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Objectives:�$URING� A� PULMONARY� HYPERTENSIVE� CRISIS�� THE�MARKED�
INCREASE�IN�PULMONARY�VASCULAR�RESISTANCE�CAN�RESULT�IN�ACUTE�RIGHT�
VENTRICULAR� FAILURE�AND�DEATH��#URRENTLY�� THERE�ARE�NO� THERAPEUTIC�
GUIDELINES�FOR�MANAGING�AN�ACUTE�CRISIS��4HIS�PILOT�STUDY�EXAMINED�
THE�HEMODYNAMIC�EFFECTS�OF�PHENYLEPHRINE��ARGININE�VASOPRESSIN��
AND� EPINEPHRINE� IN� PEDIATRIC� PATIENTS� WITH� PULMONARY� HYPERTEN-
SION�
Design:� )N� THIS� PROSPECTIVE�� OPENLABEL�� NONRANDOMIZED� PILOT�
STUDY��WE� ENROLLED� PEDIATRIC� PATIENTS� PREVIOUSLY� DIAGNOSED�WITH�
PULMONARY� HYPERTENSIVE�WHO�WERE� SCHEDULED� ELECTIVELY� FOR� CAR-
DIAC�CATHETERIZATION��0RIMARY�OUTCOME�WAS�A�CHANGE�IN�THE�RATIO�
OF�PULMONARYTOSYSTEMIC�VASCULAR�RESISTANCE���"ASELINE�HEMODY-
NAMIC�DATA�WERE�COLLECTED�BEFORE�AND�AFTER� THE�STUDY�DRUG�WAS�
ADMINISTERED�
Patients:�%LEVEN�OF����PARTICIPANTS�WERE�WOMEN��MEDIAN�AGE�WAS�
����YEARS��RANGE�����n�����YR	��AND�MEDIAN�WEIGHT�WAS������KG�
�RANGE�����n�����KG	��"ASELINE�MEAN�PULMONARY�ARTERY�PRESSURE�
WAS����¼����MM�(G��AND�MEAN�INDEXED�PULMONARY�VASCULAR�RESIS-
TANCE�WAS����¼�����7OOD� UNITS�� %TIOLOGY� OF� PULMONARY� HYPER-
TENSIVE�VARIED��AND�ALL�WERE�ON�SYSTEMIC�PULMONARY�HYPERTENSIVE�
MEDICATIONS�
Interventions:� 0ATIENTS� �n�� RECEIVED� PHENYLEPHRINE� �� �G�KG��
PATIENTS� �n��� RECEIVED� ARGININE� VASOPRESSIN� ����� 5�KG�� AND�
PATIENTS� ��n��� RECEIVED� EPINEPHRINE� �� �G�KG�� (EMODYNAMICS�
WAS�MEASURED�CONTINUOUSLY�FOR�UP�TO����MINUTES�FOLLOWING�STUDY�
DRUG�ADMINISTRATION�

Measurements and Main Results:�!FTER�STUDY�DRUG�ADMINISTRATION��
THE�RATIO�OF�PULMONARYTOSYSTEMIC�VASCULAR�RESISTANCE�DECREASED�
IN� THREE� OF� lVE� PATIENTS� RECEIVING� PHENYLEPHRINE�� lVE� OF� lVE�
PATIENTS�RECEIVING�ARGININE�VASOPRESSIN��AND�THREE�OF�lVE�PATIENTS�
RECEIVING� EPINEPHRINE�� !LTHOUGH� ALL� THREE� MEDICATIONS� RESULTED�
IN�AN�INCREASE�IN�AORTIC�PRESSURE��ONLY�ARGININE�VASOPRESSIN�CON-
SISTENTLY�RESULTED�IN�A�DECREASE�IN�THE�RATIO�OF�SYSTOLIC�PULMONARY�
ARTERYTOAORTIC�PRESSURE�
Conclusions:� 4HIS� PROSPECTIVE� PILOT� STUDY� OF� PHENYLEPHRINE��
ARGININE�VASOPRESSIN��AND�EPINEPHRINE�IN�PEDIATRIC�PATIENTS�WITH�
PULMONARY�HYPERTENSIVE�SHOWED�AN�INCREASE�IN�AORTIC�PRESSURE�
WITH�ALL� DRUGS�ALTHOUGH�ONLY� VASOPRESSIN� RESULTED� IN� A�CONSIS-
TENT� DECREASE� IN� THE� RATIO� OF� PULMONARYTOSYSTEMIC� VASCULAR�
RESISTANCE��3TUDIES�WITH�MORE�SUBJECTS�ARE�WARRANTED�TO�DElNE�
OPTIMAL� DOSING� STRATEGIES� OF� THESE� MEDICATIONS� IN� AN� ACUTE�
PULMONARY� HYPERTENSIVE� CRISIS�� �Pediatr Crit Care Med� ������
������n���	
Key Words:� EPINEPHRINE�� PEDIATRIC�� PHENYLEPHRINE�� PULMONARY�
HYPERTENSION��VASOPRESSIN

