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Dear Editors,  
 
thank you very much for the favourable evaluation of our manuscript and the constructive 
comments from the referees. Following corrections to our article, we kindly ask you to 
reconsider the enclosed manuscript entitled “A detailed surgical protocol for a porcine 
model of kidney auto-transplantation using 24-hours organ preservation and continuous 
telemetry” to be published in JoVE. 
 
We would like to thank you for giving us the opportunity to re-submit a revised version of 
our manuscript. We are grateful to the reviewers for their extensive and insightful 
comments and input and were able to address all remarks in detail and provided further 
data to improve the quality of our research.   
 
We thank you in advance for expediting the review process of our manuscript and hope 
the revised version is now suitable for publication in JoVE. 
 
Please find below our point to point responses to the reviewers’ comments. 
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Zoltan Czigany, M.D., Ph.D.  
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Editorial comments: 
 
1. Please take this opportunity to thoroughly proofread the manuscript to ensure 
that there are no spelling or grammar issues. The JoVE editor will not copy-edit 
your manuscript and any errors in the submitted revision may be present in the 
published version. 
 
Revised accordingly. 
 
2. Please format the manuscript as: paragraph Indentation: 0 for both left and right 
and special: none, Line spacings: single. Please include a single line space 
between each step, substep and note in the protocol section. Please use Calibri 12 
points. 
 
Thank you for the editorial reminder, we have revised the manuscript accordingly. Line 
spacing is set as “single” for the whole manuscript.  
 
3. We only note equal first author contribution, please remove the equal last author 
contribution. 
 
Revised accordingly.  
  
4. Please provide an email address for each author. 
 
Co-Author correspondence has been provided on the title page on the revised 
manuscript. 
 
5. Please remove the line header from all the pages. 
 
The header has been removed as suggested.  
 
6. Please reword lines: 37-40, 67-70 as it matches with previously published 
literature. 
 
We apologize for this mistake and have rewritten the corresponding parts in our revised 
manuscript.   
 
7. Please move the ethics statement before your numbered protocol steps, 
indicating that the protocol follows the animal care guidelines of your institution. 
 
Revised accordingly.  
 
8. Please adjust the numbering of the Protocol to follow the JoVE Instructions for 
Authors. For example, 1 should be followed by 1.1 and then 1.1.1 and 1.1.2 if 
necessary. Please refrain from using bullets, alphabets, or dashes. 
 
Revised accordingly. 



 

  

9. Please ensure that all text in the protocol section is written in the imperative 
tense as if telling someone how to do the technique (e.g., “Do this,” “Ensure that,” 
etc.). The actions should be described in the imperative tense in complete 
sentences wherever possible. Avoid usage of phrases such as “could be,” “should 
be,” and “would be” throughout the Protocol. Any text that cannot be written in the 
imperative tense may be added as a “Note.” However, notes should be concise and 
used sparingly. 
 
Revised accordingly.  
 
10. The Protocol should contain only action items that direct the reader to do 
something. 
 
Revised accordingly. 
 
11. The Protocol should be made up almost entirely of discrete steps without large 
paragraphs of text between sections. Please simplify the Protocol so that individual 
steps contain only 2-3 actions per step. 
 
Revised accordingly.  
 
12. Please ensure you answer the “how” question, i.e., how is the step performed? 
 
Revised accordingly.  
 
13. There is a 10-page limit for the Protocol, but there is a 2.75-page limit for 
filmable content. Please highlight 2.75 pages or less of the Protocol (including 
headings and spacing) that identifies the essential steps of the protocol for the 
video, i.e., the steps that should be visualized to tell the most cohesive story of the 
Protocol. 
 
Revised accordingly. Highlighted text has been reduced and the protocol has been 
revised. 
 
14. Please ensure that the live animal will be available for filming. 
 
Thank you for the editorial reminder, we will make sure that live animals and all required 
material all available for filming. 
 
15. Please ensure that the results are described with respect to your experiment 
performed. 
 
All representative results refer to the described protocol and experiments. , 
 
16. Please include all the Figure Legends together at the end of the Representative 
Results in the manuscript text. 
 



 

  

Figure legends are now presented together at the end of the representative results as 
requested.  
 
17. Please obtain explicit copyright permission to reuse any figures from a 
previous publication. Explicit permission can be expressed in the form of a letter 
from the editor or a link to the editorial policy that allows re-prints. Please upload 
this information as a .doc or .docx file to your Editorial Manager account. The 
Figure must be cited appropriately in the Figure Legend, i.e. “This figure has been 
modified from [citation].” 
 
All figures are either property of our research group (such as color photos and ultrasound 
images) and/or generated by our team. No copyright issues are raised.  
 
18. As we are a methods journal, please ensure that the Discussion explicitly cover 
the following in detail in 3-6 paragraphs with citations: 
a) Critical steps within the protocol 
b) Any modifications and troubleshooting of the technique 
c) Any limitations of the technique 
d) The significance with respect to existing methods 
e) Any future applications of the technique 
 
Our discussion has been revised to put more focus on the above-mentioned aspects. 
Furthermore, due to the extensive explanations requested by the four referees we had to 
extend our discussion.  
 
