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Abstract

BACKGROUND: Delayed graft function (DGF), the need for dialysis in the first week following
kidney transplant, affects approximately one-quarter of deceased-donor kidney transplant
recipients. Donor demographics, donor serum creatinine, and graft cold ischemia time are
associated with DGF. However, there is no consensus on the optimal management of
hemodynamic instability in organ donors after brain death (DBDs). Our objective was to
determine the relationship between vasopressor selection during donor management and the
development of DGF.

METHODS: Prospective observational data, including demographic and critical care parameters,
were collected for all DBDs managed by seventeen Organ Procurement Organizations from nine
Organ Procurement and Transplantation Network Regions between 2012 and 2018. Recipient
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outcome data were linked with donor data through donor identification numbers. Donor critical
care parameters, including type of vasopressor and doses, were recorded at three standardized time
points during donor management. The analysis included only donors who received at least one
vasopressor at all three time points. Vasopressor doses were converted to norepinephrine
equivalent doses and analyzed as continuous variables. Univariate analyses were conducted to
determine the association between donor variables and DGF. Results were adjusted for known
predictors of DGF using binary logistic regression.

RESULTS: Complete data were available for 5,554 kidney transplant recipients and 2,985 DBDs.
On univariate analysis, donor serum creatinine, donor age, donor subtype, kidney donor profile
index, graft cold ischemia time, phenylephrine dose, and dopamine dose were associated with
DGF. After multivariable analysis, increased donor serum creatinine, donor age, kidney donor
profile index, graft cold ischemia time, and phenylephrine dose remained independent predictors
of DGF.

CONCLUSION: Higher doses of phenylephrine were an independent predictor of DGF. With the
exception of phenylephrine, the selection and dose of vasopressor during donor management did
not predict the development of DGF.

LEVEL OF EVIDENCE: Prognostic study, level 111

Keywords
organ donor management; vasopressor; kidney transplant; delayed graft function; brain death

Background

Kidney transplantation improves survival in patients with end-stage chronic kidney disease
and is cost-effective compared with long-term dialysis(1,2). According to the Organ
Procurement and Transplantation Network (OPTN), 16,301 kidney transplants were
performed in the United States in 2018, with the largest proportion of transplanted kidneys
from donors after brain death (DBDs). Compared with recipients of living donor kidneys,
recipients of DBD kidneys are more likely to develop delayed graft function (DGF), the
need for dialysis during the first week following transplantation. DGF is associated with
increased health care resource utilization and risk of adverse transplant outcomes, including
acute rejection, chronic allograft nephropathy, and graft loss(2-6). Consequently, efforts to
improve initial graft function are needed.

Donor demographics and serum creatinine, as well as graft cold ischemia time, have been
identified as independent predictors of DGF(7-9). Donor management goals (DMGs) are a
set of critical care endpoints that have been established to promote high-quality critical care
for DBDs in order to normalize physiological parameters following brain death. Achieving
DMGs reduces the risk of DGF in kidney transplant recipients(10,11). The DMGs include a
target mean arterial pressure (MAP) of 60 — 100 mmHg, frequently necessitating the use of
vasopressors, in addition to fluid resuscitation, during donor management. However, there is
no consensus on the preferred vasopressor to achieve the target MAP.
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There have been limited studies examining the effect of vasopressor selection and dose
during donor management on the development of DGF in kidney transplant recipients. In a
randomized clinical trial of 264 DBDs, administration of low-dose dopamine (4 pg/kg/min)
during donor management reduced the need for dialysis in the first week post-transplant(12).
Additional studies have examined the relationship between administration of vasopressors
during donor management of DBDs and high-yield procurement, defined as recovery of four
or more organs(13,14). Early initiation of hormone replacement therapy and administration
of vasopressin were predictive of increased rate of high-yield procurement whereas
administration of norepinephrine was predictive of decreased rate of high-yield procurement.
However, neither study included allograft function in the recipients. Observational studies of
vasopressor use during donor management, which included analysis of graft outcomes, have
been difficult to interpret due to variations in the definition of delayed graft function as well
as in organ donation protocols(15,16). Previous studies were also limited by sample size and
were generally focused on the impact of a single vasopressor rather than comparison of
multiple vasopressors. Using a large prospective registry of linked donor management and
recipient outcome data, our objective was to determine the relationship between vasopressor
selection and dose during donor management and the development of DGF in kidney
transplant recipients.

