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Association between dopamine and cerebral autoregulation

In preterm neonates

Nina S. Solanki' and Suma B. Hoffman'

BACKGROUND: To test the hypothesis that dopamine is associated with impaired cerebral autoregulation (ICA) in a dose-

dependent fashion.

METHODS: Non a priori designed secondary analysis of a prospectively enrolled cohort study subjects <12 h of life between 24°
and 29° weeks gestation. Cerebral saturations (r5cO2) and mean arterial blood pressure (MAP) were continuously monitored every
30s for 96 h. ICA was defined by a 10 min epoch rScO2-MAP correlation coefficient of >0.5.

RESULTS: Twenty-three of 61 subjects (38%) required dopamine. Time spent with ICA was 23% in dopamine-exposed subjects vs.
14% in those not exposed (p = 0.0001). On the epoch level, time spent with ICA was 15%, 29%, 34%, 37%, and 23% in epochs with
dopamine titration of 0, 1-5, 6-10, 11-15, and 16-20 ug/kg/min, respectively. Using mixed-effect modeling, ICA for each dopamine
titration was significantly higher than unexposed times when controlling for gestation, presence of a patent ductus arteriosus, day
of life, MAP less than gestational age, and illness severity score (p < 0.02).

CONCLUSIONS: Dopamine exposure during the first 96 h was associated with ICA. Time periods with ICA increased with dopamine
exposure in a dose-dependent fashion peaking at a concentration of 11-15 pug/kg/min.

Pediatric Research (2020) 88:618-622; https://doi.org/10.1038/s41390-020-0790-0

INTRODUCTION

Up to 50% of premature infants will be diagnosed with
hypotension during the first 4 days of life, and of those up to
half will be treated with vasopressor therapy.'” Hypotension,
although not well defined in this population, is known to be
associated with increased morbidity (intraventricular hemorrhage
(IVH) and neurologic impairments) and mortality, especially when
requiring vasopressor therapy.*® Dopamine is the most com-
monly used vasopressor in neonatal care because of its ability to
effectively increase mean arterial pressure (MAP), but its effect on
cerebral blood flow is uncertain.**

In the premature infant, impaired cerebral autoregulation (ICA)
is common, and has been associated with increased mortality and
cerebral injury such as IVH and periventricular leukomalacia
(PVL).>*""" Near-infrared spectroscopy has been used to measure
cerebral oxygen saturation (rScO,) and is used as a surrogate
marker of cerebral blood flow. In neonates, the correlation of MAP
and rScO2 has been used to evaluate ICA, with a correlation
coefficient >0.5 indicative of ICA.*>12714

Generally, infants with a greater severity of illness are more
likely to be treated with dopamine; however, the treatment of
hypotension with dopamine has an unclear effect on the neonatal
vasculature. Although there is evidence that dopamine exposure
is associated with ICA during the first days of life,** understanding
of this association continues to be limited. The effect of different
dopamine doses on cerebral autoregulation has not been well
studied, but research suggests percent time spent with impaired
autoregulation increases with higher doses of dopamine.”” In
addition, cerebral autoregulation may remain impaired despite a
restoration of blood pressure in response to dopamine, suggest-
ing that dopamine exposure may play a role in this impairment

independent of blood pressure.* This study aims to test the
hypothesis that dopamine is associated with ICA in a dose-
dependent fashion.

METHODS

Population and data collection

This is a non a priori designed secondary analysis of a
prospectively enrolled cohort study of subjects 24°-29° weeks
gestation admitted to the University of Maryland Medical Center
level IV neonatal intensive care unit (NICU) between June 2013
and September 2016 who had continuous intra-arterial blood
pressure monitoring within the first 12 h of life.'” Subjects were
excluded for parental refusal of participation, major congenital
anomalies, or <12 h of monitoring. Demographic and clinical data
were obtained from the medical record for each patient. The
SNAPPE-II (Score for Neonatal Acute. Physiology-Perinatal Exten-
sion II) illness severity score was calculated for each patient.'® The
presence of a patent ductus arteriosus (PDA) was confirmed by
echocardiography. Head ultrasounds were obtained at the
discretion of the clinician, but generally performed within the
first 72 h of life. Although there was no specific blood pressure
treatment protocol, generally, MAP less than gestational age (GA)
and signs of systemic hypoperfusion were criteria used to direct
management. Dopamine was the first line vasopressor used.