Pulmonary hypertension (PH) is characterized by an 
elevation in mean pulmonary artery pressure and pul-
monary vascular resistance (PVR). During a pulmo-

nary hypertensive crisis, if interventions are not timely and/or 
appropriate, the marked increase in PVR and right ventricular 
afterload can result in acute right ventricular failure, leading to 
cardiogenic shock and death.

Acute, inpatient PH crises are generally managed with a 
combination of pulmonary vasodilators to decrease right 
ventricular afterload and systemic vasoconstrictors to main-
tain systemic vascular resistance (SVR) and augment coro-
nary artery perfusion. Research on the direct effect of these 
drugs in this patient population is limited. Inhaled nitric 
oxide, IV prostacyclin, dobutamine, and milrinone have the 
greatest support in the adult literature for ongoing treatment 
of PH crises although they are not first choice for resuscita-
tion (1).
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Pediatric patients with idiopathic pulmonary arterial 
hypertension (IPAH) or PH associated with congenital heart 
disease are at high risk of periprocedural cardiac arrest and 
pulmonary hypertensive crises (2–4). There are no data to 
support a “best” treatment in an acute crisis although (5) 
epinephrine remains the first-line therapy for pediatric 
advanced life support in the cardiac arrest algorithm. Given 
that cardiac output in children is heart rate dependent, epi-
nephrine with its chronotropic effect and ability to vasocon-
strict and maintain SVR would seem ideally suited. However, 
this has not been specifically studied in the treatment of PH 
crisis.

There is concern that despite its ability to raise SVR, epi-
nephrine could be detrimental in PH patients because it 
can cause a concomitant increase in PVR and increase the 
heart rate, which could further reduce coronary perfusion. 
Hence, our institutional practice had been to use phenyl-
ephrine for acute pulmonary hypertensive crises based on 
published data in the adult literature (6). Phenylephrine, 
a powerful α-agonist, is a systemic vasoconstrictor, main-
tains SVR, and shifts the interventricular septum right-
ward to improve left ventricular filling. More recently, case 
reports in the pediatric literature on the use of vasopressin 
in children with PH led us to examine its use prospectively 
(7–10).

The purpose of this pilot study was to examine the hemo-
dynamic effects, specifically the effect on the PVR and SVR, 
of phenylephrine, arginine vasopressin (AVP), and epineph-
rine in pediatric patients with PH. A primary outcome of the 
change in the PVR-to-SVR ratio (Rp:Rs) was chosen.

METHODS
This prospective, open-label, nonrandomized pilot study was 
approved by the Institutional Review Board at Stanford Uni-
versity. The protocol was registered at clinicaltrials.gov as ID 
number SU-10142011-8534, and written parental consent 
for participation and participant assent when applicable were 
obtained.

Children under 18 years old with PH and scheduled for 
elective, follow-up, hemodynamic cardiac catheterization 
were eligible for participation. In order to theoretically sub-
select for patients at higher risk of pulmonary hypertensive 
crises, the inclusion criteria also included an indexed PVR 
(PVRi) greater than or equal to ≥ 6 Wood units (WU) by 
previous cardiac catheterization at our institution. Patients 
without a prior cardiac catheterization were not eligible for 
inclusion.

