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Abstract 

Introduction. Reperfusion syndrome has been proven to impact the early 

results of simultaneous pancreas and kidney transplantation. The optimal 

values of hemodynamic parameters at the moment of reperfusion of the 

kidney graft and the pancreas graft have been the subject of discussion in 

relation to possible early complications and outcomes of simultaneous 
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pancreas and kidney transplantation. This issue needs additional 

research.  

The objective was to evaluate how the intraoperative hemodynamic 

parameters may influence early results of simultaneous pancreas and 

kidney transplantation 

Material and methods. The retrospective study was conducted to analyze 

the impact of intraoperative hemodynamic parameters on the early 

results of treatment in 83 patients who underwent simultaneous pancreas 

and kidney transplantation in the N.V. Sklifosovsky Research Institute for 

Emergency Medicine in the period from 2008 to 2023.  Given the primary 

ROC analysis results, we allocated the patients into 2 groups, according 

to their mean arterial pressure (MAP) values at reperfusion. Group I 

consisted of patients with MAP<90 mmHg (n=21), group II included 

patients with MAP≥90 mmHg (n=62). The characteristics of donors and 

recipients were comparable between the groups (p>0.05). The 

intraoperative hemodynamic parameters of the recipients (MAP, central 

venous pressure, heart rate) were analyzed at the beginning of surgery, at 

reperfusion stages, at the time of making the interintestinal anastomosis, 

and on surgery completion; the incidence of postoperative complications 

was studied; the primary functions of the kidney and pancreas grafts 

were evaluated; the in-hospital graft and recipient survival rates were 

calculated. 

Results. The median values of MAP (mm Hg) were significantly lower in 

group I compared to those in group II at all stages of surgery, except for 

the surgery beginning: 87 (86;87) mmHg versus 101 (97;104) mmHg at 

the time of the kidney graft reperfusion; 89 (83;95) mmHg versus 97 

(93;102) mmHg at the time of the pancreatic graft reperfusion; 91 

(85;95) mmHg versus 97 (89;99) mmHg at the time of making 

interintestinal anastomosis; 90 (82;100) mmHg and 103 (90;116) mmHg 



on surgery completion, respectively (p<0.05). The remaining 

hemodynamic parameters had no statistically significant differences 

between the groups (p>0.05). There were no statistically significant 

differences between the groups in the incidence of postoperative 

complications, either (p>0.05). The rate of primary kidney graft function 

was significantly higher in group II (96.8%; n=60) compared to group I 

(42.9%; n=11) (p<0.05). All recipients displayed a primary pancreatic 

graft function. The median hospital length of stay in group I days was 

statistically significantly longer compared to that of the patients in group 

II, making 45 (28.5;72) versus 34.5 (25;60) days, respectively (p<0.05). 

The hospital survival rates of kidney grafts, pancreas grafts and 

recipients were significantly higher in patients of group II compared to 

those in patients of group I: 93.5% (n=58), 87.1% (n=54), and 96.8% 

(n=60) versus 57.1% (n=12), 57.1% (n=12), and 66.7% (n=14), 

respectively (p<0.05).  

Conclusion. MAP≥90 mmHg at the timepoint of reperfusion is a factor 

that has a statistically significant effect on the primary function of a 

kidney graft in the early postoperative period, associates with the 

increase in hospital survival rates of grafts and recipients at early stages 

after simultaneous pancreas and kidney transplantation.  
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BMI, body mass index 
CETA, combined endotracheal anesthesia 
CETA+EA, combined endotracheal anesthesia in combination with 
epidural anesthesia 
CI, confidence interval 
CVP, central venous pressure 
DM 1, type I diabetes mellitus 
ESRD, end-stage (chronic) renal disease 
HLA, human leukocyte antigens 
HR, heart rate 
MAP, mean arterial pressure 
PG, pancreas graft 
RAG, renal allograft 
ROC analysis, receiver operating characteristic curve analysis  
SPKT, simultaneous pancreas and kidney transplantation  

 

Introduction 

Simultaneous pancreas and kidney transplantation (SPKT) is 

recognized as the “gold standard” for the treatment of patients with type 1 

diabetes mellitus (DM 1) complicated by end-stage chronic renal disease 

(ESRD) [1–3]. Improvements in surgical techniques and the optimization 

of immunosuppressive therapy observed over the past two decades have 

contributed to significant improvements in the life expectancy and the 

quality of life in this patient population [4–8]. Despite such encouraging 

results, SPKT is still associated with a high risk of developing surgical 

and immunological complications and, as a consequence, a high risk of a 

graft loss and recipient mortality [9–13, 14]. Among the factors 

influencing SPKT outcomes, it is customary to distinguish between 

donor-associated and recipient-dependent factors, as well as 

transplantation factors [15]. Donor-associated factors include the body 

mass index (BMI), age, donor gender, donor type (a confirmed brain-dead 

donor or a non-heart-beating donor), and the cause of death; the recipient-

dependent factors are the recipient age and gender, type and duration of 



diabetes mellitus, type and duration of renal replacement therapy, 

comorbid pathology [16, 17]. Transplantation factors include 

immunological incompatibility of HLA antigens in the donor-recipient 

pair, the pancreatic secretion drainage from the pancreas graft, the time 

period of graft preservation, immunosuppressive therapy type, the nature 

of the initial graft function, and the development of surgical and 

immunological complications [15]. Most of them cannot be changed or 

corrected at the time of organ donation procurement, but currently the 

available medical literature contains some studies on the effect of 

intraoperative hemodynamics on early and long-term outcomes of SPKT 

[18–20]. According to these sources, maintaining adequate perfusion of 

transplanted organs during surgery has a favorable prognostic value in 

relation to outcomes [20, 21]. Mean arterial pressure (MAP) is one of the 

main intraoperative parameters of parenchymal organ perfusion, which is 

used in clinical practice as an indirect sign of adequate perfusion of 

transplanted organs [22, 23]. Due to the lack of a mechanism for the 

autoregulation of the blood flow in the renal allograft (RAG) and 

pancreatic graft (PG), maintaining MAP within physiological limits is of 

particular importance, and for this reason this parameter has been given 

increased attention [18–20, 24]. The impact of the MAP parameter at 

reperfusionon the function of kidney and pancreas grafts in SPKT, as well 

as on the results of the operation, has been little studied and requires 

additional research [18, 20, 25]. 

