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Pulmonary arterial hypertension (PAH) (1). In patients with class IV PAH, low

is a life-threatening disease characterized cardiac output and hypotension caused

by constriction and remodeling of small by right heart failure are common (2).
pulmonary arteries. Continuous Epoprostenol is a potent systemic and
intravenous epoprostenol is a first-line pulmonary vasodilator and often affects the

therapy for patients with PAH in World systemic vascular bed more than it does the
Health Organization (WHO) functional pulmonary vascular bed (3, 4). Initiation of
class IV by the current treatment algorithm  epoprostenol therapy for patients with class
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IV disease can cause severe systemic
hypotension with hemodynamic collapse
when systemic vasodilatation predominates
and cardiac output fails to increase
proportionately. However, hemodynamics,
exercise capacity, and survival of patients
treated with epoprostenol over a long
period have improved (5-7). Thus, it is



important to initiate epoprostenol therapy
without precipitating hemodynamic
instability to the extent possible. Inotropic
agents are commonly used for this purpose;
however, a protocol for the use of inotropic
agents at the initiation of epoprostenol
therapy has not been established.

We have used dobutamine and/or
dopamine as first-line inotropic agents at
the initiation of epoprostenol therapy in
patients with PAH if inotropic agent
support was required. In the present study,
we investigated the safety and usefulness of
our protocol for use of dobutamine and
dopamine at the initiation of epoprostenol
therapy by examining whether the use of
dobutamine and dopamine aggravates
hemodynamic parameters in patients with
PAH. We also evaluated the prognosis of
patients with PAH who require dobutamine
and/or dopamine support at the initiation of
epoprostenol therapy.

Methods

Patients

We treated 116 patients with PAH in
National Hospital Organization Okayama
Medical Center and Okayama University
Hospital between May 1999 and March
2011. Among those 116 patients, we started
intravenous epoprostenol therapy in 71
patients who were classified as WHO class
IV at admission to our institution or had
inadequate hemodynamic and exercise

tolerance capacity improvement in response :::
pacty impro P WHO FC, n (%)

to treatment with PAH-specific drugs

(prostacyclin analog, endothelin receptor

antagonists, and phosphodiesterase’5. -

inhibitors) at follow-up. We did not start

intravenous epoprostenol therapy n '45

- patients because their hemodynamics and
exercise tolerance capacity were significantly
improved by monotherapy or combination
therapy with PAH-specific drugs at follow-
up right heart catheterization (treatment
duration: 3.2 * 2.6 yr) (see Tables E1 and
E2 in the online supplement).

Pulmonary hypertension was defined
as a mean pulmonary artery pressure (PAP)
greater than or equal to 25 mm Hg and
pulmonary arterial wedge pressure less than
or equal to 15 mm Hg at rest. We started
epoprostenol therapy at a low dose under

* right heart catheter monitoring and
increased the dosage daily during
hospitalization (8). Written informed
consent was given by all patients, and this

study was approved by the institutional
review board.

Protocol for Use of Dobutamine

and Dopamine

In the initial two patients in whom we
initiated epoprostenol therapy alone,
sudden hypotension and drop of cardiac
index (CI) occurred during initiation of
epoprostenol therapy (see case report,
Figures E1 and E2). To guard against future
occurrences of this hemodynamic
instability at the initiation of epoprostenol
therapy, we developed a protocol for use of
dobutamine and dopamine at the initiation
of epoprostenol therapy.

Our protocol calls for initiation of
dobutamine infusion at a low dose (3 pg/kg/
min) under the following conditions:

(1) the value of mixed venous oxygen
saturation (Svo,) was under 60% or CI

ventricular (RV) failure was present
clinically before placement of the right
heart catheter. Clinical RV failure was
defined as leg edema and jugular venous
distention, heart enlargement in a chest
radiograph (cardiothoracic ratio > 50%),
and a high level of brain natriuretic peptide
(>100 pg/ml). If the value of Svo, did not
increase over 60% or CI did not increase
over 2.0 L/min/m? or if RV failure was not
improved, the dose of dobutamine was
titrated up.