Patients were then sequentially assigned, based on the order 
of enrollment, in groups of five to one of the three medica-
tions—patients 1–5 received 1 μg/kg IV phenylephrine as a 
bolus over 10 seconds, 6–10 received 0.03 U/kg IV AVP over 
5 minutes as an infusion, and 11–15 received 1 μg/kg IV epi-
nephrine, administered as a bolus over 10 seconds. Given our 
limited experience with AVP administration as a rapid bolus, 
it was administered as an infusion on the recommendation of 

the institutional pharmacy. However, since the conclusion of 
this study, rescue doses of AVP are administered as a bolus in 
our institution. The order of patient assignment/drug admin-
istration was arbitrary.

During the catheterization, patients were monitored and 
anesthetized per institutional guidelines, which include stan-
dard noninvasive monitoring of blood pressure, ECG, pulse 
oximeter, and end-tidal CO

2
. The standard anesthetic regi-

men included a propofol-ketamine infusion with sevoflu-
rane, spontaneous ventilation, and breathing room air, unless 
patient was on home oxygen therapy as previously described 
(11). After obtaining femoral arterial and venous access, right 
heart cardiac catheterization was performed in the standard 
fashion, obtaining oxygen saturation and/or pressure measure-
ments in the superior vena cava, right atrium, right ventricle, 
pulmonary arteries, and pulmonary artery occlusion loca-
tions. Cardiac index was measured using the thermodilution 
method, averaging the results of three room temperature saline 
injections.

The study protocol was then initiated. Repeat baseline mea-
surements of pulmonary artery pressure, pulmonary artery 
occlusion pressure, and cardiac output were obtained. The 
study drug was then administered, and pulmonary artery pres-
sure and systemic blood pressure were monitored continu-
ously at a sampling rate of 240 points per second. Pressures 
were recorded for 10 minutes after the drug administration to 
ensure that all effects of the drug had worn off and pressures 
returned to baseline. A moving average filter was used to repre-
sent the changes in systolic aortic and pulmonary artery pres-
sures. Two minutes after the drug was delivered (or infusion 
initiated), a pulmonary artery occlusion pressure and cardiac 
output were measured.

For analysis, baseline systolic, diastolic, and mean aortic 
and pulmonary artery pressures were determined by averaging 
the data for the 30 seconds immediately prior to the admin-
istration of study drug. The peak drug effect was defined as 
the highest systemic blood pressure and the simultaneous 
pulmonary artery pressure after administration of study drug. 
The ratio of systolic pulmonary artery pressure-to-systolic 
systemic blood pressure was calculated at baseline and peak 
drug effect.

The primary outcome variable was a change in Rp:Rs after 
drug administration. Secondary outcomes were the changes 
in systemic and pulmonary artery pressure, pulmonary artery 
occlusion pressure, PVR, SVR, and cardiac index after study 
drug administration.

Statistics
Statistical comparisons of continuous variables within groups 
before and after drug administration were made using a paired 
t test (IBM SPSS Statistics, Armonk, NY); statistical signifi-
cance was set at a p value of less than 0.05.
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RESULTS
Fifteen pediatric patients with PH were enrolled between 
January 2012 and July 2014. Demographic information and 
baseline hemodynamics are shown in Table 1. Eleven of the 
participants were women, the median age at the time of car-
diac catheterization was 9.2 years (range, 1.7–14.9 yr), and 
median weight was 26.8 kg (range, 8.5–55.2 kg). Baseline 
mean pulmonary artery pressure was 49 ± 19 mm Hg, and 
mean PVRi was 10 ± 5.4 WU. The etiology of PH varied—
seven had IPAH, five had PAH associated with congenital 
heart disease, one patient had PH because of left heart dis-
ease, one had PH secondary to lung disease, and one had PH 
associated with rheumatologic disease. All patients were on 
systemic medications to treat PH, including phosphodiester-
ase inhibitors (n = 13), endothelin receptor antagonists (n = 

10), and/or prostacyclins (n = 8); five were on home oxygen 
therapy. All hemodynamic results are indexed to body surface 
area unless otherwise noted.

