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Background: Although orthotopic single lung transplantation in rats has long been established, this model
is still highly challenging. Therefore, we made several modifications in anesthesia, lung extraction, vascular
clamp, and transplantation procedures for this model.

Methods: Fifty cases of rat left lung transplantation were performed using traditional procedures and
modified surgical techniques, respectively. Two hundred Sprague Dawley male rats, half as donors and half
as recipients, were randomized equally to the two groups. The modifications included orotracheal intubation
via a video laryngoscope, retrograde perfusion following anterograde perfusion, a Rummel tourniquet for the
occlusion of pulmonary vessels, flushing the vessels and cuffs before anastomosis with heparin, and a simple
pleural drainage. The surgical time, warm and cold ischemia time, vascular complications, and survival rate
on postoperative day seven were compared between the two groups.

Results: The modified surgical techniques significantly reduced the surgical duration (35.7 vs. 46.3 min,
P<0.01), warm ischemia time (16.3 vs. 28.8 min, P<0.01), and vascular complications (2% vs. 16%, P=0.04).
Moreover, the survival rate on postoperative day 7 was higher in the improved surgical techniques group (96%
vs. 80%, P=0.03).

Conclusions: We described the improvement of surgical techniques for orthotopic single lung
transplantation in rats, which could shorten anastomoses time, reduce vascular complications, and improve

survival rate.
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Introduction to that of other solid organ transplantations (2). Animal
Lung transplantation is the ultimate treatment option models, especially rodent transplant models, are critical
for a variety of end-staged lung diseases (1). However, to better understand the complex molecular and cellular
the survival rate of lung transplantation is greatly inferior mechanism of lung transplantation and improve the clinical

A ORCID: 0000-0003-2841-1250.

© Annals of Translational Medicine. All rights reserved. Ann Transl Med 2022;10(12):673 | https://dx.doi.org/10.21037/atm-22-2018


https://crossmark.crossref.org/dialog/?doi=10.21037/atm-22-2018

Page 2 of 8

outcome (3). A rat transplant model was first established
by Asimacopoulos et 4l. in 1971 (4). Later in 1989, the cuff
techniques were introduced by Mizuta et a/. (5), which
dramatically facilitated anastomoses of the pulmonary artery
and vein. Although a variety of modifications of surgical
and cuff techniques have since been established (6-8), the
rat transplantation model is still highly demanding and can
only be performed successfully in select laboratories (9-12).

The most challenging part of rat lung transplantation
with cuff technique lies in the anastomoses of the
pulmonary artery and vein between the donor and recipient,
which may raise many difficulties for successful reperfusion.
These difficulties arise because of unclear surgical fields,
misuses of microvascular clip and improper angles. Previous
reports have shown that one of the major reasons for failure
of this model is twisting or laceration of vessels caused by an
improper angle of cuff insertion (7,13). Since the pulmonary
vein is much shorter and more fragile than the pulmonary
artery, it is rather difficult to achieve the optimal angle to
insert the donor’s cuff into the recipient’s vein. In certain
cases, the pulmonary vein is divided into two branches,
which further narrows the space for the procedure. Thus, a
longer pulmonary vein can help facilitate the anastomoses
and reduce the probability of vessel twist and laceration.
Pulmonary vein embolism and airway complications are
another two common reasons for the death (14). Therefore,
novel surgical techniques to overcome these shortcomings
are needed to further improve the survival rate of animal
models.

In the present study, we described our improvements
in anesthesia, lung extraction, vascular clamp, and
transplantation procedures, which can shorten anastomoses
time, reduce vascular complications, and improve survival
rate in a sample size as large as possible. We present the
following article in accordance with the ARRIVE reporting
checklist (available at https://atm.amegroups.com/article/
view/10.21037/atm-22-2018/rc).

Methods
Animals

Eight-week-old male inbred Sprague Dawley (SD)
rats weighing 250-300 g were used as both donors and
recipients, and were purchased from Charles River
Laboratories (Beijing, China). A total of 100 donor rats and
an equal number of recipient rats were equally randomized
into conventional technique and improved technique
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groups, using a computer based random order generator.
Anastomoses time, vascular complications, and survival
rate at post-operative day 7 were compared between the
two groups. All rats were housed under pathogen-free
conditions at Tongji University Animal Facility (Shanghai,
China), with free access to water and laboratory food. A
protocol was prepared before the study without registration.
All animal experiments were approved by the Animal Care
and Use Committee of Shanghai Pulmonary Hospital (No.
K21-282, Shanghai, China), in compliance with the Guide
for the Care and Use of Laboratory Animals, 8th edition.