We began dopamine infusion at a low
dose (3 pg/kg/min) under the following
conditions: (1) systolic blood pressure (BP)
was less.than 90 mm Hg before the start of
epoprostenol therapy, or (2) urine volume
was less than 20 ml/h before the start of
epop! ostenol ‘therapy. If systolic BP could
not be kept over 90 mm Hg, the dose of

; ?:dopamme was titrated up.

was less than 2.0 L/min/m? with momtormg"":,m

by a right heart balloon-directed catheter
(Edwards Lifesciences, Irvine,:CA)
performed immediately before.the start
of epoprostenol therapy, or (2) right

Additional Therapies after Use of
Dobutamine and Dopamine

We added noradrenaline when systolic BP
could not be maintained over 90 mm Hg

Table 1. Clinicaliéﬁaracteristics at the initiation of epoprostenol therapy

Patlents n (%) 71

Male: 18 (25.4)
Female 53 (74.6)
“Age; yr 33 %13

= 23 (32.4)
oV 48 (67.6)
Diagnosis, n (%)
Idiopathic PAH 48 (67.6)
Associated PAH
Connective tissue disease 11 (15.5)
Congenital heart disease 11 (15.5)
Portal hypertension 1(1.4)
Oral specific PAH drug use, n (%)
None 16 (22.5)
PGl, analog 43 (60.6)
ERAs 29 (40.8)
PDES5 inhibitors 17 (23.9)
DOB dose, v —_
DOA dose, v —
DOB duration, d —
DOA duration, d e
Hospitalization, d 42 + 29

25 24 8 14

7(28.0) 6(25.0) 2 {25.0) 3(21.4)
18 (72.0) 18 (75.0) 6(75.0) 11 (78.6)
31+13 31+10 3916 35+ 14
21(84.0) 1(4.2° 1(125*  0()

4 (16.0) 23 (95.8)* 7 (87.5)* 14 (100)*
16 (64.0) 19 (79.2) 6 (75.0) 7 (50.0)

4(16.0) .3(12.5 1(12.5) 3 (21.4)

4(16.0) 2(8.3) 1(12.5 4 (28.6)

140 0() 0(0) 0 (0)

6 (24.0) 6(25.0) 1(12.5) 3(21.4)
12 (48.0) 13 (54.2) 6 (75.0 10 (71.4)
12 (56.0) 9 (37.5) 1(12.5) 7 (50.0)
16 (64.0) 7 (29.2)* 6 (75.0) 2 (14.3p7

—  31=%11 — 49 + 27
— — 3614 3818
— 3462 - 22 = 18
—_ — 2+ 7 20x7
3522 45+32 4831 44=30

Definition of abbreviations: DOA = dopamine; DOB = dobutamine; ERAs = endothelin receptor
antagonists; PAH = pulmonary arterial hypertension; PDE = phosphodiesterase; PGl, = prostaglandin
l2; WHO FC = World Health Organization functional class.

Data presented as mean + SD unless otherwise noted. Hospitalization indicates duration from

epoprostenol initiation to discharge.
*P < 0.05 vs. none.
P < 0.05 vs. DOA.
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despite titration of the dose of dopamine
to 5 pg/kg/min or when sudden
cardiogenic shock (systolic BP < 90 mm Hg)
occurred. When the clinical course

further deteriorated, we initiated
mechanical ventilation or percutaneous
cardiopulmonary bypass if appropriate.

Hemodynamics

We evaluated hemodynamics at the start
of epoprostenol therapy by right heart
catheterization in all patients. We measured
heart rate, BP, PAP, right atrial pressure
(RAP), CI, Svo,, and pulmonary vascular
resistance. CI was measured by the Fick
method. In addition, heart rate, BP, PAP,
RAP, CI, Svp,, and pulmonary vascular
resistance were monitored by a right heart
catheter after the initiation of epoprostenol
therapy.