19. Please do not abbreviate the journal titles in the references section. 
 
Although, we have used the JOVE EndNote Styling downloaded from the JOVE website 
which does seemingly include abbreviations of the journal titles, we have revised this in 
the current version of our manuscript.  
 
20. Please sort the materials table in alphabetical order. 
 
Revised accordingly. 
 
 
 
 
 
 
 
 
 
  



 

  

Reviewer #1: 
 
A detailed protocol for a pig kidney transplantation experiment is described. This 
should be a good guide when writing a paper on a pig kidney transplant 
experiment. 
 
Major Concerns: 
1) A detailed protocol for a pig kidney transplantation experiment is described. This 
should be a good guide when writing a paper on a pig kidney transplant 
experiment. However, normal transplants are performed between different 
individuals and when looking at long-term transplant performance, 
immunosuppressive agents are used. Therefore, it is an inadequate preclinical 
model. 
 
We would like to express our gratitude for the valuable expert comments of reviewer. We 
principally agree with the referee in terms of the clear difference between allo- and 
autotransplantation model but would like to address this comment further. Animal models 
of auto-transplantation are broadly used in the field of organ preservation and in every 
subfield of transplantation research which is not dealing with immunological responses of 
allograft rejection. The auto-transplantation model allows an isogenic transplantation 
(similarly to the situation when we transplant organs between identical twins, as it was 
the case in the setting of the first human kidney transplantation performed by Murray in 
1953). This is indeed different compared to the setting where allografts are transplanted 
to genetically not-related recipients. Nevertheless, the lack immune rejection in this 
setting and the avoidance of complex confounding factors such as immunosuppressive 
medication can be considered as an advantage of this model which allows us to focus on 
the effects of preservation damage and ischemia-reperfusion injury, representing the 
main research directions of our working group [1-15]. Moreover, the model of auto-
transplantation also complies better with the 3R principle by reducing the numbers of 
required animals compared to allotransplantation by 50%, as no separate donor animal 
is required. We also would like to add that even if we have described a model of 
autotransplantation exactly the same surgical and anaesthesia techniques are applicable 
for an allotransplantation setting (except the lack of a detailed description of an 
immunosuppression protocol described by others previously). Based on its excellent 
reproducibility, feasibility to selectively test the effects of preservation damage and IRI as 
well as its good compliance with the 3R principle, we cannot agree with the referee that 
this would be an inadequate preclinical model.  
 
2) This research team has extensive experience with kidney transplantation using 
pigs. In the case of the kidney after circulatory arrest, even with autologous 
transplantation, I would like you to describe your experience with each time of 
circulatory arrest (e.g., 30 minutes, 60 minutes, etc.) to what extent it interferes with 
the recovery of renal function. 
 
We thank the reviewer for this constructive comment. Donation after circulatory death is 
a major risk for delayed graft function and primary non-function/graft loss. Unfortunately, 
within the frameworks of the present project we did not perform any comparative studies 
on the effects of 30 and 60 minutes warm ischemia. (Although, these studies are planned 



 

  

and currently ongoing, we are not able to provide a suitable amount of data on this). 
According to our previous experience with this model, however, 60 minutes of warm 
ischemia combined with 24 hours of cold storage in HTK represents an almost lethal 
damage to the kidney with little chance of a recovery of renal function, therefore we can 
only recommend this model in the setting of acute experiments without animal survival.  
 
3) The biggest drawback of the pig experiment compared to the mouse experiment 
is the limited means of elucidating the mechanism. Little molecular biological or 
immunological analysis is possible. Comments should be made on this 
shortcoming. 
 
We cordially thank the referee for raising this important aspect, with which we fully concur. 
On the one hand, it is a well-known drawback of a large animal model that only limited 
investigation of subcellular mechanisms is possible (e.g. lack of knock out stains, reduced 
availability of molecular kits and assays etc). On the other hand, in contrast to mouse 
experiments, using a large animal model allows us to test various “clinic ready” treatment 
concepts. A very good example for this is the use of various organ preservation 
techniques such as machine perfusion. Organ preservation experiments can be 
performed in pigs in clinically relevant setting [16]. Very little modification or “downsizing” 
is required compared to rodent experiments. As our group has many years of experience 
with both small and large animal models of solid organ transplantation [1, 4, 10, 13, 15, 
17-22], we strongly believe that the use of both small and large animals models has their 
own specific advantages, limitations and indications. To further stress this, we have 
revised the limitations section of our manuscript as suggested by the referee.  
 
4) By the way, you even explain how to put in telemetry, but what is the significance 
of putting in telemetry? Is the only purpose to remotely check that your blood 
pressure is stable? 
 
