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INTRODUCTION: Diaphragmatic relaxation is an infrequent condition characterized by a permanent ele-
vation of all or part of an hemidiaphragm which maintains its insertions on the ribs and which does not
have continuous solutions but a reduced thickness.

PRESENTATION OF CASE: We studied a 65 years old male patient with mild dyspnea and chest pain occurred
during the last 12 months after moderate efforts. He underwent a contrast enhanced CT thorax scan that
showed a left diaphragmatic relaxation with the transposition in the cranial sense of the hypochon-

Kgywords: . . driac abdominal organs associate with an ipsilateral subtotal atelectasia. A laparoscopic plication of the
Diaphragmatic relaxation . . .
Laparoscopy diaphragm was performed to repair the congenital defect.

DISCUSSION: The relaxatio diaphragmatica is probably caused by a congenital defect, but there are also
idiopathic causes or cases of acquired relaxation due to phrenic nerve damage because of neoformations,
traumas, thoracic and cardiac surgery. In cases of asymptomatic relaxatio nothing is necessary, but in
symptomatic cases it is possible the plication of the diaphragm with a remission of symptoms.
CONCLUSION: The plication can be performed through thoracotomy or laparotomy and recently also in
thoracoscopy or laparoscopy. In our experience the laparoscopic repair of the relaxatio was accomplished
successfully with a left pneumothorax compatible with the intervention, but the operative strategy should
be always individualized with attention on diagnosis, patient characteristics, availability of resources and
experience of surgical team.
© 2020 Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Diaphragmatic placation
Diaphragmatic surgery

1. Introduction

Diaphragmatic relaxation, also called diaphragmatic elevation,
is an anomalous position of the diaphragmatic dome in the chest
and represents a rare case of exertional dyspnea. The diaphragm is
the most important inspiratory muscle and the other main muscles
of inspiration are the scalenes, external intercostals and sternoclei-
domastoid. The muscles of expiration are the internal intercostals
and the muscles of the abdominal wall including the rectus abdomi-
nus, internal and external obliques, and transversus abdominus. In
addition to its role in the respiratory pump, the diaphragm also
serves as a mechanical barrier between the abdominal and tho-
racic cavities and maintains the gradient pressure between them.
When a diaphragmatic relaxation occurrs because of congenital,

* Corresponding author at: Department of Surgical, Oncological and Oral Sciences
(Di.Chir.On.S.), University of Palermo - Italy, Via L. Giuffre, 5, 90127, Palermo, Italy.
E-mail addresses: giuseppe.dibuono@unipa.it (G. Di Buono),
giulia.bonv@gmail.com (G. Bonventre), amatomed@gmail.com (G. Amato),
fede.ricup90@gmail.com (F. Ricupati), giorgio.romano@unipa.it (G. Romano),
Antonino.agrusa@unipa.it (A. Agrusa).

https://doi.org/10.1016/].ijscr.2020.09.055

acquired or idiopathic causes, the elevated hemidiaphragm does
not participate in respiration resulting in paradoxal movement of
the injured hemidiaphragm during inspiration and expiration. In
this specific symptomatic cases the surgical treatment needs [1-6].
On the basis of tenacious adhesions found during surgery and the
absence of previous trauma or surgery the diaphragmatic relax-
ation was probably due to a congenital defect. In this case report
we evaluated the feasibility and safety of laparoscopic approach in
line with the SCARE criteria [7].

2. Presentation of the case

We studied a 65 years old male patient affected by hyperten-
sion and abdominal aortic aneurysm with mild dyspnea and chest
pain occurred during the last 12 months. He underwent a com-
plete preoperative study [8] with a spirometry that demonstrated
reduction in forced vital capacity (FVC) and a contrast enhanced CT
thorax scan that showed marked left diaphragmatic relaxation with
the transposition in the cranial sense of the hypochondriac abdom-
inal organs, in particular of the splenic colic flexure and part of the
transverse colon, stomach, spleen and pancreatic tail [9]. As result
we found a volumetric reduction of the left pulmonary parenchyma

2210-2612/© 2020 Published by Elsevier Ltd on behalf of IJS Publishing Group Ltd. This is an open access article under the CC BY-NC-ND license (http://creativecommons.
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Fig. 1. Preoperative CT scan.

Fig. 2. a) Laparoscopic exploration with anomalous position of the diaphragmatic dome and transposition in the cranial sense of the hypochondriac abdominal organs; b)
dissection of tenacious congenital adhesions and section of the spleenic-colic ligaments; c) laparoscopic plication of the left hemidiaphragm.

