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ARTICLE INFORMATION ABSTRACT

Internal thoracic artery dissection is one of the most defining procedures of coro-
Received: March 10, 2019 nary artery bypass grafting, as it has been demonstrated that the quality of life and
Accepted: April 16, 2019 short-long term outcome of patients will depend on the morphological characteris-

tics of the graft. More than 25 years ago, the use of a malleable lung retractor was
proposed to facilitate the internal thoracic artery dissection especially its proximal
segment, but that device has never been manufactured. A lung spreader, assem-
bled from disused devices, used in coronary artery revascularization is presented.
The main advantages confirmed over more than three years in nearly a hundred
patients are discussed and commented upon.
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Primer separador retractil de pulmén para facilitar la diseccion
extrapleural de la arteria tordcica interna

RESUMEN

La diseccion de la arteria tordcica interna es uno de los procedimientos mds defi-
nitorios de la cirugia de revascularizacion miocdrdica, pues se ha demostrado que
la calidad de vida y la evolucion a corto y largo plazo de los pacientes dependerdn
de las caracteristicas morfologicas del injerto. Hace mds de 25 aiios se propuso la
utilizacion de un separador pulmonar maleable para facilitar la diseccion de la
arteria tordcica interna, especialmente su segmento proximal, pero nunca se ha
fabricado ese dispositivo. Se presenta un separador pulmonar manufacturado a
partir de dispositivos en desuso, empleados en cirugia coronaria. Se comentan y
discuten las principales ventajas demostradas durante mds de tres afios en cerca
de un centenar de pacientes.

Palabras clave: Revascularizacion miocdrdica, Arteria tordcica interna, Cavidad
pleural, Neumotorax, Enfermedad pulmonar obstructiva cronica
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an official doctor of the English imperial army, prac-
tically isolated and due to the necessity', conducted
for the first time the most widely used of all incisions
over the chest cavity. In two articles of the years
1897 and 1901, Herbert Meyrick Nelson Milton (Oc-
tober 1857 — December 20, 1921) described the me-
dian longitudinal sternotomy technique to approach
to the mediastinum, first for resection of a huge tu-
berculous lymph node and later for the extraction,
through the trachea, of a foreign body lodged in a
bronchus™.

Although, clearly, this incision provides easy ac-
cess to the organs of the anterior superior mediasti-
num, it was not until 1953 that Harry B. Shumacker
(May 20,1908 — November 14, 2009) uses it in closed
pulmonary valvotomies in eight patients, and he
proposed it for cardiac surgery, describing it erro-
neously as a new approach. However, curiously, the
advantages of the midline exposure had not been
cheerfully received some time ago, when the Ameri-
can surgeon first submitted his manuscript at the
annual meeting of the American Association of Tho-
racic Surgery5, and the preferred incision so far was
kept in use during the first decades of surgeries on
the heart, which was: the anterior bilateral trans-
sternal thoracotomye.

According to Dalton et a/ 7, in October 1957, Or-
mand Clinkenbeard Julian (May 6, 1913 - December
18, 1987) restarted the discussion and proposed the
reintroduction of the Milton’s incision in the incipi-
ent heart surgery with extracorporeal circulation,
with the fundamental objective of evading pulmo-
nary complications secondary to the opening of both
thoracic hemicavities during the “clamshell” ap-
proach. He mentioned in his article that the greatest
benefit obtained with access to the heart through the
sternum was to avoid any trauma to the lung, espe-
cially in the group of cyanotic patients, understood
as patients with severe congenital heart disease. The
possibility of operating without opening the pleurae
would allow the anesthesiologist to manually insuf-
flate the lungs at key moments of the surgery, which
avoided alveolar collapse and atelectasis’. However,
still in 1958, the sternotomy was avoided, and,
through incisions in “clamshell”, the first anastomo-
sis between mammary and coronary arteries were
performed, when Longmire had complications with
some of his open endarterectomies®”.

At the end of the decade of 1950", a group from
the Cleveland Clinic of Ohio, led by William H. Sew-
ell, proposed the modification of the implantation
technique of an skeletonized internal thoracic (mam-

mary) artery in the myocardium (Vineberg)', by
tunneling the vessel, now prepared in the form of a
tissue band that included the mentioned artery, its
veins, endothoracic fascia - parietal pleura, lymphat-
ic vessels and other perivascular tissues (“the pedi-
cle operation”)12’13. With the subsequent develop-
ment of the coronary artery bypass graft surgery, the
practice of harvesting the internal mammary artery
as a pedicle quickly became the technique of choice
for most groups, as it is faster and theoretically less
harmful to the hemoduct'**°,

One of the disadvantages of this procedure is that
its first step, usually, consists in the opening of the
pleural cavity”’ls, to properly visualize some seg-
ment of the artery that will be taken as the start point
of the dissection. On a few occasions it is possible to
preserve the pleural integrity with this technique,
but many surgeons prefer to build a pedicle wide
enough to avoid the accidental injury to an artery
that does not always remain visible throughout its
preparation; in that circumstance, it is practically
inevitable not to invade the pleural space.