Traditional procedure

Rats were anesthetized with an intraperitoneal injection
of sodium pentobarbital (50 mg/kg, Sinopharm, Beijing,
China), intubated with a 14-G catheter via tracheostomy, and
mechanically ventilated with ambient air at a tide volume of
10 mL/kg, and a respiratory rate of 80/minute (KW-100-2,
KEW Basis, Beijing, China). A heating pad at 32 °C was used
to maintain the temperature. All procedures were performed
using a surgical microscope with 10x magnification (XTS-
4A, Zhongtian Optics, Zhenjiang, China).

The donor rat was placed in the supine position, and a
median laparosternotomy was performed. After removing
diaphragms, 100 units of heparin (Sinopharm, Beijing,
China) were administered via the inferior vena cava. Then,
the thymus was excised to expose the heart and lungs. The
left auricle was cut and a 22-G catheter was introduced
into the pulmonary trunk. The lungs were perfused with
20 mL of cold fluid (4 °C) of low potassium dextran glucose
(Perfadex; Medisan, Uppsala, Sweden). Then, the heart
and lungs were en bloc harvested at end-tide volume and
placed on ice. Subsequently, the left lung was isolated, with
left bronchus, pulmonary artery and vein dissected for
further cuffs placement. The cuffs with a tail for bronchus,
pulmonary vein and artery are made of 14-G, 16-G, and
18-G catheters, respectively. The bronchus and vessels were
passed through the cuffs, with the proximal end everted
over the cuff and then fixed with a circumferential ligature
of 5-0 silk suture (Figure 14). The lung was placed on ice
and wrapped by sterile gauze before transplantation.

The recipient rats were anesthetized, intubated, and
ventilated in the same manner as donors. They were placed
in the right lateral decubitus position and left thoracotomy
was carried out through the fourth intercostal space. The
left lung was pulled out from the cavity by a blood vessel
clamp and maintained proper tension to expose the hilum.
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Figure 1 Gross specimen photographs of donor lungs after cuffs implantation and connection with the recipient. (A) The cuffs preparation

for bronchus and vessels; (B) the donor’s cuffs were inserted into the recipient’s bronchus and pulmonary vessels, then the native left lung

was removed and ventilation and reperfusion were initiated.

The pulmonary bronchus, artery, and vein were isolated,
and clamped by micro-vascular clamps, separately. Pre-
knotted 5-0 silk ligatures were placed around the left main
bronchus. An incision was made on the anterior wall of
distal bronchus, into which the bronchus cuff of the donor
lung was inserted and fixed with the silk ligature. The same
procedure was repeated for the vein and artery. After that,
the left lung was resected and the clamp was removed to
initiate reperfusion (Figure 1B). Finally, the chest cavity,
subcutis, and skin were closed with 5-0 Vicryl suture
(Ethicon Inc., Johnson and Johnson, Raritan, NJ, USA).
The recipient rats were then extubated.

Improvement of surgical techniques

Based on the traditional procedures, we made several
modifications, as follows:

(I) Orotracheal intubation instead of tracheostomy
was performed via a video laryngoscope for the rats
(Figure 24);

(II) After anterograde perfusion, the pulmonary trunk
was cut and retrograde perfusion with 10 mL
cold fluid (4 °C) of low potassium dextran glucose
(Perfadex) was performed through the left auricle
(Figure 2B);

(IIT) Instead of using conventional microvascular clamp,
a Rummel tourniquet for the rat was made with a
22-G intravenous catheter to temporarily occlude
the pulmonary artery and vein (Figure 2C,2D);

(IV) After incisions were made in the recipient’s
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pulmonary artery and vein, both the vessels and the
cuffs were flushed with heparin;

(V) A 20-G catheter was inserted into the chest cavity
for pleural drainage before the thorax was closed.
The catheter could be connected to a syringe for
aspirating to circumvent pneumothorax.

Outcome assessments

The warm ischemia time was defined as the time between
perfusion with low potassium dextran glucose and lung
removal from hypothermia storage. The cold ischemia time
was defined as the time between the donor lung removal
from ice storage and reperfusion, namely the anastomosis
time. The donor and recipient operation time were defined
as the time from intubation to heart-lung retrieval and
closure of skin, respectively.