The study objective was to evaluate the influence of intraoperative 

hemodynamic parameters on the early results of combined kidney and 

pancreas transplantation. 

 

 

 



Material and methods 

A retrospective analysis of the impact of intraoperative 

hemodynamics on early treatment outcomes was performed in 84 

recipients who underwent SPKT in the Kidney and Pancreas 

Transplantation Department of the N.V. Sklifosovsky Research Institute 

for Emergency Medicine of the Moscow Health Department from January 

1, 2008, to December 31, 2023. 

Inclusion criteria for the study were SPKT in patients with DM 1 

complicated by stage 5 chronic kidney disease as a result of diabetic 

nephropathy. 

Non-inclusion criteria were isolated kidney transplantation, 

pancreas transplantation after previous kidney transplantation. 

Exclusion criteria were patients with insufficient or missing data on 

intraoperative hemodynamic parameters and outcomes. 

Initially, a “receiver operating characteristic analysis” (ROC 

analysis) was made to assess the prognostic accuracy and determine the 

optimal values of mean arterial pressure at the time of reperfusion, 

allowing the classification of recipients into two groups with regard to the 

graft primary function. According to the results of that analysis, the 

recipients were allocated into groups: group I included the recipients with 

the mean arterial pressure lower than 90 mm Hg at the time of 

reperfusion, group II consisted of the recipients with mean arterial 

pressure equal or higher than 90 mm Hg at the time of reperfusion. 

Demographic and clinical characteristics of donors included age, 

gender, cause of donor death, serum creatinine and urea levels, total 

amylase, and length of stay in the Intensive Care Unit. 

Demographic and clinical characteristics of recipients included 

such data as the age, gender, BMI, type and duration of renal replacement 

therapy, duration of diabetes, and the presence of cardiac comorbidities. 



Transplantation factors included the number of incompatible genes 

according to the human leukocyte antigen (HLA) system, cold ischemia 

time of the RAG and PG, surgical technique for draining pancreatic 

secretions, bacteriological examination of perfusate i.e. the preservative 

solution for transplanted organs. 

Intraoperative data included the surgery duration, anesthesia type 

(combined endotracheal anesthesia (CETA) or combined endotracheal 

anesthesia in combination with epidural anesthesia (CETA+EA)), the 

surgical blood loss volume, warm ischemia time for the RAG and PG, the 

volume of intravenous infusion-transfusion therapy, and the vasopressor 

administration rate. 

To assess hemodynamic parameters during SPKT, the following 

data were collected and analyzed: central venous pressure (CVP), MAP, 

and heart rate (HR) at the surgery start, at the time of RAG and PG 

reperfusion, on completion of the intestinal anastomosis, and on surgery 

completion. 

We analyzed postoperative complications that arose in recipients 

after SPKT, including a delayed RAG function, an acute RAG and PG 

rejection crisis, surgical and infectious complications, repeated operations 

and the hospital length of stay assessed in bed-days. 

The initial kidney graft function was considered primary if there 

was no need for renal replacement therapy with hemodialysis during the 

first 7 days of the postoperative period after transplant surgery. 

If there was a need for a hemodialysis session in the first week after 

transplantation and a delay in recovery of water and nitrogen excretory 

functions, the delayed initial function of the transplanted kidney was 

recorded. 

If the blood glucose level was normalized during the first day after 

transplantation without administering the exogenous insulin, the PG 



function was qualified as immediate. If exogenous insulin administration 

in an amount exceeding 30 U/day was needed in the first week after 

transplantation, the PG initial function was considered as delayed. 

Induction immunosuppressive therapy was performed using mono- 

or polyclonal antibodies. Maintenance immunosuppressive therapy 

included calcineurin inhibitors (tacrolimus or cyclosporine), 

mycophenolic acid agents, and glucocorticosteroids. There were no 

statistically significant differences between the groups in the main 

components of the immunosuppressive therapy regimens (p>0.05). 

General anesthesia was induced by intravenous propofol, fentanyl, 

and cisatracurium; anesthesia was maintained by administering an 

inhalation agent (isoflurane, sevoflurane, or desflurane) in the form of 

oxygen-air mixture with bolus administration of fentanyl and 

cisatracurium depending on the surgery stage and the time factor. In 

addition to standard monitoring, invasively measured arterial pressure 

and central venous pressure were continuously monitored. Dopamine was 

used as a vasopressor during surgery in all patients in dosages that 

ensured the optimal hemodynamics at the stages of graft reperfusion: 

systolic blood pressure over 140 mm Hg, mean arterial pressure over 70 

mm Hg. The fluid therapy was performed with crystalloid solutions, 

including balanced ones. In case of intraoperative bleeding at a volume of 

more than 500 ml, a fresh frozen plasma transfusion was undertaken; if 

the hemoglobin level was below 70 g/L, a transfusion of washed 

erythrocytes was performed. 

The endpoint of the study was in-hospital PG and RAG survival, as 

well as in-hospital recipient survival. The loss of PG function was defined 

as the insulin therapy resumption, the pancreas graft removal, 

retransplantation, or in-hospital death. The loss of RAG function was 



defined as the need for dialysis (return to dialysis), the kidney graft 

removal, retransplantation, or in-hospital death. 

Quantitative parameters were assessed for compliance with normal 

distribution by using the Shapiro–Wilk test. Quantitative parameters with 

normal distribution were expressed as arithmetic means and standard 

deviations. In absent normal distribution, the quantitative data were 

described as median (Me) and the lower and upper quartiles (Q1;Q3). 

Categorical data were expressed in absolute values and percentages. The 

inter-group comparison of a quantitative parameter with normal 

distribution, provided that variances were equal, was performed using 

Student’s t-test. The inter-group comparison of a quantitative parameter 

with a non-normal distribution was performed using the Mann–Whitney 

U-test. Comparison of percentages in the analysis of four-field 

contingency tables was performed using Fisher’s exact test (for expected 

event values less than 10). The Kaplan–Meier method was used to 

calculate the patient and graft survival rates. To assess the significance of 

the odds ratio, the upper and lower limits of the 95% confidence interval 

(CI) were calculated. Differences were considered statistically significant 

at p<0.05. Graphic design editor software of Microsoft Office v. 