Continuous data monitoring and processing

Cerebral saturations were evaluated with the NIRS device (INVOS
5100C, Covidien, Mansfield, MA, USA) using a neonatal sensor
within 12 h of life and continued for 96 h or until intra-arterial line
was removed. MAP was continuously monitored by using
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Table 1. Demographic and clinical data of those with and without
dopamine exposure in the first 96 h of life.
No dopamine Dopamine p Value
(n=38) (n=23)
Gestational age 26.3 (x1.5) 26.2 (+1.8) 0.8
(weeks)?
Birth weight (g) 884 (+243) 792 (£214) 0.1
Male gender, n (%) 19 (50) 13 (57) 0.6
5-min Apgar 7 (1-10) 5 (1-9) 0.2
SNAPPE-II score 40.9 (+22) 61.4 (+27) 0.002
SGA, n (%) 4 (10) 6 (26) 0.2
Ventilator days, 11 (0-124) 21 (2-90) 0.04
median (range)
High-frequency use, n 15 (39) 18 (78) 0.003
(%)
PDA, n (%) 24 (63) 20 (87) 0.04
PDA therapy, n (%) 13 (34) 10 (43) 0.5
ROP, n (%) 21 (60), n=35 14 (88), n=16 0.06
BPD, n (%) 29 (78), n=37 15(83),n=18 1
IVH (any grade), n (%) 13 (34) 12 (52) 0.17
Grade 3 and 4 IVH, n 1(3) 6 (26) 0.009
(%)
Mortality, n (%) 2 (5%) 8 (35%) 0.003
?Data are presented as mean (+SD), median (range), or n (%) where
appropriate.

indwelling umbilical or peripheral arterial catheter. Data were
continuously recorded and time synchronized every 30s using a
data aggregation device (Vital Sync, Covidien, Mansfield, MA,
USA). The data were retrospectively reviewed and artifacts in MAP
and rScO,, such as those due to blood sampling and movement,
were filtered by requiring the MAP to be between 15 and 70
mmHg, requiring more than a 2mmHg difference between
systolic and diastolic blood pressure, and removing time periods
of non-physiologic rScO, changes. Time periods with significant
hypoxemia, SpO, <80%, were removed from analysis according to
the previous methodology.'®'?

Every 10 min epoch for each patient was categorized into
dopamine exposure or no dopamine exposure. Then, each epoch
was further subdivided into titrations of dopamine (no dopamine,
1-5 pg/kg/min, 6-10 pg/kg/min, 11-15 pg/kg/min, and 16-20 pg/
kg/min). Epochs that contained time points with varying
dopamine titration were removed.

Statistical analysis

Statistical analysis was performed using SAS V.9.3 software (SAS
Institute). Continuous data are presented as mean + standard
deviation or median (range) depending on the distribution.
Categorical data are presented as number (%). Subjects with
and without dopamine exposure were compared for demographic
and clinical characteristics using t test, Wilcoxon'’s rank sum, x%, or
Fischer's exact test as appropriate for the type and distribution of
the data. For each subject, the median and maximum dopamine
titration was calculated. For each dopamine titration category, the
percent time spent with MAP less than GA was calculated and
groups were compared using mixed-effect analysis.

