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Abstract
The increasing demand in transplantation research requires efficient and less expensive animal models in order to obtain reliable results that 
are reproducible in larger animal models and, ultimately, applied clinically. The model of unilateral left lung transplantation in rats has proven 
to be a useful alternative for those purposes. We demonstrate a technical modification of this model, which consists of the isolation and 
ligation of the contralateral (right) pulmonary artery, allowing blood circulation exclusively in the transplanted lung. This model is feasible 
and reproducible. However, the short survival time restricts the assessment of the transplanted lung to a maximum period of three hours. 
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catheter (Abocath® #14; Abbott Laboratories, Abbott 
Park, IL, USA) and submitted to volume-controlled 
ventilation: vital capacity, 10 mL/kg; respiratory 
frequency, 65 rpm; and positive end-expiratory 
pressure, 2  cmH2O. Subsequently, a longitudinal 
bilateral thoracotomy was performed along the 
midclavicular line, with transversal section at the 
level of the xiphoid process. After the intravenous 
administration of heparin (100 IU/100 g), the inferior 
vena cava and the thoracic aorta, together with the 
right and left auricles, were sectioned for perfusion 
with the preservation solution. We proceeded with 
the sectioning and cannulation of the pulmonary 
artery with a #16 venous access catheter (Figure 1a) 
and initiated the pulmonary perfusion with 20 mL 
of preservation solution (Perfadex®; Vitrolife, 
Göteborg, Sweden) with pressure of 30 cmH2O, 
at 4 °C. Throughout the procedure, the lung was 
ventilated with 100% oxygen. After the perfusion 
was complete, the lungs were semi-inflated, the 
connection to the trachea was made, and the cardi-
opulmonary block was extracted. Subsequently, the 
elements of the left pulmonary hilum were isolated 
(Figures 1b and 1c) and the cuffs were inserted 
(made with 3-mm #14 or #16 venous access cath-
eters, which present a 1.5-mm tab at their base) 
(Figure 1e). The #16 catheter cuff was sustained by 
its tab, and, with the help of two pairs of microsur-
gical forceps, the pulmonary artery passed through 
the cuff, its endothelium was inverted around the 
cuff circumference, and the artery was fixed with 
7-0 or 8-0 monofilament (Figure 1d). The same 
procedure was carried out for the bronchus and 
the pulmonary veins using #14 cuffs. After being 
prepared for transplantation, the lung was stored at 
4-8 °C for variable periods of time, depending on 
the objective of each experiment.

The recipient animal was sedated, anesthe-
tized and orotracheally intubated. Subsequently, 
the ventilatory parameters previously described 
for the donor were selected, and the right or left 
carotid artery was cannulated with an Abocath® 
#24 catheter for hemodynamic monitoring. The 
animal, in right lateral decubitus, was submitted 
to left posterior lateral thoracotomy in the fifth 
intercostal space. After the pulmonary ligament 
had been freed, the left lung was exteriorized and 
maintained outside the thoracic cavity with a metal 
clip (Figure 2a). The hilar structures (artery, bron-
chus and vein) were isolated and clamped with a 

Currently, lung transplantation is the only thera-
peutic alternative for end-stage lung disease at a 
terminal phase.(1) The increasing number of recipi-
ents and the limited number of donors are still the 
principal obstacles to the development of transplan-
tation programs.(1) However, transplantation is not 
risk-free and might present a number of compli-
cations in the early and late postoperative periods; 
ischemia/reperfusion, acute/chronic rejection and 
infections are the principal factors responsible for 
post-transplant mortality.(2,3)

In order to reduce the incidence of complica-
tions and to clarify the mechanisms involved in the 
process of lung transplantation, it is necessary to 
reproduce this scenario in animal models. Various 
models of lung transplantation have been proposed 
and used in different animal species, such as rabbits, 
sheep, dogs, and pigs.(4-7) However, due to the high 
costs and restrictions related to the capture and 
handling of medium-sized animals, their use has 
been limited at various research centers. Therefore, 
smaller animals are the natural choice. As early as 
1971,(8) the first results related to the use of the lung 
transplantation technique in rats were reported. 
However, the technical difficulties inherent to the 
procedure, especially concerning the construction of 
anastomoses, prevented their use on a large scale. 
More recently (in 1989), one group of authors intro-
duced the technique of creating anastomoses that 
use cuffs.(9) This significantly facilitated the execu-
tion of experiments and popularized the use of such 
cuffs. Since then, several modifications have been 
published emphasizing the excellent quality of this 
model for the study of the repercussions resulting 
from lung transplantation.(10-13)

In this article, we demonstrate the model of 
unilateral lung transplantation in rats, its reproduc-
ibility in our environment, and the introduction of 
a variation in the technique still not described in the 
literature, for the specific assessment of the trans-
planted lung.