The authors thank the reviewer for his/her comment and apologize for presenting the 
details of the telemetry protocol too briefly. The use of a telemetry device can be multi-
purpose. Firstly, it reflects the postoperative state of the animal by monitoring parameters 
such as ECG, arterial blood pressure, temperature continuously. We believe that all these 
data contribute to the early detection of possible postoperative complication accurately 
and timely (e.g. haemorrhagic shock, or sepsis detected by increasing temperature, 
hypotonia and tachycardia). This may facilitate timely intervention (e.g. introduction of 
therapeutic antibiotic therapy, fluid substitution, discontinuation of anticoagulation). 
Besides these “real-time” monitoring aspect, our group is currently focusing on the 
severity assessment and refinement of animal experiments. Retrospective analysis of a 
large amount of collected telemetry data in these experiments may allow us to better 
stratify the severity of these kind of surgical interventions and optimize perioperative care 
in laboratory animals. To further address this we have modified the discussion of our 
manuscript accordingly. 
 
  



 

  

Reviewer #2: 
 
Manuscript Summary: 
This article describes a model of renal auto-transplantation using a large animal 
model and telemetry monitoring. 
 
Major Concerns: 
1. It is an interesting piece of work but the innovative aspect is not obvious. This 
model of renal autotransplantation in pigs has been known since the 80s and has 
allowed many publications. 
 
We would like to express our gratitude for the valuable expert comments of reviewer. We 
fully agree with the reviewer that the model of kidney auto-transplantation in pigs has 
been widely carried out since the 80s. Thanks to various reproducible and feasible small 
and large animal models of organ transplantation, great progress have been made in the 
field of molecular biology research, immune rejection and immunosuppression, dynamic 
organ preservation techniques, modulation of ischemia-reperfusion and preservation 
injury. Nevertheless, comprehensive publications and state-of-the-art protocols 
(especially with a well-documented video protocol) about the exact techniques and pitfalls 
are still hard to find. Most teams dealing with these models are using in-house protocols 
and sometimes struggling with various technical problems which can only be solved by 
personal communication with other teams. A previous JOVE publication of our group by 
Nagai et al. on the rat liver transplantation model has been viewed over 25 000 times by 
researchers from various institutions worldwide according to the usage statistics of the 
JOVE website (URL: https://www.jove.com/video/4376/surgical-procedures-for-rat-
model-partial-orthotopic-liver) [18]. Therefore, we believe that such comprehensive 
protocols are of interest for the transplant community and for the broad readership of 
JOVE. 
Therefore, even if some basic techniques of the auto-transplantation model itself were 
described before, multiple aspects of our protocol are novel including the state-of-the-art 
housing facility with telemetry and video monitoring, the utilization of porcine jackets to 
avoid the use of confined metabolic cages. All these refinement procedures improve 
severity assessment of laboratory animals and comply with the modern interpretation of 
the 3R principle.  
 
Minor Concerns: 
2. Title is concise and the summary is relatively clear. The 24 hours cold ischemia 
time in the pig model is a classical duration, it is closer to clinical reality (18 hours). 
The actual extended duration would therefore be 36-48 hours. 
 
Although, the length of cold preservation is largely heterogeneous between studies using 
various porcine kidney transplantation models, the 24 h preservation time is indeed 
frequently used. The wording “prolonged” may not be exact enough in the present setting. 
Therefore, we decided to remove the word “prolonged” from the title and from our 
manuscript and simply replaced it with “24-hours” organ preservation. We thank the 
reviewer for drawing attention to this important aspect which helped us to improve the 
clarity of our manuscript.  
 



 

  

3.Telemetry requires more justification. In the background, several references are 
missing. Transplantation surgeon formation may not be of great argument when 
dealing with end to end anastomosis in orthotopic kidney transplantation as it is 
not the usual technique in human. 
 
We appreciate the constructive remark of the reviewer and apologize for not being clear 
enough on the telemetry. Please also see our answer Reviewer #1 Answer 4. According 
to the best of our knowledge, this is the first study integrating implantable telemetry 
monitoring in a large animal model of kidney auto-transplantation. We have revised the 
current version of the manuscript accordingly and included the benefits of using a 
telemetry and also updated the reference list accordingly (please see Line 570-586). 
 
We principally agree with the referee in terms of the differences in surgical techniques 
between human and porcine kidney transplantation and its significance for but would like 
to specify our considerations further. Indeed, end-to-end anastomosis is not the typical 
technique in the human kidney transplantation setting. However, in certain settings it is 
required to use the internal iliac artery for an end-to-end anastomosis with the renal artery 
(e.g. massive atherosclerosis of the external iliac artery, dissection of the external iliac 
artery, two renal arteries which are non-feasible to reconstruct using alternative 
techniques) [23]. Therefore, mastering these anastomosis techniques is essential for 
every junior transplant surgeon and also helps to achieve solid skills and more confidence 
when performing “standard” cases. These basic techniques are also essential for the 
anastomosis of portal vein and hepatic artery in the setting of liver transplantation on the 
further way of the carrier path of a transplant surgeon.  
It should be noted, however, that there is no defined standard for the vascular 
anastomoses in porcine kidney transplantation. Our working group had tried various 
techniques in the past and we realized that the end-to-end anastomosis approach is a 
feasible was to perform the kidney auto-transplantation procedure. As there are basically 
no arterial variations of the main renal artery (always one main artery in German landrace 
pigs) it is a straightforward anastomosis. In case of an early division of the vein or with 
double veins, it may be necessary to modify the surgical approach and perform an end-
to-side anastomosis of the vena cava. With the use of a color Doppler ultrasound directly 
after fascial closure and postoperatively to avoid vascular kinking, the topical use of 
papaverine and the postoperative administration of aspirin ensures that we almost never 
experience significant vascular problems.  
 
