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ABSTRACT

Purpose: Mouse kidney transplantation is a challenging technique for novice
microsurgeons. Factors that affect transplant outcomes for a clinical surgeon
starting microsurgery have not yet been investigated.

Materials and Methods: 110 consecutive mouse kidney transplants were per-
formed over a 9-month period. Data were recorded, and surgical results and
complication were analyzed.

Results: Three and thirty day survival rates improved from 0 (0/6) to 92.3%
(12/13) between months 1 and 9. Bleeding, arterial thrombosis, kidney failure
and hydronephrosis were the most common causes of transplant failure. From
month 1 to month 7, using the same surgical technique, practice significantly
decreased the incidence of bleeding and increased the 3-day survival rate; how-
ever, it didn’t significantly decrease the incidence of thrombosis, kidney failure,
but improved the 30-day survival rate. From month 8, when surgical technique
used on artery anastomosis switched from continuous suture to interrupted su-
ture, surgical survival rate at 3 and 30 days improved significantly. Interestingly,
ischemia time was not a significant factor determining the success of transplan-
tation in this study.

Conclusions: Practice is essential for novice microsurgeons, and the choice of
surgical techniques significantly affects surgical results. The use of interrupted
arterial sutures can significantly improve mouse kidney transplantation out-
comes compared with continuous sutures. Ischemic time was not a factor in
determining successful of kidney transplantation in mice in this study.
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Mouse kidney transplantation is an ideal
model for transplant research because genetical-
ly modified strains can be used to study the mo-
lecular mechanisms of renal allograft injury (1,2).
However, due to the technical complexity and high
mortality rates, only a handful transplant centers

uses this model for research. The first mouse kid-
ney transplantation was described by Skoskiewicz
et al. in 1973 (3), later improved by Zhang and
Han (4,5). To become familiar with the technique,
reduce complications and increase survival rate, a
relatively long learning curve is needed even for
experienced microsurgeons (6).
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Although there are papers describing the
procedure of mouse kidney transplantation in
detail, the factors that contribute to successful
transplantation have not yet been evidenced-
based investigated (7). In this report, a surgeon
with 10 years of experience in cardiothoracic sur-
gery started his microsurgery training on mouse.
Data from the first 110 mouse kidney transplants
were collected to investigate the factors contrib-
uting to successful mouse kidney transplanta-
tion. An understanding of these factors will be
helpful for future researchers who plan to use
this model.

MATERIALS AND METHODS

Animals

Male C57BL/6 and BALB/c mice, 6-8
weeks old and weighing between 18 and 25 g,
were used for kidney transplantations. Mice were
bred and maintained in the animal care facility at
the William Middleton VA Hospital in Madison,
Wisconsin. Procedures were performed in accor-
dance with the Animal Care Policies at the VA
Hospital and the University of Wisconsin. In to-
tal, 110 mouse kidney transplantations were per-
formed between February and October of 2010.
Surgical times, complications and results of each
of the surgeries were recorded and analyzed.

Anesthesia and surgical techniques

Mice were anesthetized with Isoflurane
(2-3%). The transplants were performed using
the technique described by Zhang and Han (4,5).
All procedures were performed at 4-25X mag-
nification using a microscope (SMZ800, Nikon,
Japan) and standard microsurgical instruments.

Briefly, a midline abdomen incision was
performed. The left kidney was exposed by mov-
ing the intestine, spleen and stomach to the right
side. The suprarenal and infrarenal aorta and in-
ferior vena cava (IVC) were dissected with liga-
tion and division of the attached lumbar branch-
es. The aorta and IVC were then dissected apart
below the renal pedicle for a length of 3-4 mm.
The adrenal and testicular vessels were divided
and ligated with 10-0 nylon sutures (AROSurgi-
cal, CA, USA). These ties could be used to orient

the graft during the procedure of transplantation.
The kidney was then separated from perinephric
fat and tissues. The left ureter was dissected free
down to the bladder preserving the periureteral
vessels and cut with a small bladder patch. Using
an 8-0 nylon suture (AROSurgical, CA, USA), the
infrarenal aorta and IVC were ligated, and the
same procedure was done to the suprarenal aorta
and IVC. The IVC was then transected below the
renal vein. The donor kidney was then perfused
via the infrarenal aorta with 1 mL cold heparin-
ized normal saline (100 U/ mL). The aorta was
cut approximately 2 mm below the renal artery.
The kidney and its vascular supply was harvested
with the ureter attached to the bladder patch en
bloc, and then stored in 4°C normal saline until
the time of transplantation.