Fig. 3. a) X-ray image of pneumothorax on POD 1; b) follow-up on POD 7.

with an ipsilateral subtotal atelectasia; the right lung was regular
(Fig. 1). In relation to the age of the patient, to his good clini-
cal condition and to the extend of the hypochondriac abdominal
organs transposition in the cranial sense because of the anomalous
congenital position of the diaphragmatic dome, we decided for a
laparoscopic approach. Such as in upper Gl laparoscopic surgery the
patient was placed in supine position with legs apart (classic French
position). We performed pneumoperitoneum by Veress needle
with the optical trocar in the supra-umbilical region. Other 4 trocars
were positioned respectively in the right and left hypochondrium,
in subxiphoid region and in the left flank [10]. The exploration
of the peritoneal cavity revealed a wide cranialization of the left
hemidiaphragm with thoracic trasposition of the stomach, great

omentum, descending and transverse colon, spleen and pancreatic
tail. The esophageal jato instead appeared continent with normal
endo-abdominal positioning of the esophagus-gastric joint. These
intraoperative findings confirmed the absence of a significant jatal
hernia and the presence of a left diaphragmatic relaxation (Fig. 2a).
With careful maneuvers we proceeded to section the tenacious
congenital adhesions between the visceral organs (stomach, colon,
spleen, pancreatic tail) and the diaphragmatic dome in order to
obtain their repositioning in the normal anatomical place (Fig. 2b).
Then we continued with an adequate laparoscopic plication of the
left hemidiaphragm with nonresorbable sutures (Fig. 2c). In post-
operative course we registered a left basal pneumothorax with
maximum size of 5 cm medially, with no clinical signs and compati-
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ble with the surgical procedure (Fig. 3a). We choised a conservative
management and on POD 7 the patient was discharged after com-
pleted resolution of the pneumothorax (Fig. 3b).

3. Discussion

In diaphragmatic relaxation all or part of the muscle fibers are
replaced by fibroelastic tissue, leading to a thinned and pliable cen-
tral portion of the diaphragm. It may be congenital or acquired. The
congenital form reflects a failure of the fetal diaphragm to muscu-
larize and the incidence is two- to threefold higher in males than in
females. The acquired form s associated with phrenic nerve injuries
(prevalence 0.03-0.5%) or is observed after surgery, especially open
heart surgery (prevalence 0.5 and 2.2% in adults). In some cases it
is idiopathic [11].

In this disease the continuity of the diaphragm and nor-
mal attachments to the costal margin are maintained. In adults,
diaphragmatic eventratio is rarely symptomatic. Principal symp-
toms can include dyspnea, palpitations, chest pain, dyspepsia, and
recurrent pneumonia. The diagnosis of diaphragmatic relaxation
is usually made on the presence of an elevated diaphragmatic
dome at a chest X-ray. CT scan of thorax and abomen and MRI can
be helpful for differential diagnosis with other diseases [12]. The
area of elevation coincides to the weakened or fibrotic area of the
hemidiaphragm which is displaced into the thorax. The differential
diagnosis in these patients includes unilateral diaphragmatic paral-
ysis, diaphragmatic anterior hernias (Morgagni hernia) or posterior
one (Bochdalek hernia) which also present a radiologic finding of
an elevated hemidiaphragm, subdiaphragmatic or diaphragmatic
masses and pleural effusion [13]. Most patients with diaphrag-
matic relaxation are asymptomatic and require no treatment, but
sometimes they complain dyspnea or other symptoms, already
described. In these cases we can take into consideration the surgical
treatment, expecially when we note a great decreased in physical
daily activity or a severe lung disease [14].

According to the literature data the thoracotomy was the tra-
ditional approach for surgical diaphragmatic plication. Today the
video-assisted thoracic surgery (VATS) offers a less invasive treat-
ment because it avoids the incision of the lower intercostal muscles.
Even if there is no consensus regarding which minimally invasive
approach (thoracoscopic versus laparoscopic) is preferred for this
repair, the choice is dependent on the experience of the surgi-
cal team [15-17] and it is certainly related to the extent of the
transposition of the abdominal organs in the thorax and to the pres-
ence of tenacious adhesions. In our case report the diaphragmatic
relaxation seemed to be congenital and the laparoscopic approach
resulted the most appropriate technique to obtain the reposition-
ing of abdominal organs and diaphragmatic placation. Nowadays
robotic surgery has features which can overcome the difficulties
of conventional laparoscopy and can also introduce new surgical
options but the cost is higher and operative time is typically longer
[18-20].

4. Conclusion

Surgical plication of the affected hemidiaphragm provides
excellent results in carefully selected patients. This procedure
can be performed using an open, thoracoscopic or laparoscopic
approach and in some centers the robotic technology. The surgical
procedure involves creating folds in the diaphragm and suturing
them in place to reduce mobility of the hemidiaphragm. Plica-
tion usually results in an improvement of lung function, exercise
endurance, dyspnea and the other symptoms. Before plication, the
healthy hemidiaphragm generates negative intrathoracic pressure
that is transmitted to the affected side. This pressure pulls up the
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affected portion of the diaphragmatic dome and with it parts of the
abdominal contents. This ineffective motion does not expand the
ipsilateral lung and results in poor gas exchange in that portion of
the thorax. After plication, the abdomen is not pulled upwards and
the adjacent lung segments expand themselves with better ven-
tilation and improved gas exchange. Furthermore, the unharmed
hemidiaphragm now performs less work, rendering it less suscep-
tible to fatigue and decreasing the need to recruit accessory muscles
of ventilation [16]. In this case report we show the feasibility and
safety of laparoscopic approach for diaphragmatic relaxation with
all the advantages that the minimally invasive surgery offers in
terms of rapid mobilization and less pain decreasing the incidence
of respiratory, circulatory and cardiac postoperative complications.
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