy. Gastrointest Endosc 2015; 82: 962; dis-
cussion 963.

. Sato H, Takahashi K, Takeuchi M, Sato Y, Hashimoto S, Mizuno K, Terai S.

Epiphrenic diverticulum of the esophagus after peroral endoscopic myotomy.
Endoscopy 2015; 47 Suppl 1 UCTN: E509-E510.

. Dindo D, Demartines N, Clavien P. Classification of surgical complications:

a new proposal with evaluation in a cohort of 6336 patients and results
of a survey. Ann Surg 2004; 240: 205-213.

. Blazeby JM, Williams MH, Brookes ST, Alderson D, Frandon JR. Quality of life

measurement in patients with oesophageal cancer. Gut 1995; 37: 505-508.
Visick AH. Measured radical gastrectomy; review of 505 operations for peptic
ulcer. Lancet 1948; 1: 551-555.

Tapias LF, Morse CR, Mathisen DJ, Gaissert HA, Wright CD, Allan JS, Lanuti M.
Surgical management of esophageal epiphrenic diverticula: a transthoracic
approach over four decades. Ann Thorac Surg 2017; 104: 1123-1130.

Altorki NK, Sunagawa M, Skinner DB. Thoracic esophageal diverticula. Why is
operation necessary? J Thorac Cardiovasc Surg 1993; 105: 260-264.
Varghese TK, Marshall B, Chang AC, Pickens A, Lau CL, Orringer MB. Surgical
treatment of epiphrenic diverticula: a 30-year experience. Ann Thorac Surg
2007; 84: 1801-1809.

Vicentine FP, Herbella FA, Silva LC, Patti MG. High resolution manometry
findings in patients with esophageal epiphrenic diverticula. Am Surg 2011;
77:1661-1664.

20.

21.

22.

23.

24.

. Reznik SI, Rice TW, Murthy SC, Mason DP, Apperson-Hansen C, Blacksto-

ne EH. Assessment of a pathophysiology-directed treatment for symptom-
atic epiphrenic diverticulum. Dis Esophagus 2007; 20: 320-327.

. Kim S, Cho JH. Laparoscopic Heller Myotomy with epiphrenic diverticulec-

tomy. Korean J Thorac Cardiovasc Surg 2019; 52: 227-231.

. Gonzalez-Calatayud M, Targarona EM, Balague C, Rodriguez-Luppi C, Mar-

tin AB, Trias M. Minimally invasive therapy for epiphrenic diverticula: system-
atic review of literature and report of six cases. ] Minim Access Surg 2014;
10: 169-174.

. Herbella FA, Patti MG. Modern pathophysiology and treatment of esophageal

diverticula. Langenbecks Arch Surg 2012; 397: 29-35.

. Kilc A, Schuchert MJ, Awais O, Luketich JD, Landreneau RJ. Surgical manage-

ment of epiphrenic diverticula in the minimal invasive era of laparoscopic
surgery. Eur ) Cardiothorac Surg 2009; 13: 160-164.

Macke RA, Luketich JD, Pennathur A, Bianco V, Awais O, Gooding WE, Chri-
stie NA, Schuchert MJ, Nason KS, Levy RM. Thoracic esophageal diverticula:
a 15-year experience of minimally invasive surgical management. Ann Tho-
rac Surg 2015; 100: 1795-1802.

Fernando HC, Luketich JD, Samphire J, Alvelo-Rivera M, Christie MA, Bo-
naventura PO. Minimally invasive operation for esophageal diverticula. Ann
Thorac Surg 2005; 80: 2076-2081.

Belsey R. Functional disease of the esophagus. J Thorac Cardiovasc Surg
1966; 52: 164-188.

Westcott CJ, O’Connor S, Preiss JE, Patti MG, Farrell TMJ. Myotomy-first ap-
proach to epiphrenic esophageal diverticula. Laparoendosc Adv Surg Tech A
2019; 29: 726-729.

Del Genio A, Rossetti G, Maffetton V, Renzi A, Brusciano P, Limongelli P, Cut-
titta D, Russo G, Del Genio G. Laparoscopic approach in the treatment of epi-
phrenic diverticula: long-term results. Surg Endosc 2004; 18: 741-745.

Kardiochirurgia i Torakochirurgia Polska 2023; 20 (1)