The study period was divided into 10 min contiguous epochs
with time of birth as time zero. For each epoch, the Pearson’s
correlation coefficient (r) between MAP and rScO, was calculated.
If the correlation coefficient was >0.5, the subject was considered
to have ICA.'®" For each subject, the percent of the total
recording time spent with ICA was calculated and compared for
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Fig. 1 Median (black box) and range of dopamine titrations by
subject during the monitoring period.

subjects with and without dopamine exposure using t test. The
frequency of impaired epochs was compared for periods with and
without dopamine exposure using x> testing. Further, using
mixed-effect modeling to account for repeated measures and
within patient clustering (random intercept), we determined the
percent of impaired epochs for different levels of dopamine
titration. We controlled for factors a priori that were considered to
be relevant confounders—GA, day of life, MAP less than GA,
presence of a PDA, and SNAPPE-II score. Other potential covariates
were evaluated in a stepwise fashion and kept in the model if the
addition resulted in a 10% change. In addition, we performed the
analysis on both the entire cohort and just those exposed to
dopamine during the monitoring period.

RESULTS

Subject demographic and clinical outcomes

Sixty-two subjects were enrolled in the study, one subject was
removed due to monitoring for <12 h. The mean birth weight (BW)
of the remaining 61 subjects was 849 + 234 g and the mean GA
was 26.3 + 1.6 weeks. Twenty-three subjects (38%) were treated
with dopamine with varying dose and duration in the first 96 h of
life, 20 were exposed during active monitoring—3 subjects were
off dopamine prior to the start of monitoring. Demographic and
clinical characteristics of those with and without dopamine
exposure were compared and are outlined in Table 1. No major
difference in demographics such and GA, BW, and sex was noted.
The SNAPPE-Il score was significantly higher in the dopamine
group than the no dopamine group (63.6+25.1 vs. 40.2 £22.2,
p =0.0004). There was a significant increase in conventional
and high-frequency ventilator use, PDA, severe grade IVH, and
mortality in the dopamine group. Although head ultrasound
timing was variable, three subjects in the dopamine group and
one subject in the no dopamine group had no or low-grade IVH
that evolved to severe IVH by day of life 3.

The mean duration of monitoring was 87.5 h, with a range of
14.5-96 h. The median dose of dopamine for each subject during
the monitoring period ranged from 0 to 20 pg/kg/min and the
maximum dosage ranged from 3 to 20 pg/kg/min (Fig. 1). The
percent time with MAP below GA for dopamine titration groups
1-5, 11-15, and 16-20 ug/kg/min was significantly higher as
compared to no dopamine exposure, but there was no significant
difference between the dopamine exposure groups (Fig. 2). The
subjects in the dopamine group spent significantly more time
with ICA (23 +10% vs. 14+ 7%, p=0.0001)

Association of ICA and dopamine at the epoch level

For the overall cohort of 61 subjects, epochs without dopamine
exposure (n = 22,997) were associated with ICA 14.5% of the time
vs. 30.7% in epochs with dopamine exposure (n=5100) (p <
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Fig. 2 Percent time spent with mean arterial blood pressure less
than gestational age by dopamine titration. *p <0.05 when
compared to the no dopamine titration group.
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Fig. 3 Percent time spent with impaired cerebral autoregulation
by dopamine titration. *p <0.0001 when compared to no dopa-
mine, **p = 0.03 compared with no dopamine, and 'p = 0.003 when
compared to the 1 to 5 titration, p < 0.0001 when compared to the
11 to 15 titration; all p values are based on mixed modeling adjusted
for day of life, GA, MAP less than GA, PDA status, and SNAPPE-
Il score.

0.0001). In evaluating only the 20 subjects with dopamine
exposure during study monitoring, epochs without dopamine
exposure (n = 4760) were likely to be impaired 15.5% of the time,
which was similar to the overall cohort.