Figure 1 provides examples for each drug of representa-
tive changes in aortic and pulmonary artery pressure during 
drug administration. There are two plots for each drug—
one in a patient with baseline subsystemic pulmonary artery 
pressure and one in a patient with systemic or suprasystemic 
pulmonary artery pressure to demonstrate the drug effects in 
the setting of different baseline hemodynamics. In patients 
with subsystemic pulmonary artery pressure, all three drugs 
resulted in an increase in aortic pressure with phenylephrine 
and AVP resulting in only a slight increase in pulmonary 
artery pressure, whereas epinephrine resulted in a substan-
tial increase in pulmonary artery pressure. In patients with 

TABLE 1. Baseline Patient Characteristics

ID Sex
Age  
(yr)

Weight 
(kg) Diagnosis

New York 
Heart 

 Association 
Class

Cardiac 
Index  

(L/min/m2)

Mean 
 Pulmonary 

Artery 
 Pressure 
(mm Hg)

Pulmonary 
 Artery 

 Occlusion 
 Pressure  
(mm Hg)

Indexed 
 Pulmonary 
Vascular 

 Resistance 
(Wood Units)

Ratio of   
Pulmonary-to- 

Systemic 
 Vascular 

 Resistance
Medical  

Therapy

1 Female 6.8 18.6 IPAH 2–3 3.4 90 20 20.6 2.0 PDE5, ERA, 
prostin, O2

2 Female 6.1 20 Juvenile 
idiopathic 
arthritis

2 4.8 40 11 6 0.4 PDE5, ERA

3 Female 14.1 55.2 IPAH 1 3.6 27 5 6.1 0.3 PDE5, ERA

4 Female 13.8 54 IPAH 2 3.5 37 10 7.7 0.5 PDE5, ERA, 
prostin, O2

5 Male 10.4 20 Left heart 
disease

2–3 3.6 51 21 8.3 0.6 Prostin

6 Female 12.2 33.6 IPAH 1 4.3 38 9 6.7 0.7 PDE5, prostin

7 Female 13.9 45.4 IPAH 3 3.3 86 12 22.4 1.1 PDE5, ERA, 
prostin, O2

8 Female 3 13.2 CHD 1 3.7 38 10 7.6 0.4 PDE5

9 Female 14.9 53.7 IPAH 2–3 3.9 41 11 7.7 0.6 PDE5, ERA, 
prostin, O2

10 Male 8.3 26.8 CHD 1 4.5 74 14 12 1.1 PDE5, ERA, 
prostin

11 Female 2.3 9.6 CHD 1 5.2 29 10 3.5 0.3 PDE5

12 Male 1.7 8.5 CDH 1–2 3.9 48 9 10 0.6 PDE5, O2

13 Female 12.9 39.2 IPAH 1 4.3 40 10 7 0.7 ERA

14 Male 9.2 30.7 CHD 2–3 2.8 54 12 15 0.9 PDE5, ERA, 
prostin

15 Female 7.8 20.1 CHD 1–2 3.9 46 12 8.7 0.5 PDE5, ERA, 
prostin, O2

)0!(���IDIOPATHIC�PULMONARY�ARTERIAL�HYPERTENSION��#($���CONGENITAL�HEART�DISEASE��#$(���CONGENITAL�DIAPHRAGMATIC�HERNIA��.9(!���.EW�9ORK�(EART�
!SSOCIATION��0$%����PHOSPHODIESTERASE�INHIBITOR��%2!���ENDOTHELIN�RECEPTOR�ANTAGONIST��/2��OXYGEN�
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systemic or suprasystemic pulmonary artery pressure, phen-
ylephrine had no effect on aortic or pulmonary artery pres-
sures, AVP resulted in an increase in aortic pressure with a 
decrease in pulmonary artery pressure, and epinephrine 
resulted in a substantial increase in both aortic and pulmo-
nary artery pressures. Table 2 summarizes the hemodynamic 
data for each patient.