In patients with a history of nicotinism, chronic
obstructive pulmonary disease or emphysema, it is
practically impossible to access the most proximal
portions of the mammary artery without momentari-
ly modifying the anatomy of the surrounding organs,
especially hyperinflated lungs that try to occupy
their usual position. Some of the solutions imple-
mented in this situation consist in depressing it
manually with the separators commonly used in
thoracic surgery, with a long clamp protected with
gauze, or —-more frequently— with the metal suction
cannula; it can also be passively deflated by placing
a weight on it, such as wet packs (Fig. 1). Another
common practice of surgeons is to ask the anesthe-
siologists to decrease the tidal volume or the posi-
tive end-expiratory pressure (PEEP). Any of these
strategies can sufficiently upset the anatomy or
physiology of the respiratory system, to cause signif-
icant complications during and after surgery.

In the early 1970s some groups began to practice,
stably, the skeletonized internal mammary artery
harvesting for the coronary artery bypass grafting
(CABG)". This technique allows, frequently, to pre-
serve the integrity of the pleural Cavityzo'zs. Nonethe-
less, also during the approach to the artery segment
comprised in the first three intercostal spaces, the
ventilation of the lung may seriously complicate the
surgeon’s handling and involve an injury of the vas-
cular and nerve structures or the pleura and lung,
and the use of more time than the desired for dissec-
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Flg 1. A. When an emphysematous lung hinders the access to the proximal segment of the mammary artery, |ts anatomy must
inevitably be modified by depression or separation. B. Depression by classic pulmonary spreader. C. Depression with the
vacuum aspiration metal cannula.

tion.

In 1992, Cunningham et al” indicated that a stra-
tegically placed malleable lung retractor could pro-
vide an excellent exposure in this situation. For
more than a quarter of a century, this device has not
been mentioned again.

In an extensive review of articles related to inter-
nal mammary artery harvesting in any of its variants,
published since the 1940s, only one work was found
with the use of hemostats conveniently placed, pro-
posed to optimize extrapleural dissection of the he-
moduct, where the authors theorized the future pro-
duction of more sophisticated retractors™. The ana-
lyzed bibliography does not allow to define the
strategies used by other surgical groups to deal with
pulmonary interposition during the mammary artery
harvesting.

Since the end of 2015 our group made and began
using a malleable lung retractor with the aim of facil-
itating the skeletonized dissection of the internal
mammary artery. To our knowledge, this is the first
device manufactured in the world with that inten-
tion. Below are its main characteristics and ad-
vantages.

CHARACTERISTICS OF THE PROPOSED RETRAC-
TOR

The core element of the malleable lung retractor
presented here is the articulated arm of the epicar-
dial coronary arteries’ stabilizers, used in the CABG.

These devices are usually manufactured for a single
use, thus, they are discarded very soon. For this
reason, there is a wide availability of this attachment
in centers of cardiovascular surgery where coronary
surgery is performed without extracorporeal circula-
tion or other beating heart surgical variants.

The “valve” of the retractor is manufactured from
aluminum or stainless steel rods; these components,
and the small sheets of malleable metal used to join
them, are also obtained from instruments discarded
in cardiovascular surgery: pleurotomes of small cal-
iber, Overholt or urine-meter container hangers,
cardioplegia cannulas, and others. In some of the
retractors we have built, their components have
been simply joined with surgical steel suture used
for sternal closure (Fig. 2). The total manufacturing
time, with a minimum of tools, does not take more
than one hour.

ADVANTAGES

The adjustable support design of the coronary stabi-
lizer allows to quickly adhere to a wide variety of
sterilizers used during the mammary dissection. It
may be convenient to manufacture them in several
sizes, so that they can adhere to different anatomical
situations, but we have manufactured at least one in
which the curved metal rod (“valve™) can slide
through the plastic supports of the articulated arm,
which allows to vary its extension (Fig. 3). Once the
retractor has been properly fixed to a rigid structure,
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incidence of atelectasis, when re-
ducing trauma and lung without the
need to decrease PEEP or pulmo-
nary tidal volume during dissection.

An adjustable device that as-
sumes the separation of anatomical
structures will always rationalize
the use of surgical team personnel
in any intervention; in our case,
when eliminating the need for one
nurse depressing the lung during
preparation of the proximal seg-
ment of the mammary artery, her/

Fig. 2. One of the spreaders manufactured by our team. his function of instrumentalist is

optimized for supporting the extrac-
tion of hemoducts that are dissect-
ed synchronously (mammary and
radial artery, saphenous vein).

the surgeon can position it conveniently in a way On many occasions, a gentle separation of the
that it does not interfere with its maneuverability lung will allow the integrity of the pleural cavity to
(Fig. 4). It should be remembered that it is placed be preserved, which will result in many benefits,
almost exclusively when the dissection of the prox- during and -especially- after surgery. In the tran-
imal segments of the mammary artery is hindered soperative period, a closed pleura will prevent the

by pulmonary expandability, there-
fore, with only few uses, the sur-
geon is able to easily predict the
most advantageous position that will
allow him/her to conclude the pro-
cedure without major setbacks.