While epochs without dopamine exposure were dysregulated
14.5% of the time, epochs with dopamine titration of 1-5 ug/kg/
min (n = 1796) were impaired 29.3% of the time, epochs with a
dopamine titration of 6-10 pug/kg/min (n=2266) were impaired
34% of the time, epochs with a dopamine titration of 11-15 pg/
kg/min (n=366) were impaired 36.6% of the time, and epochs
with a dopamine titration of 16-20 ug/kg/min (n =672) had ICA
22.5% of the time (Fig. 3).

Using mixed-effect modeling, the increase in the percent of
impaired epochs between times without dopamine exposure and
each level of dopamine titration was significant (p < 0.03). There
was a significant increase in percent time with ICA in the 6-10 ug/
kg/min titration group vs. the 1-5ug/kg/min group, p = 0.003.
There was a significant decrease noted in the percent of epochs
with ICA from the 11-15 pg/kg/min titration to the 16-20 pug/kg/
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Table 2. Mixed-effect modeling of percent time with impaired
cerebral autoregulation by dopamine titration.

Estimate (%) Standard error (%) p Value
Intercept 1.6 15.6 0.94
1-5 pg/kg/min 13.5 1.2 <0.0001
6-10 pg/kg/min 174 1.2 <0.0001
11-15 pg/kg/min 16.8 23 <0.0001
16-20 pg/kg/min 45 2.1 0.03
MAP less than GA 3.1 0.9 0.0008
Day of Life -1.1 0.2 <0.0001
PDA (yes/no) —0.05 2.0 0.94
GA (weeks) 0.5 0.6 0.42
SNAPPE-II score 0.08 0.04 0.02

min titration, p <0.0001. Day of life, MAP less than GA, and
SNAPPE-II score significantly affected the model, while GA and
PDA status had no effect (Table 2). Other potential confounders,
severe grade IVH, ventilator support, gender, and so on were
explored, but resulted in less than a 10% change and were not
included in the model. When including only the data from the
20 subjects exposed to dopamine during the monitoring period in
the model, the results were similar to the above overall cohort
with the exception that SNAPPE-Il score and day of life were no
longer noted to be a significant confounders.

DISCUSSION

In this study, we found that subjects exposed to dopamine spent
more time with ICA, and that time with ICA peaked at a dopamine
titration of 11-15 ug/kg/h. To our knowledge, this is the first study
in this patient population to evaluate dopamine titrations at the
time point rather than the subject level, allowing for a more robust
and time synchronized assessment of the association between
dopamine titration and cerebral autoregulation.

Thirty-six percent of subjects were treated with dopamine,
which is similar to what has been reported in the literature."**
Infants treated with dopamine did not differ in demographic
characteristics such as BW, GA, and sex from the neonates not
exposed to dopamine. However, these subjects were significantly
more likely to have a higher SNAPPE-II illness severity score, were
exposed to high-frequency ventilation, had severe (grades 3 and
4) IVH, and have increased mortality, suggesting a higher acuity in
this population. Although it is difficult to determine if the effect on
autoregulation is due to dopamine therapy vs. general instability
of the subject, we used methods to evaluate data at the time point
level while accounting for clustering at the patient level and
controlling for severity scoring, blood pressure, and other factors
to minimize this influence. In addition, previous studies have also
noted an association between dopamine and adverse outcomes
even when controlling for patient severity factors.>'®'? Severe
grade IVH was not found to significantly affect the relationship
between dopamine titration and ICA. This may be due to the
possibility that IVH occurs secondary to ICA. Previously, studies
have shown that ICA may precede the development of severe
grade IVH;'%"3 in addition, it has been shown that dopamine
exposure may lead to pressure passive blood flow despite
restoration of blood pressure leaving patients vulnerable to
reperfusion injury.?

