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Background: To explore the impact of the use of vasoactive drugs in donation after cardiac death (DCD) 
donors on graft function, with an attempt to guide the clinical practices of organ preservation and DCD 
kidney transplantation. 
Methods: The clinical data of 187 DCD donors and 304 recipients who were operated on in our center 
from February 2018 to May 2019 were retrospectively analyzed. Based on whether vasoactive drugs were 
used for maintaining blood pressure in DCD donors, the renal donors and recipients were divided into a 
high-dose group (norepinephrine ≥1.3 μg/kg/min or in combination with dopamine), a low-dose group 
(norepinephrine <1.3 μg/kg/min or in conjunction with dopamine), and a no-medication group (without 
the use of vasoactive drugs). The clinical features, post-transplant renal function, and complications were 
compared among these three groups. 
Results: The early renal function 1 and 7 days after surgery was significantly superior in the high-dose 
group and no-medication group (P<0.05) but showed no significant difference between the low-dose group 
and the no-medication group (P>0.05). Blood urea nitrogen (BUN) on the 1st postoperative days was 
significantly higher in the high-dose group than in the low-dose group and the no-medication group (P<0.05). 
Renal function indicators, including serum creatinine (CRE), BUN, and blood uric acid (UA) on the 30th 
postoperative day, showed no significant difference among these three groups (P>0.05). The incidence of 
delayed graft function (DGF) after renal transplantation was significantly higher in the high-dose group than 
in the low-dose group and the no-medication group (P<0.05), whereas there was no significant difference 
between the groups in the incidences of graft rejection and infections (P>0.05). 
Conclusions: The use of vasoactive drugs in DCD donors can affect the early recovery of renal function 
in renal transplant recipients, particularly for those donors who are administered a high dose of vasoactive 
drugs. Therefore, donor maintenance should be performed cautiously with vasoactive drugs.
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Introduction

Donation after cardiac death (DCD), an essential source of 
organs for alleviating organ shortages, has been recognized 
by the World Health Organization and adopted worldwide. 
However, the hemodynamic instability after donor brain 
death can lead to donation failure in 25% of potential 
donors (1). Therefore, the use of vasoactive drugs to 
support blood pressure is required in hypotensive donors 
whose hemodynamic status remains unstable even after 
adequate rehydration therapy. It has been reported that 
more than 80% of potential donors require vasoactive 
drugs to support their hemodynamic stability (2). However, 
the role of vasoactive drugs in organ preservation is still 
controversial. Based on the organ donation and preservation 
in our center, we retrospectively analyzed the clinical data 
of 187 DCD renal donors in our center from February 
2018 to May 2015. Our aim was to explore the impact of 
the use of vasoactive drugs in postoperative renal function 
and related complications in renal transplant recipients, and 
thus to further inform the practices of donor maintenance 
and DCD renal transplantation.

Methods

Subjects

General data
The clinical data of 187 DCD donors who were operated 
on in our center from February 2018 to May 2019 were 
retrospectively analyzed. According to the use of vasoactive 
drugs, these DCD donors were divided into a high-dose 
group, a low-dose group, and a no-medication group.

Grouping
Based on whether vasoactive drugs were used or not in DCD 
donors before organ procurement, the renal donor (n=187) 
and recipients (n=304) were divided into a high-dose group 
(norepinephrine ≥1.3 μg/kg/min or in combination with 
dopamine), a low-dose group (norepinephrine <1.3 μg/kg/min  
or in combination with dopamine), and a no-medication 
group (without the use of vasoactive drugs). The general 
data of the donors and recipients, along with the renal 
function and complications after kidney transplantation, were 
observed and compared among these three groups.