16.16.27, SPSS v. 27.0, and Startech v. 2.8.8 were used to create 

diagrams and graphs. 

 

Results 

The initial ROC analysis showed a correlation between the primary 

kidney graft function and the mean arterial pressure values during 

reperfusion. The resulting ROC curve is shown in Fig. 1. 

 



 
Fig. 1. ROC curve characterizing the relationship of the primary 

graft function to the mean arterial pressure values at reperfusion 

 

The resulting ROC curve was characterized by an AUC of 

0.81±0.08; 95% CI [0.66–0.96]. The model was statistically significant 

(p<0.001).  

The mean arterial pressure at the cut-off point was 90 mm Hg: at 

mean arterial pressure up to 90 mm Hg during reperfusion, a higher risk 

of delayed kidney graft function was noted, whereas at mean arterial 

pressure of 90 mm Hg and higher, the risk of delayed kidney graft 

function was considered low. The sensitivity and specificity of the model 

at the selected threshold value of the mean arterial pressure were 85.5% 

and 85.7%, respectively. 

Since in our study, a 100% primary PG function was achieved in 

all recipients, only the mean arterial pressure values during kidney graft 

reperfusion were used to construct the ROC curve for the model. 



Thus, recipients were divided into two groups with regard to the 

mean arterial pressure during the kidney graft reperfusion: group I 

included recipients with the mean arterial pressure under 90 mm Hg and 

group II included those with the mean arterial pressure equal or higher 

than 90 mm Hg. 

The main demographic and clinical characteristics of the two 

groups were compared and presented in Table 1. 

 

Table 1. Baseline original demographic, clinical and pathological 

characteristics of donors and recipients, transplantation factors in 

the study groups 

Parameters Group I (n=21) Group II (n=62) p 
Donors: 
Age, full years, M±SD 
Gender, male/female, n (%) 
Traumatic brain injury, n (%) 
Acute cerebrovascular accident, n (%) 
Blood creatinine (μmol/L), Me(Q1;Q3) 
Blood urea (mmol/L), Me(Q1;Q3) 
Blood total amylase (mmol/L), 
Me(Q1;Q3) 
Donor's hospital length of stay, days, 
Me(Q1;Q3) 

 
29.2±7.66 

18 (85.7%)/3 (14.3%) 
15 (71.4 %)/6 (28.6%) 
6 (28.6%)/15 (71.4%) 

94 (74;104) 
5.5 (4.2;7.4) 

 
73 (62;156.2) 

 
2 (2;3) 

 
28.1±5.97 

52 (83.9%)/10 (16.1%) 
39 (62.9%)/23 (37.1%) 
23 (37.1%)/39 (62.9%) 

91.1 (73;108) 
4.7 (3.9;6.3) 

 
60.5 (47.3;161) 

 
2 (1;2,5) 

 
0.462* 
0.958** 
0.600** 
0.600** 
0.822*** 
0.214*** 

 
0.599*** 

 
0.235*** 

Recipients: 
Age, full years, M±SD 
Gender, male/female, n (%) 
BMI, kg/m2, Me(Q1;Q3) 
Duration of diabetes mellitus, full years, 
Me(Q1;Q3) 
Duration of renal replacement therapy, 
full years, Me(Q1;Q3) 
Associated cardiac pathology: 
Hypertension, n (%) 
Ischemic heart disease, n (%) 

 
35.57±5.9 

10 (47.6%)/11 (52.4%) 
21.4 (20.1;22.7) 

 
28 (23;31) 

 
4 (1;6) 

 
8 (38%) 
2 (9.5%) 

 
34.84±5.52 

22 (35.5%)/40 (64.5%) 
20.7 (19.3;22.2) 

 
24 (20;28) 

 
2 (1;4) 

 
17 (27.4%) 
12 (19.3%) 

 
0.607* 

0.437 ** 
0.164*** 

 
0.129*** 

 
0.241*** 

 
0.566** 
0.311** 

Transplantation factors: 
Number of incompatible antigens in 
HLA system, Me(Q1;Q3) 
Cold ischemia time, full hours: 
- RAG, Me(Q1;Q3) 
- PG, Me (Q 1;Q 3) 
Surgical technique to drain pancreatic 
secretions: 

 
 

5 (4;6) 
 

7 (5;9) 
8.5 (7;9) 

 
 

 
 

5 (4;6) 
 

7.5 (6;10) 
9 (8;10.5) 

 
 

 
 

0.794*** 
 
0.334*** 
0.081*** 

 
 



- Duodenoduodenoanastomosis 
formation, n (%) 
- Duodenojejunostomy, n (%) 
- Duodenojejunostomy on Roux-en-Y 
excluded intestinal loop (retroperitoneal 
location), n (%) 
Positive result of perfusate bacteriology 
culture, n (%) 

 
12 (57.1%) 
6 (28.6%) 

 
 

3 (14.3%) 
 

4 (19%) 

 
38 (61.3%) 
17 (27.4%) 

 
 

7 (11.3%) 
 

5 (8.1%) 

 
0.799** 
1.000** 

 
 

0.663** 
 

0.221** 
Notes: Differences in parameters between the groups are considered statistically significant at p<0.05; 

*Student’s t-test; ** Fisher’s exact test; ***  Mann–Whitney U -test 

 

As one can see in Table 1, the main baseline characteristics of 

donors and recipients in both groups were similar; no statistically 

significant differences were obtained for any of the parameters. 

Differences in transplantation factors between the groups were 

statistically insignificant, either. 

Table 2 shows the general intraoperative data in the two compared 

groups and their statistical significance. 