Study design

Prospective observational data were collected for all organ donors following neurological
determination of death managed by seventeen Organ Procurement Organizations (OPOs)
from nine OPTN Regions between 2012 and 2018. The data include donor critical care
parameters, including vasopressor doses, at three standardized time points during donor
management: (1) Authorization, after authorization for donation when the OPO assumes
responsibility for care of the donor, (2) Allocation, at the time of organ allocation, and (3)
Prior to Organ Recovery, at the conclusion of donor management immediately prior to organ
recovery. Deidentified kidney transplant recipient outcome data were linked with the donor
data through the OPTN donor identification numbers. Donors after circulatory determination
of death, donors less than 18 years of age, donors enrolled in a clinical trial, donors with
incomplete vasopressor data, and donors who were not receiving a vasopressor at one or
more donor management time points were excluded from the analysis. Kidney transplant
recipients with incomplete DGF data were also excluded.

This study used data from the OPTN. The OPTN data system includes data on all donor,
wait-listed candidates, and transplant recipients in the United States, submitted by the
members of the OPTN. The Health Resources and Services Administration, United States
Department of Health and Human Services provides oversight to the activities of the OPTN
contractor.
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Outcomes measures

The primary outcome measure of this study was DGF in the kidney transplant recipients,

which was defined as the requirement for dialysis in the first week following kidney

transplant.

Statistical analysis

Results

Using a conversion scale published by Khanna and colleagues, doses of epinephrine,
norepinephrine, dopamine, phenylephrine, and vasopressin were converted to
norepinephrine equivalent doses to compare the relative impact of each vasopressor on the
occurrence of DGF(17). According to the conversion scale, 0.1 pg/kg/min norepinephrine is
equivalent to 0.1 pg/kg/min epinephrine, 15 pg/kg/min dopamine, 1.0 pg/kg/min
phenylephrine, or 0.04 U/min vasopressin.

Univariate analyses compared donor demographics, donor factors previously found to be
associated with DGF risk, donor subtype, and KDPI in kidney transplants complicated by
DGF to those with normal initial graft function. Univariate analyses also compared
vasopressor doses in norepinephrine equivalents at all three donor management time points
to determine their association with DGF. The analyses were conducted using Pearson’s chi-
square test for categorical variables or the independent-samples t-test for equality of means
for continuous variables.

Multivariable analysis was performed using binary logistic regression to identify
independent predictors of DGF. The models included vasopressor doses in norepinephrine
equivalents and serum creatinine at Authorization, Allocation, and Prior to Organ Recovery
as well as other donor factors that were statistically significant on univariate analysis.
Variables with p < 0.05 on multivariable analysis were considered statistically significant.
Separate models were used for inherently related variables. The Hosmer-Lemeshow
goodness of fit test and the concordance index (c-statistic) were calculated to evaluate the
calibration and discrimination of the multivariable model(18).

Statistical analyses were performed with SPSS Statistics version 25 (IBM Corporation).
Values for continuous variables are reported as mean + standard deviation. Values for
categorical variables are reported as percent (%).

During the study period, complete data were available for 2,985 DBDs and 5,554 kidney
transplant recipients (Figure 1). The mean donor age was 41 (£ 14) years, and 62% of
donors were male. The causes of death were head trauma (39%), cerebrovascular accident or
stroke (31%), and anoxia (28%). The mean KDPI was 46 (+ 28), the mean serum creatinine
prior to organ recovery was 1.4 (+ 1.1) mg/dL, and the mean duration of cold ischemia time
was 17 (z 8) hours. Of the kidney transplant recipients, 27% developed DGF.