A two-stage procedure was performed in
the recipients. First, the left native kidney was
removed and the donor kidney was transplanted
into the recipient. Second, the contralateral na-
tive kidney was removed on post-transplantation
day 10. Briefly, with a midline abdomen incision,
left native kidney was removed after the vascu-
lar pedicle and ureter were ligated. The infra-
renal aorta and IVC were isolated carefully and
cross clamped using two 8-0 suture releasable
knots (Figure-1A). The use of releasable knot
can provide more room in the surgical field, and
less mobilization and dissection is needed. Other
benefits included less cost and very easy to tie
the knot and release it (Figure-1B). Small ellipti-
cal aortotomy and venotomy were made. End-
to-side vascular anastomoses were performed.
A running 11-0 nylon suture (AROSurgical, CA,
USA) was used in the first continuous 86 trans-
plantation surgeries from month 1 to 7. The last
24 surgeries at month 8 and 9 used interrupted
suture for the artery anastomosis. Donor vein
and recipient IVC was connected using continu-
ous 11-0 sutures. Once the venous anastomosis
was completed, the releasable knots were re-
leased and the kidney graft was perfused instant-
ly when the anastomosis was successful.

Urinary reconstruction was established
with ureteral implantation technique with some
modification (5). Briefly, the recipient bladder
was pierced with a fine tweezers (Dumont Twee-
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Figure 1 - A, The infrarenal aorta and IVC were cross clamped using two 8-0 suture releasable knot instead of micro clamps.
B, Sketch of releasable knot. Pull end 1 and 2 tighten the knot, pull end 3 release the knot.

zers #5, WPI Co. USA) and the donor ureter was
pulled through the bladder. Periureteral tissue
was fixed to the exterior wall of the bladder us-
ing 10-0 sutures. 2-3 mm length of the donor
ureter was left and allowed to retract inside the
bladder before closing the contralateral pierced
wound.

Transplanted mice were monitored dai-
ly. Three and thirty-day recipient survival were
counted and analyzed. According to the proposal,
kidneys, urine and blood of thirty-day survival
recipient were harvested for further examination.
Following the harvest, mice were euthanized by
exsanguination.

Statistical Analysis

Multivariable analysis was used to exam-
ine the effects of the various variables including
practice (month), bleeding, thrombosis and kid-
ney failure on surgical survival. Surgical times
are presented as mean + standard deviation, and
statistical significance was assessed using un-
paired t test. Fisher’s exact test was used for the

comparison of different anastomosis method in
artery. All data analyses were conducted using
SPSS v 17.0 (SPSS, Chicago IL), and P < 0.05 was
considered statistically significant.

RESULTS

Surgical results and complications

One hundred and ten consecutive kidney
transplants were performed between February
and October of 2010. Three and thirty day’s sur-
vival rate improved from 0 to 92.3%, and O to
92.3% respectively (Table-1).

Causes of death or euthanasia included
bleeding, thrombosis, kidney failure, urine leak-
age, vena cava complication, and hydronephro-
sis. Bleeding, thrombosis and kidney failure ac-
counted for over 70% of the complications in the
first 3 months of training (Table-1).

Bleeding was the cause of nearly all
deaths in the first two months of training. With
the improvement in microsurgical technique and
use of Surgicel®, the incidence of bleeding de-
creased rapidly after the 3rd month, accounting
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Table 1 - Surgical results by month.

Month Saa Bleeding (rate) Thr:)rr:t:;)sis Kidn(erz;a)ilure 3-da2/r astl;r)vival 30-de;3r/a::)rvival
1 6 5 (83.3%) 1(16.7%) - 0 0

2 16 10 (62.5%) 3 (19.0%) - 3 (19.0%) 0

3 15 3 (20.0%) 7 (46.7%) - 4 (26.7%) 3 (20.0%)

4 16 2 (12.5%) 6 (37.5%) 1(6.3%) 8 (50.0%) 4 (25.0%)

5 15 2 (13.3%) 1(6.7%) 4 (26.7%) 12 (80.0%) 2 (13.3%)

6 8 2 (25.0%) 3 (37.5%) 0 3 (37.5%) 2 (25.0%)

7 10 0 3 (30.0%) 6 (60.0%) 7 (70.0%) 1(10.0%)
8 11 1(9.1%) 1(9.1%) 1(9.1%) 8 (72.7%)* 7 (63.6%)*
9 13 1(7.7%) 0 0 12 (92.3%) 12 (92.3%)

From month 1 to month 7, the same surgical technique was used, there was significant effect of practice on bleeding (P = 0.017) and
3-day survival (P = 0.025), but no significant difference was found of practice on thrombosis and kidney failure (P = 0.767 and 0.080
respectively). From month 8, artery anastomosis switched from running suture to interrupted suture. 3- and 30-day survival rate

increased significantly (* Compared with month 7, P < 0.05).