 

Table 2. General intraoperative data in the study groups 

Parameter 
Group I 
(n=21) 

Group II 
(n=62) p 

Surgery duration, minutes, 
M±SD 
Anesthesia type, 
CETA/CETA+EA, n (%) 
Blood loss volume, ml, 
Me(Q1;Q3) 
Warm ischemia time, minutes: 
   RAG, M±SD 
   PG, M±SD 
Total infusion volume, ml, 
Me(Q1;Q3) 
FFP, ml, M±SD 
Washed erythrocytes, ml, M±SD 
Dopamine infusion rate, 
mcg/kg/min, Me(Q1;Q3) 

 
581.2±111.8 

 
12 (57.1%)/9 (42.9%) 
 

400 (300;500) 
 

37.5±7.3 
42.5±8.7 

 
3500 (2700;4500) 

715±119.6 
295±37.0 

 
4 (2;5) 

 
531.8±97.3 

 
36 (58.1%)/26 (41.9%) 
 

300 (200;500) 
 

35.9±8.1 
46.1±5.2 

 
3305 (2550; 4050) 

580±216.8 
298±27.8 

 
3 (2;5) 

 
0.056* 

 
1.000** 

 
0.204*** 

 
0.321* 
0.441* 

 
0.540*** 
0.552* 
0.893* 

 
0.144*** 

Notes: Differences in parameters between the groups are considered statistically significant at p<0.05; 

*Student’s t-test; ** Fisher’s exact test; ***  Mann–Whitney U -test 

 



Table 2 shows that the surgery duration in Group 1 was longer than 

in Group 2 (581.2±111.8 minutes and 531.8±97.3 minutes, respectively), 

but these differences were statistically insignificant (p=0.056). The 

remaining intraoperative parameters did not differ statistically 

significantly between the groups, either. 

Table 3 presents intraoperative hemodynamic parameters: CVP, 

MAP, and HR at the beginning of surgery, at the time of graft 

reperfusion, at the time of the intestinal anastomosis completion, and on 

surgery completion. 

 

Table 3. Intraoperative hemodynamic parameters in the studied 

groups 

Parameter 
Group I 
(n=21) 

Group II 
(n=62) p 

CVP, mm Hg 
At the beginning of surgery, Me(Q1;Q3) 
At RAG reperfusion, Me(Q1;Q3) 
At PG reperfusion, Me(Q1;Q3) 
On completing the intestinal anastomosis, 
Me(Q1;Q3) 
On surgery completion, Me(Q1;Q3) 

 
7 (4;8) 

9 (7.5;10) 
9.5 (7;11.5) 

 
10 (7.5;11) 
6 (6;8.5) 

 
6 (4;9) 
7 (7;9) 
8 (7;9) 

 
8 (7;10) 
7 (7;8) 

 
0.806*** 
0.098*** 
0.193*** 

 
0.170*** 
0.381*** 

Mean arterial pressure, mm Hg 
At the beginning of surgery, Me(Q1;Q3) 
At RAG reperfusion, Me(Q1;Q3) 
At PG reperfusion, Me(Q1;Q3) 
On completing the intestinal anastomosis, 
Me(Q1;Q3) 
On surgery completion, Me(Q1;Q3) 

 
100 (87;120) 
87 (86;87) 
89 (83;95) 

 
91 (85;95) 
90 (82;100) 

 
111 (105;119) 
101 (97;104) 
97 (93;102) 

 
97 (89;99) 

103 (90;116) 

 
0.058*** 

<0.001*** 
<0.001*** 

 
0.021*** 
0.003*** 

Heart rate, beats per minute 
At the beginning of surgery, Me(Q1;Q3) 
At RAG reperfusion, Me(Q1;Q3) 
At PG reperfusion, Me(Q1;Q3) 
On completing the intestinal anastomosis, 
Me(Q1;Q3) 
On surgery completion, Me(Q1;Q3) 

 
75 (65;86) 
70 (67;75) 
73 (67;77) 

 
76 (66;85) 
88 (77;97) 

 
79 (72;89) 
72 (66;80) 
74 (70;88) 

 
80 (74;88) 
86 (79;98) 

 
0.253*** 
0.653*** 
0.368*** 

 
0.253*** 
0.680*** 

Notes: Differences in parameters between the groups are considered statistically significant at p<0.05; 

*Student’s t-test; ** Fisher’s exact test; ***  Mann–Whitney U -test 

 



Table 3 shows that the hemodynamic parameters at the beginning of 

the operation did not differ statistically significantly between the groups. 

However, the mean arterial pressure values in recipients in Group I at all 

other stages of surgery were statistically significantly lower compared to 

the data in patients in Group II: 87 (86;87) mm Hg versus 101 (97;104) 

mm Hg at the moment of RAG reperfusion, respectively (p<0.001); 89 

(83;95) mm Hg versus 97 (93;102) mm Hg at the moment of PG 

reperfusion, respectively (p<0.001); 91 (85;95) mm Hg versus 97 (89;99) 

mm Hg at the stage of completing the intestinal anastomosis, respectively 

(p=0.021); and 90 (82;100) mm Hg versus 103 (90;116) mm Hg, on 

surgery completion, respectively (p=0.003). At all stages of surgery, the 

CVP values did not differ statistically significantly between the groups. 

The heart rate was higher in group II compared to that in group I at all 

stages of surgery; however, that difference did not rich a statistical 

significance. Intraoperative hemodynamic parameters demonstrating the 

dynamics of mean arterial pressure, central venous pressure, and heart 

rate in both groups at all stages of surgery are clearly shown in the form 

of graphs in Fig. 2, 3, 4. 

 
Fig. 2. Mean arterial pressure at the stages of surgery in the study 

groups 



As one can see in Fig. 2, a decrease in the medians and quartiles of 

MAP took place in the group of patients with BP lower than 90 mm Hg at 

all stages of surgery except for the first one. At the first stage, these 

values were comparable. 

 
Fig. 3. Central venous pressure at the stages of surgery in the study 

groups 

In Fig. 3, which shows box plots of medians and quartiles of CVP in 

two groups by stage of surgery, one can see that the two groups were 

comparable in this parameter, having no statistical differences from each 

other. 

 
Fig. 4. Heart rate at the stages of surgery in the study groups 



 

Fig. 4 presenting the graph of the heart rate dynamics in the patient 

groups at all stages of surgery demonstrated that the median heart rate 

was lower in the group of patients with BP lower than 90 mm Hg than 

this parameter in the compared group. However, these differences were 

statistically insignificant. 

Postoperative complications studied in both groups are presented in 

Table 4. 

