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INTRODUCTION

Organ transplantation has proven its effectiveness in the 
treatment of end-stage organ and system diseases, as 
well as its economic benefits [1,2]. Despite advances in 

transplantology and immunology, the 1-year survival rate 
of kidney transplants is 92%–95% for transplants from a 
living donor and 89%–90% for transplants from a cadaver-
ic donor [3,4]. Approximately half of kidney transplant loss-
es (47%) are due to rejection and the secondary effects of 
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immunosuppressive drugs (i.e., negative immunologically 
mediated causes) [5]. In addition, a kidney graft under-
goes a cascade of pathological changes referred to as an 
ischemia-reperfusion injury (IRI) when it is incorporated 
into the bloodstream. IRI is an unavoidable part of kidney 
transplantation surgery. Ischemia and reperfusion initiate 
a cascade of immuno-inflammatory reactions that directly 
affect the function of the graft and, in severe cases, can 
lead to complete loss of the graft. Therefore, approximate-
ly 20% of recipients have delayed graft function, and this is 
more common in cadaveric transplants than in live-donor 
transplants (29% vs. 17%) [6]. Oxygen free radicals are 
the primary detrimental factors in IRI [7], causing a pro-
nounced inflammation of the endothelium that can lead 
to occlusion of small vessels and a decrease in perfusion 
called the reperfusion paradox. In simplified terms, a high 
flow of blood leads to hypoperfusion of the renal graft due 
to the detrimental effects of oxygen free radicals [8].

Various studies have explored whether reversed reper-
fusion might lead to a diminished production of oxygen 
free radicals. Carpenter et al. [9] found that retrograde 
reperfusion (RRP) with low-oxygenated blood after cardi-
ac bypass surgery improved the myocardial recovery time 
and decreased myocardial cellular injury. In addition, RRP 
via the vena cava prior to anterograde reperfusion of the 
hepatic artery and portal vein also led to a reduction of IRI 
in liver transplantation. Slow elution of perfusion solution, 
slow rewarming, and slow re‐oxygenation with low‐oxy-
genated blood might reduce the production of oxygen free 
radicals. An Austrian study investigated this new reperfu-
sion technique in a retrospective study of 42 consecutive 
liver transplants and showed that, in contrast to reports 
in the literature, circulatory problems or electrolyte imbal-
ances after declamping of the anastomosis were very un-
common in their series [10]. Another study demonstrated 
that RRP in combination with portal arterial liver trans-

plantation showed excellent clinical effects compared to 
other methods of reperfusion [11]. Another experimental 
investigation proved that retrograde oxygen persufflation 
was able to protect and restore kidney parenchyma [12]. 
Daniela et al. [13] found that postreperfusion syndrome 
occurred in only 3.6% of study subjects following RRP 
compared with the proportion of approximately 20% re-
ported in the literature. They reported no initial nonfunc-
tion of liver grafts in their series.

In this study, our hypothesis was that RRP with venous 
blood before conventional arterial reperfusion could re-
duce the IRI of renal grafting [14]. This study analyzed the 
effects of RRP in renal transplants to determine its possi-
ble role in the reduction of IRI in kidney transplantation [15].

METHODS

This study was approved by the Institutional Review 
Board of West-Kazakhstan Medical University (IRB No. 
55A.02.09.2021) and registered with ClinicalTrials.gov 
(identifier: NCT05179434). Written informed consent was 
obtained from all participants.

Between December 2019 and July 2022, 15 consecu-
tive kidney transplants were performed using retrograde 
venous reperfusion of the renal graft. To conduct a com-
parative study and to recruit a control group, 15 kidney 
transplants that had been performed at the same center 
by the same two surgeons were retrospectively analyzed. 

Study Design
The trial was monocentric and retrospectively controlled. 
The criteria for inclusion of patients with chronic kidney 
disease in the two groups were: adults, primary kidney 
transplantation (no retransplantation), no history of ma-
lignancy, panel reactive antibodies <20% (to exclude 
immunological effects on the kidney transplant), and 
transplantation of only one solid organ (kidney) (Fig. 1). 
In both groups, patients had the same three-component 
immunosuppressive regime: calcineurin inhibitors (tacroli-
mus), mofetil mycophenolate, and a steroid. The recruited 
patients were divided into two groups: the main group with 
RRP (n=15) and the control group without RRP (n=15). 

Surgical Procedure
All 30 patients underwent classic kidney transplantation 
from a living donor. The detailed surgical technique of 

HIGHLIGHTS

• Ischemia-reperfusion injuries in grafts remain an im-
portant problem in transplantation.

• Retrograde reperfusion of organs has been performed 
in cardiac surgery and during liver transplantation.