Statistical Analysis
All statistical analyses were performed
with SPSS software version 11.0 (SPSS
Inc., Chicago, IL). All data are expressed
as mean values = SD. Categorical
variables at the initiation of epoprostenol
therapy were compared by the Chi-
square test. Continuous variables at the
initiation of epoprostenol therapy and
at the start of dobutamine plus/or
dopamine infusion were compared by
one-way analysis of variance with Tukey
post hoc test.

In the dobutamine plus dopamine

group, systolic BP at the start of dobutamine ;-

plus/or dopamine administration was
a value at the dopamine administration,
and CI and Svg, at the start of
dobutamine plus/or dopamine admmlstratmn
was a value at the dobutamine i
administration.

Continuous variables in two groups
(survivors or nonsurvivors) were compared
by the unpaired ¢ test, and categorical
variables were compared by the Chi-
square test. Kaplan-Meier analysis was
used to estimate survival status, and the
log-rank test was used for survival
distribution comparison in patients
discharged for home infusion of
epoprostenol. Patients were censored
if they died or underwent lung
transplantation. Cox proportional hazards
analysis was performed to evaluate the
factors associated with short- and long-
term survival. Values of P less than 0.05
were considered significant.

Table 2. Hemodynamic parameters

At the initiation of epoprostenol therapy

HR, /min 82 = 20 78 = 15 83 + 20 71 £ 17 91 = 25
sBP, mm Hg 111 = 16 112 = 19 112 = 15 108 += 16 108 = 13
sPAP, mm Hg 103 =+ 24 103 = 26 105 = 24 98 =22 103 +23
dPAP, mm Hg 45 * 18 45 = 18 49 = 21 34 £ 15 43 = 16
mPAP, mm Hg 65 = 18 66 = 20 65 = 15 57 = 16 66 = 20
RAP, mm Hg 79+ 42 75 x40 9.0 + 3.8 48+ 42 8648
Cl, L/min/m 25+ 0.9 25+ 0.8 2.4 +07 2206 2714
Svo,, % 655 + 10.1 696 +85 643 *88 634+82 61.8=*13.6
PVK. Wood units 189 =79 189 =87 182+58 203*97 19692
At the start of DOB plus/or DOA administration
sBP, mm Hzg 92 + 9.1 — 108 = 13.6 90 = 11 89 = 11*
Cl, L/mln/m 1.6 + 04 — 17 £ 04 22+03 1.4 =047
Svo, 56.7 = 9.1 — 57.0 + 10.0 66.4 + 65 53.8*+ 9.2

Definition of abbreviations: Cl = cardiac index; DOA = dopai
diastolic pulmonary artery pressure; HR = heart rate; mPAP
PVR = pulmonary vascular resistance; RAP = right atn ipressure sBP = systolic blood pressure,
SPAP = systolic pulmonary artery pressure; Svo, =.f I*Venous oxygen saturation.

Data presented as mean = SD. In the DOB plus A group, sBP at the start of DOB plus/or DOA
administration was a value at the DOA administration;.and Cl and Svo, at the start of DOB plus/or
DOA was a value at the DOB administrati
*P < 0.05 vs. DOB
P < 0.05 vs. DOA.

endothelin receptor antagonists, and
phosphodiesterase 5 inhibitors were used
alone or in combination at the initiation of
epoprostenol therapy. Sixteen patients
received no treatment with oral PAH-
specific drugs at the initiation of
epoprostenol therapy.

Neither dobutamine nor dopamine
was administered to 25 of the 71 patients at
the initiation of epoprostenol therapy.

Results

Clinical Characterlstl
the Patients i
Clinical characteristics of the patients at
the initiation 'of :époprostenol therapy are
shown in.Table 1. The patients were
inantly women, had idiopathic
disease, and were in WHO functional
class IV, A prostacyclin analog,