for only 10 to 20% of all subsequent deaths. The
second most common complication was throm-
bosis, which remained a significant obstacle until
month 8, when a switch to interrupted sutures
on artery anastomosis improved the results. The
third more prevalent complication was kidney
failure. In these mice, transplantations were suc-
cessful when grafts perfused very well, and the
graft was pink and the renal artery patency could
be observed on the second stage surgery (bilat-
eral nephrectomy), which indicated that graft
perfusion existed. However, the mice died 2 or
3 days later after the second stage surgery. In
month 7, 60% mice died due to this complica-
tion. There were five cases of hydronephrosis in
all surviving mice, and urine leak caused serious
sickness in two mice.

Effects of practice on complications

Surgical results are always dependent
on practice. In these serial surgeries, different
months represented different proficiency of sur-

gical practice. Because of the use of the same
surgical procedure from month 1 to month 7,
data were analyzed to determine whether prac-
tice (different month) could decrease the inci-
dence of different complications. As indicated in
Table-1, there was a significant effect of practice
on bleeding (P = 0.017). However, no significant
difference was found of practice on thrombosis
or kidney failure (P = 0.767 and 0.080 respec-
tively).

Association between practice (month) and sur-
gical survival

Since survival is the most important end-
point in microsurgery, the data was investigated
further to determine the association between
the practice (month) and the survival rate. From
month 1 to month 7, the same surgical tech-
nique was used (continuous artery anastomosis).
The effect of practice on surgical survival rates
was analyzed. Findings showed that practice im-
proved the 3-day survival rate (P = 0.025). How-
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ever, there was no better change in the elevation
of 30-day survival rate (P = 0.221), which indi-
cated that other factors may be involved in the
improvement of the long-term survival rate.

Difference between using continuous and in-
terrupted suture on artery anastomosis

From month 8, interrupted artery suture
method was used. Obvious difference was found at
30-day survival rate. Data of month 7 and month
8 which used continuous and interrupted suture
in artery anastomosis was analyzed separately.
The use of interrupted suture method resulted
in a higher 30-day survival rate than using the
continuous suture method; this difference was
probably due to a lower incidence of kidney
failure in the interrupted suture method group
(Table-2). Significant difference was also found
in 3-day survival rate between these two methods

CIT) and warm ischemia time (WIT). CIT was the
time duration of donor kidney preserved in cold
saline. WIT was the time duration to complete the
vessel anastomosis between donor kidney and re-
cipient, out from the cold saline. Practice could
decrease the ischemia times gradually (Figure-2B),
and there was significantly difference (P < 0.05).

Impact of ischemia time on the results

One of the most important factors impact-
ing transplantation results is ischemia time. When
the continuous artery anastomosis technique was
used (from month 1 to month 7), the ischemia time
differed among the groups of 30-day survival,
thrombosis and kidney failure. It seemed as if there
was a relationship among the groups, but there
were no significant differences. Ischemia time is
important, but it was not associated with surgical
survival in this procedure (Table-3).

Table 2 - Surgical results of different method of artery anastomosis.

Bleedin Thrombosis Kidney failure 3-day survi- 30-day sur-
Method Number . y wiT y ok

(rate) (rate) (rate) val (rate) vival (rate)
Continuous suture 10 0 3(30.0%) 6 (60.0%) 2958 +512 7(70.0%)  1(10.0%)
Interrupted 11 1(091%)  1(91%)*  1(9.1%) * 31.67+6.12 8(72.7%)* 7 (63.6%)*

suture

Kidney transplantation data using interrupted suture in Month 8 was compared with the use of continuous suture in Month 7. Interrupted
suture method significantly decreased the incidence of thrombosis and kidney failure, and significantly improved surgical survival rate.
There was no significant difference on warm ischemia time (p = 0.398). *: P < 0.05, Compared with continuous suture group. WIT: Warm
ischemia time. Time duration on vessel anastomosis (out of cold saline preservation).

(P = 0.012). There was no significant difference
in the warm ischemia time between these two
methods (Table-2).