• Retrograde reperfusion of a transplanted kidney is easy to 
perform and can reduce the degree of ischemia-reper-
fusion injury.
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retrograde venous reperfusion was as follows: after con-
ventional venous anastomosis, the renal and iliac arteries 
were anastomosed without tightening the suture to leave 
a lumen sufficient for the outflow of retrograde blood 
[16,17]. The recipient’s iliac artery remained completely 
clamped; Next, the retrograde blood flow through the re-
nal vein was started. Venous blood (80–100 mL) filled the 
graft and flowed through the renal artery and through the 
lumen of the anastomosis (Fig. 2) [18]; next, the sutures 
of the arterial anastomosis were tightened. After tying, the 
iliac artery was unclamped and a typical antegrade reper-
fusion of the graft through the renal artery was achieved 
[19,20].

Data for Analysis
In the main group with RRP, retrograde blood was taken 
from the renal artery for analysis using a blood gas analyz-
er. In both groups, the recipients’ diuresis on the first post-
operative day, as well as their serum urea levels, serum 
creatinine levels, and estimated glomerular filtration rate 
(eGFR) (using the Modification of Diet in Renal Disease 
study equation) on postoperative days 1, 4, 7, 14, and 30 

were compared.

Statistical Analysis
To compare the variables of the two groups with median 
values, the Student t-test and the Mann-Whitney U-test 
were used. Differences between the two groups were con-
sidered statistically significant at P<0.05.

RESULTS

Baseline Characteristics
The baseline clinical characteristics of both groups are 
shown in Table 1. There were no significant differences 
between the two groups in age, body mass index (BMI), 
duration of preoperative dialysis, initial urea and creat-
inine levels, and eGFR before transplantation. In both 
groups, the recipients’ BMI did not exceed 29 kg/m2, and 
there were equal numbers of men and women. There 
were also no differences in intraoperative characteris-
tics: duration of surgery (the time from the beginning of 
the first incision to the last suture of the wound; P>0.05), 
cold ischemic time (the time from when perfusion of the 

Inclusion criteria:
Age 18 69 yr

Primary kidney transplant
No malignancy
No PRA >20%

No combined organ transplantation

Main group with RRP:
15 Patients

Control group without RRP:
15 Patients

Fig. 1. Study design to assess retrograde reperfusion (RRP) of renal graft-
ing. PRA, panel reactive antibodies.

A B

Fig. 2. Retrograde reperfusion of renal graft. (A) Retrograde reperfusion 
through renal vein; iliac artery is clamped. (B) Retrograde blood collection 
from the arterial anastomosis lumen.

Table 1. Comparison of the baseline characteristics of the two renal 
transplant recipient groups

Variable
RRP group

(n=15)
Control group

(n=15)
P-value

Age (yr) 35.0±12.0 42.0±10.4 0.51
Sex 0.50
   Male 7 (47) 8 (53)
   Female 8 (53) 7 (47)
Relationship to donor 0.53
   Sister/brother 8 9
   Father/mother 5 6
   Spouse 2 0
Body mass index (kg/m2) 35.0±11.9 41.9±10.4 0.51
Dialysis duration (mo) 21.6±22.7 22.5±20.3 0.46
Serum creatinine (μmol/L) 514.6±97.9 548.2±111.8 0.19
Serum urea (mmol/L) 15.9±3.2 17.5±2.2 0.06
eGFR (mL/min/1.73 m²) 10.3±2.7 11.1±3.1 0.21
Cold ischemic time (min) 21.3±7.2 24.3±5.4 0.11
Warm ischemic time (min) 31.6±4.3 35.5±6.3 0.18
Operating time (min) 228.7±38.7 251.3±42.1 0.07

Values are presented as mean±standard deviation or number (%).
RRP, retrograde reperfusion; eGFR, estimated glomerular filtration rate. 
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graft started to the start of venous anastomosis; P>0.05), 
and warm ischemic time (the time from when vein anas-
tomosis started to arterial reperfusion of the renal graft; 
P>0.05).

Intraoperative Characteristics
In all cases of kidney transplantation with RRP, the graft 
function was satisfactory. Complications such as vascu-
lar thrombosis were not observed, and during the opera-
tion there were no vascular reanastomosis. In the com-
parative analysis of retrograde blood gases to blood tests 
taken directly from the iliac vein, the pH, base excess of 
extracellular fluid, and calcium levels were lower (P<0.01), 
and the lactate and potassium levels were higher (P<0.01) 
in Table 2. 

Postoperative Characteristics
The postoperative characteristics of the two groups are 
presented in Table 3. On the first postoperative day, poly-
uria was less pronounced in the main group (P<0.01). 
Serum creatinine levels, urea levels, and the eGFR on post-
operative days 1, 4, 7, and 30 were lower in the main group 
(P<0.05). However, these levels did not differ on postoper-
ative day 14.