On post-operative day 7, the survival rate of recipient
rats was calculated and the surviving rats were sacrificed.
Anesthesia, intubation, and mechanical ventilation were
carried out. Then the transplanted left lungs and normal
right lungs were harvested, fixed in 4% paraformaldehyde,
sectioned, and stained with hematoxylin and eosin (HE)
for histology analysis. Grading for infiltration pathology
was performed by three pathologists independently using
standard criteria reported by the American Thoracic Society
Workshop (15). To be brief, the lung infiltration grading
system, consists of edema, alveolar congestion, hemorrhage
and aggregation of neutrophils in alveolar cavity or vascular
wall, which was scored in a 0-to-4 scale (0 refers to normal
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Figure 2 The photo of visual orotracheal intubation and the operating microscope view (10x) of surgical manipulations. (A) Glottis of the
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rat clearly visible using a video laryngoscope; (B) after anterograde perfusion, retrograde perfusion was carried out through the left auricle,

the remaining blood and clots were flushed out through the pulmonary trunk; (C,D) conventional microvascular clamp and Rummel

tourniquet were used to occlude the pulmonary vein, respectively. The pulmonary vein was longer in the latter group.

lung tissue; 1 refers to light infiltration; 2 refers to moderate
infiltration; 3 refers to strong infiltration; 4 refers to severe
infiltration). The average of scores of these four domains
were used to represent the final score of the rat lung
infiltration.

Statistical analysis

Categorical variables were summarized in frequency and
percentage, while continuous variables were presented in
mean = SD. Fisher’s exact test and Student’s #-test were
performed to compare categorical data and continuous data
respectively. The software SPSS 26.0 IBM Corp., Armonk,
NY, USA) was used for data analysis and a two-sided
P value less than 0.05 was considered statistically significant.

Results
Surgical outcomes

A total of 50 lung transplantations were successfully
performed in the traditional procedures group and
improvement of surgical techniques group, respectively.
The surgical time of donor operation, cuffs preparation,
and cold ischemia time were similar between the
two groups (Zable I). However, the improvement of surgical
techniques significantly reduced the recipient operation
time (35.7 vs. 46.3 min, P<0.01) and warm ischemia time
(16.3 vs. 28.8 min, P<0.01).
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Vascular complications and survival rate

In the traditional procedures group, 3 rats died
intraoperatively due to pulmonary vein laceration and 5 rats
died within seven days postoperatively due to pulmonary
vein thrombosis. While in the improvement of surgical
techniques group, only 1 rat died intraoperatively due to
pulmonary vein laceration and death related to pulmonary
vein thrombosis was observed. The vascular complications
were significantly higher in the traditional procedures
group (16% vs. 2%, P=0.04). Additionally, 2 rats in the
traditional procedures group died of pneumothorax
and pleural effusion, and 1 rat in the improvement of
surgical techniques group died of bronchial obstruction
postoperatively. Overall, the survival rate on postoperative
day 7 was lower in the traditional procedures group (80%
vs. 96%, P=0.03), compared with the improvement of
surgical techniques group. The overall survival curve was
significantly different from the improved technique group
and the conventional technique group (Figure 3).

Histological changes

Seven days after transplantation, light microscopy revealed
that there were marked inflammatory infiltration and edema
in transplanted lung tissues of conventional technique
group compared with those in improved technique group
or normal lung tissues in contralateral sides. In contrast,
no obvious evidence of cellular infiltration was observed in
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Table 1 Comparison of surgical time, complications, and survival rate between two groups
Variables Traditional procedures (n=50) Improvement of surgical techniques (n=50) P
Donor operation time (min) 17.8£2.6 19.3£1.5 0.26
Cuffs preparation time (min) 9.6+3.4 8.7+2.3 0.56
Recipient operation time (min) 46.3+4.7 35.7+3.3 <0.01*
Cold ischemia time (min) 32.7+5.8 34.2+4.8 0.77
Warm ischemia time (min) 28.8+3.2 16.3+4.1 <0.01*
Vascular complications 0.04*
No complications 42 49
Venous laceration/thrombosis 8 1
Survival rate 80% 96% 0.03*

Categorical variables were summarized in frequency and percentage, while continuous variables were presented in mean + SD. *,

‘Improvement of surgical techniques’ versus ‘PGD Grade 0-2’ P<0.05.
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Figure 3 The overall survival curves for both conventional group

and improved technique group.

the left grafts of improved technique group compared with
contralateral normal lungs (Figure 4).

Discussion

The rat orthotopic lung transplantation model is an
important tool to investigate ischemia reperfusion and
graft rejection; however, the procedure has remained
challenging, with high failure rate. Despite some surgical
improvements in rat lung transplantation have previously
been reported in the literature (7,8), we are the first group
to focus on how might more stable and more widely
available anastomoses be achieved. By utilizing the approach
reported in this article, the difficulty of the anastomoses
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of the pulmonary artery and vein can be reduced greatly,
which were once thought to be the most challenging part.
In the present study, we described several modifications
in surgical techniques, and by comparing this technique
with conventional procedure, we demonstrated that our
improvement in surgical technique can shorten anastomoses
time, reduce the vascular complications, and improve
survival rate.