Surgical Time

With practice, surgical time on donor and
recipient reduced to 50 minutes and 100 minutes
respectively (Figure-2A). The total ischemia time
(TIT) in the transplantation consisted of two parts:
cold saline preservation time (Cold ischemia time,

DISCUSSION

The mouse kidney transplantation model
is challenging for microsurgeons and has a steep
learning curve. In addition to technical require-
ments, the beginner should also understand vari-
able factors including ischemia time, complications
and suturing methods which are related to surgical
outcomes. Here we described our experience in 110
consecutive mouse kidney transplants.
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Figure 2 A and B - (A) Surgical time in mouse kidney transplantation, STR: Surgical time on recipient, STD: Surgical time
on donor, TIT: Total ischemia time. (B) Ischemia time in mouse kidney transplantation. TIT: Total ischemia time, CIT: Cold
ischemia time, WIT: Warm ischemia time.
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Table 3 - Ischemia times in different groups.

TIT p WIT P cIT D
Thrombosis 9750 £17.77 - 37.50 £ 10.34 - 60.42 £ 19.12 -
Kidney failure 85771767 #0057  3462+7217 #0397 5154£912  #0.116
. *0.052 *0.433 * 0.054
30-day survival 82502880 o 3417:585 cogrg 872606 L o

No significant differences were found among mice of thrombosis, kidney failure and 30-day survival on various ischemia times.
#: Compared with group of thrombosis. *: Compared with group of thrombosis.

**: Compared with group of kidney failure.

TIT (Total ischemia time): Time duration without perfusion. WIT (Warm ischemia time): Time duration on vessel anastomosis (out of cold
saline preserve). GIT (Cold ischemia time): Time duration preserved in cold saline.

As a 10-year experienced cardiothoracic
surgeon, microsurgery on mouse was still a chal-
lenge work which amalgamating manual precision
and technical experience in equal measure. For
the author, it took nearly 2 months and 30 mice
surgery to get the first long-term survival kidney
transplantation mouse. Practice is one of the basic
factors for surgical results in surgical training. In
this study, practice could significantly decrease the
incidence of bleeding and increase surgical short-
term survival rate. The condition was similar in
clinical surgeon training. However, no statistical
difference was found of practice on long-term sur-
vival rate and complications including thrombo-
sis and kidney failure. This may due to surgical
techniques used in the suture of artery. When the
suture method was switched from continuous to
interrupted sutures on artery anastomosis, the in-
cidence of thrombosis and kidney failure decreased
significantly, and the long-term survival rate im-
proved significantly. This indicated that in micro-
surgery procedure, besides practice, selection of
the right surgical technique was equally important
for the surgical results.

Successful mouse kidney transplantation is
a surgical masterpiece. A variety of complications
can lead to death or surgical failure. In our op-
eration, surgical complications included bleeding,
thrombosis, kidney failure, hydronephrosis, urine

leakage, vena cava complication (stenosis and dis-
tortion) and breakdown of the skin suture. Bleed-
ing is the most frequent cause of early postopera-
tive mortality early in the learning curve. Mice
have low tolerance to blood loss because of their
relatively small blood volume. For a 20g mouse,
0.14 mL blood loss (10% total blood volume) can
cause early postoperative mortality. In addition to
improvement of microsurgical technique, Surgi-
cel® is an effective material that prevents bleeding.
Thrombosis of the arterial anastomosis is another
significant problem in mice kidney transplanta-
tion, and it was the most common technical com-
plication after bleeding in this project. Similar to
the experience of other researchers (6), we also
found that mismatch of the recipient aortotomy
and donor aorta was a factor leading to arterial
thrombosis. Researchers should consider the fac-
tors that lead to complications when developing
standard operating procedures.

Ureter implantation technique was used
to reconstruct the ureter-bladder connection. This
technique could significantly reduce ureter attach-
ment time and the incidence of urine leakage (5).
A common complication in this study was hydro-
nephrosis, with a total of five cases in survived
mice. Among the five cases, four cases appeared
in Month 5 which was part of the reason result-
ing in low 30-day survival rate with high 3-day
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survival rate. The obstruction was always located
in the junction of the ureter-bladder connection.
This complication occurred when continuous su-
ture was used. We expected that this suture meth-
od would prevent urine leakage. However, there
was no urine leak in mice using three interrupted
stitches around the junction of ureter-bladder con-
nection, and also there were no hydronephrosis
cases when this sewing method was used.

Ischemia time is one of the important fac-
tors impacting transplantation results (8). Ischemia
itself can cause severe damage because of the po-
tential for a build-up of metabolic wastes. Reper-
fusion after a period of ischemia can actually be
more damage than the ischemia itself. Ischemia-re-
perfusion results in vascular edema and leukocytes
building up in small capillaries and obstructing
them which accelerated the process of thrombo-
sis and renal failure after transplantation. In this
study, the average total ischemia time ranged from
65 to 135 minutes, and warm ischemia time from
20 to 55 minutes, but there were no significant
difference among 30-day survival, thrombosis and
kidney failure mice. This shows that within a cer-
tain range, ischemia time was not the key factor
for successful kidney transplantation. The same
result was found by Tian (9), who found that the
kidney graft can be stored in a cold solution for
more than 2.5 hours, and there was no significant
difference in success rate compared with a kidney
graft stored for less than 1 hour.