DISCUSSION

IRI in transplanted organs is a key factor affecting the sub-
sequent function and survival of the graft [20]. To reduce 
the negative effects of ischemia and renal reperfusion 
during the transplantation process, various methods have 
been proposed including dietary preconditioning, various 
organ storage methods, various types of machine perfu-
sion, ischemic preconditioning and postconditioning, the 
use of mesenchymal stem cells, and treatment with phar-

macological preparations and microRNAs [21].
RRP has mainly been used in cardiac surgery and liver 

transplantation, and we did not find studies in the available 
literature on using this technique in kidney transplantation. 
Nevertheless, the immuno-inflammatory processes occur-
ring after ischemia and reperfusion are similar for both liv-
er cells and kidney tissue. In our study, analysis of the ac-
id-base balance and gases of the retrograde blood showed 
that the renal tissue was in a hypometabolic state with a 
shift in acidity toward deep acidosis. At the same time, by 
releasing 80–100 mL of retrograde blood, harmful meta-
bolic products were removed without entering the general 
bloodstream, a result identical to that described by other 
researchers investigating RRP during liver transplantation 
[18]. Some studies have shown that initial perfusion of 
organs with venous blood at low pressure and low oxygen 
concentration, with a gradual increase in pressure and ox-
ygenation and gradual rewarming of the organ, can reduce 
the production of free oxygen radicals and IRI [18,22,23]. 

Table 2. Retrograde and iliac vein blood gas analyses 
Variable Retrograde Iliac vein P-value

pH 6.40±0.39 7.38±0.03 <0.01
BEecf (mmol/L) −25.86±2.49 −1.98±0.21 <0.01
Lactate (mmol/L) 5.2±0.55 1.08±0.38 <0.01
K+ (mmol/L) 13.13±1.77 4.30±0.36 <0.01
Са2+ (mmol/L) 0.54±0.06 1.13±0.05 <0.01

Values are presented as mean±standard deviation.
BEecf, base excess of the extracellular fluid. 

Table 3. Comparative postoperative data of the two renal transplant 
groups

Parameter
Main group

with RRP
(n=15)

Control group
without RRP

(n=15)
P-value

Daily diuresis POD 1 (mL) 5,456±2,009 7,626±2,711 <0.01
Serum creatinine (μmol/L)
   POD 1 235.4±89.4 293.1±47.8 0.01
   POD 4 89.0±14.6 101.2±6.7 <0.01
   POD 7 78.7±18.0 87.8±10.2 0.04
   POD 14 78.5±13.2 84.5±13.0 0.11
   POD 30 74.4±9.6 85.8±5.1 <0.01
Serum urea (mmol/L)
   POD 1 10.5±4.7 15.1±2.3 <0.01
   POD 4 7.6±2.9 9.5±1.5 0.01
   POD 7 6.9±2.0 9.1±1.0 <0.01
   POD 14 7.1±1.8 6.9±1.3 0.37
   POD 30 6.4±1.2 7.2±0.9 0.02
eGFR (mL/min/1.73 m²)
   POD 1  32.2±14.4 22.6±6.9 0.01
   POD 4  94.5±20.7  80.2±15.1 0.01
   POD 7 109.7±18.0  92.9±20.8 0.01
   POD 14 104.4±21.5  99.2±14.6 0.20
   POD 30 110.9±15.0 100.2±10.4 0.01

Values are presented as mean±standard deviation.
RRP, retrograde reperfusion; POD, postoperative day; eGFR, estimated 
glomerular filtration rate.
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After acute injury of the renal parenchyma in the early 
period of the recovery stage, polyuria of varying severi-
ty has been noted. After ischemia and the beginning of 
organ reperfusion, tubular regeneration begins, but the 
functional maturation of the tubules may slow down with 
a decrease in the reabsorption ability of the kidney [24]. In 
this study, we found no pronounced polyuria in the main 
group compared to the control group. Apparently, in-
creased polyuria may be associated with the depth of the 
IRI in kidney tissue.

In the early postoperative period, the serum creatinine 
and urea levels significantly decreased in the group with 
RRP, and returned to normal on day 4 after the transplan-
tation. The eGFR was also higher and the creatinine and 
urea levels were lower in the RRP group than in the con-
trol group over the long term (postoperative day 30). It is 
possible that RRP of the renal grafts with venous blood 
prevented massive outbreaks of oxygen free radicals and, 
thereby, reduced the degree of IRI.

A histomorphological examination of the kidneys 
would have more clearly demonstrated possible differ-
ences between the two groups. However, none of the 
recipients in the main group had indications for a biopsy 
during the observation period. Retrograde venous reper-
fusion of kidney transplants, preceding antegrade arterial 
reperfusion, reduced the effects of renal parenchyma IRI. 
To validate these results, it is necessary to conduct fur-
ther studies on a larger cohort of patients with a longer 
follow-up period.
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