Advantages of the end-to-end anastomosis are:  
1, No complete clamping of the aorta/vena cava is required ->hemodynamic stability 
2, No need to completely dissect the aorta and vena cava which significantly reduces the 
risk of a major high-output lymphatic leakage.  
 
 
 
 
 
 
 
 



 

  

The best value of this article is telemetry which provide continuous monitoring and 
the use of jackets. Objectives need to be clarified. Information on ethical statement 
are provided. The study design is accurately described but some points may 
require discussion and clarification: 
 
4. Why 5-7 days follow up? As telemetry is an expensive procedure which may 
increase experiment burden, complexity and pain, it may be worthwhile - if possible 
- to extend follow-up to really get complete recovery of renal function? 
 
We are grateful to the reviewer for her/his encouraging comments. In this protocol-
oriented manuscript we have attempted to describe our current experimental setting. The 
follow up can be extended to a period which is suitable to answer the project specific 
research questions (e.g. long-term recovery of function vs. acute damage). To further 
underline this we have included the possibility to extend follow up to our revised 
manuscript.  
 
5. Why 14 days prior to transplantation procedure? is there any variation between 
first and second week of recovery justifying this duration? 

We thank the reviewer for drawing attention to this important aspect. The period of 14 
days between telemetry implantation and kidney transplantation is based on thorough 
internal discussions and considerations. After discussing this issue internally and then 
with various telemetry manufacturers (EMKA; DSI; TSE) as well as with other research 
groups and experts using these systems in various experimental settings, we decided to 
leave a 14-day period between telemetry implantation and kidney transplantation. A 
period of at least 12 days after implantation of the measurement system is recommended 
to ensure stable and optimal measurement data. During the earlier days, deviations may 
still occur due to the movement of the animal as the scaring and healing processes are 
still vulnerable and not final. Concerning the fact that in the present experimental setting, 
the animals are sacrificed 5 days after kidney transplantation, these potential 
disturbances and undesired variances of the measurement would fall exactly to our post-
transplant period. In order to avoid effects of the telemetry implantation on the study 
results and to ensure that the animals fully recover from the initial surgery, we decided to 
establish a 14-day re-convalescence period between surgeries. To be more clear on our 
considerations, we have revised our manuscript accordingly (see Line 587-593). 

Experimental procedure is partially described. Some add can be of interest: 
6.-Is bladder catheter usefull only to provide urinary example at each anesthesia? 
Or to monitor during surgery? (but it should be of small interest in such quick 
procedures). 
 
As it is the case for every “how I do it” type experimental protocol, we believe that certain 
minor aspects including the use of a bladder catheter are facultative. Here we attempted 
to describe our current “best-practice” experimental protocol. We insert a bladder catheter 
due to experimental considerations. This easy to perform and low-risk procedure (which 
is performed in anesthesia, therefore also completely painless for the animals) is the 
easiest way to collect baseline urinary samples e.g. at the time-point of organ retrieval. 
The alternative would be the direct puncture of the bladder which we considered as high 



 

  

risk. If no baseline urine samples are required per protocol, the transurethral bladder 
catheter may be avoided at the investigators' discretion. To improve clarity on this we 
have included the following parts to our discussion: “This manuscript describes our 
current “best-practice” in the experimental setting of porcine kidney auto-transplantation. 
While certain steps are mandatory to successfully establish this model, minor aspects 
(e.g. the intraoperative use of a bladder catheter, arterial catheter placement to the 
femoral vs. carotid artery) are facultative and may be avoided/altered at the investigators` 
discretion.” (Line 608-614). 
 
7. Why choosing femoral artery instead of carotid artery? Any infection or arterial 
catheter dysfunction due to leg movements or animal lying position? 
 
We thank the reviewer for drawing attention to this important aspect. Although, we use 
both techniques in various experimental settings with good results we selected to use the 
femoral artery in this model. The catheter is placed under sterile conditions and then fixed 
on the skin using multiple sutures and sterile tape, therefore dislocation does not 
represent a major issue. Infection we have not observed as the percutaneous catheter is 
only placed for approximately 2 hours during the recipient procedure and removed 
afterwards. We also avoid the use of a percutaneous catheter if the telemetry device 
delivers satisfactory data on the arterial pressure despite the supine position of the 
animal. It should be mentioned, however, that the use of the carotid artery is certainly not 
“wrong” and also possible at the investigators` discretion (please see also our answer 6). 
 
