
95

Original  Article

© 2021 Marmara University Press, All Rights Reserved
ISSN: 1309-9469

MARMARA 
MEDICAL JOURNAL

https://dergipark.org.tr/tr/pub/marumj

ABSTRACT

Objective: We aim to evaluate the effects of low-dose dopamine (LDD) infusion (0.5 – 2.5 g/kg/min) on hemodynamic status and 
short-term graft function in kidney transplant recipients.
Materials and Methods: Patients who underwent kidney transplantation surgery between January 2007 and December 2016 were 
included in the study. Demographic and laboratory data, presence of delayed graft function, and the rates of rejection, graft loss, and 
mortality were recorded. The data were compared between patients with and without LDD treatment.
Results: A total of 126 patients were included in the study (M/F:50.8%/49.2%; mean age, 38.94 ± 11.8 years). Ninety-four patients 
(74.6%) received living-donor transplants. Fifty-seven patients underwent LDD infusion in the postoperative period (LDD group), 
while 69 patients did not receive LDD infusion. Demographic and laboratory data of the patients did not significantly differ between 
groups. Nineteen patients in the LDD group experienced delayed graft function (p=0.039). However, these patients tended to be older, 
have a longer dialysis period prior to transplantation, deceased and hypertensive donors. There was no significant difference in renal 
function at 6 months after transplantation between groups.
Conclusion: Although, LDD infusion increases kidney blood flow, we observed no significant effects on short-term graft function or 
patient survival between the LDD and non-LDD groups.
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1. INTRODUCTION

Restoration of optimal blood flow is essential for achievement 
of proper graft function following appropriate surgical 
interventions and induction treatment. Although, intravenous 
hydration in the post-transplant period is regarded as the gold 
standard, the search continues for other methods or medications 
to increase renal blood flow in transplant recipients.
Dopamine is an endogenous catecholamine that exerts its effects 
through dopaminergic receptors. It affects the kidney via the 
dopamine agonist (DA1) receptor on the vascular smooth muscle 
of the kidney and the DA2 receptor in the presynaptic region. 
Activation of these receptors causes vasodilation, resulting in 
elevations in renal blood flow and glomerular filtration rate 
(GFR) [1]. The DA1 and DA2 receptors are also located on the 
proximal tubule, the thick ascending limb of the loop of Henle, 
and the collecting canal; dopamine inhibits Na/K-ATPase activity 

in these locations and contributes to the regulation of natriuresis 
and diuresis [2]. Furthermore, dopamine causes elevations in 
blood pressure, heart rate, and cardiac contractility through its 
actions on adrenergic receptors. The effects of dopamine are dose-
dependent. Low-dose dopamine (LDD) is defined as treatment at 
a dose of 0.5 – 2.5 μg/kg/min; at this dose, the drug only affects 
dopaminergic (renal) receptors. Therefore, it is not expected to 
affect other receptors and cause systemic side effects. Because of 
the status of dopamine as a positive inotropic agent, treatment 
with LDD has been suggested to increase renal blood flow, while 
improving GFR and urine output.
Low-dose dopamine has been used in the treatment of acute 
kidney injury and for renoprotection during cardiovascular 
surgery in the past but the evidence failed to support this effect. 
Its well-known side effects like increase in blood pressure, 
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heart rate, and cardiac contractility and lack of evidence for 
renoprotection, resulted in its widely abandonment [3, 4]. 
Furthermore, the use of dopamine has also been abandoned 
following renal transplantation mainly due to projecting 
evidence from cardiovascular surgery. Despite its proven 
ability to cause increased blood flow in the native kidney, there 
have been few studies regarding the effects of dopamine on 
denervated transplanted kidneys [ 3,5,6 ].
Low-dose dopamine treatment was used with an aim to 
increase renal blood flow early after renal transplantation at our 
institution until February 2013, but its use was abandoned due 
to accumulating evidence of lack of benefit for other indications 
mentioned above. The patients have been followed only with 
intravenous hydration applied as dictated by their volume status.
The present study was undertaken to retrospectively compare the 
historic cohort when LDD was used in the early postoperative 
period following kidney transplantation with the more recent 
cohort which only received intravenous hydration in the early 
postoperative period from early hemodynamic status and renal 
function perspective.

2. MATERIALS and METHODS

All patients older than 18 years of age who underwent renal 
transplantation between January 2007 and December 2016 were 
included in this study. Patients with primary non-functioning 
grafts and patients under 18 years of age were excluded. This 
study was approved by the institutional review board of Marmara 
University School of Medicine (approval number 09.2017.266).