Vasopressor use varied over the course of donor management. The percent of DBDs in the
study population receiving each vasopressor at the three standardized donor management
time points is shown in Table 1. Vasopressin was the most commonly used vasoactive
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medication, followed by norepinephrine and phenylephrine. Dopamine and epinephrine
were used in less than 10 percent of donors.

The results of the univariate analyses of continuous and categorical variables are presented
in Tables 2 and 3, respectively. Kidney transplants with DGF had a significantly longer cold
ischemia time and were more likely to come from donors who were older and as well as
those who had a higher serum creatinine during donor management. Additionally, kidney
transplants with DGF were more likely to come from expanded criteria donors and donors
with a higher KDPI. DGF occurred more commonly in kidneys from donors who were
receiving a higher total dose of all vasopressors in norepinephrine equivalents at the Prior to
Organ Recovery time point. Additionally, higher doses of phenylephrine at Allocation and
Prior to Organ Recovery as well as higher doses of dopamine at all three donor management
time points were associated with DGF. Doses of norepinephrine, epinephrine, and
vasopressin were not associated with DGF.

After performing multivariable analysis, independent predictors of DGF were increased
donor age, cold ischemia time, and KDPI as well as serum creatinine at Allocation and Prior
to Organ Recovery. In the multivariable model that included the norepinephrine equivalent
dose for each vasopressor individually at each donor management time point (Table 4),
increased phenylephrine dose Prior to Organ Recovery was an independent predictor of DGF
(OR 6.93 [1.18 — 40.82]). This multivariable model had acceptable calibration and
discrimination (Hosmer and Lemeshow = 0.26, c-statistic = 0.70). In the multivariable
model that included the total combined vasopressor dose at each donor management time
point (Table 5), the total amount of vasopressor administered was not an independent
predictor of DGF. This multivariable model has acceptable calibration (Hosmer and
Lemeshow = 0.58). However, the c-statistic was 0.69, below the threshold for acceptable
discrimination.

Discussion

Despite the pathophysiological effects of brain death, vasopressors are not universally
required to normalize hemodynamic parameters and achieve DMGs in DBDs. The decision
to select one vasopressor over another is most relevant in donors who receive one or more
vasopressors throughout donor management. Given the importance of optimizing donor
management to improve kidney transplantation outcomes as well as the uncertainty
regarding the optimal use of vasopressors in DBDs, this report investigated the relationship
between vasopressor selection and dose and the development of DGF in kidney transplant
recipients. In so doing, we determined that increased phenylephrine dose during donor
management is independently associated with DGF in kidney transplant recipients. None of
the other vasopressors nor total combined vasopressor dose were found to be independent
predictors of DGF.

The relationship between phenylephrine dose during donor management and recipient DGF
has not been previously investigated. This analysis determined kidney transplant recipients
who received organs from donors receiving an increased phenylephrine dose Prior to Organ
Recovery were nearly seven times more likely to develop DGF. One possible explanation for
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these findings could be the fact that phenylephrine leads to selective a1 receptor-mediated
vasoconstriction, which could lead to relative ischemia of visceral organs(22).

With regards to other vasopressors, dopamine has both inotropic and vasopressor effects and
was historically chosen as the first-line vasopressor during donor management(20). In a
randomized clinical trial, Schneulle et al investigated the administration of low dose
dopamine (4 ug/kg/min) in 264 DBDs who were stable while receiving a norepinephrine
dose less than or equal to 0.4 pg/kg/min. Recipients of kidneys from dopamine-treated
donors were less likely to require multiple dialysis treatments during the first week after
transplant (24.7% vs 35.4%, p=0.01)(12). We failed to observe a similar effect; however,
less than 10 percent of donors in our study population received dopamine and dopamine was
not administered in a standardized fashion across all participating OPOs.

Vasopressin has a number of effects which are beneficial in the management of brain death
pathophysiology. These effects were observed in a small randomized clinical trial of 24
DBDs conducted by Pennefather et al. In this trial, vasopressin decreased plasma
hyperosmolality and increased mean arterial pressure(21). Additionally, in DBDs who
received vasopressin, the dopamine dose was reduced without adverse hemodynamic
consequences(21). Plurad et al found that use of vasopressin during donor management was
an independent predictor of high-yield organ procurement, defined as recovery of four or
more organs, in an observational study of 10,431 DBDs(14). While this study suggests a
beneficial role for vasopressin in donor management, allograft outcomes were not
investigated. Rather than focusing on hemodynamic parameters in the donor or organ
procurement rates, our study focuses on recipient graft function and did not find a significant
relationship between vasopressin dose in the donor and recipient DGF.