8. Why choosing Propofol and Isoflurane? Any protocol to choose which one to 
increase or decrease?  
 
By increasing the propofol dosage, a significant and prompt deepening of the anaesthesia 
can be achieved, whereas a pure TIVA = total intravenous anaesthesia usually leads to 
long recovery phases and an increased risk of hypotension. However, a stable mean 
blood pressure is absolutely necessary to maintain the initial perfusion of the kidney. 
Maintaining anaesthesia via isoflurane alone would increase the required fentanyl dosage 
over the whole anaesthesia period (due to the lacking analgesic potential) which also 
leads to a prolonged post-anaesthesia recovery phase and possibly the risk of respiratory 
depression during recovery. 
Combination anaesthesia using isoflurane, propofol and fentanyl is used to improve the 
depth of anaesthesia while minimizing the post-sleep phase. This protocol has proven to 
be very effective, reproducible and safe in our hands: Isoflurane 1.5 vol. % Fentanyl 7.5 
μg/kg/h Propofol (2) - 4 mg/kg/h.  
 
9. How to deal with movement during this curare-free anesthesia? 
 
We would like to thank the referee for this expert comment. In deep surgical anesthesia 
we basically never observe any significant movements of the animal which would interfere 
with the surgical procedure. Therefore, this is not a clinically relevant issue even without 
the use of muscle relaxants. The rationale behind avoiding the use of muscle relaxants is 
to facilitate rapid post-operative recovery with spontaneous breathing and early endo-
tracheal extubation of the animal.  
 



 

  

10. How is arterial cannulation for organ flushing realized (type, ligature). Do you 
keep canula during preservation to realize end preservation flushing? 
 
The reviewer raises a question of outstanding relevance. We would like to apologize for 
not describing our approach in detail. For the arterial cannulation a standard 14 G 
(orange) peripheral venous catheter is used which is fixed using a tourniquet prepared 
from 3-0 Vicryl. After initial flush, the catheter is removed to avoid any damage of the 
artery over the 24 hours of cold preservation, however, a brief post-preservation cold-
flush is also applied. We have revised our manuscript and included these details to our 
protocol (see Page 6, Bac table and organ preservation). 
 
11. Why aspirin is provided as it can make bleeding and therefore be discontinued 
which can alter results? Any thrombosis event or bleeding event data records from 
the team experience? 
 
We are grateful to the reviewer for this valuable expert comment. The use of anti-
coagulants and thrombocyte aggregation inhibitors in major surgical experiments is 
indeed always a question of balancing the risk of anastomosis complications and 
bleeding. In our current experimental setting no significant bleeding complications have 
been observed with the used dosage of aspirin (e.g. no hemorrhagic shock or major 
hemodynamically relevant bleeding). If minor bleeding from the abdominal wound is 
observed with the building of hematoma, we recommend to stop aspirin administration.  
Other research groups even recommend the preoperative administration of aspirin for 3 
days before implantation to prevent any vascular complications [24]. As with the 
implementation of the present aspirin administration protocol (combined with the post-
implantation color Doppler ultrasound, intraoperative heparin administration and the right 
anastomosis techniques) arterial complications are extremely rare, we restricted the use 
of aspirin for the postoperative period to reduce the risk of intraoperative bleeding.  
 
12. Near-complete peritoneal closure is a good point, and can also be justified as 
it can help with lymphatic leakage (lymphocele marsupialization) 
 
We would like to thank the reviewer for her/his encouraging comments.  
 
13.-How is infusion managed? The authors state that infusions are performed in 
case of delayed resumption of function, how are they performed with animals 
outside the metabolic cage? Are infusion line kept during all 5 days follow-up? 
 
The central venous line is tunnelled and sutured to the back of the animal (this is also 
required for the administration of medication such as antibiotics, pantroprazol etc), 
therefore it can be used for on demand infusion of intravenous fluids in the housing facility. 
We continuously monitor urine output and oral intake and if the latter is in imbalance 
compared to the urine output and the animals clinical state justifies, on demand fluid 
infusion is performed by the veterinary officer. Veterinary officers involved in the daily 
care of the animals are not informed about the experimental grouping of the animals to 
avoid experimental bias. Following fluid administration, the infusion line is disconnected 
and the central venous line is blocked with heparinized solution and covered with a sterile 



 

  

cap again. We have revised our protocol to include the most important information on the 
handling of the central venous line (see point 7.5).  
 
14. Information on experimental animals are relatively well described and the 
rational for pig choice also Housing is also well described. 
Some informations on experimental outcomes could be useful. Anastomosis and 
procedure duration, adverse events (catheter dysfunction, infection - if available), 
can be of interest. 
 
We thank the reviewer for drawing attention to this important aspect. To provide more 
data on operative outcomes now we have included the data on the time required for organ 
retrieval, total implantation time, warm ischemia time (see Representative results and 
Table 1). Furthermore, to include some potential complications we have prepared a 
further figure showing representative postoperative ultrasound images of potential 
complications, such as catheter dysfunction and lymphocele (see Figure 6). We believe 
that this suggestion of the reviewer helped us to improve our manuscript.  
 
15.Experimental groups are small groups! n=3. For instance, it seems difficult to 
explain 6 anastomosis variations with this subset. Maybe procedures from other 
protocol can help in capturing these situations and should therefore be reported. 
 