 

Table 4. Postoperative complications in recipients after simultaneous 

pancreas and kidney transplantation  

Parameter 
Group I 
(n=21) 

Group II 
(n=62) p 

Delayed RAG function, n (%) 12 (57.1%) 2 (3.2%) <0.001** 
Acute rejection crisis: 
  Kidney graft, n (%) 
  PG, n (%) 

 
3 (14.31%) 
5 (23.8%) 

 
16 (27.2%) 
18 (29%) 

 
0.436** 
0.781** 

Surgical complications: 
Occlusive arterial thrombosis, n (%) 
Occlusive thrombosis of superior 
mesenteric artery, n (%) 
Parapancreatic fluid collections, n (%) 
Intestinal anastomotic failure, n (%) 
Bleeding, n (%) 
Pancreatic necrosis, n (%) 

 
1 (4.8%) 

 
2 (9.5%) 
3 (14.3%) 
1 (4.8%) 
2 (9.5%) 
2 (9.5%) 

 
2 (3.5%) 

 
14 (24.6%) 
14 (24.6%) 
7 (12.3%) 
7 (12.3%) 
4 (6.8%) 

 
1,000** 

 
0.210** 
0.537** 
0.437** 
0.103** 
0.650** 

Infectious complications, n (%) 6 (28.6%) 7 (12.3%) 0.100** 
Repeated surgery, n (%) 5 (23.8%) 6 (10.3%) 0.150** 
Hospital length of stay, bed-days, 
Me (Q1;Q3) 

 
45 (28.5;72) 

 
35 (25;60) 

 
0.029*** 

Notes: differences in parameters between the groups are considered statistically significant at p <0.05; 
*Student’s t-test; ** Fisher’s exact test; ***  Mann–Whitney U -test 
 

Delayed kidney allograft function in group I recipients took place in 

12 cases with an incidence of 57.1% compared to that in recipients in 

group II where only 2 cases (3.2%) were recorded. This difference was 

statistically significant (p<0.001). There were no cases of primary renal 

graft non-function in both groups. Also, all patients in both groups 

displayed a primary PG function. 



The median hospital stay of recipients from group I was statistically 

significantly longer than the median hospital stay in group II: 45 

(28.5;72) versus 35 (25;60) days, respectively (p=0.029). No statistically 

significant difference was found for the remaining parameters of 

postoperative complications. 

Fig. 5 clearly shows the hospital length of stay in the recipients with 

regard to the mean arterial pressure level. 

 

 
Fig. 5. The hospital length of stay in recipients after simultaneous 

pancreas and kidney transplantation, with regard to the mean 

arterial pressure at reperfusion 

 

As one can see in Fig. 5, the median hospital length of stay in the 

group of recipients with BP lower than 90 mm Hg was obviously longer 

compared to this parameter in the compared group. These differences 

were statistically significant (p=0.029). 

The endpoint of the study – the in-hospital pancreas and kidney graft 

survivals, as well as the recipient survival after SPKT is shown in 

Table 5. 

 



Table 5. In-hospital graft and recipient survival rates after 

simultaneous pancreas and kidney transplantation  

Parameter 
Group I 
(n=21) 

Group II 
(n=62) p 

Odds ratio; 
[95% CI] 

In-hospital survival: 
RAG, n (%) 
PG, n (%) 

 
12 (57.1%) 
12 (57.1%) 

 
58 (93.5%) 
54 (87.1%) 

 
< 0.001* 

0.009* 

 
10.9 [2.87–41.2] 
5.1 [1.62–15.8] 

In-hospital survival: 
Recipients, n (%) 

 
14 (66.7%) 

 
60 (96.8%) 

 
<0.001* 

 
15 [2.8-80.1] 

Notes: Differences in parameters between the groups are considered statistically significant at p<0.05; 

* Fisher’s exact test 

 

When comparing the in-hospital RAG survival rates with regard to 

the mean arterial pressure in recipients, the statistically significant 

differences were obtained (p<0.001). In Table 5, one can see that the in- 

hospital RAG survival made 58 (93.5%) of 62 recipients in group II 

versus 12 (57.1%) of 21 recipients in group I. The chances of RAG 

functioning at discharge in group II increased by 10.9 times (95% CI 

[2.87–41.2]). A relatively strong Kramer's V correlation was noted 

between the compared variables (V=0.435). 

When comparing the in-hospital survival rate with regard to the 

mean arterial pressure in recipients, the statistically significant differences 

were also obtained (p=0.009). The in-hospital PG survival rate was 54 

cases (87.1%) among the recipients of group II versus 12 cases (57.1%) 

among the recipients of group I. The chances of PG functioning at 

discharge from the hospital increased by 5.1 times (95% CI [1.62–15.8]) 

in the recipients whose mean arterial pressure was more than 90 mm Hg 

at the time of reperfusion. An average Kramer's V correlation was noted 

between the compared variables (V=0.323). 

In-hospital recipient survival rates in the group with MAP equal or 

higher 90 mm Hg was also statistically significantly higher compared to 

the other group of recipients: 60 cases (96.8%) versus 14 cases (66.7%), 



respectively. The odds of recipient survival by the end of hospital stay 

were 15 times higher (95% CI [2.8–80.1]) provided the MAP at 

reperfusion was higher 90 mm Hg. 

Figure 6 clearly shows the in-hospital RAG, PG and recipient 

survival rates. 

 

 
Fig. 6. Grafts and recipients survival rates in hospital after 

simultaneous pancreas and kidney transplantation  

 

Discussion 

A success of SPKT surgery is determined by a combination of 

several factors [13, 25, 26]. An important role among these factors 

belongs to the optimization of intraoperative hemodynamic parameters in 

patients. In this regard, the key point is normovolemia and normotension 

at the stage of graft reperfusion as the factor of preventing hypoxia and 

preventing a dysfunction of transplanted organs, which has a direct 

impact on survival and long-term outcomes [27–29]. 