There have been limited investigations of the effect of epinephrine during donor
management on Kidney transplant recipient outcomes. In a single-center observational study,
use of epinephrine during donor management was found to be an independent predictor of
prolonged DGF, which the investigators defined as six or more days to reach a Cockroft
calculated creatinine clearance of 10 mL/min(15). In our study, using a large database of
prospective observational donor data linked with recipient DGF outcome data, we did not
observe a significant relationship between epinephrine dose in the donor and recipient DGF.

Lastly, although norepinephrine is commonly used during donor management, its effect on
kidney transplant recipient outcomes has not been investigated. Concerns have been
expressed about the potential harms of norepinephrine a.-receptor agonist activity(20).
However, our study did not find a significant relationship between norepinephrine dose in
the donor and recipient DGF, perhaps suggesting that the balanced a.-receptor and p-
receptor agonism provided by norepinephrine ameliorates the negative effects of the isolated
a-receptor agonism provided by phenylephrine.

There are several important limitations to this study. First, this is an observational study

which only allows us to determine associations between vasopressor selection and dose

during donor management and DGF in kidney transplant recipients; however, we cannot
determine causality. Second, the vasopressor doses were recorded only at the three
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standardized donor management time points rather than throughout donor management. This
limitation prevented us from calculating the total exposure of the donors to each vasopressor.
Additionally, the equation used to convert the vasopressor doses into norepinephrine
equivalents was derived from the effects of these medications on hemodynamic parameters
in patients with septic shock. The relative effects of these medications may differ between
patients with septic shock and DBDs. It is possible that donor fluid balance may influence
the development of DGF in kidney recipients; however, we were not able to include this
variable in our analyses because the data were not included in the database used for this
study. Additionally, our analysis did not examine whether the relationship between
vasopressor selection during donor management and the development of DGF in kidney
recipients is modified by donor hemodynamics. In kidney transplant recipients with DGF,
the primary outcome measure, the decision to initiate dialysis posttransplant is not
standardized and there may be variability in the use of posttransplant dialysis across
transplant centers. However, there is no reason to believe that the decision by a transplant
center to initiate dialysis would be influenced by the use of vasopressors in the donor.
Finally, the database used for this study did not include recipient characteristics that could be
related to the development of DGF.

Decreasing the incidence of DGF has the potential to improve kidney transplant recipient
outcomes and reduce health care resource utilization. This study investigated the relationship
between vasopressor selection and dose during donor management and the development of
DGEF in kidney transplant recipients. Analysis of 2,985 DBDs and 5,554 kidney transplant
recipients from nine OPTN regions determined increased phenylephrine dose during donor
management is independently associated with the risk of DGF in kidney transplant
recipients. None of the other vasopressors nor total combined vasopressor dose were found
to be independent predictors of recipient DGF.
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0,205 donors

7201 donors were excluded:

* 0.4I6 were not receiving a vasopressor at one or
more donor management time points

o |462 were donors after circulatory determination of
death

« 1,03l were < 18 years of age

* 947 had incomplete vasopressor data

o 450 were enrolled in a clinical trial

\ 4

\ 4

3,004 donors had 2! kidney transplanted (5,609 kidney

recipients)
aa recipients were excluded:
» < Incomplete delayed graft function data
\ 4
2,985 donors
(0,004 kidney recipients)

Figure 1 -
Selection diagram for donors after brain death (DBDs) included in the study
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Table 3.