Pressures
Figure 2A shows the change in systolic aortic pressure 
compared with baseline for each patient. All three drugs 
resulted in an increase in systolic aortic pressure (epineph-
rine 185% ± 25% > AVP 147% ± 18% > phenylephrine 
118% ± 8%).

Figure 2B shows the change in systolic pulmonary 
artery pressure compared with baseline for each patient. 
Epinephrine resulted in a substantial increase (191% ± 27%) 
at peak drug effect in all patients. Phenylephrine resulted in a 
small increase or no change (109% ± 11%), and the effect of 
AVP was mixed, with only slight increases or decreases (96% 
± 13%) noted.

The ratio of systolic pulmonary artery pressure-to-sys-
tolic aortic pressure for each patient compared with base-
line for each patient is shown in Figure 2C. Phenylephrine 
resulted in a decrease in ratio in four patients (89% ± 11%); 
AVP resulted in a decreased ratio in all patients (57% ± 
13%); epinephrine resulted in no change in the ratio (104% 
± 21%).

Figure 3, A–C show average change compared with baseline 
for each drug in the systolic aortic pressure, systolic pulmonary 

Figure 1. Representative pressure tracings of aortic (black) and pulmonary artery (dashed line) pressures for selected patients from each drug group. 
Time is shown in x-axis and pressure in y-axis. AVP = arginine vasopressin, EPI = epinephrine, PE = phenylephrine.
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pressure, and ratio of systolic pulmonary-to-systolic aortic 
pressure, respectively.

Phenylephrine resulted in a change in mean aortic pressure 
from 61 ± 10 to 74 ± 20 mm Hg (p = 0.2). AVP and epinephrine 
resulted in a significant increase in mean aortic pressure from 
62 ± 11 to 93 ± 6 mm Hg (p < 0.01) and 63 ± 9 to 120 ± 8 mm Hg  
(p < 0.01), respectively. Phenylephrine and AVP resulted in no 
change in mean pulmonary artery pressure from 48 ± 25 to 
52 ± 22 mm Hg (p = 0.8) and 57 ± 24 to 53 ± 18 mm Hg (p = 
0.8), respectively. Epinephrine resulted in a significant increase 
in mean pulmonary artery pressure from 43 ± 12 to 82 ± 31 mm 
Hg (p = 0.03).

The following changes were seen in pulmonary artery occlu-
sion pressure following drug administration—phenylephrine: 
13.4 ± 6.9 to 16.6 ± 8.8 mm Hg (p = 0.5); AVP: 11.2 ± 1.9 to 
11.6 ± 2.6 mm Hg (p = 0.8); and epinephrine: 10.6 ± 1.3 to 
15.8 ± 5.5 mm Hg (p = 0.07).

SVR and PVR
Phenylephrine and AVP significantly increased SVRi from 
14 ± 3.7 to 21.3 ± 2.1 WU (p = 0.02) and 14.2 ± 4.4 to 22.4 ± 5.2 
WU (p = 0.03), respectively. Epinephrine resulted in no change 
in SVRi from 14 ± 4 to 19.9 ± 4.9 WU (p = 0.09). The following 

changes were seen in PVRi following drug administration—
phenylephrine: 9.5 ± 6.1 to 7.3 ± 0.5 WU (p = 0.6); AVP: 
11.1 ± 8.1 to 11.3 ± 7.4 WU (p = 1); epinephrine: 8.9 ± 4.6 to 
11.8 ± 8.3 WU (p = 0.5).

Rp:Rs is compared from baseline to peak drug effect for each 
patient in Figure 4A and as an average for each drug in Figure 4B.  
Overall, the following changes were seen in Rp:Rs following 
drug administration—phenylephrine: 0.8 ± 0.7 to 0.73 ± 0.77  
(p = 0.9); AVP: 0.75 ± 0.41 to 0.49 ± 0.24 (p = 0.3); epinephrine: 
0.61 ± 0.23 to 0.6 ± 0.34 (p = 1). Phenylephrine resulted in a 
decrease in Rp:Rs in three patients, no change in one patient, and 
an increase in one patient. AVP resulted in a decrease in Rp:Rs in 
all five patients. Epinephrine administration resulted in a decrease 
in Rp:Rs in three patients and an increase in two patients.