able 3. Hemodynamic parameters at a Swan-Ganz catheter removal

Patients, n 62 24 22 6 10
HR, /min 77 £ 15 70 + 13 85 = 14* 71 = 16 80 = 10
sBP, mm Hg 106 = 13 104 = 11 107 = 15 100 = 12 110 = 10
sPAP, mm Hg 89 + 20 83 + 21 91 £ 19 95 + 22 95 + 17
dPAP, mm Hg 37 £ 12 36 + 13 40 + 13 32 + 12 36 *9
mPAP, mm Hg 56 = 14 53 = 14 59 = 15 55 + 12 59 + 12
RAP, mm Hzg 5.3 = 3.1 49 + 22 5.8 + 3.8 43 = 33 59 + 32
Cl, L/mm/m 2.4 + 07 27 =05 21*05 26 1.0 24 =06
Svo,, % 70 = 8.2 7377 686+83 714=*46 65.6 = 8.7
PVR Wood units 16979 142=*74 187 =74 16.6 = 9.1 189 = 89
PGl, dosage 44 +18 5119 3817 43 15 40+ 1.2
SG duration 77 +18 71 217 82+18 . 78x19 8122

Definition of abbreviations: Cl = cardiac index; DOA = dopamine; DOB = dobutamine; dPAP =
diastolic pulmonary artery pressure; HR = heart rate; mPAP = mean pulmonary artery pressure;
PGl, = prostaglandin l5; PVR = pulmonary vascular resistance; RAP = right atrial pressure; sBP =
systolic blood pressure; SG = Swan-Ganz catheterization; sPAP = systolic pulmonary artery pressure;
Svg, = mixed venous oxygen saturation.

Data presented as mean = SD. PGl, dosage denotes dosage at Swan-Ganz catheter removal.

*P < 0.05 vs. none.
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Dobutamine alone was administered to 24

patients, dopamine alone was administered
to 8 patients, and dobutamine plus
dopamine was administered to 14 patients.
Dopamine was administered because of
oliguria to two patients in the dopamine
group and three patients in the dobutamine
plus dopamine group. Dobutamine
was administered to 7 patients in the
dobutamine group and 10 patients in the
dobutamine plus dopamine group before
the placement of a right heart catheter. All of
those patients had leg edema and jugular
venous distention, heart enlargement in
a chest radiograph (cardiothoracic ratio:
61 * 5%), and a high level of brain
natriuretic peptide (807 & 463 pg/ml).
The ratio of patients with WHO
class IV to WHO class 111 disease was higher
in the dobutamine plus/or dopamine
group than in the nondobutamine,
nondopamine group. The frequency of
use of phosphodiesterase 5 inhibitors was
significantly lower in the dobutamine group.
Significant differences in sex, age, diagnosis,
use of PAH-specific drugs except for
phosphodiesterase 5 inhibitors, durations of
administration and doses of dobutamine
and dopamine, and hospitalization were not
found between the groups.

Hemodynamic Parameters at the
Initiation of Epoprostenol Therapy
Hemodynamic parameters at the initiation
of epoprostenol therapy and at the start
of dobutamine plus/or dopamine
administration are shown in Table 2.
Systolic BPs at the start of dopamine
administration were 90 * 11 mm Hg in the
dopamine group and 89 * 11 mm Hg in
the dobutamine plus dopamine. group.:
Except for patients in whom dopamine was
administered because of oliguria, systolic
BPs at the start of dopamine administration
were 85 = 9.8 mm Hg in the dopamine
group and 84 * 6.1 mm Hg in the
dobutamine plus dopamine group. CI

and Svg, at the start of dobutamine
administration were 1.7 * 0.4 L/min/m®
and 57.0 = 10% in the dobutamine group
and 1.4 0.4 L/min/m” and 53.8 + 9.2% in
the dobutamine plus dopamine group,
respectively.