In situations that need its de-
ployment, the spreader, by retaining
some flexibility, reduces or elimi-
nates traumas on the lung, by a gen-
tler depression of the viscera, sta-
bly, and only strictly necessary to
discover the course of the mamma-
ry artery, with obvious advantages
over ventilatory dynamics during
that time. This plays an important
role in emphysematous patients or
with abundant bullae in the super-
omedial portions of the lung, which,
when insufflated, greatly diminish
the surgeon's visualization, and that
when separated sharply can be easi-
ly injured.

A better visualization of the sur-
geon obviously facilitates the dissec-
tion of the mammary artery in any
variant, decreases the duration of
the procedure, and the risk of lesion
to periarterial structures and the

o

Fig. 3. Spreader facilitating dissection of the proximal segment of the
left mammary artery. Notice that the curved rod in the form of a
“valve” can slide at the surgeon's convenience (arrow), which modifies
the scope of the spreader. In this patient, the distal end of the mammary
artery has been pinched at the beginning of the dissection, in line with the
new method of mammary artery harvesting proposed by the lead author

of this article.
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Fig. 4. The proper arrangement of the separator does not
interfere with the surgeon's maneuverability. In this pa-
tient, in addition, the mammary vein has been separated

from the artery by a traction point anchored to the edge of
the wound, a maneuver that also facilitates the dissection

of the proximal segment of the hemoduct.

unnoticed accumulation of blood in the thoracic
cavity, which indirectly forces the surgeon to locate
and control inaccurate bleeding points, when the
bleeding begins to overflow the anterior mediasti-
num,; this will decrease the possibility of anemia and
the need for transfusions. Following this same logic,
the intact pleura will prevent the mixing of the pa-
paverine used to irrigate the hemoduct, with
amounts of blood that can subsequently be aspirat-
ed to the cardiotomy reservoir, and infused back
into the patient. This issue has been little studied,
but it is theoretically possible that the antispasmodic
drugs used during harvesting of hemoducts, if incor-
porated into the bloodstream of the patient, can be
responsible for hemodynamically significant tran-
soperative vasoplegia.

The opening of the pleural cavity during mamma-
ry artery harvesting may also be responsible for
high morbidity during the postoperative period.
Pleural effusions have been reported in about 90% of
patients in the first week after surgery, some are
cataloged as chronic persistent and related to the
mammary artery preparation; and in many cases
they require a surgical treatment™. In addition, the
opening of the pleural space can cause pneumotho-
rax and fistulas between systemic arteries and pul-
monary vessels, among other complications. The
consequent placement of drains through intercostal
spaces, contradictorily, can hinder the resolution of
effusions by interfering with the absorptive capacity
of the pleurazs, and can be an important source of
postoperative thoracic painful syndromes%'27 caus-
ing pneumonia, prolonged invasive mechanical ven-
tilation and longer stay in the intensive care unit,
among other complications.

Finally, it is necessary to mention the wide versa-
tility offered by the device for its use in other spe-
cialties where the organs’ separation is required
without compromising the bimanual skills of sur-
geons, especially during thoracic surgery, where it
can be attached to the classic Finochieto spreader.

CONCLUSIONS

The evidence shows that the preservation of pleural
integrity during the preparation of the internal
mammary artery is associated with lower incidence
of pulmonary dysfunction and respiratory complica-
tions in the postoperative stagezs; fully commenting
on the benefits of this strategy is beyond the objec-
tives of this work.

In cardiovascular surgery, patients in which the
integrity of the pleural cavity can be preserved will
dispense with the classic intercostal drainage, and
even occasionally, a single drain tube may be placed
in the anterior mediastinum'®. The chances of de-
veloping unilateral pleural effusion, infectious res-
piratory complications, intercostal neuralgia or ate-
lectasis will be minimal, as well as bleeding and the
need for transfusions. An intact pleura will signifi-
cantly reduce the formation of pulmonary adhesions
and the distortion of the intrathoracic anatomyzg,
which is extremely beneficial for the patient and
surgeon if the need for an oncological surgical pro-
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cedure subsequently arises, an increasingly frequent
situation in the current thoracic surg«el'y30‘3

To all this, we must add the well-known benefits
of the skeletonized mammary artery harvesting in
virtually any revascularization strategy that it is em-
ployed, relative to the low incidence of thoracic pain
or paresthesia32’33, and deep complications of sternal
wound™*™.

Since the end of 2015, the lung spreader has been
used in about one hundred patients operated in our
department. A preliminary analysis of its effective-
ness showed transoperative benefits in relation to
the conservation of pleural integrity, decreased dis-
section time and protection of the mammary veinzs,
the latter situation can also be translated into greater
protection of the sternum, because some authors
have pointed out the existence of a possible theoret-
ical relationship between retrosternal venous drain-
age injury and deep bone complicationsg6’37. Perhaps
it should also be noted that during all this time there
have been no cases of mediastinitis in our depart-
ment, a complication with known medical and eco-
nomic repercussionsgg’”. In addition, as overall
standard, the patients in which the device has been
used have been fewer days in the postoperative
intensive care unit and have been discharged more
precociously, which has undoubtedly meant a sub-
stantial reduction in hospital costs in this important
group of patients.
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