According to a number of studies, the MAP and CVP levels at the 

stage of the graft reperfusion can affect both the early and long-term 

results of SPKT. The MAP below 70 mm Hg and CVP below 8 mm Hg at 

RAG reperfusion were shown to be associated with the occurrence of its 

delayed function [19, 21, 24]. In turn, an intraoperative increase in MAP 

above 95 mm Hg and maintaining CVP above 12 mm Hg were associated 

with immediate kidney graft function and better long-term survival [30, 

31]. In a 2022 study, R. Sucher et al. indicated that an appropriate blood 

pressure level at reperfusion was a strong independent predictor of the 

increased long-term PG survival and a decreased incidence of delayed 

function of both PG and the RAG functions [26]. 

Our study was retrospective. We analyzed the early treatment results 

of 84 recipients who underwent SPKT over a 15-year period: from 2008 

to 2023. The chosen design is a limitation of the study, reducing its value, 

but the results of our work confirm the data obtained in the studies by 

foreign colleagues. Calculated by using the ROC analysis, the mean 

arterial pressure of 90 mm Hg and higher recorded at kidney graft 

reperfusion was associated with a statistically significant increase in the 

in-hospital kidney and pancreas graft and recipient survival rates. In 

addition, this parameter statistically significantly influenced the reduction 

in the incidence of delayed kidney graft function in the early 

postoperative period of recipients after SPKT. 

According to numerous literature sources, delayed kidney graft 

function can occur due to various factors, including pathophysiological 

characteristics of donors and recipients, transplantation factors, and 

intraoperative factors [15, 26]. Our study demonstrates the correlation 

between such hemodynamic parameter as the mean arterial pressure 

(especially at the time of graft reperfusion) and the delayed kidney graft 

function. Meanwhile, in all patients who underwent SPKT, we achieved a 



primary PG function regardless of the mean arterial pressure level at the 

time of PG reperfusion. This may be due to the initially low blood flow 

velocity in the pancreas, so this parameter is not as critical as in the blood 

supply to the kidney graft. 

The median hospital stay of patients in the group with a mean 

arterial pressure of at least 90 mm Hg was 34.5 (25;60) bed-days, which 

is statistically significantly shorter than the median hospital stay of 45 

(28.5;72) bed-days in the recipients with a mean arterial pressure of lower 

than 90 mm Hg (p=0.029). This result also emphasizes the undoubted 

importance of adequate hemodynamic status of patients during surgery. 

In this context, the use of invasive hemodynamic monitoring, CVP 

monitoring are necessary components in ensuring intraoperative control 

of the patient. In the literature, these techniques in SPKT have shown 

their efficacy and have been used routinely to assess the intravascular 

fluid status and response to fluid therapy [26, 32]. It is known that fluid 

therapy under the guidance of CVP has been a traditional approach in 

kidney transplantation [19, 32].  

However, the results of a number of studies have shown that CVP in 

values from 5 to 15 mm Hg as a tool for assessing fluid therapy efficiency 

is not always a reliable indicator of postoperative kidney graft function 

[32, 33]. In our study, we did not obtain statistically significant 

differences in CVP values between the study groups at the surgery stages. 

Meantime, the median CVP values in the group of recipients with a mean 

arterial pressure of at least 90 mm Hg were lower compared to the median 

values in the group of recipients with a mean arterial pressure of less than 

90 mm Hg (see Table 3). The medians of the total fluid therapy volume 

did not differ statistically between the groups, nor did the median 

dopamine administration rates (see Table 2). This emphasizes the 



importance of further studying the issue of adequate volume status in 

recipients and improving the methods for its assessment [24, 26]. 

 

Conclusion 

Maintaining an optimal level of mean arterial pressure at the main 

stages of surgery SKPT is crucial for the successful functioning of the 

kidney and pancreas grafts in the early postoperative period. 

 

In conclusion we can state the following: 

1. Mean arterial pressure of at least 90 mm Hg at the renal allograft 

reperfusion is a factor that statistically significantly (p<0,001) reduces the 

incidence of delayed renal allograft function in recipients in the early 

postoperative period after simultaneous pancreas and kidney 

transplantation. Delayed renal allograft function in the recipients in group 

I occurred in 12 cases with an incidence of 57.1% compared to the 

recipients in group II, where 2 cases (3.2%) were recorded.  

2. The mean arterial pressure of at least 90 mm Hg at the stages of 

reperfusion is a factor that statistically significantly increases the in-

hospital kidney and pancreas graft survival rates. The in-hospital renal 

allograft survival in recipients of group II was 93.5% versus 57.1% in 

group I (p<0.001), the in-hospital pancreas graft survival in group II was 

87.1% versus 57.1% in group I (p<0.001). 

3. The in-hospital recipient survival in group II was statistically 

significantly higher compared to the recipient data of group I: 96.8% 

versus 66.7%, respectively (p<0.001). The chances of survival of these 

patients at the end of hospital stay were 15 times higher (95% CI [2.8–

80.1]) provided that the MAP at reperfusion was at least 90 mm Hg. 
 

 



References 

1. White SA, Shaw JA, Sutherland DE. Pancreas transplantation. 

Lancet. 2009;373(9677):1808–1817. PMID: 19465236 

https://doi.org/10.1016/S0140-6736(09)60609-7 

2. Gruessner RW, Gruessner AC. The current state of pancreas 

transplantation. Nat Rev Endocrinol. 2013;9(9):555–562. PMID: 

23897173 https://doi.org/10.1038/nrendo.2013.138 

3. Robertson RP. Medical management of diabetes mellitus: 

options and limitations. In: Gruessner RW, Gruessner AC. (eds.) 

Transplantation of the Pancreas. 2nd ed. Springer, Cham; 2023. p. 55–57. 

https://doi.org/10.1007/978-3-031-20999-4_4 

4. Dean PG, Kudva YC, Stegall MD. Long-term benefits of 

pancreas transplantation. Curr Opin Organ Transplant. 2008;13(1):85–

90. PMID: 18660712 https://doi.org/10.1097/MOT.0b013e3282f2fd7f 

5. Scheuermann U, Rademacher S, Jahn N, Sucher E, Seehofer D, 

Sucher R, et al. Impact of pre-transplant dialysis modality on the outcome and 

health-related quality of life of patients after simultaneous pancreas-kidney 

transplantation. Health Qual Life Outcomes. 2020;18(1):303. PMID: 

32912255 https://doi.org/10.1186/s12955-020-01545-3 

6. Jenssen T, Hartmann A, Birkeland KI. Long-term diabetes 

complications after pancreas transplantation. Curr Opin Organ 

Transplant. 2017;22(4):382–388. PMID: 28598888 

https://doi.org/10.1097/MOT.0000000000000436 

7. Khubutia M, Pinchuk A, Dmitriev I, Storozhev R. Simultaneous 

pancreas-kidney transplantation with duodeno-duodenal anastomosis. 