Cardiac Index and Heart Rate
The following changes were seen in cardiac index following drug 
administration—phenylephrine: 3.8 ± 0.6 to 4 ± 0.6 L/min/m2 
(p = 0.7); AVP: 3.9 ± 0.5 to 3.9 ± 0.8 L/min/m2 (p = 1); epineph-
rine: 4 ± 0.9 to 5.6 ± 1.2 L/min/m2 (p = 0.06). Cardiac index by 
thermodilution was not performed post drug administration 
in three patients (20%) because of patient instability and/or 
catheter malfunction.

TABLE 2. Hemodynamic Data Predrug and Postdrug Administration for Each Patient

ID Drug

Mean  
Pulmonary   

Artery  
Pressure  
(mm Hg)

Mean  
Aortic  Pressure 

(mm Hg)

Indexed  
Pulmonary  
Vascular  

Resistance (WU)

Ratio of  
 Pulmonary-to- 

Systemic  
Vascular  

Resistance

Pulmonary  
Artery  

Occlusion  
Pressure  
(mm Hg)

Cardiac  
Index  

(L/min/m2)

Pre Post Pre Post Pre Post Pre Post Pre Post Pre Post

1 Phenylephrine 89 89 53 53 20.3 NA 2.1 2.1 20 20 3.4 NA

2 Phenylephrine 40 47 73 92 6 7.2 0.4 0.4 11 14 4.8 4.6

3 Phenylephrine 25 34 69 80 5.6 7.7 0.3 0.3 5 7 3.6 3.5

4 Phenylephrine 36 38 63 92 7.4 6.8 0.5 0.3 10 12 3.5 3.8

5 Phenylephrine 50 54 49 54 8.1 NA 0.7 0.5 21 30 3.6 NA

6 AVP 39 40 49 90 3.2 5.5 0.4 0.3 9 14 4.3 4.7

7 AVP 94 78 71 90 24.8 24.1 1.3 0.8 12 8 3.3 2.9

8 AVP 38 39 75 104 7.6 7.6 0.4 0.3 10 10 3.7 3.8

9 AVP 43 42 57 91 8.2 8.6 0.7 0.4 11 12 3.9 3.5

10 AVP 69 64 60 88 12.2 10.6 1.1 0.6 14 14 4.5 4.7

11 Epinephrine 24 41 55 108 2.7 3 0.3 0.2 10 19 5.2 7.3

12 Epinephrine 47 99 77 129 9.7 NA 0.5 0.7 9 12 3.9 NA

13 Epinephrine 42 56 56 125 7.4 6.6 0.7 0.3 10 24 4.3 4.9

14 Epinephrine 44 104 58 121 15.4 20 0.9 0.8 12 12 2.8 4.6

15 Epinephrine 48 108 68 117 9.2 17.6 0.6 1 12 12 3.9 5.5

!60���ARGININE�VASOPRESSIN��.!���NOT�APPLICABLE�
"ASELINE�PREDRUG�MEAN�PULMONARY�ARTERY�AND�AORTIC�PRESSURES�ARE�CALCULATED�FROM����S�OF�RECORDING�IMMEDIATELY�BEFORE�DRUG�EFFECT�
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Figure 2. Peak drug effects on systemic and pulmonary artery (PA) pressures and 
vascular resistance (systolic aortic [Ao] pressure [A], systolic PA pressure [B], and 
ratio of systolic PA-to-Ao pressure [C]) at peak drug effect indexed to baseline for 
phenylephrine (black), arginine vasopressin (gray), and epinephrine (light gray) for each 
patient.

Phenylephrine and AVP resulted in a 
mixed effect on the heart rate with an aver-
age change of –6% ± 10% and –15% ± 15%, 
respectively. Epinephrine resulted in an 
increase in the heart rate in all patients with 
an average change of 24% ± 20%.