This issue raised by the reviewer is certainly highly important which we would like to 
address further. As we have described in our figure legends of Figure 3, our figure depicts 
a handful of the more frequent variations and is not statistically comprehensive in terms 
of all variations possible in German landrace pigs. This figure is also not part of our 
representative results part, it is just a visual guide for future investigators and 
experimental surgeons who are planning to establish this model. To describe the whole 
spectrum of anastomosis variations on a populational level with a corresponding 
incidence would probably require a very large sample size. Considering the sample size: 
as JOVE is a methods journal with more focus on the experimental protocol itself than on 
experimental findings, we decided to only use a small data subset of our very recent 
experiments to demonstrate the performance of this model. However, to satisfactory 
reflect to the comment of the reviewer we have included the data of two more recent 
experiments. We think this relatively small subset of data is satisfactory to show the main 
aspects and performance of the model and n=5 is also comparable with previous 
protocols reported in JOVE using porcine as an experimental model [25-27].  
 
16.Results presentation are well done but may be enhanced with telemetry results 
follow up after surgery (arterial pressure for example). 
 
We thank the reviewer for pointing out this detail, which we have specified in the revised 
version of our manuscript accordingly. A comprehensive analysis of the telemetry data 
would have been beyond the scope of the present manuscript and it requires a longer 
period of time than the relatively short time frame which was available for the revision of 
our paper. Nevertheless, to satisfactory address the suggestion of the referee, we have 
included exemplary telemetry data of mean body temperature changes over the study 
period (see Figure 5).  
 



 

  

17.Anatomical description is an interesting point to help surgical procedure. Did 
author experienced variations also with azygo-lumbar vein? Its presence can 
modify and hamper the complete dissection of the left renal vein and can therefore 
give a false impression of a double vein that complicates and makes anastomosis 
less reproducible. 
 
We would like to express our gratitude to the reviewer for sharing her/his valuable 
experience. The azygo-lumbar vein may indeed complicate surgical dissection of the 
renal vein in certain situations, especially on the “donor side” where the renal vein is 
usually divided near the vena cava. Here we pay great attention to avoid accidental 
damage to the vein. If the lumbar vein joins the renal vein very near to the vena cava it 
can usually be preserved without any issues. Otherwise we usually just dissect and divide 
the vein between two 3-0 ligatures. Nevertheless, to raise attention of the reader for the 
presence of this anatomical aspect we have revised our manuscript accordingly (see 
Point 4.16 and 4.17).  
 
18.Number of animal is very small and need some further justification (was only a 
developing/learning curve protocol ?) 
 
Please see our answer to question 15.  
 
19.The choice of orthotopic (not even mentioned in the manuscript but it is the 
correct description of the model) is not usually performed in clinical practice.  
 
The authors thank the reviewer for his comment and would like to specify their 
considerations. For this please also see our answer to question 3. Indeed, orthotopic 
kidney transplantation is not a typical technique in human setting excepts some special 
situations [28]. Nevertheless, there is no defined standard for porcine kidney 
transplantation. Although, most groups use a transperitoneal and orthotopic approach, 
heterotopic transplantation to the iliac fossa is also possible [24]. However, due to the 
relatively low diameter of the external iliac artery in 30-40 kg pigs and its tendency for 
vasospasm makes it sometimes more difficult to perform the end-to-side anastomosis of 
the renal artery to EIA. As for the auto-transplant model we retrieve the left kidney via a 
transperitoneal approach, it is more feasible to perform the implantation by reopening the 
same incision, especially that we are also required to remove the native right kidney to 
allow the animal the recover with only one predamaged kidney.  
However, to further emphasize these differences between the experimental and clinical 
setting we have revised the limitations sections of our manuscript accordingly. We have 
also included the word “othotopic” throughout the manuscript to better describe the model 
as suggested by the referee.  
 
20.Was it a necessity to be able to collect urine with transparietal ureterostomy? 
 
The transparietal ureterostomy allows us an easy and reproducible way to collect urine 
over the follow up period without the use of a metabolic cage. The catheter is sutured to 
the skin and hidden below the porcine jacket, therefore does not significantly disturb the 
animal. However, as it was mentioned for other surgical aspects of the procedure, there 
is certainly now established standard or ultimately correct way to perform the ureteral 



 

  

reconstruction. For experimental protocols with long follow up periods of multiple weeks, 
the more anatomical approach of ureteral reconstruction with uretero-cystostomy or 
uretero-ureterostomy may be more suitable and should be considered.  
Nevertheless, the ureter of the porcine has a narrow caliber and fragile mucosa which is 
susceptible to edema during surgical management. The middle and distal segments of 
the ureter receive blood from the common iliac artery and its branches. Ischemic necrosis 
is a risk if long segments of donor ureters are used for the anastomosis [24].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  



 

  

Reviewer #3: 
 
Manuscript Summary: 
 
This is an interesting protocol from an established unit in the field of experimental 
organ preservation and transplantation. Several questions are raised and should 
be addressed. The protocol is of interest to fellow researchers in the field. 
 
