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Right-to-left inverted single-lung transplantation
procedure via an open-space technique.

CENTRAL MESSAGE

Right-to-left inverted single lung

transplantation is anatomically
feasible. An open space behind
the bronchi can be made for
pulmonary artery anastomosis
by pulling both up.

See Commentaries on pages 398, 399, and 401.
Video clip is available online.

Donor shortage is a critical issue in some areas; thus, single-
lung transplantation remains popular. In most countries, a
scoring system has been established that allows for the
neediest patients to have priority for receiving a donor or-
gan, and it is important to perform lung transplantation us-
ing any available lung in those cases. In some patients with
uneven disease laterality, transplantation for the worst side
is usually suitable, although waiting for a specific side may
lose the opportunity for lung transplantation. In contrast,
those patients may benefit by undergoing any-side lung
donation to increase the opportunity for rapid transplanta-
tion, even though the available organ is from an unsuitable
side. We report a case of inverted single-lung transplanta-
tion in a patient with a lung condition showing uneven lat-
erality (Video 1).
VIDEO 1. Right-to-left inverted single-lung transplantation. Video avail-

able at: https://www.jtcvs.org/article/S2666-2507(20)30557-5/fulltext.
CASE REPORT
A 56-year-old male patient with idiopathic pulmonary

fibrosis was registered in the Japan Organ Transplant
Network as a candidate for single-lung transplantation.
Lung perfusion scintigraphy showed an uneven accumula-
tion of radioisotopes, right to left 97% to 3%, whereas
blood gas analysis revealed arterial carbon dioxide tension
at 63.1 torr and arterial oxygen tension at 162 torr with 5 L/
min of oxygen provided. Furthermore, echocardiogram re-
sults indicated secondary pulmonary hypertension with
79 mm Hg of estimated systolic pulmonary artery pressure
without findings of heart remodeling, indicating that single-
lung transplantation would be effective. At 11 months after
registration, an opportunity for lung transplantation was
presented. Another recipient with priority received the left
lung of the donor, whereas the present patient received
the right, and we performed a right-to-left inverted lung
transplantation procedure. Written informed consent to
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FIGURE 1. A, Preoperative chest computed tomography scan results showed uneven disease laterality. B, Recipient pulmonary artery preparation. The

pulmonary artery was divided at the periphery of A6 to leave it beyond the bronchus stump, with ligation of A3, A1þ2ab, and A1þ2c. The recipient pulmonary

artery was cut in an oblique plane, from A1þ2ab to A6, so as to obtain a wide site for anastomosis of the right-sidemain pulmonary artery of the donor. C, Anas-

tomosis of the pulmonary artery was performed after making space by retraction of both the donor and recipient bronchi. D, Final image of hilar anastomosis.

Thoracic: Lung Transplantation
undergo an inverted lung transplantation procedure was ob-
tained from the patient.

Precision Preparation
The left chest cavity was entered through the fourth inter-

costal space following an anterior thoracotomy with sternal
transection. Venoarterial extracorporeal membrane oxygena-
tion was used due to secondary pulmonary hypertension
following confirmation with a pulmonary artery clumping
test. Under a left pneumonectomy, the pulmonary artery was
divided at the periphery of A6 to leave the pulmonary artery
beyond the bronchus stump, with ligation of A3, A1þ2ab,
and A1þ2c (Figure 1). The right lung graft was then placed
in the left thorax of the recipient after rotating the graft from
its anatomic position to 180� around the superior–inferior
axis. Thus, the anatomic posterior aspect of the right lung graft
became anterior in the left chest of our patient.

Step 1: Pulmonary Artery Anastomosis Behind
Bronchi

Initially, stay sutures were placed on both the recipient
and donor bronchi, then pulled to create a space for
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pulmonary artery anastomosis behind the bronchi. The
recipient pulmonary artery was cut in an oblique plane,
from A1þ2ab to A6, so as to obtain a wide anastomotic
site for the right-side main pulmonary artery of the donor.
The oblique plane of the recipient pulmonary artery was
then sutured to that of the donor using 5-0 PROLENE su-
tures (Ethicon Inc, Tokyo, Japan) beyond the recipient bron-
chus, which was pulled using a stay suture. The donor
bronchus was also retracted using a stay suture to expose
the donor pulmonary artery.
Step 2: Bronchial and Left Atrial Anastomosis
The bronchi stay sutures were removed and the donor

bronchus was sutured to the recipient bronchus with 4-
0 PDS sutures (Ethicon Inc) in an end-to-end manner in
front of the pulmonary artery. For this type of procedure,
it is recommended that both donor and recipient bronchi
be cut along an oblique plane,1 because the axis angles
differ. The membrane part of each bronchus was located
on the opposite side; thus, each part was sutured to the carti-
lage portion of the bronchus. Finally, we pulled out the
donor left atrium on the dorsal side of the hilum, then



FIGURE 2. A, 3D-CT angiography image obtained at 1 week after the

operation. The anastomosis site of the pulmonary artery was behind the

bronchus. B, 3D-CT angiography performed 2 months later showed good

patency and dilatation of the pulmonary artery and vein. C, Bronchoscopy

image of anastomosis site of bronchus.

VIDEO 2. Postoperative chest computed tomography scan performed

2 months after lung transplantation. Video available at: https://www.

jtcvs.org/article/S2666-2507(20)30557-5/fulltext.
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anastomosis of the left atriumwas performed with 4-0 PRO-
LENE sutures in the usual manner. A conduit between the
left atriums was not used, because they were in close prox-
imity to each other.

Postoperative Course
The postoperative course was uneventful. Three-

dimensional computed tomography was performed
1 week and again 2 months after surgery, with representa-
tive images shown in Figure 2 and Video 2. At 22 months
after the procedure, the patient was alive without complica-
tions related to inverted lung transplantation.

DISCUSSION
Inverted lung transplantation provides a greater opportu-

nity for single-lung transplantation in patients with uneven
disease laterality. This is the first known report of right-to-
left inverted single-lung transplantation, whereas Couetil
and colleagues2 previously reported a left-to-right lung
transplant. We have treated 3 patients, including the present
patient, with inverted lung transplantation and obtained
good results. It is considered that an inverted transplant pro-
cedure is a good therapeutic option for patients on the wait-
ing list for single lung transplantation with uneven disease
laterality.
For inverted lung transplantation, because the axis angles

of the bronchi differ, we prefer the use of a method for ob-
lique end-to-end bronchial anastomosis,1 as a donor
bronchus–shortening technique decreases the risk of pe-
ripheral bronchial ischemia.3 Although the bronchial anas-
tomosis was not covered in the present case, such additional
covering may be beneficial to prevent ischemia-induced
complications.
During the transplantation procedure, we routinely

employ transesophageal echocardiogram imaging to assess
flow in the anastomosed vessels. Monitoring both the flow
with transesophageal echocardiogram and changes in pul-
monary artery pressure is useful for evaluation of atypical
vessel anastomosis.
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