
The ARRIVE Essential 10
These items are the basic minimum to include in a manuscript. Without this information, readers and reviewers 
cannot assess the reliability of the findings.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Study design 1 For each experiment, provide brief details of study design including:

a. The groups being compared, including control groups. If no control group has 
been used, the rationale should be stated.

b. The experimental unit (e.g. a single animal, litter, or cage of animals).

Sample size 2 a. Specify the exact number of experimental units allocated to each group, and the 
total number in each experiment. Also indicate the total number of animals used.

b. Explain how the sample size was decided. Provide details of any a priori sample 
size calculation, if done.

Inclusion and 
exclusion 
criteria

3 a. Describe any criteria used for including and excluding animals (or experimental 
units) during the experiment, and data points during the analysis. Specify if these 
criteria were established a priori. If no criteria were set, state this explicitly.

b. For each experimental group, report any animals, experimental units or data points 
not included in the analysis and explain why. If there were no exclusions, state so.

c. For each analysis, report the exact value of n in each experimental group.

Randomisation 4 a. State whether randomisation was used to allocate experimental units to control 
and treatment groups. If done, provide the method used to generate the 
randomisation sequence. 

b. Describe the strategy used to minimise potential confounders such as the order 
of treatments and measurements, or animal/cage location. If confounders were 
not controlled, state this explicitly.

Blinding 5 Describe who was aware of the group allocation at the different stages of the 
experiment (during the allocation, the conduct of the experiment, the outcome 
assessment, and the data analysis).

Outcome 
measures

6 a. Clearly define all outcome measures assessed (e.g. cell death, molecular markers, 
or behavioural changes). 

b. For hypothesis-testing studies, specify the primary outcome measure, i.e. the 
outcome measure that was used to determine the sample size.

Statistical 
methods

7 a. Provide details of the statistical methods used for each analysis, including 
software used.

b. Describe any methods used to assess whether the data met the assumptions of 
the statistical approach, and what was done if the assumptions were not met.

Experimental 
animals

8 a. Provide species-appropriate details of the animals used, including species, strain 
and substrain, sex, age or developmental stage, and, if relevant, weight.

b. Provide further relevant information on the provenance of animals, health/immune 
status, genetic modification status, genotype, and any previous procedures.

Experimental 
procedures 

9 For each experimental group, including controls, describe the procedures in enough 
detail to allow others to replicate them, including: 

a. What was done, how it was done and what was used.

b. When and how often.

c. Where (including detail of any acclimatisation periods).

d. Why (provide rationale for procedures).

Results 10 For each experiment conducted, including independent replications, report:

a. Summary/descriptive statistics for each experimental group, with a measure of 
variability where applicable (e.g. mean and SD, or median and range).

b. If applicable, the effect size with a confidence interval.
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The Recommended Set
These items complement the Essential 10 and add important context to the study. Reporting the items in both sets 
represents best practice.

Item Recommendation
Section/line 

number, or reason 
for not reporting

Abstract 11 Provide an accurate summary of the research objectives, animal species, strain 
and sex, key methods, principal findings, and study conclusions.

Background 12 a. Include sufficient scientific background to understand the rationale and 
context for the study, and explain the experimental approach.

b. Explain how the animal species and model used address the scientific 
objectives and, where appropriate, the relevance to human biology.

Objectives 13 Clearly describe the research question, research objectives and, where 
appropriate, specific hypotheses being tested.

Ethical 
statement

14 Provide the name of the ethical review committee or equivalent that has approved 
the use of animals in this study, and any relevant licence or protocol numbers (if 
applicable). If ethical approval was not sought or granted, provide a justification.

Housing and 
husbandry

15 Provide details of housing and husbandry conditions, including any environmental 
enrichment.

Animal care and 
monitoring

16 a. Describe any interventions or steps taken in the experimental protocols to 
reduce pain, suffering and distress.

b. Report any expected or unexpected adverse events.

c. Describe the humane endpoints established for the study, the signs that were 
monitored and the frequency of monitoring. If the study did not have humane 
endpoints, state this.

Interpretation/
scientific 
implications

17 a. Interpret the results, taking into account the study objectives and hypotheses, 
current theory and other relevant studies in the literature.

b. Comment on the study limitations including potential sources of bias, 
limitations of the animal model, and imprecision associated with the results.

Generalisability/
translation

18 Comment on whether, and how, the findings of this study are likely to generalise 
to other species or experimental conditions, including any relevance to human 
biology (where appropriate).

Protocol 
registration

19 Provide a statement indicating whether a protocol (including the research 
question, key design features, and analysis plan) was prepared before the study, 
and if and where this protocol was registered.

Data access 20 Provide a statement describing if and where study data are available.