Major Concerns: 
1) Orthoptic location (ie. anastomosis to renal artery and vein vs iliacs or distal 
aorta / IVC - reasons for this choice and potentially options for and against should 
be mentioned. If this is to be a clinically comparative protocol this is not a kin to 
routine clinical practice. 
 
First of all, the authors would like to thank the reviewer for her/his encouraging comments 
and would like to specify their considerations. We agree with the reviewer and believe 
that this protocol will be a comprehensive guide for our peers who are dealing with large 
animal models of kidney transplantation. 
 
As the question concerning our approach on the anastomoses and orthotopic location of 
the kidney have been raised by reviewer #2, please also see our previous answers to 
question 3 and 19 from reviewer #2. Although, there is no ultimately right way or general 
consensus to perform these techniques, we believe that a transperitoneal approach in 
our case is probably the most feasible way due to multiple reasons:  
 
-The use of the autotransplantation model required the retrieval of the left kidney then the 
explantation of the right kidney the next day and the subsequent implantation of the 
“damaged” left kidney after 24 hours of preservation. For this a retroperitoneal approach 
would be more complicated, takes longer and may cause larger trauma, due to a bilateral 
intervention. (retroperitoneal retrieval on the left side, retroperitoneal nephrectomy on the 
right side and subsequent implantation to the iliac axis using a 3rd retroperitoneal access).  
 
-Due to the relatively low diameter of the external iliac artery in 30-40 kg pigs and its 
tendency for vasospasm makes it sometimes more difficult to perform the end-to-side 
anastomosis of the renal artery to the EIA 
 
To further address this issue and mention the technical differences between the 
orthotopic and heterothopic approach, we have revised our manuscript accordingly (see 
see revised Discussion).   
 
2) Background to the development of this protocol - historically and significant 
changes to the protocol from initial start and reasoning behind these would be 
useful for readers and units wishing to implement such a research program. 
 
The authors would like to thank the reviewer for this constructive suggestion. Our group 
is using the model of porcine kidney auto-transplantation for well over 10 years now in 
various settings [21, 29]. Although, some modifications have been made, the basic 
techniques of the model remained the same. Over the years we have reached a “best-



 

  

practice” presented here in this protocol. We are afraid that comprehensively describing 
every modification and model upgrade would be beyond the scope of this manuscript and 
would require to be presented within the frameworks of a special article. Nevertheless, 
we have attempted to describe all the possible pitfalls we have observed in the past in 
our discussion (e.g. vascular kinking after abdominal closure, lymphatic fistulas).  
 
3) Retrieval of the donor organ could be through a lateral incision / retroperitoneal 
(especially left sided) vs the midline laparotomy approache chosen - and then need 
for re-laparotom of retrieval of a carrel patch with the donor kidney for subsequent 
use during implantation?. Can the authors discuss the reasoning for this choice? 
4) Can the authors comment on the technique In there experience ? - this is 
normally easier to perform and more reliable than end to end anastomosis to renal 
arteries especially if complex reconstructions are required as described by the 
authors. 
 
We thank the reviewer for these expert comments and considerations. The choice of the 
exact technique remains dependent on the surgeon’s preference and experience. 
Although, in this protocol, we have attempted to show our “best-practice”, there are other 
techniques which are comparably successful. The retroperitoneal approach for retrieval 
has been described before and may be a good alternative to avoid opening the abdomen 
for the retrieval surgery [24]. In the settings of auto-transplantation we see the use of a 
Carrel patch a bit problematic. Retrieval of the kidney graft with an aortic patch would 
generate a defect in the aorta which has to be reconstructed by suture or by using a 
vascular patch (e.g. autologous or allogenic material vs. e.g. bovine pericardium). This 
approach is more time consuming and technically complex, with high risk of major 
bleeding from the aorta. As the arterial anastomosis is usually very straightforward in an 
end-to-end approach (suturing usually two 6-8 mm arteries with good quality arterial wall 
and without atherosclerosis), therefore we think that the risk and complexity of the 
retrieval with an aortic patch and subsequent aortic reconstruction would overweigh the 
benefits.  
 
Although, we attempted to most comprehensively describe our approach and its 
limitations, we are afraid that including all these potential technical aspects would be 
beyond the scope of such a protocol and would rather belong into a comprehensive 
technical review article on the topic [24]. To emphasize this fact, we have revised our 
discussion accordingly.  
 
5) Timings - for each step and suggestions for a timetable - days etc. How long for 
each part of the protocol for example and if this changed upon refinement etc. 
These details again would enable a unit seeking to start this work to understand 
the resource implications and learning curve. 
 
We thank the reviewer for drawing attention to this important aspect. We have now 
revised our manuscript and included the times required for the various experimental 
steps. Further, as the procedure is time consuming and binds a large amount of resources 
and OR-capacity it is usually unfeasible to perform more than 2 procedures a day. This 
we have also included to our discussion section of the revised manuscript to guide future 
researchers in establishing this protocol (see Table 1 and Representative Results). 



 

  

 
6) Management of the ureter - what is the rational to ureteric canulation vs a ureter-
ureteric (due to the implant location chosen) or ureteric-bladder. If the rationale is 
only for telemetry purposes could not urethral cathterisation be a less invasive, 
simpler process? The authors rational for this should be discussed. 
 