Kidney failure is one of the most common
complications in our procedure. The transplanted
kidney looked pink with the renal artery pulse ob-
served before closing the abdomen incision, and
even on day 10 of post-transplant. However, the
mice died 2 or 3 days after the other native kidney
was took out. In this study, no relationship was
found between kidney failure and ischemia time.
When interrupted artery anastomosis was used,
complication of kidney failure decreased signifi-
cantly. Making the artery anastomosis with con-
tinuous suture would be more time-efficient and
could decrease bleeding. But it may form a stenosis
ring around the anastomosis site and limit the re-
laxation of the vessel. This is a significant problem
for microvessels. The caliber of the mouse aorta is
extremely small (< 0.4 mm), so a 0.1 mm diameter

change in a 0.4 mm diameter vessel can result in
a nearly 60% cross-sectional area decrease. But in
surgery, the 0.1 mm is a very small change. After
bilateral nephrectomy, blood flow can’t increase
proportionately because of the constriction of the
continuous suture. In addition, the constriction
ring could lead to formation of micro-thrombosis.
As hypothesized, the incidence of kidney failure
decreased significantly after adoption of interrupt-
ed suture. For the anastomosis of artery in small
animal like mouse, the experience of this study in-
dicated that interrupted suture method would be
a better choice compared with continuous suture.

In summary, successful mouse kidney
transplantation is a challenging microsurgical
procedure. In our experience, practice is the base
of microsurgery success, and surgical techniques
choice can change the surgical results significant-
ly. There are some factors such as practice and the
use of interrupted arterial sutures that are essen-
tial to prevent bleeding, thrombosis and kidney
failure, and to increase the long-term survival
rate. In this study, however, ischemic time was
not a factor in determining the success of kidney
transplantation in mice.
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EDITORIAL COMMENT

The basic research is so important as cli-
nical trials, but few studies have been published
about some topics.

Kidney transplant in mouse model is quite
useful and valuable for studying transplant im-
munology and surgery techniques. However, the
technical difficulty and high mortality are a huge
obstacle in its widespread use.

Animal models are commonly used to stu-
dy the pathogenesis of acute and chronic diseases.
The use of mouse as models are much valuable in
researches because the development of gene kno-
ckout and transgenic animals can lead to better
control of the studies.

In this study the authors evidenced whi-
ch factors affected kidney transplants in a mouse
model. Although in recent review of the literature
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transplants, so the data showed in this article will
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EDITORIAL COMMENT

Clinical kidney transplantation has be-
come the preferred method of renal replacement
therapy worldwide. Testing new pharmacological
and biological agents, and identifying new me-
thods to diagnose and treat rejection depends on
preclinical investigation. The use of large animal
models such as the monkey, dog, cat, pig, etc. in
transplant research has become problematic due
to high cost, the need for specialized animal care,
longer gestation and life spans, and cultural sen-
sitivities regarding certain species.

The rat is of sufficient size (300-400 gra-
ms) to permit solid organ transplant experiments
using microsurgical techniques, but has been less
well characterized than the mouse in molecular
biology. However, the adult mouse (30-50 grams)
is 5-10 times smaller than the rat, more difficult
to perform microsurgery, and ultimately more
prone to technical failures (1).

The mouse model has been used for rese-
arch since there are more than 1300 mutant mice
with which to study the biology of diseases, parti-
cularly the complexity of the immune system (2).
Indeed, the mouse has many inherent advantages:
low cost, no specialized animal care, short gesta-
tion, short life spans, and no culture sensitivities.
The mouse model of a kidney transplant was first
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reported in 1973 by Skoskiewicz and associates
(3). However, the demanding techniques and mor-
tality rates have impeded widespread use of this
model.

The learning curve in kidney transplanta-
tion in mice is substantially longer than in rats
and the mortality rate is as high as 50%, even
in the hands of experienced microsurgeons and
long-term survival rates are sparse. Most animals
died due to surgical related complications.

The end-to-side procedure for vascular
reconstruction is widely used for establishing a
mouse model of kidney transplant. Continuous
sutures are preferred for vascular anastomosis
with high success (4-8).

The authors describe a change in the sur-
gical technique carrying out the arterial anasto-
mosis with an interrupted suture which factor was
responsible for the highest survival index at the
thirtieth day, probably due to a lesser incidence of
kidney failure without however altering the time
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