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ABSTRACT

PURPOSE: To investigate the development of a laparoscopy technique for local injection into the X-linked muscular dystrophy (mdx)
diaphragm.

METHODS: It was used 10 mice Balb/C57 and 5 mdx mice and three differents decubitus type were tested: the right lateral, supine,
and supine decubitus with 20 degrees elevation of the forelimb. Abdominal caudal face and the 10 intercostal space were tested as spot
to introduce the needle into the diaphragm.

RESULTS: Supine position with elevation of 20 degrees forelimb and the 10th intercostal space are the beneficial position to apply a
local injection.

CONCLUSION: It was proved to be possible to perform the laparoscopy technique in the X-linked muscular dystrophy diaphragm and
this requires a specific position and technique during the surgery.
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Introduction

Laparoscopic techniques are a minimally procedures,
aiming to reduce the risks associated with conventional surgery,
that proved superior to postoperative pain and recovery'.

Duchenne muscular dystrophy (DMD) is the most
devastating X-linked muscle disorders that affect 1 in 3500 male’s
births, caused by mutation in gene encoding the 427 kDA protein,
called dystrophin®®. The major respiratory symptoms observed in
these patients, occurs, when they used the wheelchair. During this
period, these patients are affected by scoliosis structural deformities,
mainly responsible for the lung function decrease. Due the respiratory
muscles weakness and structural deformities, it can observed the
hipercarpnia, pulmonary hypoventilation, hypoxemia (secondary
hipercarpnia) and therefore, secretion clearance, decreased lung
compliance and chest mobility, increasing the mechanical loading
sustained every respiratory movement by the weak musculature®.

Considering these respiratory complications, several
experimental therapies are being performed to improve the respiratory
conditions DMD patients®’, evidencing the importance of developing
new techniques and advances to resources for experimental therapies,
e.g pharmacological and stem cells. Since it extend the resources of
DMD respiratory muscles intervention, the chances of these patients
maintain their activities of daily living without the use of noninvasive
ventilatory resources and patient survival increases.

The mdx (X- linked muscular dystrophy mouse) is an
animal model commonly used to DMD studies. These animal
can be easily and reliably reproduced and due to a spontaneous
mutation in the dystrophin gene and lack of dystrophin expression
in muscle tissues®’. In the mdx, the limb skeletal muscle exhibits
an initial periods of severe necrosis at 3-4weeks of age lifespan,
however the limb muscles of mdx mice undergo sufficient muscle
fiber regeneration to compensate for the continued injury to fibers
and muscle fiber degeneration. Although the diaphragm muscle
exhibits progressive deterioration, similar to human DMD3!%11,

Considering the mdx features cited by the authors above,
the benefits of laparoscopy and the possibility to expand access
techniques, for respiratory muscles in patients with DMD, this
study, aimed to develop a viable a mdx laparoscopy technique,
that allowed the protocol development for an injection spot in the

diaphragm muscle of this clinical model.

Methods

This research was certified by the Ethical Principles

in Animal Research adopted by “Ethic Committee in the use of
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animals” of the School of Veterinary Medicine and Animal Science
of University of Sao Paulo, protocol number 2045/2010.

For this research, we used 10 mice Balb/C57 of the
Vivarium of Pathology, School of Veterinary Medicine Animal
Science, University of Sao Paulo and 5 mdx mice the Vivarium of
the ABC School of Medicine.

Laparoscopy

To perform the laparoscopic procedure and the
establishment of a favorable decubitus for the diaphragm muscle
viewing, were tested three types of position: the right lateral
decubitus, supine and supine with 20 degrees of elevation of the
forelimb. In all positioning tested were used the same anesthetic

protocol and laparoscopic.

Anesthetic protocol

The animals were anesthetic with the combination of
50mg/Kg ketamine (Ketamin-S®, Cristalia) and 2mg/kg xylazine
(Calmiun®, Agener Unido), remained the animals in the holding

spontaneous breath.

Laparoscopic protocol

After anesthesia, was realized an incision of 0.5 cm in
the lower abdomen at median sagittal plane for laparoscopic input.
The 2,7mm optic was introduced and stabilized with circular
sutures with wire of 4-0 poligalactina. The pneumoperitoneum
was preceded to the pressure of 2 mmHg through a 25X7G needle
placed parallel the optical imput.