Adverse Events
Two patients had a transient arrhythmia fol-
lowing epinephrine administration: one 
patient had brief atrial bigeminy and another 
had ventricular ectopy followed by ventricu-
lar bigeminy. Neither arrhythmia was hemo-
dynamically significant and did not require 
treatment.

DISCUSSION
This prospective, pilot study of phenylephrine, 
AVP, and epinephrine in pediatric patients 
with PH demonstrated a decrease in Rp:Rs at 
peak drug effect following vasopressin infu-
sion in all patients. All three drugs resulted in 
an increase in SVR, but only AVP consistently 
decreased the ratio of systolic pulmonary 
artery-to-aortic pressure.

Phenylephrine is a pure α-agonist that 
may increase both PVR and SVR with-
out an increase in the heart rate, theoreti-
cally improving coronary artery perfusion 
through an increase in SVR. Studies of phen-
ylephrine in adults show that phenylephrine 
increases systolic blood pressure and coro-
nary perfusion pressure but decreases cardiac 
output and right ventricular systolic function 
while raising pulmonary artery pressure (12, 
13). In our study, phenylephrine decreased 
Rp:Rs in three patients, increased Rp:Rs in 
one patient, and resulted in no change in one 
patient. Based on these results, phenyleph-
rine may be beneficial in some patients with 
PH, but this was not consistent, especially 
in patients with suprasystemic pulmonary 
artery pressures.

Epinephrine, the first-line drug in most 
advanced cardiac life support algorithms, is 
appealing because it is easily available and 
familiar to most practitioners. However, as 
a combined α- and β-agonist, it may not be 
favorable to use as it can induce tachycardia 
and increase myocardial oxygen demand, 
further reducing effective coronary blood 
flow. In this study, all patients demonstrated 
an increase in the heart rate following its 
administration. However, the inotropy pro-
vided by epinephrine might be beneficial in 
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Figure 3. Average (systolic aortic [Ao] pressure [A], systolic pulmonary artery [PA] pressure 
[B], and ratio of systolic PA-to-Ao pressure [C]) at peak drug effect indexed to baseline for 
phenylephrine (PE) (black), arginine vasopressin (AVP) (gray), and epinephrine (EPI) (light gray).

a failing right ventricle. There are 
no trials of epinephrine during 
an acute pulmonary hypertensive 
crisis or in treatment of cardio-
genic shock in patients with PH. In 
this study, epinephrine resulted in 
increases in pulmonary artery pres-
sure in all five patients, but Rp:Rs 
decreased in only three patients. 
In addition, the only arrhythmias 
noted during the study were in two 
patients after an epinephrine bolus, 
but these were resolved without 
treatment.

More recently, AVP has been 
studied as an alternative to phen-
ylephrine and epinephrine as it 
provides systemic vasoconstric-
tion and pulmonary vasodilation, 
making it an attractive drug for 
acute pulmonary hypertensive cri-
sis. Vasopressin acts at the pulmo-
nary artery vascular endothelium 
by V

1
 receptor–mediated release 

of nitric oxide. In a recent study 
on human radial and pulmonary 
artery specimens, norepineph-
rine and phenylephrine produced 
dose-dependent vasoconstriction 
of both radial and pulmonary 
arteries. Vasopressin, on the other 
hand, produced potent vasocon-
striction of the radial artery but 
had no effect on the pulmonary 
artery (14). The effect on the pul-
monary artery has been shown in 
several studies on canine pulmo-
nary endothelium to be depen-
dent on nitric oxide synthesis  
(13, 15). However, pulmonary 
artery vasodilation has not been 
consistently shown in all human 
studies (16). One study demon-
strated deleterious effects of pul-
monary vasoconstriction with 
vasopressin on right ventricular 
function with a 31% decrease 
in right ventricular contractility 
(17). In our group of patients, we 
only looked at pressures and did 
not directly measure right ventric-
ular function.