Kidney procurement and transplantation

The acquisition of DCD kidneys was conducted under the 

supervision of the Human Organ Donation Office. The 
donors met the diagnostic criteria for cardiac death in the 
Chinese Guidelines on the Donation of Cardiac Death 
Organs (3), and organ procurement began 2 minutes after 
cardiac death. After a large abdominal median incision was 
made, the superior mesenteric vein, abdominal aorta, and 
inferior vena cava were cannulated. When the abdominal 
aorta and superior mesenteric vein were perfused with 
3000ml of hypertonic citrate flushing solution for kidney 
preservation, the University of Wisconsin (UW) solution 
was applied (1 bag in each vessel). After the tissues were 
mobilized, the distal ureter was disconnected, and the 
kidneys were harvested. Kidney transplant recipient surgery 
was performed in routine fashion. After the DCD kidney 
was transplanted into the axillary fossa of the recipient, 
the artery of the donor’s kidney was anastomosed with 
the external iliac artery of the recipient (or end-to-end 
anastomosis with the internal iliac artery), the vein of the 
donor’s kidney was anastomosed to the external iliac vein 
in an end-to-side manner, and the ureter of the donor was 
submucosally tunneled with the recipient’s bladder, and 
accompanied by routine double J (DJ) ureteral stenting. 
After surgery, all patients were administered with triple 
immunotherapy, including tacrolimus (or cyclosporine), 
mycophenolate mofetil, and glucocorticoid.

Main measures

DCD donors
Information collected from donors included age, gender, 
body mass index (BMI), mean arterial pressure, primary 
disease, duration of ICU stay, pre-donation creatinine level, 
and use of vasoactive drugs.

Intraoperative and postoperative observation indicators 
of recipients
Meanwhile,  the intraoperative and postoperative 
observation indicators of recipients included age, gender, 
BMI, times of transplants, dialysis method, duration of 
dialysis, intraoperative blood loss, postoperative renal 
function recovery, and complications.

Renal function indicators of recipients after kidney 
transplantation
Changes in serum creatinine (CRE), blood urea nitrogen 
(BUN), and blood uric acid (UA) before and 1, 7, and 
30 days after renal transplantation were compared. 
Postoperative complications, including delayed graft 
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function (DGF), graft rejection, and lung or urinary tract 
infection in the recipients, were recorded. The recovery 
was regarded as good if serum CRE decreased by over  
200 μmol/L. DGF was defined as the recipient having 
oliguria and/or anuria 1 week after transplantation, a serum 
CRE level >400 μmol/L, and/or requiring hemodialysis.

Statistical analysis

Statistical analysis was completed with the SPSS 21.0 
software package. The count data are presented as the 
rate (%) and were analyzed by using the chi-square test. 
The normal distributed measurement data are expressed 
as mean ± standard deviations (X ± SD) and analyzed by 
using the analysis of variance; the non-normally distributed 
measurement data are expressed as medians (quartiles) 
and were analyzed by using nonparametric methods. The 
changes of relevant indicators in the recipients after renal 
transplantation were analyzed by covariance analysis, 
with the preoperative findings as covariates. Univariate 
and multivariate logistic regression analyses were used 
to investigate the influencing factors of CRE recovery 
1 day after renal transplantation. A P value of <0.05 was 
considered statistically significant.

Results

General data of the donors

Among the 187 DCD donors, there were 168 males and 19 
females aged 2–64 years (mean: 13.9±23.0 years), with a BMI 
value of 23.0±3.6. The primary disease among these donors 
included cerebral hemorrhage (n=91), severe craniocerebral 
trauma (n=88), and other etiologies, including brain tumor, 
Japanese encephalitis, and organophosphorus pesticide 
poisoning (n=8). Most donors were kept in the ICU of our 
hospital. The length of ICU stays ranged from 1–120 days 
(mean: 7.6±10.4 days). The pre-procurement CRE level was 
144.4±89.4. Notably, 166 donors required vasoactive drugs 
to support their hemodynamic stability. Generally, vasoactive 
drugs include norepinephrine, adrenaline, dopamine, and 
dobutamine, and in our center, the vasoactive drugs used were 
norepinephrine and/or dopamine. Among these 187 donors, 47 
were in the high-dose group, 119 in the low-dose group, and 21 
in the no-medication group. All the donors were comparable in 
terms of age, gender, and length of ICU stay (P>0.05) (Table 1).