Immunosuppressive drug regimens

In patients undergoing living donor kidney transplantation, 
calcineurin inhibitors and antimetabolites were initiated 2 days 
before surgery; patients with low immunological risk received 
basiliximab whereas anti-thymocyte globulin was used in patients 
undergoing deceased donor kidney transplantation and/or patients 
with high immunological risk for induction treatment. Calcineurin 
inhibitors and antimetabolites were initiated postoperatively 
in deceased donor kidney transplant recipients. All patients 
received 1 g of methylprednisolone at the time of anastomosis. 
Corticosteroid doses were tapered within 3 months postoperatively, 
and all patients were maintained on low-dose prednisolone.

Peri – and post-transplantation follow-up

A dedicated team performed all kidney transplantation 
procedures, using the standard anesthesia protocol. In the 
postoperative follow-up period, all patients received intravenous 
saline and 5% dextrose for hydration. We included consecutive 
patients who underwent kidney transplantation between 
2007 and 2013 in the LDD group. Dopamine was started 
intravenously at a rate of 2 μg/kg/min during the operation and 
continued for the following 72 hours. Patients who underwent 
kidney transplantation between 2013 and 2016 did not receive 
LDD infusion, due to a change in protocol. The latter was the 
non-LDD group. All patients received intravenous hydration as 
described above. Demographics and clinical data were obtained 

retrospectively from the patients’ files. Data regarding heart rate, 
blood pressure, plasma creatinine (Cr), blood urea nitrogen, 
hemoglobin, and diuresis were retrospectively collected for 
the study during the first week after transplantation for all 
patients. Any intraoperative inotropic agent administration was 
recorded. The presence of delayed graft function was recorded. 
Graft function was determined using GFR, as calculated by the 
Modification of Diet in Renal Disease formula (175 × (Serum 
Cr)−1.154 × (Age)−0.203 (× 0.742 if female) [7]; graft function 
and rejection rates were evaluated at 1, 3, and 6 months after 
transplantation. Mortality rate and graft loss data were also 
recorded. We compared the presence of delayed graft function, 
overall graft function, mortality, and graft loss between the LDD 
and non-LDD groups. Delayed graft function was defined as 
the need for one or more hemodialysis sessions after kidney 
transplantation [8] with < 70% reduction in the Cr level on post-
transplant day 7, compared to the pretransplant level [9].

Statistical analysis

All data were analyzed using SPSS (version 22.0; IBM Corp., 
Armonk, NY, USA). Continuous descriptive variables are 
shown as means ± standard deviations for those that exhibited a 
normal distribution and as medians (minimums − maximums) 
for those that did not exhibit a normal distribution. The t test or 
Mann–Whitney U test was used for comparisons of continuous 
variables between the groups. The χ2 test was used for 
comparisons of categorical variables. In all analyses, p< 0.05 was 
considered to indicate statistical significance. Use of dopamine 
and other risk factors for the study endpoints (i.e., delayed graft 
function, graft loss at 6 months, mortality, and GFR values at 6 
months) were analyzed by Cox regression analysis.

3. RESULTS

The study population consisted of 126 renal transplant 
patients (64 men [50.8%] and 62 women [49.2%]) with a 
mean age of 38.94 ± 11.8 (range, 18 – 67) years. The most 
common primary renal disease was glomerulonephritis (32 
patients, 25.4%) while primary renal disease was unknown in 
36 (28.6%) patients. Twelve patients (9.5%) had undergone 
preemptive transplantation, 91 patients (72.2%) had received 
hemodialysis, and 23 patients (18.3%) had received peritoneal 
dialysis treatment prior to transplantation. The mean duration 
of renal replacement therapy was 40.91 ± 48.32 (range, 1 – 216) 
months. Ninety-four patients (74.6%) underwent living donor 
transplantation; 32 patients (25.4%) underwent deceased donor 
transplantation. The mean age of the donors was 44.24 ± 11.67 
(range, 7 – 65) years. Sixty-five donors (57.5%) were women. 
Nine donors had a history of hypertension.
In total, 31 (24.6%) patients had delayed renal function. Two 
patients had graft loss; one patient with a functioning graft died 
due to sepsis 5 months after transplantation. Fifty-seven patients 
(45.2%) received LDD infusion for 72 hours postoperatively. 
Sixty-nine patients received only intravenous hydration without 
LDD after surgery. Of the twenty-three patients (18.3%) who 
required intraoperative vasopressors, one was (1.7%) in the 
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LDD group (noradrenaline) while the remaining 22 patients 
(31.8%) were in the non-LDD group.
There were no significant differences in sex, age, or etiology 
between the patient groups. Demographic and clinical data of 
patients in both groups are summarized in Table I. A summary 
of the laboratory and clinical findings of the patients during the 
postoperative follow-up period is shown in Table II. While there 
were no significant differences in changes in Cr level between the two 
patient groups, urine output was significantly higher in the non-LDD 
group on the first day postoperatively. The urine output levels at 6 
months were found to be correlated in both groups with Cr levels 
at 1 day, 1 week, 1 month, and 3 months postoperatively (r = 0.322, 
p< 0.001; r = 0.776, p< 0.001; r = 0.868, p< 0.001, respectively).