Transplant Proc. 2014;46(6):1905–1909. PMID: 25131067 

https://doi.org/10.1016/j.transproceed.2014.05.070 

8. Zagorodnikova NV, Storozhev RV, Anisimov YuA, 

Lazareva KE, Dmitriev IV, Mikita OYu, et al. Evaluation of patient’s life 



quality after simultaneous pancreas and kidney transplantation. 

Transplantologiya. 2017;9(3):236–241. (In Russ.). 

https://doi.org/10.23873/2074-0506-2017-9-3-236-241 

9. Das DM, Huskey JL, Harbell JW, Heilman RL, Singer AL, 

Mathur A, et al. Early technical pancreas failure in Simulta-neous 

Pancreas-Kidney Recipients does not impact renal allograft outcomes. 

Clin Transplant. 2021;35(1):e14138. PMID: 33131111 

https://doi.org/10.1111/ctr.14138 

10. Humar A, Ramcharan T, Kandaswamy R, Gruessner RW, 

Gruessner AC, Sutherland DE. Technical failures after pancreas 

transplants: why grafts fail and the risk factors – a multivariate analysis. 

Transplantation. 2004;78(8):1188–1192. PMID: 15502718 

https://doi.org/10.1097/01.tp.0000137198.09182.a2 

11. Parajuli S, Muth BL, Astor BC, Redfield RR, Mandelbrot DA, 

Odorico JS, et al. Delayed kidney graft function in simultaneous 

pancreas-kidney transplant recipients is associated with early pancreas 

allograft failure. Am J Transplant. 2020;20(10):2822–2831. PMID: 

32306520 https://doi.org/10.1111/ajt.15923 

12. Dholakia S, Mittal S, Quiroga I, Gilbert J, Sharples EJ, Ploeg 

RJ, et al. Pancreas transplantation: past, pre-sent, future. Am J Med. 

2016;129(7):667–673. PMID: 26965300 

https://doi.org/10.1016/j.amjmed.2016.02.011 

13. Perez Daga JA, Perez Rodriguez R, Santoyo J. Immediate 

post-operative complications (I): Post-operative bleeding; vascular origin: 

Thrombosis pancreatitis. World J Transplant. 2020;10(12):415–421. 

PMID: 33437674 https://doi.org/10.5500/wjt.v10.i12.415 

14. Khubutia MS, Pinchuk AV, Dmitriev IV, Balkarov AG, 

Storozhev RV, Anisimov YA. Surgical complications after simultaneous 

pancreas-kidney transplantation: a single-center experience. Asian J Surg. 



2016;39(4):232–237. PMID: 26857852 

https://doi.org/10.1016/j.asjsur.2015.11.003 

15. Harriman D, Farney AC, Troppmann C, Stratta RJ. Surgical 

Complications. In: Gruessner RWG, Gruessner AC. (eds.) 

Transplantation of the Pancreas. 2nd ed. Springer, Cham; 2023. p. 553–

583. https://doi.org/10.1007/978-3-031-20999-4_42 

16. Xie W, Kantar R, DiChiacchio L, Scalea JR. Simultaneous 

Pancreas and Kidney Transplantation. In: Gruessner RWG, Gruessner 

AC. (eds.) Transplantation of the Pancreas. 2nd ed. Springer, Cham; 

2023. p. 271–283. https://doi.org/10.1007/978-3-031-20999-4_22 

17. Siedlecki A, Irish W, Brennan DC. Delayed graft function in 

the kidney transplant. Am J Transplant. 2011;11(11):2279–2296. PMID: 

21929642 https://doi.org/10.1111/j.1600-6143.2011.03754.x 

18. Kinoshita K, Yamanaga S, Kaba A, Tanaka K, Ogata M, Fujii M, 

et al. Optimizing intraoperative blood pressure to improve outcomes in 

living donor renal transplantation. Transplant Proc. 2020;52(6):1687–1694. 

PMID: 32448661 https://doi.org/10.1016/j.transproceed.2020.01.166 

19. Kaufmann KB, Baar W, Silbach K, Knörlein J, Jänigen B, 

Kalbhenn J, et al. Modifiable risk factors for delayed graft function after 

deceased donor kidney transplantation. Prog Transplant. 

2019;29(3):269–274. PMID: 31167610 

https://doi.org/10.1177/1526924819855357 

20. Kawasaki S, Kiyohara C, Karashima Y, Yamaura K. Blood 

pressure management after reperfusion in living-donor kidney 

transplantation. Transplant Proc. 2020;52(10):3009–3016. PMID: 

32576473 https://doi.org/10.1016/j.transproceed.2020.04.1820 

21. Gingell-Littlejohn M, Koh H, Aitken E, Shiels PG, Geddes C, 

Kingsmore D, et al. Below-target postope-rative arterial blood pressure 

but not central venous pressure is associated with delayed graft function. 



Transplant Proc. 2013;45(1):46–50. PMID: 23267785 

https://doi.org/10.1016/j.transproceed.2012.03.058 

22. Choi JM, Jo JY, Baik JW, Kim S, Kim CS, Jeong SM. Risk 

factors and outcomes associated with a higher use of inotropes in kidney 

transplant recipients. Medicine (Baltimore). 2017;96(1):e5820. PMID: 

28072739 https://doi.org/10.1097/MD.0000000000005820 

23. Heffron TG, Gadowski G, Buckingham F, Salciunas P, 

Thistlethwaite JR Jr, Stuart FP. Laser Doppler blood flow measurement 

as a predictor of viability of renal allografts. Curr Surg. 1990;47(6):431–

432. PMID: 2279400 

24. Calixto Fernandes MH, Schric-ker T, Magder S, Hatzakorzian 

R. Perioperative fluid management in kidney transplantation: a black box. 

Crit Care. 2018;22(1):14 PMID: 29368625 

https://doi.org/10.1186/s13054-017-1928-2 

25. Sollinger HW, Odorico JS, Kne-chtle SJ, D'Alessandro AM, 

Kalayoglu M, Pirsch JD. Experience with 500 simultaneous 

pancreas-kidney transplants. Ann Surg. 1998;228(3):284–296. PMID: 

9742912 https://doi.org/10.1097/00000658-199809000-00002 

26. Sucher R, Schiemanck T, Hau HM, Laudi S, Stehr S, Sucher E, 

et al. Influence of intraoperative hemodynamic parameters on outcome in 

simulta-neous pancreas-kidney transplant recipients. J Clin Med. 

