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Abstract

Objective—To evaluate vasopressin vs dopamine as initial therapy in ELBW infants with
hypotension during the first 24 hours of life.

Study desigh—Hypotensive ELBW infants < 30 weeks’ gestation and < 24 hours old randomly
received treatment with vasopressin or dopamine in a blinded fashion. Normotensive infants not
receiving vasopressor support served as a comparison group.

Results—Twenty hypotensive ELBW infants received vasopressin (n=10) or dopamine (n=10),
and 50 were enrolled for comparison. Mean gestational age was 25.6 + 1.4 weeks and birth weight
705 + 154 g. Response to vasopressin paralleled that of dopamine in time to adequate mean BP
(Kaplan-Meier curve, p=0.986); 90% of infants in each treatment group responded with adequate
BP. The vasopressin group received fewer doses of surfactant (p<0.05), had lower PaCO» values
(p<0.05), and were not tachycardic (p<0.001) during vasopressin administration, compared with
the dopamine group.

Conclusions—Vasopressin in ELBW infants as the initial agent for early hypotension appeared
safe. This pilot study supports a larger randomized controlled trial of vasopressin vs dopamine
therapy in ELBW infants with hypotension.
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Hypotension in extremely low birth weight (ELBW, birth weight <1000 g) infants is
common and close to half of the infants receive vasopressors for its treatment.L: 2
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Hypotensive preterm infants have a higher incidence and increased severity of
intraventricular hemorrhage, periventricular leukomalacia, retinopathy of prematurity,
chronic lung disease, and death compared with normotensive preterm infants.3-7
Additionally, they have poorer neurodevelopmental outcome.2: 8

Dopamine is traditionally used as the initial agent for treatment of neonatal hypotension
because of its inotropic and vasoconstrictive actions.® Additional vasopressors and/or
hydrocortisone are often administered to increase blood pressure (BP) to the desired range.
Unfortunately, when more than one agent is used, mortality may be higher in hypotensive
ELBW infants.10 Dopamine has variable dose-related activation of D1, Dy, B1, B2, a1, and ay
receptors,1 but it is unclear whether similar receptor activation occurs in ELBW infants.
Moreover, dopamine increases pulmonary arterial pressurel2 and inhibits thyrotropin,
growth hormone, and gonadotropins.11: 13

A few comparative effectiveness studies between dopamine and other vasopressors as initial
treatment of hypotension in preterm infants have been performed.14-18 Epinephrine was as
effective as dopamine in increasing BP, however, there were more short-term side effects
with epinephrine (ie, tachycardia, increased lactate levels, hyperglycemia).1> Additionally,
dopamine was more effective for treating hypotension than dobutamine in five trials.1?
Thus, if a medication is to supplant dopamine for initial treatment of hypotension in preterm
infants, it must be more effective than dopamine in reaching goal BP, or at least as effective
in treating hypotension with fewer adverse effects.

Vasopressin has minimal to no inotropic or chronotropic effects, 20 maintains cardiac
function,2! may cause pulmonary vasodilation, 2224 and its vasoconstrictive effects are
preserved during hypoxia and severe acidosis.2> Thus, vasopressin is a potentially desirable
vasopressor to compare with dopamine as initial therapy for the treatment of hypotension in
ELBW infants. Vasopressin has mostly been reported to increase BP in hypotension
refractory to other vasopressors without significant adverse effects in case reports and
retrospective reviews including populations of ELBW infants up to adolescents,20: 26-29
Therefore, we conducted a pilot trial to compare blood pressure responses, safety, and side
effect profile of vasopressin vs dopamine. Our hypothesis was that vasopressin was safe and
at least as effective in increasing BP as dopamine.

This prospective randomized, double-blinded study compared clinical responses to
continuous infusions of vasopressin vs dopamine for the treatment of early hypotension in
ELBW infants with sample size of 10 subjects per treatment group. The study was approved
by the Baylor College of Medicine Institutional Review Board, and it was conducted at
Texas Children’s Hospital NICU between May 2011 and May 2013. ELBW infants <24
hours of age and gestational age of <30 weeks were eligible with informed parental consent.
Outborn ELBW infants who met eligibility criteria and did not receive treatment for
hypotension before transfer were also eligible. Infants were designated as cases if they
developed hypotension defined as mean BP <4 mmHg below gestational age (in weeks) or
mean BP < gestational age plus evidence of hypoperfusion (i.e., increasing blood lactate,
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delayed capillary refill) during the first 24 hours of life. We chose to study early
hypotension, to avoid hypotension associated with symptomatic patent ductus arteriosus or
late-onset sepsis as an etiology. BP was measured invasively with umbilical artery or
peripheral arterial catheters in hypotensive infants. Non-invasive BP monitoring was used in
non-hypotensive comparison infants when arterial access was not available. Infants with
major congenital defects or chromosomal abnormalities, hydrops fetalis, hypovolemia
(perinatal history consistent with decreased circulating blood volume plus clinical signs of
hypovolemia), or hypotension associated with air leaks, lung overdistention, and metabolic
abnormalities were excluded. Comparison infants were consented ELBW infants who did
not meet study criteria for hypotension and, therefore, did not receive therapy for
hypotension during the first 24 hours of life.