It is known that dopamine can cause vasodilation and/or
vasoconstriction with the activation of dopaminergic receptors, 3
receptors, and at higher doses, a receptors. It is possible that the
use of dopamine may shift the autoregulatory thresholds creating
ICA at a blood pressure that would otherwise be considered
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normotensive as shown in the study by Munro et al.* a-Adrenergic
stimulation has been associated with a shift in the autoregulation
curve to the right, requiring higher cerebral perfusion pressures to
maintain stable cerebral blood flow.?° In addition, pressure-
induced cerebral arterial vasoconstriction may be dampened by
exposure to dopamine causing a steeper slope of the auto-
regulatory plateau>?' Wong et al.??> speculate, however, that
dopamine may regulate cerebral microvascular tone improving
flow-metabolism coupling through unclear mechanisms. Incon-
sistencies may stem from the fact that the response of the
premature infant to dopamine is mediated by receptor matura-
tional differences and downregulation, and adrenal insufficiency.??
This uncertainty and concern for changes to cerebral hemody-
namics independent of blood pressure underscores the need for
close monitoring and maintenance of blood pressure within a
tight range during dopamine exposure.

An unexpected finding of this study is that the highest titration
of dopamine (16-20 pg/kg/min) resulted in a decrease in percent
time with ICA. This may be secondary to a number of factors. In
general, the dose response of dopamine is stimulation of
dopaminergic receptors (2-4 ug/kg/min), followed by B-receptor
stimulation (5-10 pg/kg/min), and finally followed by a-receptor
stimulation (11-20 pg/kg/min). In premature infants, due to GA
differences in a- and [-adrenergic receptor expression, the
stimulation of a-adrenergic receptors may be noted at lower
titrations than PB-adrenergic receptor activation,® potentially
leading to maximal o-receptor-mediated autoregulatory changes
in the mid-range titration. In an animal model,** it was found that
autoregulatory capacity increased as dopamine dosage was
increased above 20 ug/kg/min, but expected improvements in
cerebral blood flow or oxygenation were not noted. Cerebral
artery myogenic tone may also be biphasic with vasodilation at
lower dopamine concentrations and vasoconstriction noted at
higher concentrations.?® In addition, we speculate that the
severity of illness when requiring high doses of dopamine leads
to the addition of other medications, such as additional inotropes
and hydrocortisone, fluid resuscitation, and blood products
exposure, all of which may affect the autoregulatory threshold.
In this cohort, 11 subjects were treated with these additional
interventions; however, the relatively small number of infants and
multiple interventions limits our ability to analyze the specific
effects of interventions such as steroids on cerebral autoregulation
in this study.

This study is not without limitations that should be noted. The
single center design and lack of a standard approach to
vasopressor initiation may limit the generalizability of this study.
Some of the subjects enrolled were exposed to dopamine prior to
enrollment, which did not allow for a before-during-after temporal
assessment of dopamine in relation to cerebral autoregulation. In
addition, although we controlled for patient illness severity and
other potential confounders, we acknowledge that there may be
multiple factors contributing to ICA that were not accounted for
such as carbon dioxide levels, oxygen requirement, sedation
exposure, treatment with steroids, and so on. Furthermore, the
half-life of dopamine is not well known, although research has
suggested that it may be between 2.5 and 6.9 min.?®%’ Other
factors that may have an effect on dopamine clearance such as
infant's GA, postnatal age, dopamine dose, and changes in
infusion rate have not been well studied. Since it is possible that
the half-life dopamine is shorter than each 10-min epoch, it is
unclear how changes in dopamine dose before and during each
epoch could affect cerebral autoregulation. More robust studies
into time to steady state and clearance of dopamine need to be
completed to better understand its effect on dopamine and
cerebral autoregulation.

In conclusion, we found that neonates <29 weeks gestation
who were exposed to dopamine during the first 96 h of life spent
more time with ICA. Time periods with ICA increased with
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dopamine exposure in a dose-dependent manner peaking at a
concentration of 11-15 pg/kg/min. This underscores the need for
uniform parameters for dopamine use and close patient monitor-
ing when exposed to avoid blood pressure fluctuations. Future
large-scale studies are warranted to determine dopamine initia-
tion and dosage parameters in order to optimize cerebral
autoregulation.
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