Declaration of 
interests

21 a. Declare any potential conflicts of interest, including financial and non-financial. 
If none exist, this should be stated.

b. List all funding sources (including grant identifier) and the role of the funder(s) 
in the design, analysis and reporting of the study.
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	未标题

	Study design - 1a: Animals underwent traditional procedures was defined as control group, and those with improvement of surgical techniques was defined as experimental group (see Methods / Line31-34).
	Study design - 1b: Methods / Line31-34:One hundred donor rats and an equal number of recipient rats were equally randomized into traditional technique and improved technique groups. A pair of the rats including both donor and recipient was considered the experimental unit within the studies (see Methods / Line31-34).
	Sample size - 2a: Fifty lung transplantations were performed in traditional procedures group and improvement of surgical techniques group, respectively. The total number of the animals was 200 in this study(see Methods / Line31-34).
	Sample size - 2b: We chose the sample size as large as possible so that the advantages of improved surgical methods can be summed up more comprehensively. This can also reduce the bias caused by the small sample size as much as possible (see Introduction / Line24-25).
	Inclusion and exclusion criteria - 3a: The animals were included in the study if they underwent successful lung transplantation procedure, which was defined as the recipient did not die during the operation and regained consciousness after operation. The units were excluded if the recipients failed to anastomose the donor lung or died before the extubation(see Methods / Line1-5).
	Inclusion and exclusion criteria - 3b: A pair of rats was the experimental unit for all data. One unit was removed as an outlier from both conventional technique and improved technique groups for the donor lung could not be successfully transplanted into the recipient or the recipient could not survive after transplantation(see Methods / Line15-29).
	Inclusion and exclusion criteria - 3c: Fifty cases of rat left lung transplantation were successfully performed using traditional procedures and improvement of surgical techniques, respectively. The surgical time of donor operation, and cuffs preparation, ischemia time, vascular complications and survival rate on postoperative day 7 were compared between the two groups (n=50, see Methods / Line1-5).
	Randomisation - 4a: Two hundred male inbred Sprague Dawley rats weighed 250-300g were used as both donors and recipients, which were purchased from Charles River Laboratories (Beijing, China). They were randomly divided into two groups: the traditional procedures group (100 rats/group) and the improved procedures group (100 rats/group). Random numbers were generated using a generator random order generator based on computer (see Methods / Line31-34).
	Randomisation - 4b: Randomisation was carried out as follows. On arrival from Charles River Company, rats were assigned a group designation and weighed. A total number of 200 animals were included in our study ranging from 250g to 300g. Each rat was assigned a temporary random number. On the basis of their position on the rack, cages were given a numerical designation. For each group, half cages were selected randomly from the pool of all cages(see Methods / Line31-10).
	Blinding - 5: For each pair of rats, three different researchers were involved as follows: a first researcher selects the donors and recipients randomly based on the randomization table. Then anesthesia, intubation, donor lung acquisition and transplantation were completed by the cooperation of the other two. The surgical time of donor operation, and cuffs preparation and ischemia time were recorded by the first researcher during the operation(see Methods / Line12-33).
	Outcome measures - 6a: 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 survived 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 for histology analysis. Grading for infiltration pathology was performed by three pathologists independently using standard criteria reported by the American Thoracic Society Workshop(see Methods / Outcome assessments/33-17).
	Outcome measures - 6b: The surgical time of donor operation, and cuffs preparation, and cold ischemia time were measured to compare the difference of the surgical outcomes between improved procedure group and conventional procedure group. Vascular complications, survival rate and histological changes were measured to identify the superiority of the improvement in the transplant quality(see Methods / Outcome assessments/33-17).
	Statistical methods - 7a: Categorical variables were summarized in frequency and percentage, while continuous variables were presented in mean ± SD. Fisher’s exact test and Student t test were performed to compare categorical data and continuous data respectively. SPSS v26.0 software was used for data analysis and a two-sided p-values less than 0.05 was considered statistically significant (see Methods /Statistical analysis/19-25).
	Statistical methods - 7b: All the data have met the assumptions of
the statistical approach (see Methods /Statistical analysis/19-25).
	Experimental animals - 8a: Sixteen-weeks old male inbred Sprague Dawley rats weighed 250-300g were used as both donors and recipients (see Methods /Animals/31-33).
	Experimental animals - 8b: They were purchased from Charles River Laboratories (see Methods /Animals/31-33).
	Experimental procedures - 9a: 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. 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 ℃) of low potassium dextran glucose (Perfadex). 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 catheter 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. 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. 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. Then 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, left lung was resected and the clamp was removed to initiate reperfusion. Finally, the chest cavity, subcutis and skin were closed with 5-0 Vicryl suture. The recipient rats were then extubated (see Methods /Improvement of surgical techniques/14-29).
	Experimental procedures - 9b: All of our surgeries were performed at one time in the morning, and the rats were fasted for six hours and no water for eight hours before operation (see Methods /ITraditional procedure/1-33).
	Experimental procedures - 9c: All rats were housed under pathogen-free conditions at Tongji University Animal Facility (Shanghai, China), with free access to water and laboratory food. Our operations were carried out on the operating table of the sterile laboratory of Tongji University affiliated Shanghai Pulmonary Hospital (see Methods /ITraditional procedure/1-33).
	Experimental procedures - 9d: We believe the improvements can shorten anastomoses time, reduce the vascular complications and improve survival rate (see introduction/line 22-25).
	Results - 10a: 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 values
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
Note: Categorical variables were summarized in frequency and percentage, while continuous variables were presented in mean ± SD.