At enrollment, hypotensive subjects randomly (using a computer-generated random number
table) received vasopressin or dopamine as initial treatment by continuous infusion through
an umbilical venous or peripherally inserted central catheter. Caregivers and researchers
were blinded to study drug as the research pharmacy prepared medication syringes with
transparent solutions and similar volumes. Each 0.2 ml/kg/hr increase in infusion rate was
equal to 0.01 units/kg/hr for vasopressin (maximum dose 0.04 units/kg/hr), and 5
mcg/kg/min for dopamine (maximum dose 20 mcg/kg/min). Study drugs were increased
stepwise every 20 minutes until adequate mean BP was attained and maintained for 60
minutes (responders). Adequate mean BP was defined as 2 mmHg above gestational age (in
weeks) and/or improvement in signs of hypoperfusion. If adequate mean BP was not
reached after the highest study drug dose, one dose of intravenous hydrocortisone (1 mg/kg)
was administered.

The primary outcome measures were percentage of infants in each treatment group who
achieved adequate mean BP and the time taken to reach adequate mean BP. Mean BP
measurements and vital signs were collected at baseline and every 20 minutes after study
drug initiation until adequate mean BP was reached with drug titration. After adequate BP
was reached, mean BP and vital signs were recorded every 20 minutes for 1 hour of stable
BP and then hourly for 96 hours. For infants who reached adequate BP after hydrocortisone,
the study continued in a blinded fashion and the study drug was reduced by the clinical care
team in full or half increments as necessary. For those who did not respond after the addition
of hydrocortisone (non-responders), the study concluded. At the end of the study, the
assigned medications were continued open label at the discretion of the attending physician.

Secondary outcome measures examined between the groups were differences in heart rate;
systolic, diastolic, and mean BP; arterial oxygen saturation; acid-base status; lactate,
glucose, and sodium levels; urine output; presence of necrotizing enterocolitis or
spontaneous intestinal perforation; respiratory variables (presence of chronic lung disease,
time on ventilator, any respiratory support, oxygen, number of surfactant doses received);
presence and treatment for patent ductus arteriosus; cranial ultrasound abnormalities;
presence and treatment for retinopathy of prematurity; and mortality. Clinical variables were
abstracted from the medical record and recorded prospectively.
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For data analysis, the vasopressin group was compared with the dopamine group, and the
treatment groups individually were compared with the infants without hypotension.
Statistical analysis of the primary outcome variable—percentage of infants in each treatment
group who achieved and maintained adequate mean BP was performed using Fisher’s exact
test. A Kaplan-Meier survival curve was used to evaluate time to adequate mean BP in the
treatment groups. Categorical variables were compared using a Fisher exact test or chi-
square test, where appropriate. Continuous variables were analyzed using a t-test or
ANOVA when normally distributed and Mann-Whitney U or Kruskal-Wallis test when not.

Seventy subjects were enrolled; 10 in the vasopressin group, 10 in the dopamine group, and
50 in the comparison group. Mean gestational age and birth weight for the entire cohort was
25.6 + 1.4 weeks and 705 + 154 g, respectively.

Feasibility outcomes that were evaluated during this pilot study included willingness of
parents to allow their infants to be randomized, willingness of clinicians to allow their
patients to participate in research, number of eligible subjects and consent rate, withdrawal
rate during the study, and pharmacy process for study drug administration. For the project to
be feasible, we a priori decided that a 75% success rate for willingness of parents and the
treatment team to allow study participation and an 80% consent rate with <20% withdrawal
rate would be necessary. We found no barriers to enrollment among parents and clinicians
and exceeded the 80% consent rate target. There were no withdrawals and the pharmacy
process was timely.

Comparison between the Treatment Groups

Subject characteristics were similar between the treatment groups (Table 1). Infants in the
vasopressin group had lower mean PaCO, (p<0.05, using arterial blood gases only during
study drug administration) and received fewer doses of surfactant (p<0.05; Table II).
Moreover, heart rate did not change (0 10 beats per minute) in the vasopressin group
compared with an increase of 31 + 19 beats per minute for infants receiving dopamine
(p<0.001). Fluid intake and urine output were similar between the vasopressin and dopamine
groups. There were no differences between the treatment groups in all other morbidities of
prematurity and mortality (Table Il). Six subjects died prior to hospital discharge: 1 from
each treatment group during study drug administration and 4 infants died remote from
treatment of hypotension (3 from the vasopressin group and 1 from the dopamine group).