General data of the recipients

In total, 304 patients underwent renal transplantation 

Table 1 Data of donors

Variable
No-medication group 

(n=21)
Low-dose group 

(n=119)
High-dose group 

(n=47)
P value

Age 42.0±10.6 41.0±13.7 37.8±15.6 0.352

Gender 0.175

Male 17 110 41

Female 4 9 6

BMI 23.3±2.7 23.2±3.7 22.4±3.7 0.387

Primary disease 0.33

Cerebrovascular diseases (cerebral hemorrhage or 
cerebral infarction)

7 58 26

Craniocerebral trauma 13 57 18

Others 1 4 3

Length of ICU stay (day) 5.3±4.0 8.1±12.0 7.4±7.4 0.523

Serum creatinine (μmol/L) 160.9±91.4 144.0±92.1 139.3±82.4 0.67

BMI, body mass index; SD, standard deviations.
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during the study period. These patients included 206 men 
and 104 women aged 44.2±13.0 years, with a mean BMI 
value of 22.5±3.6. Before the operation, 193 had undergone 
hemodialysis, and 61 had received peritoneal dialysis. The 
average dialysis time was 21.2±27.0 months. According to 
the use of vasoactive drugs in the donor, the recipients were 
also divided into the high-dose group, low-dose group, 
and no-medication group. Among these 304 recipients, 76 
were in the high-dose group, 191 in the low-dose group, 
and 37 in the no-medication group. All the recipients were 
comparable in terms of age, gender, BMI, method, and 
duration of dialysis, and intra-operative blood loss (P>0.05) 
(Table 2).

Impact of the use of vasoactive drugs in donors on graft 
function

CRE, BUN, and serum UA were used to evaluate 
preoperative and postoperative renal function (Table 3). 
The preoperative CRE, BUN, and UA levels showed 
no significant differences among these three groups. 
Covariance analysis with the preoperative findings as 
covariates showed that the CRE on the 1st and 7th 
postoperative days was significantly higher in the high-dose 
group than in the low-dose group and the no-medication 
group (P<0.05), whereas there was no significant difference 
between the low-dose group and the no-medication 

group (P>0.05); BUN was also significantly higher in the 
high-dose group than in the low-dose group and the no-
medication group (P<0.05). These three groups showed no 
significant difference in renal function 30 days after surgery 
(P>0.05).

Impact of the use of vasoactive drugs on postoperative 
complications

Complications after renal transplantation were medical 
complications, including DGF, graft rejection, and 
infections. Two patients died of severe pneumonia despite 
active treatment, and the complications were clinically 
cured in the remaining patients. The incidence of DGF 
in the recipients was 22.4% (17 of 76) in high-dose group, 
which was significantly higher than that in the low-dose 
group and no-medication group (P<0.05); the incidences of 
acute graft rejection and infections were not significantly 
different among the three groups (P>0.05) (Table 4).

Influencing factors of CRE recovery 1 day after renal 
transplantation

As shown in Table 3, the changes in CRE were most 
apparent on the first post-operative day in the three groups. 
Therefore, univariate and multivariate logistic regression 
analyses with CRE recovery 1 day after renal transplantation 

Table 2 Data of recipients

Variable
No-medication group 

(n=37)
Small-dose group 

(n=191)
High-dose group 

(n=76)
P value

Age (years) 41.6±14.5 44.6±12.7 44.5±13.2 0.451

Gender 0.464

Male 27 124 52

Female 10 67 24

BMI 23.5±3.8 22.5±3.6 22.1±3.3 0.135

Dialysis method 0.612

None 4 37 10

Yes

Hemodialysis 25 119 49

Peritoneal dialysis 8 36 17

Duration of dialysis before surgery (months) 21.3±29.3 19.8±24.2 24.7±31.8 0.467

Intraoperative blood loss (mL) 60.6±32.2 62.2±41.5 66.9±104.0 0.843

BMI, body mass index.
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as the dichotomous variable were performed to investigate 
the impact of the use of vasoactive drugs of the donors on 
CRE recovery 1 day after renal transplantation; meanwhile, 
the recipient characteristics, donor characteristics, and 
other factors were adjusted. Univariate analysis revealed 
that, compared with the no-medication group, the low-
dose group had significantly improved CRE recovery 1 day 
after renal transplantation in recipients (OR =4.244, 95% 
CI: 1.803–9.994, P=0.001), while there was no significant 
difference between the high-dose group and the no-
medication group (OR =2.083, 95% CI: 0.815–5.323, 
P=0.125). In addition, the donor’s CRE level and length 
of ICU stay also affected the CRE recovery 1 day after 

renal transplantation. Multivariate analysis showed that, 
after the donor’s age, CRE level, length of ICU stay, and 
other factors were adjusted, the CRE recovery 1 day after 
renal transplantation was significantly improved in the low-
dose group (compared with the no-medication group) (OR 
=2.998, 95% CI: 1.166–7.709, P=0.023) (Table 5).