Protocol for diaphragm muscle injection

Two protocols were tested to define an effective perform

to the local injection in the diaphragm muscle

Protocol 1

The injection in the diaphragm costal face was performed
in nine animals Balb/C57 being used three animals in each decubitus
cited above. In this protocol, the needle was introduced into the right
antimere of the abdomen caudal face, near the midline. We used a
needle with 24G caliber plugged into a disposable insulin syringe
containing 0.2 ml of Tryplan Blue. When it was introduced, the
needle bevel was directed to the diaphragm caudal face, in order to

chart a cranial path and upward (Figure 1, Protocol 1).
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FIGURE 1 - Protocol 1. Laparoscopy image; caudal view of the

diaphragm muscle. Observe the needle placed into the diaphragm

costal face, (1) liver, (2) lung and (3) diaphragm costal face.
Protocol 2

The protocol 2 was utilized after the following criteria: the
determination of the most favorable position for surgery (data obtained
using protocol 1) and after checking the effectiveness of the protocol 1.

The protocol 2 was realized in supine position with elevation
of 20 degrees of the thoracic limbs in 1 Balb/C57 and in 5 mdx. It was
used a needle with 24G caliber plugged into the disposable insulin
syringe with 0.2 ml de Tryplan Blue. This one was introduced in the
10 intercostal space, piercing the intercostal muscle and the place
where the diaphragm is inserted. When the bevel of the needle was
visualized on the monitor, this was retreated until the entire needle
orifice stay completely within the muscle, occupying a portion of the

diaphragm and another in intercostal muscle (Figure 2, Protocol 2).

FIGURE 2 - Protocol 2. Laparoscopy image; caudal view of the
diaphragm muscle. (A) Observe the needle into the abdominal
cavity, which was introduced in the tenth intercostal space; (B
and C) needle being retracted; (D) needle positioned between the
diaphragm and intercostal muscle.

Postoperative protocol

The postoperative protocol was performed with 2.5
/ kg flunixin meglumine for three days, and 2 mg / kg of
meperidine hydrochloride three times daily during five days
for analgesia. For prophylactic antibiotics were used 10mg/kg
of enrofloxacin by intramuscular injection two times per day.
After 10 days, all animals that remained alive were euthanized
with an overdose of anesthesia and diaphragmatic muscle was
dissected.

Results

Protocol 1 — Laparoscopy in supine position

It was observed in this position, the liver of the animal
confined large part of diaphragm costal face, hindering the
injection spot. After the needle was introduced, we can observe
the occurrence of pneumothorax and after, the death of the
animal.

At the end of the procedure, the diaphragm was
dissected for analysis. The dissection proceeded in antimeres
with the removal of the integument and muscles of the chest
and abdominal regions, and thus accessed their organs. For
visualization of the diaphragm muscle, the abdominal and
thoracic organs were removed. It was observed the diaphragm
muscle emerging bundles and peripheral ligaments oriented
radially, joining the central tendon presenting planed format. The
tendons peripherals were connected ventrally in the sternum and
at the xiphoid process, laterally to the ribs (7 th, 8 th, 9 th and
10 th, and apices of the 11 th and 12 th) and the correspondents
costal cartilages and dorsally three lumbar vertebrae. It was
noted the foramen of the vena cava, esophageal hiatus, aortic
hiatus and your three divisions: sternal part, and costal part and

the left and right pillars of the diaphragm muscle (Figure 3).
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FIGURE 3 — (A) Balb/C57 photograph in supine position, we
observe the optical with “X” suture. (B) Caudal view of the
diaphragm, (1) right costal face, (2) central tendon, (3) left costal
face, (4) xiphoid process, (5) foramen vena cava, (6) esophageal
hiatus, (7) aortic hiatus, (8) and left diaphragmatic pillars (9) right
diaphragmatic pillars. Note the diaphragmatic muscle stained in
blue, due to leakage of the Tryplan Blue.