Ten subjects received a normal saline bolus (10 mi/kg) before study drug initiation (as
directed by the attending neonatologist)—seven in the vasopressin vs three in the dopamine
group (p =0.179). Study drug was started at a mean age of 6.5 = 0.2 hours of life. Treatment
was successful in 90% of hypotensive subjects (nine subjects in each treatment group were
responders). Three responders also received hydrocortisone (two from the vasopressin group
and one from dopamine group). The percentage of subjects with adequate mean BP at 24
hours of life was 90% and 80% for the vasopressin and dopamine groups, respectively
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(p=1.000). There was no difference between the two groups in time taken to reach adequate
mean BP (p=0.986; Figure). Responders received vasopressin and dopamine for 2.2 + 2.1
days and 4.5 + 4.1 days, respectively (p=0.154).

Comparison between the Treatment Groups and infants without hypotension

Apgar scores and initial BP (mean, systolic, and diastolic) were higher in the comparison
infants than the study drug infants. Specifically, comparisons had higher mean BP (31.8 £
8.1 mmHg) upon admission than the vasopressin (21.3 + 3.1 mmHg, p<0.001) and
dopamine groups (20.5 = 3.4 mmHg, p<0.001; Table I). Incidence of antenatal conditions
(receipt of antenatal steroids, chorioamnionitis, preeclampsia, and prolonged (>24 hours)
rupture of the membranes) were similar among the three groups. In addition, there were no
significant differences between the three groups in neonatal variables (early- and late-onset
sepsis, patent ductus arteriosus, necrotizing enterocolitis, intestinal perforations,
hyponatremia, or hyperglycemia). There were no differences between the three groups in the
presence of severe IVH (grades 3 and 4) on the initial or subsequent cranial ultrasounds
(worst grade) during the hospitalization.

The three groups did, however, differ in respiratory status (Table I1). The vasopressin group
had lower mean bicarbonate and higher mean base deficit, whereas the dopamine group had
lower mean pH, higher mean PaCO,, and higher mean base deficit on arterial blood gases
compared with the comparison group in the first 96 hours of life. In addition, the dopamine
group received more surfactant doses than the comparison group (clinical decision of the
attending neonatologist not involved in the study), and there was no difference between the
vasopressin and comparison groups.

Characteristics of survivors (to hospital discharge) of the three groups were also examined
(Table I1). There were no significant differences in days taken to reach full feeds or days
spent on nasal continuous positive airway pressure. Survivors in the dopamine group, but
not the vasopressin group, had longer hospital length of stay and spent more days on
mechanical ventilation than the comparison group survivors.

Discussion

Although a small sample size, this pilot study is a head-to-head, randomized, double-
blinded, controlled trial examining the effects of using vasopressin vs dopamine as initial
therapy for hypotension in ELBW infants. Although there were no differences between the
two treatment groups with regard to the primary efficacy outcomes (ie, percent responders
and time to adequate mean BP), the infants who were randomized to vasopressin had lower
mean PaCOy, levels, received fewer doses of surfactant, and did not have tachycardia during
study drug administration compared with the dopamine infants. The respiratory benefits and
absence of tachycardia in infants who received vasopressin may have resulted from the
pulmonary vasodilatory effects and lack of cardiac effects of vasopressin. Although we
cannot conclude from our small trial that vasopressin is superior to dopamine for the
treatment of hypotension in ELBW infants, the results support a larger phase 11 or Il trial.
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Dopamine is the most studied medication in neonatology for hypotension which likely
contributes to the frequency of its use as the initial agent in neonatal hypotension. Its use in
both children and adults, however, has decreased over the years.30-32 Dopamine can increase
systemic oxygen consumption33 and it has other cardiovascular, renal, and endocrine effects
that may be contraindicated in preterm infants,!! such as tachycardia, hyponatremia, and
decreased thyrotropin secretion.13 Vasopressin, on the other hand, has no known inotropic
or chronotropic effects, and may improve pulmonary vasoconstriction.22-24. 34 |ts use in
neonatal hypotension, however, has been reported only in case reports and reviews
demonstrating efficacy in refractory cases.2? We recently showed that vasopressin use has
increased in NICUs during the last decade.19 From the results of this small pilot trial, it is
encouraging that vasopressin was as efficacious as dopamine in treating hypotension in
ELBW infants, perhaps may have some pulmonary benefits, and did not cause tachycardia.