CI and Svo, at the start of dobutamine
administration in the dobutamine plus
dopamine group were lowest among all
groups (P < 0.05). Although RAP tended to
be high in the dobutamine group compared
with that in the dopamine group (P = 0.06),

all hemodynamic parameters at the start of
epoprostenol therapy were not significantly
different between the four groups. The
duration of right heart catheter deployment
after the initiation of epoprostenol therapy
was 7.7 % 1.8 days in patients with

successful introduction of epoprostenol
therapy (n = 62). At the time of right heart
catheter removal, heart rate in the
dobutamine group was significantly higher
than that in the nondobutamine and
dopamine group. Other hemodynamic

Table 4. Demographic and clinical characteristics of the patients according to survival

during hospitalization

At the initiation of epoprostenol therapy
Male
Female
Age, yr
WHO FC, n (%)
flt
v
Diagnosis, n (%)
|diopathic PAH

Associated PAH e

Connective tissue disease -
Congenital heart disease
Portal hypertension
Oral specific PAH drug use ot
None
PGl analog
ERAs
PDES inhibitors
Catecholamine use
None
DOB
DOA = & 7
DOB+DOA _ -
Hemodynamic parameters
HR, /min:
+'sBP,:mm Hg
. sPAP, mm Hg
" dPAP, mm Hg
- mPAP, mm Hg
~ RAP, mm qu
Cl, /min/m
SVO %
PVFf Wood units
During hospitalization
NA, n (%)
MS, n (%)
DOB
Duration, d
Initiation dose, +y
Max dose, vy
DOA
Duration, d
Initiation dose, -y
Max dose, vy

15 (24.2) 3(33.3)
47 (758). 6 (66.7)
82+ 12 40 * 16
23 (é7 'i‘)': 0 (O
-39 (62 9) 9 (100)*
42 ‘(577) 6 (66.7)
10 (16.1) 1(11.1)
9 (14.5) 2 (22.2)
1(1.6) : 0 (0)
14 (22.6) 2 (33.3)
38 (61.3) 5 (66.7)
26 (41.9) 3(33.3)
16 (25.8) 1(11.1)
24 (38.7) 1(11.1)
22 (35.5) 2 (22.2)
6 (9.7) 2 (22.2)
10 (16.1) 4 (44.4)
80 * 19 90 =+ 24
111 + 16 106 + 13
103 + 24 102 + 27
44 + 17 49 = 26
65+ 18 63 + 16
7.7 £ 43 9.1 =36
25+ 07 23+18
673 =79 539 + 1527
183 + 7.4 23.4 * 104
2 (3.2) 8 (88.9)"
0(0) 7(77.8)
29 + 53 30 = 14
32+15 35+19
47 + 2.0 9.2 + 3.8"
17 + 16 29 = 24
35+ 21 38+ 16
45+ 22 12,5 + 4.9*

Definition of abbreviations: Cl = cardiac index; DOA = dopamine; DOB = dobutamine; dPAP =
diastolic pulmonary artery pressure; ERAs = endothelin receptor antagonists; HR = heart rate;
mPAP = mean pulmonary artery pressure; MS = mechanical supports (percutaneous
cardiopulmonary bypass and intubation); NA = noradrenaline; PAH = pulmonary arterial hypertension;
PDE = phosphodiesterase; PGl, = prostaglandin lp; PVR = pulmonary vascular resistance; RAP =
right atrial pressure; sBP = systolic blood pressure; sPAP = systolic pulmonary artery pressure; Svo, =
mixed venous oxygen saturation; WHO FC = World Health Organization functional class.

Data presented as mean * SD unless otherwise noted.

*P < 0.05.
P < 0.01.
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parameters were not significantly different
between the four groups (Table 3).

Survival during Hospitalization
Sixty-two patients were discharged for home
infusion of epoprostenol (Table 4). Eight
patients died and one patient received
living-donor lobar lung transplantation
after the initiation of epoprostenol therapy
during hospitalization. All of the
nonsurvivors had WHO functional class IV
disease. Svo, was significantly lower in
nonsurvivors than in survivors (53.9 =
15.2% vs. 67.3 * 7.9%, P < 0.05).
Maximal doses of dobutamine
and dopamine, frequency of use of
norepinephrine, and frequency of use of
mechanical supports during hospitalization
were significantly higher in nonsurvivors
than in survivors. The use of norepinephrine
in survivors was due to sudden cardiac
shock during epoprostenol therapy. In Cox
proportional hazards analysis, the use of
dopamine and low Svo, at the initiation of
epoprostenol therapy and the need for
treatment with norepinephrine and
mechanical supports during hospitalization
were significantly associated with poor
short-term survival in univariate analysis.
In multivariate analysis, the need for
treatment with norepinephrine and
mechanical supports were identified as

independent factors of poor short-term
survival (Table 5).