Protocol 1 — Laparoscopy in right lateral decubitus

It was observed in this position, the animal’s liver
displacement of the diaphragm caudal face and the liver remained
hindering the injection spot, but not precluding the injection.
After the needle is inserted, we can observe the occurrence of

pneumothorax and after, the death of the animal (Figure 4).

FIGURE 4 - (A) Balb/C57 photograph in right lateral decubitus.
(B) Laparoscopy image, (1) left costal face and (2) ligament
gastrophrenic of the stomach. (C) Injection spot.

At the end of the procedure, the diaphragm was dissected

for analyses and it was observe the same results describe above.
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Protocol 1 — Laparoscopy in supine position with 20

degrees of the thoracic limbs

During protocol 1, that the supine position with 20
degrees of thoracic limbs was favorable to visualize the diaphragm
muscle, because the liver of the animal had a considerable
displacement of the diaphragm costal face, facilitating the
injection application. After the needle was introduced we can
observe the occurrence of pneumothorax and after, the death of
the animal. We observed that this decubitus was the most favored
to perform the injection spot in the diaphragm. However this
protocol has not kept the animals alive.

At the end of the procedure, the diaphragm was dissected

for analyses and it was observe the same results describe above.

Protocol 2 — Laparoscopy in supine position with 20

degrees of thoracic limbs

During perform, of the protocol 2, after the needle be
introduced, we can observe that there was no extravasation of
Tryplan Blue in the abdominal cavity; pneumothorax has not
occurred and the animals remained alive after the procedure.
These animals were kept alive for 10 days and after all the animals
were euthanized and the diaphragm muscle was dissected. The
same morphological structures mentioned above were observed
and it was verified that there was no rupture in the diaphragm

muscle (Figure 5).

1,65cm

1,66 cm

A

FIGURE 5—Macroscopic photography, caudal view of the diaphragm
muscle. Observe the injection spot marked by Trypan Blue.

Discussion

In DMD, the Golden Retriever Muscular Dystrophy
(GRMD) has been the most extensively animal model examined and

characterized for elucidation of the pathogenesis and assessment
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of efficacy and toxicity, during the development of therapies’.
Although the GRMD are a potential model of human disease, these
models require a high maintenance cost and treatment, because
they are large, which hinders their handling when was used in
experiments. Unlike the mdx model that presents easy reproduction,
handling, low cost, low emotional involvement with his treater and
vice versa, and convenience for experiments in laboratories®’.

In recent years, the diaphragm muscle has been widely
approached in the DMD studies®”’ which demonstrate the concern
of researchers in obtaining data about this muscle.

The laparoscopic procedure has been successfully used
in interventions in the diaphragm'>'*. However, until the present
moment there are no studies using laparoscopic procedure for
local injection in the mdx diaphragm.

Matecki et al.'?, used the laparoscopy to expose the
abdominal surface of the right hemidiaphragm in the mdx and
wild-type (C57BL10) and induce a massive necrosis with a topical
application of notexin. After surgery, the authors reported that there
were no complications, confirming the mdx tolerance for this type
of intervention. Despite, the local diaphragm access was described
above, in this research, the size of the incision and the fact that
there was not diaphragm perforation, differs these two techniques.
In the laparotomy, the incision is larger than in laparoscopy, a fact
that favors the laparoscopic technique for model mdx.

Regarding the parameters used in laparoscopy',
to develop a model of splenectomy in rats, used to establish
pneumoperitoneum pressure of 7 mmHg and introduced a Smm
trocar. In one study to practice bariatric surgery in rats, the authors
used the pressure of 8 mmHg and 11mm trocar. Meyer et al.'® to
establish a model of partial nephrectomy, used 20 Wistar rats and
established pneumoritonio with pressure of 5 mm Hg and a Smm
trocar. Ettinger et al.'®, as well as the Meyer et al.'’, used a pressure
of 5 mmHg for establishing pneumoperitoneum. However, in our
experiment, we used a 2.7-mm of trocar size, because the animals
used, has a smaller size and weight than the animals used in Meyer

et al.'and Ettinger et al..

Conclusion

It was proved to be possible to perform the laparoscopy
technique in the X-linked muscular dystrophy diaphragm and this
requires a specific position and technique during the surgery.
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