Discussion

Kidney transplantation has become the ideal alternative 
treatment for patients with end-stage renal disease, and the 
1-year graft survival rate in large-scale transplant centers 
in China has exceeded 95% (4). However, the long-term 

Table 3 Kidney function recovery early after surgery in renal transplantation recipients (X ± SD)

Variable No-medication group (n=37) Small-dose group (n=119) High-dose group (n=76) P value

CRE

Before surgery 1,026.9±461.9 975.7±365.8 1,034.3±461.0 0.557

The 1st post-op day 723.3±299.9# 749.3±346.5# 922.3±295.6 <0.001

The 7th post-op day 224.8±207.5 225.8±240.9# 312.8±264.3 0.03

The 30th post-op day 151.2±78.9 155.8±107.1 158.1±63.0 0.951

BUN

Before surgery 23.3±8.3 24.4±39.6 28.7±48.1 0.729

The 1st post-op day 23.3±7.2 21.5±7.6# 23.9±6.4 0.041

The 7th post-op day 17.6±13.2 18.2±11.9 20.1±12.2 0.475

The 30th post-op day 11.3±6.2 12.8±8.8 10.8±5.9 0.198

UA

Before surgery 440.2±86.4 444.5±122.0 425.8±104.2 0.856

The 1st post-op day 492.5±125.5 448.1±153.2 457.2±132.4 0.487

The 7th post-op day 351.1±99.8 388.7±143.6 374.1±136.0 0.397

The 30th post-op day 370.5±73.0 364.5±97.2 345.6±87.2 0.373
#, Pairwise comparison; P<0.05, vs. high-dose group. CRE, serum creatinine; BUN, blood urea nitrogen; UA, serum uric acid; SD, standard 
deviations.

Table 4 Post-operative complications in recipients among the three groups

Variable
No-medication group 

(n=37)
Low-dose group (n=191) High-dose group (n=76) χ2 P

Delayed graft function 3 (8.1%) 21 (11.0%) 17 (22.4%) 6.387 0.037

Acute graft rejection 13 (35.1%) 57 (29.8%) 18 (23.7%) 1.787 0.408

Pneumonia or urinary 
tract infection

1 (2.7%) 4 (2.1%) 3 (3.9%) 0.959 0.669
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survival rate of renal transplant recipients is still suboptimal. 
Since the launch of the DCD by the Chinese Red Cross 
Society and the former Ministry of Health of China on 
March 2010, the donation and transplantation of DCD 
organs have developed rapidly in China. Today, DCD 
donors have become an essential source of organs in China.

However,  the  dys funct ion of  sympathet ic  and 
parasympathetic nerves after brain death in DCD 
donors leads to dysregulation of vascular tone, unstable 
hemodynamics, and decreased blood pressure, causing the 
warm ischemia of the organ. As extended hypotension will 
increase the risk of primary non-function, the hemodynamic 
instability after donor brain death can lead to donation 
failure in 25% of the potential donors, and more than 80% 
of potential donors require vasoactive drugs to support their 
hemodynamic stability (5,6). Therefore, enhanced donor 

maintenance and the optimized use of vasoactive drugs 
are vital for graft function recovery and long-term graft 
survival.

Despite this critical need, the role of vasoactive drugs in 
organ preservation is still controversial (7-9). Researchers 
believe that vasoactive drugs can support circulation stability 
and thus protect the grafts. Schnuelle et al. (10) proved that 
dopamine pretreatment reduced the risk of hemodialysis 
after renal transplantation, although the long-term survival 
rate of the grafts was not significantly different between 
the dopamine and dopamine-free groups (P>0.05). A study 
of 152 kidney transplant recipients proved that the use 
of catecholamines in donors reduced graft rejection and 
increased the long-term survival of transplanted kidneys (11).  
Birtan et al. (12), in their Pearson correlation analysis, 
found that the use of norepinephrine in donor maintenance 