Following cardiopulmonary 
bypass, cardiac intensive care 
patients with systemic hypoten-
sion and PH showed a favorable 
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Figure 4. A, Ratio of pulmonary-to-systemic vascular resistance (Rp:Rs) at peak drug effect indexed to baseline for each patient. B, Average Rp:Rs at 
peak drug effect indexed to baseline for phenylephrine (PE) (black), arginine vasopressin (AVP) (gray), and epinephrine (EPI) (light gray).
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response to vasopressin through an increase in SVR and 
reduction in the ratio of pulmonary artery pressure-to-
systemic blood pressure without any effect on PVR (7). 
A series of neonates with persistent PH of the newborn 
responded favorably to vasopressin with improved oxy-
genation index and the ability to reduce inhaled nitric 
oxide dose (8). There are case reports of the successful 
use of vasopressin in acute pulmonary hypertensive crisis  
(9, 18) and its analog terlipressin (19) in a neonate with con-
genital diaphragmatic hernia with reduction in pulmonary 
artery pressure. In this study, the effect of vasopressin on PA 
pressure was variable, but Rp:Rs was reduced at peak drug 
effect in all patients, suggesting a greater increase in systemic 
pressure in the subjects.

There are several limitations to this study. The largest one 
is the small number of patients, which precludes any mean-
ingful statistical analysis either within or between groups. 
Furthermore, this was an open-label study, and this study 
did not include simple randomization or blinding of any 
investigators. This was a preliminary safety and feasibil-
ity study, and given the severity of disease, recruitment was 
slower than anticipated. However, completion of this study, 
albeit small, has altered clinical practice in our institution 
where AVP is now the drug of first choice when managing 
patients with severe PH under sedation and anesthesia in the 
operating room and/or ICU when hypotension or signs of 
right ventricular ischemia are noted. This preliminary study, 
performed without any major adverse events, could lead to 
larger, multicenter, dose-finding trials of one or more of the 
medications studied.

The second limitation is that patients received the study 
drugs during routine hemodynamic catheterization and not 
during a PH crisis; the same response may or may not occur 
similarly under both conditions. In addition, the inotropic 
effects of the drugs may have a different impact on the acutely 
failing right ventricle.

Third, as the drug effects were transient, it was impos-
sible to measure all hemodynamic variables at once at 
peak drug effect. Hence, the measurement of cardiac index 
by thermodilution may not be as accurate as it was done 
after the recording of the pulmonary artery pressure and 
pulmonary artery occlusion pressure when the drug effect 
may have been on the wane. This can be overcome by study-
ing loading dose followed by an infusion, which is how we 
currently administer AVP. In addition, only one dose was 
administered and there may be a dose- or dosing- (bolus 
vs continuous infusion) dependent effect of these agents. 
Finally, we did not perform transthoracic echocardiogram 
to demonstrate the effect of the medications on indices of 
right heart function.

Additional research is necessary to determine the best medi-
cation for patients with PH who experience an acute crisis. The 
ideal agent would increase SVR to maintain myocardial oxygen-
ation with adequate coronary artery perfusion while decreas-
ing PVR to reduce right ventricular afterload. Vasopressin is 
promising with its moderate systemic vasoconstrictor effects 

and its potential to lead to dilation of pulmonary arteries 
through release of nitric oxide although this latter effect is not 
consistent in animal models.

In conclusion, in this pilot, prospective study of phenyl-
ephrine, vasopressin, and epinephrine, vasopressin resulted 
in a decrease in Rp:Rs in all patients. Vasopressin may selec-
tively reduce pulmonary artery pressure and the ratio of sys-
temic-to-pulmonary artery pressure, making it a favorable 
choice although optimal dosing strategy has yet to be defined. 
Phenylephrine resulted in the smallest increase in aortic pres-
sure with small changes in pulmonary artery pressure, suggest-
ing that it might be a weak resuscitation agent in this patient 
population. Finally, epinephrine resulted in a substantial 
increase in both aortic and pulmonary artery pressures and 
caused transient arrhythmias in two patients, suggesting that 
it should be used with caution.
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