Long-term Survival in Patients Shifted
to Home Infusion of Epoprostenol
Fifty-one patients were alive at the end of the
follow-up period (average follow-up
duration: 4.1 = 3.1 yr). Eight patients
died and three patients received lung
transplantation during the observation
period. Overall survival rates at 1, 3, 5 and
10 years were 93.2, 88.9, 77.2, and 72.9%,
respectively (Figure 1A). Survival rates at 1,
3, and 5 years were 100, 100, and 80.0%,
respectively, for patients without the need
for dobutamine and dopamine support at
the initiation of epoprostenol therapy, as
compared with 90.6, 85.1, and 76.6% for
patients with the need for dobutamine plus/
or dopamine support (P = 0.45 by log-rank
test) (Figure 1B).
Table 6 shows the characteristics™
of survivors and nonsurvivors. PA
associated with connective tissue disea
was more frequent in nonsurvivors than‘in
survivors (36.4 vs. 11.8%, P
significant differences were
the two groups in other: ¢
Cox proportional haza alysis, there
was no independ¢nt detérminant of long-
term mortality: i ients with home
infusion o prostenol (Table 7).

Table 5. Cox analysis related to short-term surviv:

Discussion

This is the first study in which the use of
dobutamine and dopamine at the
initiation of epoprostenol therapy in
patients with PAH was analyzed. Our
protocol called for initiation of
dobutamine therapy when a patient’s
Svp, or CI was critically low or when
patients manifested clinical RV failure
before or at the initiation of
epoprostenol therapy. We used
dopamine when patients manifested
hypotension or oliguria before or at the
initiation of epoprostenol therapy. None

y. different between the
he need for treatment with

“survival, although the use of dobutamine

and dopamine at the initiation of
epoprostenol therapy was not a risk
factor for short-term mortality. There
was no significant difference in long-
term survival between patients who
needed dobutamine plus/or dopamine
support and that of patients who did not
need dobutamine or dopamine support
at the initiation of epoprostenol therapy.

Sex, male vs. female
Diagnosis, IPAH vs. non-IPAH
Oral specific PAH drug use, no vs. yes
DOB, no vs. yes
DOA, no vs. yes
NA, no vs. yes
MS, no vs. yes
Age
HR
sBP
- sPAP
dPAP
mPAP
RAP
Cl
SVoz
PVR

1.025 (0.212-4.953) 0.98
0.986 (0.246-3.947) 0.98
1.091 (0.226-5.265) 0.91
1.788 (0.444~7.198) 0.41
4.269 (1.065-17.11) 0.04
66.44 (8.193-538.7) <0.001
47.06 (9.627-230.0) <0.001
1.032 (0.989-1.077) 0.15
1.023 (0.992~1.056) 0.15
0.969 (0.917-1.024) 0.26
0.999 (0.971-1.028) 0.95
1.017 (0.981-1.054) 0.36
0.997 (0.958-1.037) 0.88
1.079 (0.923-1.261). 0.34
0.719 {0.290-1.781) 0.48
0.895 (0.844-0.948) <0.001
1.001 (1.000-1.002) 0.14

0.234 (0.031-1.755) 0.158
26.74 (1.839-388.8) 0.016
9.915 (1.108-88.69) 0.040
0.931 (0.874-0.991) 0.025

Definition of abbreviations: Cl = cardiac index; DOA = dopamine; DOB = dobutamine; dPAP = diastolic pulmonary artery pressure; HR = heart rate; IPAH =
idiopathic pulmonary arterial hypertension; mPAP = mean pulmonary artery pressure; MS = mechanical supports (percutaneous cardiopulmonary
bypass and intubation); NA = noradrenaline; PAH = pulmonary arterial hypertension; PVR = pulmonary vascular resistance; RAP = right atrial pressure;
sBP = systolic blood pressure; sPAP = systolic pulmonary artery pressure; Svp, = mixed venous oxygen saturation.
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Figure 1. Long-term survival. (4) Survive

6 7 8 9

14 11 7 3 2 1
5 4 2 1 1

ih“all patients discharged for home infusion of epoprostenal.