2022;11(7):1966. PMID: 35407575 https://doi.org/10.3390/jcm11071966 

27. Smudla A, Trimmel D, Szabó G, Fazakas J. Systolic blood 

pressure pattern: the tick mark signal of delayed renal graft function. 

Transplant Proc. 2019;51(4):1226–1230. PMID: 31101202 

https://doi.org/10.1016/j.transproceed.2019.03.010 

28. Snoeijs MG, Wiermans B, Christiaans MH, van Hooff JP, 

Timmerman BE, Schurink GW, et al. Recipient hemodynamics during 

non-heart-beating donor kidney transplantation are major predictors of 



primary nonfunction. Am J Transplant. 2007;7(5):1158–1166. PMID: 

17331108 https://doi.org/10.1111/j.1600-6143.2007.01744.x 

29. Cavaleri M, Veroux M, Palermo F, Vasile F, Mineri M, 

Palumbo J, et al. Perioperative goal-directed therapy during kidney 

transplantation: an impact evaluation on the major postoperative 

complications. J Clin Med. 2019;8(1):80. PMID: 30642015 

https://doi.org/10.3390/jcm8010080 

30. Campos L, Parada B, Furriel F, Castelo D, Moreira P, Mota A. 

Do intraoperative hemodynamic factors of the recipient influence renal 

graft function? Transplant Proc. 2012;44(6):1800–1803. PMID: 

22841277 https://doi.org/10.1016/j.transproceed.2012.05.042 

31. Aulakh NK, Garg K, Bose A, Aulakh BS, Chahal HS, Aulakh 

GS. Influence of hemodynamics and intra-operative hydration on 

biochemical outcome of renal transplant recipients. J Anaesthesiol Clin 

Pharmacol. 2015;31(2):174–179. PMID: 25948896 

https://doi.org/10.4103/0970-9185.155144 

32. Aref A, Zayan T, Sharma A, Halawa A. Utility of central 

venous pressure measurement in renal transplantation: is it evidence 

based? World J Transplant. 2018;8(3):61–67. PMID: 29988941 

https://doi.org/10.5500/wjt.v8.i3.61 

33. Marik PE, Cavallazzi R. Does the central venous pressure 

predict fluid responsiveness? An updated meta-analysis and a plea for 

some common sense. Crit Care Med. 2013;41(7):1774–1781. PMID: 

23774337 https://doi.org/10.1097/CCM.0b013e31828a25fd 

 

Information about the authors 

Mogeli Sh. Khubutiya, Academician of the Russian Academy of 

Sciences, Prof., Dr. Sci. (Med.), President of N.V. Sklifosovsky Research 

Institute for Emergency Medicine; Head of the Department of 



Transplantology and Artificial Organs of the Scientific and Educational 

Institute "N.A. Semashko Higher School of Clinical Medicine", Russian 

University of Medicine, https://orcid.org/0000-0002-0746-1884, 

khubutiyams@sklif.mos.ru 

10%, editing, making corrections, approval of the final version of 

the manuscript 

Maksim V. Lebedev, Anesthesiologist, Anesthesiology Department 

No. 3, N.V. Sklifosovsky Research Institute for Emergency Medicine, 

https://orcid.org/0009-0007-0347-4243, lebedevmv@sklif.mos.ru 

30%, development of the study design, obtaining data for analysis, 

analysis of the obtained data, writing the text of the manuscript, review of 

publications on the topic of the article 

Nataliya K. Kuznetsova, Cand. Sci. (Med.), Leading Researcher, 

Anesthesiology Department, N.V. Sklifosovsky Research Institute for 

Emergency Medicine, https://orcid.org/0000-0002-2824-1020, 

kuznetsovank@sklif.mos.ru 

20%, development of the study design, analysis of the obtained 

data, review of publications on the topic of the article, editing the text of 

the article 

Aleksey M. Talyzin, Cand. Sci. (Med.), Chief of Anesthesiology 

and Intensive Care Department No. 3, N.V. Sklifosovsky Research 

Institute of Emergency Medicine, https://orcid.org/0000-0003-0830-2313, 

talyzinam@sklif.mos.ru  

10 %, obtaining data for analysis, editing the text of the article 

Aslan G. Balkarov, Cand. Sci. (Med.), Head of the Scientific 

Department of Kidney and Pancreas Transplantation, N.V. Sklifosovsky 

Research Institute for Emergency Medicine; Associate Professor of the 

Department of Transplantology and Artificial Organs, N.I. Pirogov 

Russian National Research Medical University; Head of the 

mailto:Khubutiyams@sklif.mos.ru
https://orcid.org/0009-0007-0347-4243
https://orcid.org/0000-0002-2824-1020
https://orcid.org/0000-0003-0830-2313


Organizational and Methodological Department for Transplantology, 

Research Institute for Healthcare Organization and Medical Management, 

https://orcid.org/0000-0002-1396-7048, balkarovag@sklif.mos.ru  

10%, editing the text of the article, making corrections 

Sergey V. Zhuravel, Assoc. Prof., Dr. Sci. (Med.), Head of the 

Scientific Anesthesiology Department, N.V. Sklifosovsky Research 

Institute for Emergency Medicine, Moscow, Russia, 

https://orcid.org/0000-0002-9992-9260, zhuravelsv@sklif.mos.ru 

20%, development of the study design, editing and approval of the 

article text 

 
The article was received on July 18, 2024; 

Approved after reviewing on July 24, 2024; 

Accepted for publication on September 18, 2024 

mailto:Balkarovag@sklif.mos.ru
https://orcid.org/0000-0002-9992-9260

