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Diaphragm plication in the era of minimally invasive surgery
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Diaphragm paralysis is defined as a loss of muscle tone and
elastic properties of the muscle fibers without disruption
of diaphragm integrity and/or chest wall attachment. With
disease progression, diaphragm paralysis leads to muscular
atrophy and fibroelastic tissue deposition resulting in
permanent elevation of the dome. Abnormal or delayed
fetal myotome migration leads to congenital defect
called diaphragm eventration. On the contrary, acquired
diaphragm paralysis is a rare entity in adult patients with an
incidence of <0.05% and male predominance (1). Although
current literature states that acquired paralysis and
congenital eventration are different entities and should not
be confused, nowadays, terms “eventration”, “relaxation”
and “paralysis” are used at times interchangeably. The most
effective and radical treatment for symptomatic patients
with diaphragmatic paralysis is a diaphragm plication.
Conservative management with spontaneous resolution of
diaphragm elevation within 6 months after insulting event
is effective in no more than 10% of cases (2). However,
it may occur in up to 78% of the patients within 2 years
after cardiac surgery (3). Thereby, surgical intervention
can be delayed in appropriate patients in anticipation of
spontaneous recovery. For symptomatic patients, unable to
wait for recovery, surgical intervention can be considered
earlier. In pediatric population, the main indication for

diaphragm plication after cardiac surgery is failure to wean
from mechanical ventilation.

In the article “Diaphragmatic plication: current
evidence and techniques in the management of the elevated
hemidiaphragm”, Gilbert and Wei provided a comprehensive
literature review on existing methods of surgical plication,
as well as diagnostic methods (4). Over the past decades,
different open and minimally invasive approaches for
diaphragm plication have been described with significant
improvement of oxygenation and spirometry values as well
as symptomatic improvement (e.g., decrease in dyspnea
on a visual analogue scale) after surgery (5,6). Different
plication techniques have been described including
interrupted mattress sutures buttressed with Teflon
pledgets, U-stitches, stapling, mesh reinforcement with
or without diaphragmatic incision for abdominal organs
control. Multiple retrospective single-center studies have
demonstrated improvement of pulmonary function test
values in postoperative period using these techniques at
a long-term follow-up (7). The variety of the proposed
methods of diaphragm plication determines the need
to systematize results of their application in terms of
postoperative complications, improvement of functional
status and frequency of relapses, as well as implementation
and reproducibility of the methods. Despite steadily
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Figure 1 Creation of diaphragmatic folds using horizontal interrupted U-stiches reinforced with Teflon pledgets during transabdominal

robotic diaphragm plication.

growing interest in minimally invasive treatment of
diaphragm dysfunction, the number of studies that meet
rigorous criteria of high level of evidence is not sufficient.
As authors correctly mentioned, choice of transthoracic or
transabdominal approach remains surgeon-depended.

Minimally invasive transthoracic approach is gaining
more recognition, especially with availability of robotic
technology. In their literature review, authors described in
details robotic-assisted transthoracic approach as a preferred
technique in their institution using running mattress sutures
buttressed with Teflon pledgets (4). Although, benefits of
minimally invasive techniques are obvious, some authors
mentioned such disadvantages of video-assisted thoracic
surgery (VATS) plication as limited workspace due to
elevated dome of a paralyzed diaphragm, no difference in
postoperative pain compared to open approach, difficulty
of obtaining a sufficiently tense diaphragm and an elevated
risk of abdominal organs damage (8,9). On the contrary,
transabdominal approach allows a better workspace,
excellent visual control of the intraabdominal viscera and
obviates the need for the lung isolation. In our practice,
we prefer robotic transthoracic approach for the right
hemidiaphragm plication and transabdominal approach in
case of the left-sided procedure (Figure 1) (7,10).

Authors are correct in their conclusion, that currently not
a single method could be recommended as a gold standard.
Published short- and long-term results of thoracoscopic and
laparoscopic approaches are comparable with transthoracic
open diaphragm plication outcomes, at the same time
offering patients all the advantages of a minimally
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invasive surgery, potentially with less complications.
Hence, preference should be given to minimally invasive
approaches, based on individual surgeon’s experience with
an procedure and preference.
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