	Results - 10b: NA.
Effects sizes such as odds ratio (OR) with 95% confidence interval (CI) were not applicable in this article.
	Abstract - 11: 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 improvement of surgical techniques, respectively. 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, vascular complications and survival rate on postoperative day seven were compared between the two groups.  Results The improvement of surgical techniques significantly reduced the recipient operation time (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 improvement of 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 the vascular complications and improve survival rate.  
	Background - 12a: Lung transplantation is the ultimate treatment option for a variety of end-staged lung diseases. However, the survival rate of lung transplantation is much inferior to those who undergoes other solid organ transplantation. Animal models, especially rodent transplant models, are critical to better understand the complex molecular and cellular mechanism of lung transplantation and improve the clinical outcome. 
	Background - 12b: A rat transplant model was first established by Asimacopoulos and colleagues in 1971. Later in 1989, the cuff techniques were introduced by Mizuta et al, which dramatically facilitated the anastomoses of pulmonary artery and vein. Although a variety of modifications of surgical and cuff techniques have been established since then, the rat transplantation model is still highly demanding and can only be performed successfully in few laboratories.
	Objectives - 13: The most challenging part of rat lung transplantation with cuff technique is the anastomoses of pulmonary artery and vein. Previous reports have shown one of the major reasons for failure of this model is the twist or laceration of vessels, which is caused by the improper angle of cuff insertion. Since pulmonary vein is much shorter and more fragile than pulmonary artery, it is rather difficult to adjust to the optimal angle to insert the donor’s cuff into the recipient’s vein. And in certain cases, the pulmonary vein is divided into two branches, which makes the room for procedure even narrower. Thus, gaining a longer pulmonary vein can help facilitate the anastomoses and reduce the probability of vessel twist and laceration. In addition, pulmonary vein embolism and airway complications are another two common reasons for the death. Therefore, novel surgical techniques to overcome these shortcomings are needed to further improve the survival rate of animal model. In the present study, we described our improvements in anesthesia, lung extraction, vascular clamp and transplantation procedures, which can shorten anastomoses time, reduce the vascular complications and improve survival rate. 
	Ethical statement - 14: All animal experiments were approved by the Animal Care and Use Committee of Shanghai Pulmonary Hospital (No. L20-355, Shanghai, China). All animals received humane care according to the Guide for the Care and Use of Laboratory Animals published by the National Academy of Sciences and the National Institutes of Health (see Methods/Animals/Line7-10).
	Housing and husbandry - 15: All rats were housed under pathogen-free conditions at Tongji University Animal Facility (Shanghai, China), with free access to water and laboratory food(see Methods/Animals/Line1-5).
	Animal care and monitoring - 16a: Rats were anesthetized with an intraperitoneal injection of sodium pentobarbital (50mg/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/min (KW-100-2, KEW Basis, Beijing, China). A heating pad at 32℃ was used to maintain the temperature (see Methods/ Traditional procedure/  Line14-20). 
	Animal care and monitoring - 16b: Rats died within 7 days after transplantation (see Methods/ Outcome Assessment).
	Animal care and monitoring - 16c: On post-operative day 7, the survival rate of recipient rats was calculated and the survived 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 for histology analysis. Grading for infiltration pathology was performed by three pathologists independently using standard criteria reported by the American Thoracic Society Workshop (see Methods/Outcome Assessments).
	Interpretation scientific implicationsm - 17a: Surgical outcomes  
 Fifty lung transplantations were successfully performed in traditional procedures group and improvement of surgical techniques group, respectively. The surgical time of donor operation, and cuffs preparation, and cold ischemia time were similar between the two groups (Table 1). 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).    
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 improvement of surgical techniques group. 
Histological Changes
  Seven days after transplantation, Light microscopy revealed that the lung tissue morphology in both sides of the recipients was approximately normal. No obvious evidence of cellular infiltration was observed in the left grafts compared with contralateral normal lungs (see Results).
	Interpretation scientific implications - 17b: Whether chest drainage is necessary remain controversial in previous reports8,23. 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. And the results showed 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 (see Discussion).
	Generalisability/translation - 18: 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(see Introduction/ Line1-30).
	Protocol registration - 19: A protocol was prepared before the study without registration.   
	Data access - 20:  (see Footnote/Line22-24).
	Declaration of interests - 21a: The other authors have no potential conflicts of interest (see Footnote/Line14).
	Declaration of interests - 21b: This research was support by the scientific and technological innovation action plan of Science and Technology Commission of Shanghai Municipality (20DZ2253700, see Acknowledgments/Line 8-10).
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