(B) Survival in patients discharged for home infusion of epoprostenol according to dobutamine and
dopamine support. DOA = dopamine; DOB = dobutamine.

Little is known about the
hemodynamic effects of administering
inotropic agents at the inijtiation of
epoprostenol therapy for severe PAH. In
patients with cardiomyopathic heart
failure, dobutamine increases cardiac
output by increasing stroke volume and
decreases pulmonary vascular resistance
without altering heart rate or BP at
clinical doses up to 5 pg/kg/min (9).
Others have used noradrenaline (10),
milrinone (11), vasopressin (12), and

levosimendan (13) for hemodynamic
support of patients with PAH and RV
failure. However, dobutamine in
particular is expected to improve RV
failure without increasing PAP in
patients with PAH. Dobutamine did not
contribute to worsening of pulmonary
hypertension in a hypoxic pulmonary
hypertension dog model (14). These
effects support the use of dobutamine in
patients with PAH with RV failure (10,
15). Therefore, we started to use low-dose

dobutamine in patients with low
cardiac output and clinically apparent
RV failure for support at the initiation
of epoprostenol therapy.

We selected dopamine for support at
the initiation of epoprostenol therapy in
patients with hypotension and oliguria.
Dopamine increases cardiac output, heart
rate, BP, and systemic vascular resistance
dose dependently. Doses of dopamine up to
25 pg/kg/min had no effect on PAP in
a hypoxic pulmonary hypertension dog
model (14). However, a higher dose
of dopamine was shown to be an
independent predictor of high mortality
rate in patients with PAH with RV failure
(16). Furthermore, tachycardia caused by
dopamine ‘might deteriorate RV failure.
Clinicians might be hesitant to use
dopamine in severely ill patients with
PAH. In the present study, the use of
dopamine did not elevate PAP or increase

““heart rate at the initiation of epoprostenol

therapy.

We decided to begin to administer -
a low dose (3 png/kg/min) of dopamine,
because low-dose dopamine could maintain
normotension, leading to an increase in
urine output (17). The doses of dopamine
in our study were low (3.6 = 14 v in the
dopamine group and 3.8 * 1.8 vy in the
dobutamine plus dopamine group) at the
initiation of epoprostenol therapy. Campo
and colleagues reported that low systolic
BP was the main prognostic factor
for in-hospital mortality in patients
with PAH admitted for RV failure.
Maintenance of normotension by
temporary low-dose dopamine support is
recommended for the initiation of
epoprostenol therapy in patients with
PAH with hypotension.

Thirteen percent of the patients
included in our study died or received
living-donor lobar lung transplantation
during hospitalization for epoprostenol
therapy. A few studies have shown
short-term prognosis in patients with
decompensated RV failure during the course
of pulmonary hypertension (2, 10, 16).
Sztrymf and colleagues reported that
progressive increase of dobutamine was
associated with poor survival in the
intensive care unit (10). Kurzyna and
colleagues reported that higher dopamine
dose was an independent factor of
in-hospital death (16).

In the present study, dobutamine and
dopamine support at the initiation of
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Table 6. Demographic and clinical characteristics according to long-term survival in
patients discharged for home infusion of epoprostenol

At the initiation of epoprostenol therapy
Male
Female
Age, yr
WHO FC, n (%)
1]
v
Diagnosis, n (%)
Idiopathic PAH
Associated PAH
Connective tissue disease
Congenital heart disease
Portal hypertension
Oral specific PAH drug use, n (%)
None
PGl, analog
ERAs
PDES inhibitors
Catecholamine use, n (%)
None ’
DOB
DOA
DOB+DOA
Hemodynamic parameters
HR, /min
sBP, mm Hg
sPAP, mm Hg
dPAP, mm Hg
mPAP, mm Hg
RAP, mm Hg
Cl, L/min/m?
SVo s %
PVR, Wood units
During hospitalization
NA, n (%)
MS, n (%)
DOB
Duration, d
Initiation dose, vy
Max dose, v
DOA
Duration, d
Initiation dose, ~y
Max dose, v