Although the main limitation of this pilot study is the small sample size, it is a head-to-head
trial of vasopressors that found that vasopressin had equal efficacy to dopamine, with
perhaps pulmonary benefits and lack of cardiac adverse effects. Concentrations of
vasopressin and dopamine were not measured during study drug administration to determine
pharmacokinetics, because the blood volume required for the commercial assays was too
large for ELBW infants. We have since developed a micro-volume assay3® that will be used
in future studies.

Although the definition of neonatal hypotension, its etiology, and need for treatment remain
unclear and are important unresolved issues in neonatology, it was not the purpose of this
study to address these issues, but to focus on patients in whom therapy was deemed
clinically necessary. And as with many other trials of neonatal hypotension, the definition of
hypotension we employed was “clinically-derived” and not evidenced-based. Thus, the
primary medical team decided which hypotensive ELBW infants required treatment and
when to initiate treatment. There were some variations in the initial mean BP value and
clinical symptoms present in the subjects at randomization. However, the study protocol had
strict entrance criteria which helped to minimize variations in treatment. Another limitation
is that we were unable to directly evaluate the pharmacodynamics of these medications on
cardiovascular, renal, or cerebral circulations. We used indirect observations, such as, vital
signs, urine output, and oxygen saturations to infer effects on perfusion, but did not directly
measure organ perfusion during study drug administration nor did we determine the etiology
of hypotension.
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Table 1
Subject Characteristics
Characteristic Vasopressin Group (N=10) Dopamine Group (N=10) Comparison Group (N=50) p-value
Birth weight (grams) 640 £ 109 675 + 148 723 £161 .25
Gestational age (weeks) 2572 2511 256+1 .53
Male sex (%) 60 50 44 .64
Race (%) 17
White 50 50 66
Black 40 40 32
Other 10 10 2
Ethnicity
Hispanic/Latino (%) 40 30 32 .87
Multiple gestation (%6) 20 20 14 .82
Vaginal delivery (%) 20 60 36 17
Inborn (%) 100 80 76 .22
Antenatal steroids (%0) 80 60 86 .20
IUGR (%) 30 10 20 .54
1 minute APGAR Median 2(1,2.75) 25(1,3) 5(3,6.75) <001, .01t
(IQR)
5 minute APGAR Median 5.5 (5,6) 5.5 (4.25,7) 7 (6,8) 002*
(IQR)
Initial mean BP (mmHg) 21.3%31 205+3.4 31.8+81 <.001* <001t
Initial hematocrit (%) 40.8+6.8 39.4+6.0 41.3+6.3 .680
Initial creatinine (mg/dL) .84 +£0.18 .85+0.17 91+0.24 .602

*
Significant between Vasopressin and Comparison Group

TSignificant between Dopamine and Comparison Group
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Table 2
Clinical Variables
Variable Vasopressin Group (n=10) Dopamine Group (n=10) Comparison Group (n=50) p- value
Blood gases§

pH 7.20 £.07 7.18 +.07 7.25+.09 o016t

PaCO, (mmHg) 447+6.8 53.7+104 47.1+88 026%, 034t

PaO, (mmHg) 61.1+13.3 59.2+9.1 60.5+15.4 .956

Bicarbonate (mEq/L) 175+28 195+14 204+238 002"

Base Deficit (mEqg/L) 10.3+3.3 89+17 6.7 +3.2 0017, o045t
Surfactant doses received 23+1 31+1 17+1 024, 001t
Hyponatremia (%) 30 30 22 785
Hyperglycemia (%) 30 20 32 738
Urine output (ml/kg/hr) 35+14 44+14 39+14 .384
Fluid intake (ml/kg/day) 142 +21.3 154.4 +30.3 150.4 + 28.8 .600
Necrotizing enterocolitis n (%) 0 (0) 1(10) 2(4) .801
Sepsis (%) .155

Early-onset 0 0 6

Late-onset 50 40 14
Retinopathy of prematurity (%)

Stage 3 or higher 20 30 4 .078

Treatment (Avastin or laser) 20 30 8 118
Ventilator days in survivors 45,5 (23.5,56) 52 (37,160) 17.5(1,38) o4t
Median (IQR)

Hospital length of stay in 112 (110,139) 123 (116,225) 103 (89,117) 004t
survivors (days) Median (IQR)
Death or BPD (%) 80 100 78 .261

8

ANOVA with post-hoc pairwise comparison LSD (p<.05)

*
Significant between Vasopressin and Comparison Groups

TSignificant between Dopamine and Comparison Groups

j:Significant between Vasopressin and Dopamine Groups
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