Univariate analysis of categorical data associated with delayed graft function

No DGF DGF
Variable (n=4048)  (n =1506) pvaluea
Sex
Female 38.0 37.0 0.480
Male 62.0 63.0
Race
Asian 4.3 55 0.202
Black 10.8 10.5
Native American 0.3 0.4
Pacific Islander 0.2 0.5
White 83.7 825
Multiracial 0.6 0.6
Ethnicity
Hispanic/Latino 30.4 315 0.424
Donor subtype
Standard criteria donor 87.1 789  <0.001
Expanded criteria donor 12.9 211

DGF, delayed graft function. CVA, cerebrovascular accident.

Data are presented as percent (%) of column total.

a . .
p values were calculated using Pearson’s chi-square test.

J Trauma Acute Care Surg. Author manuscript; available in PMC 2021 June 01.

Page 13



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Swanson et al. Page 14

Table 4.

Model 1: Multivariable analysis of donor factors associated with delayed graft function

Variable OR (95% CI) P value®
Cold ischemia time, per hour 1.02 (1.01-1.03) <0.001
KDPI, per unit 1.01 (1.01-1.02) <0.001
Age, per year 1.01 (1.00 - 1.02) 0.035
Expanded criteria donor 0.82 (0.66 — 1.01) 0.061
Serum creatinine, per mg/dL

At authorization 1.11(0.99 - 1.24) 0.083

At allocation 1.29 (1.13-1.48) <0.001

Prior to organ recovery 1.21(1.08 —1.341) 0.001

Vasopressor dose at authorization, per pug/kg/min norepinephrine equivalent

Dopamineb 3.64 (0.08 — 163.56) 0.505
Phenylephrineb 0.69 (0.32-1.48) 0.336
Norepinephrineb 0.69 (0.48 — 1.01) 0.053
Epinephrineb 0.95(0.19-4.82) 0.948
Vasopressmb 2.64 (0.80 - 8.67) 0.110

Vasopressor dose at allocation, per pg/kg/min norepinephrine equivalent

Dopammeb 300.51 (0.11 — 792035.16) 0.156
Phenylephrineb 0.86 (0.21 - 3.46) 0.831
Norepinephrineb 0.77(0.40 - 1.48) 0.429
Epinephrine? 0.60 (0.01 —30.04) 0.797

1.65 (0.33 - 8.35) 0.542

Vasopressi nb

Vasopressor dose prior to organ recovery, per pg/kg/min norepinephrine equivalent

Dopamine? 11.53 (0.003 — 38908.72) 0.555

opamine

Phenylephrine” 6.93 (1.18 — 40.82) 0.032

Norepinephrine? 0.86 (0.40 — 1.82) 0.687

Epinephrine? 1.03 (0.02 — 69.20) 0.991
2.04 (0.36 — 11.61) 0.422

Vasopressi nl7

DGF, delayed graft function. KDPI, kidney donor profile index. OR, odds ratio. Cl, confidence interval.
a . . . .
p values were calculated using binary logistic regression.

b, . . . . .
Vasopressor doses were converted to norepinephrine equivalent doses prior to analysis.
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Table 5.

Model 2: Multivariable analysis of donor factors associated with delayed graft function

Variable OR (95% CI) pvaluea

Cold ischemia time, per hour  1.02 (1.01 - 1.02) <0.001

KDPI, per unit 1.01 (1.01-1.02) <0.001
Age, per year 1.01 (1.003 - 1.02) 0.013
Expanded criteria donor 0.81 (0.66 — 1.003) 0.053

Serum creatinine, per mg/dL

At authorization 1.10 (0.99 — 1.24) 0.089

At allocation 1.28 (1.12 - 1.46) <0.001

Prior to organ recovery ~ 1.22 (1.10 - 1.36) <0.001

Total norepinephrine equivalent dose, per pg/kg/min

At authorization 0.77 (0.57 - 1.04) 0.093
At allocation 0.91 (0.54 - 1.53) 0.717
Prior to organ recovery ~ 0.21 (0.82 - 2.46) 0.208

DGF, delayed graft function. KDPI, kidney donor profile index. OR, odds ratio. ClI, confidence interval.
a Lo - .
p values were calculated using binary logistic regression.

b, . . . . :
Vasopressor doses were converted to norepinephrine equivalent doses prior to analysis.
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