Wistar rats weighing between 300-400 g were 
used. All animals were treated according to the 
Council for International Organizations of Medical 
Sciences/World Health Organization Ethical Code 
for Animal Experimentation.(14) Each donor animal 
was anesthetized with halothane in a chamber, 
followed by intraperitoneal administration of keta-
mine (50  mg/kg) and xylazine (15 mg/kg). The 
animal was tracheostomized with a venous access 
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Figure 1 - Technique of experimental transplantation: a) Perfusion with catheter through the pulmonary artery trunk 
(arrow); b) Preparation for the dissection of the left pulmonary hilum supported by a cotton swab; c)  Identified: 
bronchus (arrow) and pulmonary veins (dotted arrow); d) Placing of the cuffs in the respective hilar structures; and 
e) Cuff dimensions.
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variant of the original model permits the exclusive 
evaluation of the transplanted lung (Figure 2d). This 
procedure is made through the same incision of the 
thoracotomy, retracting the transplanted lung ante-
riorly with a cotton swab, the posterior mediastinal 
face is dissected, permitting the identification of the 
right pulmonary hilum and facilitating its clamping. 
The occlusion of the right pulmonary hilum can be 
performed en bloc or only the ligation of the right 
pulmonary artery can be carried out. This variation 
depends exclusively on the objective of the study 
to be carried out. When the total occlusion of the 
pulmonary hilum is performed, the tidal volume of 
air should be reduced to 5 mL/kg to avoid hyper-
inflation of the transplanted lung and consequent 

hemostatic clamp. These structures were wrapped 
in 7-0 or 8-0 suture to be tied off as soon as each 
structure was cannulated. The insertion started with 
the sectioning of the lateral wall of the artery in 
its ventral portion, slowly and carefully moving the 
cuff of the donor’s artery into the recipient artery 
and using that suture previously placed around the 
artery to fix it (Figure 2b). The same procedure was 
carried out for the bronchus and the vein, respec-
tively and in this order. Once the lung was inserted, 
we proceeded to the opening of the bronchial 
clamp, followed by the vein and the artery respec-
tively (Figure 2c), with posterior removal of the left 
lung of the recipient. After the end of the trans-
plantation, the contralateral lung was clamped. This 

Figure 2 - Technique of experimental transplantation: a) Exposure of the left hilum, use of metal clip to hold the left 
lung in position; b) Arterial anastomosis: Opening in the back of the recipient pulmonary artery (arrow), which will 
allow the progression of the cuff placed on the donor artery; c) End of the anastomoses with opening of the clamps 
and initial phase of reperfusion; and d) Ligation of the contralateral (right) pulmonary hilum through the elevation of 
the left bronchus (arrow) which permits the visualization of the right bronchus through the dissection of the posterior 
mediastinum (dotted arrow).
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found to potentiate the effects of the reperfusion 
lesion, throughout the observation period, through 
mechanisms of supranormal flow of blood to the 
transplanted lung, serving the purpose of studies 
in which it is necessary to exclude the native lung 
for physiological evaluations. Nevertheless, its inclu-
sion increases the level of difficulty of the technique 
and the global mortality of the experiment. This 
model differs from others in which the ligation of 
the contralateral pulmonary artery occurs in the last 
5 min of the observation period by means of a ster-
notomy.(20)

We conclude that lung transplantation in rats is 
feasible, produces reliable and reproducible results, 
and presents itself as a useful and less expensive 
alternative to the transplantation models in larger 
animals. Furthermore, it has proven to be capable of 
reproducing some of the phenomena that commonly 
occur in the clinical practice of the transplantations, 
becoming a practical and viable option for research 
in this area. Notwithstanding the relatively short 
period of survival, the variant technique presented 
in this article proves to be useful for short-term 
studies whose principal aim is to determine the 
isolated effects that the initial phase of transplanta-
tion has on the transplanted lung.
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