Tracheostomy is widely used for intubation in rat
models (9), as it is both reliable and simple. However, it
is also traumatic, especially for rats requiring long-term
survival, such as the transplantation model for chronic
rejection. Also, tracheostomy may cause stenosis in trachea
and confound the interpretation of pulmonary function.
Although orotracheal intubation is less traumatic, it is
more technically demanding, since the glottis of the rat is
usually obscure. By using a video laryngoscope for the rats,
we found the glottis clearly visible, making the orotracheal
intubation easily to perform.

The latest research conducted by Lee er a/. (16)
advocates using a weight-based guide to choose appropriate
sizes of artery, vein, and bronchus cuffs. However, our
attempt during the transplantation indicated that this
approach would not be feasible, because we observed that
the diameter of a pulmonary artery and pulmonary vein
are in fact not related to rat body weight. To some extent,
more weight usually means more fat, and sometimes, finer
vasculature.

Pulmonary vein thrombosis is a major cause of death
for rat lung transplantation postoperatively. In the present

Ann Transl Med 2022;10(12):673 | https://dx.doi.org/10.21037/atm-22-2018



Page 6 of 8

Gao et al. Improvement for lung transplantation in rats

T
e ey .9 s ‘;(
T

Normal lung

Wl Conventional technique group
Il Improved technique group
49 =8 Normal lung

Lung infiltration score

Figure 4 Histological differences among improved technique group, conventional technique group, and normal lung tissues. (A)

Comparison of HE-stained (x200) histological slides of transplanted lung tissue in both two groups and normal lung tissue in postoperative

recipients at day 7. (B) Quantitative infiltration score of rat lung tissues in two groups and contralateral side. ***, P<0.001. ns, no significant;

HE, hematoxylin-eosin.

study, we performed both anterograde and retrograde
perfusion and flushed the vessels and the cuffs with heparin
before transplantation in the modified rat model. Our
study revealed that these modifications could significantly
reduce the rate of pulmonary vein thrombosis. In fact,
additional retrograde perfusion following anterograde
perfusion is widely used in clinical practice for human lung
transplantation (17). More blood, clots, and fat emboli may
be flushed out by retrograde perfusion (18), thus reducing
the risk of pulmonary vein thrombosis after transplantation.
Previous reports have demonstrated that late retrograde
perfusion also contributes to better graft function (19,20),
compared with conventional anterograde perfusion.
Therefore, retrograde perfusion can be also applied to the
rat model to improve the survival rate and better mimic
clinical practice.

The anastomosis of pulmonary vein using cuff technique
is much more difficult than that of pulmonary artery,
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due to the friability and short length of pulmonary vein.
Several methods have been adopted to increase the length
of pulmonary vein in previous studies. Zampieri ez a/. (13)
reported that they placed the vein clamp as close as possible
to the left atrium to lengthen the pulmonary vein; however,
doing so may also clamp the left superior vena cava, causing
cardiac arrhythmia and arrest. Goto et 4/. used the donor’s
descending aorta as interposition grafts for the cuffs,
which increased the length of vessels and facilitated the
anastomosis (7). Slip knots instead of microvascular clamp
have been commonly used to occlude the pulmonary vessels
in the mouse model of lung transplantation (21), since the
pulmonary vein is even shorter. However, the pulmonary
artery and vein of rats are much thicker, and cannot be
occluded merely by slip knots. Therefore, in the present
study, inspired by the Rummel tourniquet used for transient
pulmonary artery occlusion in video-assisted thoracoscopic
surgery (22), a small Rummel for the rat was fashioned with
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7-0 silk sutures and 22-G catheter to occlude the pulmonary
vessels. This modification of the vascular clamp can help
to obtain a longer pulmonary vein and better exposure to
perform anastomosis. By comparing this technique with
conventional vascular clamp, we demonstrated that it can
reduce the risk of vein laceration and the anastomosis time.
The Rummel tourniquet was also used for hilar occlusion in
a murine model of left lung ischemia reperfusion injury (23).

Whether chest drainage is necessary has remained
controversial in previous reports (8,24). However,
postoperative pneumothorax and pleural effusion are
major risk factors of death after successful transplantation.
To avoid these severe complications, we inserted a 20-G
catheter into the chest cavity for pleural drainage before the
thorax was closed in the modification group. The results
showed that no rat died due to pneumothorax and pleural
effusion in the improvement of surgical techniques group.
Therefore, a simple chest drainage should be carried out to
further improve the survival rate.

Conclusions

We made several modifications in surgical techniques
for orthotopic single lung transplantation in rats. Our
improvement of surgical techniques could shorten
anastomoses time, reduce the vascular complications, and
improve survival rate. Therefore, the improvement will lay
a good foundation for the study of the mechanism of human
lung transplantation related diseases.
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