Table 5 Influencing factors of serum creatinine recovery 1 day after renal transplantation (logistic regression analysis)

Variable
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Medication 0.001 0.016

No-medication Reference

Low dose 4.244 1.803 to 9.994 0.001 2.998 1.166 to 7.709 0.023

High dose 2.083 0.815 to 5.323 0.125 1.501 0.536 to 4.202 0.439

Donor characteristics

Age 1.011 0.994 to 1.028 0.204 1.023 1.001 to 1.045 0.04

Gender 0.37

Male Reference

Female 0.712 0.325 to 1.559 0.396 0.665 0.272 to 1.624 0.37

BMI 0.987 0.923 to 1.056 0.707 1.02 0.944 to 1.102 0.624

Creatinine 0.994 0.990 to 0.997 <0.001 0.993 0.989 to 0.997 0.001

Length of ICU stay 1.045 1.004 to 1.088 0.032 1.05 1.002 to 1.100 0.042

Complications 0.59 0.717

Brain trauma Reference

Cerebrovascular diseases 0.795 0.481 to 1.315 0.371 0.852 0.457 to 1.590 0.615

Others 0.658 0.198 to 2.187 0.494 0.615 0.144 to 2.622 0.511

Recipient characteristics

Age 1 0.981 to 1.019 0.997 0.989 0.967 to 1.012 0.346

Gender 0.087 0.249

Male Reference

Female 1.573 0.937 to 2.640 0.087 1.422 0.781 to 2.599 0.249
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was associated with decreased graft rejection and a lower 
incidence of graft dysfunction. On the contrary, other 
researchers have argued that vasoactive drugs harm graft 
function. O’Brien et al. (13) found that vasoactive drugs 
increased the incidence of acute tubular necrosis after renal 
transplantation. In 2012, Shao et al. (14) evaluated the risk 
factors of renal transplantation and concluded that 72.2% 
of the donors in the DGF group had used norepinephrine, 
whereas only 10% of donors in the rapid recovery graft 
function group had used norepinephrine.

Given this lack of consensus, we retrospectively analyzed 
187 DCD donors and 304 renal transplant recipients in 
our center between February 2018 and May 2019. Our 
goal was to clarify the impact of vasoactive drugs in DCD 
donors on the early postoperative renal function and related 
complications in renal transplant recipients. It was found 
that the CRE on the 1st and 7th postoperative days was 
significantly higher in the high-dose group than in the 
low-dose group and the no-medication group (P<0.05). 
The BUN was also significantly higher in the high-dose 
group than in the low-dose group and the no-medication 
group (P<0.05), whereas there was no significant difference 
between the low-dose group and the no-medication 
group (P>0.05). These three groups showed no significant 
difference in renal function 30 days after surgery (P>0.05) 
(Table 3). In addition, 22.4% (17/76) of patients in the 
high-dose group developed DGF, which was a significantly 
higher rate than that in the low-dose group (11.0%) and 
the no-medication group (8.1%) (P<0.05). There were no 
significant differences among these three groups in terms of 
acute rejection and infections (P>0.05) (Table 4).

In our current study, we also divided the renal transplant 
recipients into the good recovery group (CRE decreased by 
more than 200 μmol/L) and the poor recovery group (CRE 
decreased by less than 200 μmol/L) according to the change 
of CRE 1 day after kidney transplantation, and analyzed its 
influencing factors. Preliminary data showed that the doses 
of vasoactive drugs, donor creatinine levels, and donor 
ICU stay significantly differed between these two groups 
(P<0.05). Multivariate logistic regression analysis showed 
that the use of low-dose vasoactive drugs and extended ICU 
stay of the donors were independent protective factors for 
CRE recovery 1 day after renal transplantation (P<0.05), 
whereas high donor creatinine level was an independent risk 
factor (P<0.05).

In summary, the use of vasoactive drugs in DCD donors 
can affect the early recovery of renal function in renal 
transplant recipients. However, the use of vasoactive high-

dose medicine has no remarkable impact on long-term graft 
function recovery. Thus, the timing of using vasoactive 
drugs in response to donor blood pressure fluctuation, along 
with the duration of vasoactive drug use (which may affect 
the quality of the grafts) warrants further investigation.
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