As the same question has been asked by reviewer 2, please see also answer 20 reviewer 
#2. The authors thank the referee for this valuable comment.  
 
7) Cost suggestions for implementation of such a program and personel required 
would be both useful for an interested unit. Do the authors have such information 
avalaible to include in the article? 
 
We thank the reviewer for raising this issue of outstanding relevance. An exact cost-
assessment is difficult, as it is largely depends on the country where the experiment are 
performed (OR costs, materials, animals etc). We believe our comprehensive material list 
may help other groups the rapidly assess the approximate costs of these experiments 
according to the local situation. However, it may be more interesting to know more 
information on human resources. To describe our approach on this we have generated a 
table for our revised manuscript, suggesting the number of team members and their level 
of training required for each experimental phase (see Table 1).    
 
Minor Concerns: 
8) Description of the anatomical issues (anatatomical variants described) and 
management of each of the lettered diagrams in Figure 3. 
 
To further improve the description and management strategies of the venous anatomical 
variants, we have revised our figure legend to Figure 3 accordingly. Thank you for this 
great suggestion.  
 
9) Figure 1 - more detailed descriptions of contents of A-G please. 
 
We thank the reviewer for drawing attention to this aspect. We have improved the figure 
legends for Figure 1 (now Figure 2).  
 
10) Figure 4 - define descriptive stats, how many animals used to generate this 
data? Definition of auto-transplant 1 and auto-transplant 2 is needed? No mention 
in text of 2nd auto-transplant. 
 
Figure 4 just intend to demonstrate our practice with the use of color Doppler following 
kidney transplantation. These pictures are images from the same animal. In certain cases 
the compression of the kidney graft following fascia closure may lead to vascular kinking 
with fatal complications including arterial and venous thrombosis. If perfusion of the graft 
is not satisfactory, the abdominal incision must be opened and the kidney hast to be 
repositioned in a way to avoid kinking. With this technique (combined with the use of 
intraoperative heparin administration, postoperative aspirin therapy and the right surgical 
techniques) we were able to almost completely eliminate vascular complications during 



 

  

follow up. To further clarify that the pictures are from the same animal we have revised 
our figure legends accordingly. 
 
Reviewer #4: 
 
Manuscript Summary: 
I enjoyed reading this interesting manuscript very much. In my view, it is well 
written and sufficiently comprehensive. The manuscript describes a protocol for 
porcine renal autotransplantation. Special features that the authors have 
incorporated are continuous telemetry of the pig, isolated graft urine collection 
through percutaneous ureterostomy and a vest that each pig wears to protect 
catheters and lines, as well as urine collection bags. Limitations of the protocol are 
also well discussed, which is an asset of the current paper. 
 
We would like to thank the referee for her/his encouraging words and constructive 
suggestions.  
 
Major Concerns: 
1. I was surprised to read that these authors gain access to the kidneys by means 
of a laparotomy. Please explain this choice and discuss in the manuscript why an 
inraperitoneal approach was chosen, instead of extraperitoneal dissection (which 
can also easily be done via a midline incision in pigs). Bowels may be more 
disturbed when a transperitoneal approach is utilized. Please comment on the 
occurrence of (sub)ileus postoperatively. 
 
This is indeed an important, yet challenging comment. Please see also reviewer #3 
question 3 and reviewer #2 question 19 which are referring to the same topic. As both 
procedures are relatively short, we do not usually observe clinically significant paralytic 
ileus. Animals receive water directly after surgery when they are fully awake and food is 
provided from the first postoperative day ad libitum. Intraoperatively we continuously 
cover the bowel with wet and warm towels and pay a great attention to its sufficient 
circulation which is very critical in pigs. To further address the possible benefits and 
disadvantages of using an extraperitoneal vs. transperitoneal approach we have revised 
our manuscript accordingly (see revised discussion).  
 
2. The percutaneous urine collection methodology is not new, but still very elegant. 
Nevertheless, performing this correctly can be challenging for researchers who do 
not have experience with the method. I would have liked to see a more detailed 
description of percutaneous catheter placement and also how urine collection 
bags are secured, how often they are changed, which type they are, etcetera. 
 
We are grateful for the reviewer’s interest in our technique and would like to clarify it 
further. Therefore, we have paid more attention to these details in our revised protocol 
and of course included all materials required into our material list (see Point 6.19, 6.20 
and 6.21, 7.4).  
 
Minor Concerns: 
3. Figure 1A appeared a bit simplistic to me. 



 

  

 
Figure 1A is schematic presentation of the blueprint of our housing facility. This drawing 
may serve as a guide for other researchers when planning similar housing facilities with 
video surveillance and telemetry monitoring. To further improve our manuscript, we have 
revised the figure legends of Figure 1 accordingly.  
 
4. All figures and especially photographs should be presented in a much higher 
resolution than I found in the reviewer pdf. 
 
Thank you for this remark. All original figures are in high resolution complying with the 
JOVE guidelines on image formatting which however may appear in a reduced quality in 
the reviewer pdf.  
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