Table I. Comparison of demographic data of patients with and without LDD
LDD patients 

(n= 57)
non-LDD 

patients (n=69)
p value

Sex (M/F) 27/30 37/32 0.59
Age (years) 40.82 + 12.3 37.38 + 11.3 0.106
Primary diseases

 Unknown

 GN

 HT

 Polycystic Kidney 
Disease

 DM

 VUR

 Amyloidosis

 Pyelonephritis

 Chronic Interstitial 
Nephritis

16 (28.1%)

12 (21.1%)

13 (22.8%)

4 (7%)

2 (3.5%)

6 (10.5%)

2 (3.5%)

2 (3.5%)

0

20 (29%)

20 (29%)

8 (11.6%)

5 (7.3%)

7 (10.2%)

5 (7.3%)

3 (4.3%)

4 (5.7%)

2 (2.8%)

0.054

Renal Replacement 
Therapy

 Hemodialysis

 Peritoneum Dialysis

 Preemptive

37 (65%)

16 (28%)

4 (7%)

54 (78.3%)

7 (10.2%)

8 (11.5%)

0.31

Duration of Renal 
Replacement Therapy 
(month)

50.91 + 42.7 32.23 + 51.3 0.36

Transplant Type

 Living

 Deceased

36 (63.2%)

21 (36.8%)

58 (84%)

11 (16%)

0.013

Donor Age (year) 42.69 45.03 0.33
Donor Sex (M/F)* 21/23 27/42 0.43

Donor HT 1 (1.7%) 8 (11.5%) 0.15
LDD: Low Dose Dopamine, GN: Glomerulonephritis, HT: Hypertension, DM: 
Diabetes Mellitus, VUR: Vesicoureteral Reflux.

Delayed renal function was observed in 19 (33.3%) patients in 
the LDD group and 12 patients (17.3%) in the non-LDD group 
(p = 0.039). Long-term renal replacement therapy, recipient age, 
deceased donor transplantation, and donor hypertension values 
were significantly different between patients with and without 
delayed graft function (Table III). Regression analysis showed 
that LDD infusion did not influence factors associated with 
delayed graft function.
While 36 patients (63.1%) in the LDD group had GFR > 60 ml/
min at 6 months postoperatively, 38 patients (55.1%) in the non-
LDD group had GFR > 60 ml/min at 6 months postoperatively 
(p = 0.37). There was no significant difference between the two 
groups in terms of renal function at 6 months (Table II).

Table II. Comparison of laboratory and clinical follow-up data of patients 
with and without LDD

LDD patients 
(n= 57)

non-LDD 
patients (n=69)

p value

Preop Hgb (g/L) 11.34 + 1.60 11.24 + 1.66 0.74
Preop Alb (g/L) 4.15 + 0.57 4.12 + 0.61 0.74
1st day Cr (mg/dL) 5.97 + 2.77 4.89 + 2.1 0.22
1st week Cr (mg/dL) 2.59 + 2.46 1.84 + 1.5 0.35
1st month Cr (mg/dL) 1.43 + 1.6 1.31 + 0.56 0.55
3rd month Cr (mg/dL) 1.18 + 0.7 1.27 + 0.43 0.34
6th month Cr (mg/dL) 1.23 + 0.6 1.3 + 0.7 0.54
Postop 1st day input 
fluid (mL)

3798 + 1735 3932 + 1315 0.73

Postop 1st day output 
fluid (mL)

2465 + 1603 3779 + 1794 0.006

1st day mean SBP 
(mmHg)

141.31 + 14.3 133.45 + 19.5 0.12

1st day mean DBP 
(mmHg)

81.84 + 8.8 81.94 + 11.8 0.97

1st day mean pulse 
(minute)

91.43 + 15.7 88.95 + 11.6 0.47

Postop 7th day input 
fluid (mL)

3420 + 1463 3700 + 1240 0,43

Postop 7th day output 
fluid (mL)

3147 + 1787 3861 + 1385 0.81

7th day mean SBP 
(mmHg)

145.66 + 12.4 141.92 + 15.5 0.38

7th day mean DBP 
(mmHg)

87.82 + 8.9 88.08 + 10.1 0.93

7th day mean pulse 
(minute)

88.92 + 8.6 92.87 + 11.5 0.21

Weight (kg) 64.67 + 13.6 67.01 + 14.5 0.42
Surgical Complications 7 (12.2%) 5 (7.2%) 0.47
Rejection 3 (5.2%) 11 (16%) 0.86
Delayed Renal Function 19 (33.3%) 12 (17.3%) 0.039
6th month GFR >60 
ml/min

36 (63.1%) 38 (55.1 %) 0.37

LDD: Low Dose Dopamine, Hgb: Hemoglobin, Alb: Albumin, Cr: Creatinine, 
SBP: Systolic Blood Pressure, DBP: Diastolic Bloood Pressure, GFR: Glomerular 
Filtration Rate
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Table III. Factors affecting delayed graft function
Delayed Graft 

Function (n=31)
Non-Delayed 

Graft Function 
(n=95)

p 
value

Receiving LDD 19 (61.2%) 38(40%) 0.06
Living/deceased 
transplantation

15/16 79/16 <0.001

Age (year) 44.8 + 10.9 37.01 + 11.6 <0.001
Sex (M/F) 17/14 47/48 0.681
DM (n) 3 (33.3%) 6 (66.7) 0.688
Donor HT (n) 6 (66.7%) 3 (33.3%) <0.001
Donor age (year) 48.6 + 15.7 43.2 + 10.4 0.06
Donor sex (M/F) 10/10 38/55 0.466
Renal replacement 
treatment duration 
(month)

58.2 + 52.4 34.7 + 45.3 0.022

LDD: Low Dose Dopamine, DM: Diabetes Mellitus, HT: Hypertension, 

4. DISCUSSION

Postoperative LDD infusion therapy was frequently used in 
patients undergoing renal transplantation at the beginning of 
the last decade. The initial aim of this treatment was to increase 
renal blood flow by vasodilation and improve GFR. In this study, 
we found that LDD was associated with the presence of delayed 
graft function, overall graft function, mortality, and graft loss. 
Indeed, Doppler ultrasonography studies of renal vasculature 
showed administration of 2.5 mg/kg/min of dopamine resulted 
in increased peak systolic velocity in the arcuate arterioles and 
reduced the resistive index [10,11]. Calculation of renal blood 
flow was useful for determining these effects of dopamine on 
the kidney. However, there have been no parameters to measure 
the effects of LDD in denervated tissue, such as transplanted 
kidneys. Thus far, few studies have investigated the effects of 
dopamine on the blood flow of transplanted kidneys. Dalton 
et al., evaluated renal blood flow in 20 transplant patients and 
found no significant differences between patients receiving 3 
μg/kg/min LDD and the non-LDD group (importantly, renal 
blood flow calculation was based on para-aminohippuric acid 
clearance) [5]. In another study, Spicer et al., used Doppler 
ultrasound to evaluate renal blood flow in patients who received 
2.5 μg/kg/min LDD infusion; renal blood flow was found to be 
similar in patients with and without LDD treatment [6]. Thus 
far, no clinical studies have shown positive efficacy of LDD in 
improving renal function [3, 5, 12-14]. In the present study, in 
accordance with the findings of previous investigations, there 
was no significant difference in GFR at 6 months postoperatively 
(based on Cr values) between patients in the LDD and non-LDD 
groups in the kidney transplant population.
A significant clinical indicator of improvement in renal blood 
flow and Cr clearance of LDD is elevated urine output. One 
study showed that patients who received LDD for 4 days had 
higher urine output, compared to patients who did not receive 
LDD [14]. Flancbaum et al., also reported a significant increase 
in urine output in patients who received LDD, but found no 

difference in urinary sodium excretion between the two groups 
[15]. Hosseinzadeh et al., reported the time to initiate diuresis 
earlier in the LDD group in unrelated renal transplant patients 
[16]. In these studies, administration of LDD led to elevated 
urine output, but did not affect Cr clearance. In the present 
study, there were no significant differences between the LDD 
and non-LDD groups in urine output and Cr levels during the 
7-day postoperative period. In the total patient population, 
patients with lower Cr levels at 6 months postoperatively had 
higher urine output in the immediate postoperative period. This 
may be a result of good hydration in the postoperative period, 
rather than an effect of LDD.
Delayed graft function, whether transplantation is performed 
from a living or deceased donor, is an important condition that 
increases short and long-term morbidity and mortality as well 
as decreasing graft survival [17]. Risk factors for delayed graft 
function are deceased donor, donor characteristics (e.g., donor 
hypertension, elderly donor, marginal donor, and high donor Cr), 
long cold ischemia time, and body mass index [18]. Delayed graft 
function constitutes acute kidney injury due to ischemia of the 
kidney, independent of the risk factor. LDD directly affects kidney 
hemodynamics [19]. LDD has been presumed to protect patients 
from ischemia by exploiting its vasodilating effects in the kidney. 
Therefore, LDD administration was expected to reduce the risk 
of delayed graft function development. However, in the present 
study, the rate of delayed graft function was greater in the LDD 
group than in the non-LDD group. However, patient age, number 
of patients with a deceased donor, the presence of hypertension in 
the donor, and the durations of renal replacement treatment were 
significantly different between the groups. Therefore, LDD may 
not be the direct cause of delayed graft function. The difference 
in rates of delayed graft function between the LDD and non-
LDD groups can be explained by the higher rate of deceased 
donor transplantation in the LDD group. Further studies in larger 
cohorts are required to confirm this finding.
Another factor that affects graft survival in renal transplant 
patients is the frequency of acute rejection. Several studies 
have been conducted to investigate the association of peri-
transplant dopamine administration with rejection; notably, 
factors impairing renal blood flow (e.g., deceased donor 
transplantation and prolonged ischemia time) were associated 
with acute rejection. Grundmann et al., reported that the 
number of patients who developed rejection within 1 week was 
significantly higher in the LDD group, whereas the number of 
patients who experienced rejection within 3 weeks was similar 
between LDD and non-LDD groups [14]. In another study, 
the rejection rates at 28 days post-transplantation were similar 
between patients with and without LDD [3]. Dönmez et al., 
reported no difference in rejection attacks between patients 
with and without LDD [13]. In the present study, consistent with 
previously reported findings, the rejection rates were similar in 
the LDD and non-LDD groups.
The side effects of postoperative vasopressor use in patients 
include tachycardia, arrhythmia, increased cardiac backload, 
increased myocardial oxygen demand, intestinal ischemia, 
electrolyte disturbance, and vasoconstriction of the extremities 
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[19]. With respect to the side effect profile of dopamine use, one 
study showed a greater incidence of tachycardia (pulse > 100) 
in the group receiving LDD [14]; no significant differences in 
blood pressure or pulse values related to LDD use were observed 
in other studies [5,6,16]. In the present study, there were no 
significant differences in 7-day postoperative blood pressure 
and pulse follow-up between the LDD and non-LDD groups. 
Therefore, we concluded that early post-transplant vasopressor 
use did not cause any serious side effects in our study.
Although, the present study included a sufficient number of 
patients to demonstrate the positive or negative effects of LDD, it 
also had some limitations. The most important limitation was its 
retrospective design. In addition, because of the risk of infection, 
central venous catheters were not placed in all patients, and fluid 
balances were monitored by measurements of the amounts of 
fluid that each patient received and excreted. Some invasive 
or noninvasive tests (e.g., renal Doppler ultrasound, central 
venous catheterization, arterial pressure monitoring, urine 
Na excretion, and/or Cr clearance) are necessary to accurately 
determine the volume assessment and renal blood flow of kidney 
transplant recipients. However, it is more appropriate to evaluate 
the parameters used in daily practice, to ensure that the results 
reflect clinical practice. Additional limitations included lack of 
data regarding cold ischemia time and HLA mismatch number.
The abandonment of LDD in renal transplantation has been 
largely based on evidence from studies on its effect in acute 
kidney injury. In our study, we demonstrated that the routine 
administration of LDD did not provide any additional benefit 
with regard to increasing graft survival in kidney transplant 
recipients compared to those not receiving LDD. In our clinic, 
the use of LDD was discontinued in early 2013. Consistent 
with the findings of previous studies, our results confirmed 
that perioperative LDD infusion did not provide additional 
benefit in patients who underwent kidney transplantation. 
Nevertheless, dopamine remains a promising agent, because its 
administration in kidney donors has recently been reported to 
improve graft function [20]. Perhaps, based on the findings of 
future studies, giving dopamine infusion to the donor kidneys to 
improve graft function before transplant may become a routine 
procedure.
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