11 (21.6) 4 (36.4)
40 (78.4) 7 (63.6)
32 + 11 32+ 15
21 (41.2) 2(18.2)
30 (58.8) 9 (81.8)
36 (70.6) 6 (54.5)
6 (11.8) 4 (36.4)"
8 (15.7) 1(9.1)
1 (2.0) 0(0)
12 (23.5) 2 (18.2)
29 (56.9) 9 (81.8)
22 (43.1) (36.4)
14 (27.5) .
22 (43.1)
18 (35.3)
5 (9.9)
6 (11.8)
79 + 19
112 + 16
104 + 24
44 + 18
65 + 18
7.7 * 41
25+ 0.7
67.6 + 8.4

184 =

o-—L
o~
v

PN
I+ 0+

—~o®
wo N

W
NoRrR NN
LR
~oo
ow

—

Data presented as mean = SD unless:(\i"therwise noted.

For definition of abbreviations, see Table 4.
*P < 0.05.

epoprostenol therapy was not an
independent risk factor for short-term
mortality. Dobutamine and dopamine
have known adverse effects, including
predisposition to arrhythmias and
cutaneous ischemia. However, none

of the patients in the present study
developed a hemodynamically significant
arrhythmia or cutaneous ischemia

in response to inotropic therapy.
Dobutamine and dopamine support at the
initiation of epoprostenol therapy was

also not an independent risk factor
associated with long-term survival in
patients with home infusion of
epoprostenol.

In our study, nonsurvivors during
hospitalization had low cardiac output
that required progressive increases in
dobutamine and dopamine doses and
treatment with norepinephrine and
mechanical supports. These patients
were severely decompensated at baseline.
It is important to initiate epoprostenol
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therapy before deterioration of the patient’s
clinical condition, because initiation of
epoprostenol therapy is difficult in severely
ill patients.

In the present study, we started
epoprostenol therapy with dobutamine
when a patient’s Svo, or CI was critically
low or when patients manifested clinical
RV failure, and we started epoprostenol
therapy with dopamine when patients
manifested hypotension or oliguria.

Our protocol of dobutamine and
dopamine support may be a reasonable
approach to minimize hemodynamic
compromise at the initiation of
epoprostenol therapy in severely ill

: heﬁa are several limitations to this study.

_ Patients were not randomized to inotropic
“support with epoprostenol or received

epoprostenol alone. Our study could not
show the necessity of catecholamine
support in these patients. Further studies
are needed to confirm the efficacy and
necessity of catecholamine support.
However, no significant difference

was found in duration of hospitalization
or mean PAP at the initiation of
epoprostenol therapy between the four
groups, and catecholamine support was
not an independent risk factor associated
with short- and long-term survival. Our
study implied that catecholamine support
by our protocol was safe and at least not
harmful.

The study was performed only in
two hospitals, and the patient population
was relatively small. However, we
performed right heart catheterization
at the start of epoprostenol therapy
in all patients and could evaluate
hemodynamics in detail. These data
from right heart catheterization clarified
the protocol and prognostic effects for
dobutamine and dopamine support
at the start of epoprostenol therapy.
Regardless of whether dobutamine
and/or dopamine were used or not at
the start of epoprostenol therapy, the
patients in the present study had a better
prognosis. We previously reported
that high-dose epoprostenol therapy
caused marked hemodynamic
improvements (8, 18) and that a closed-
hub system prevented catheter-related
infections in patients with PAH (19).



Table 7. Cox analysis related to long-term survival in patients discharged for home RV failure, because we did not examine

infusion of epoprostenol

Sex, male vs. female 0.524 (0.153-1.794)
Diagnosis, IPAH vs. non-IPAH 2.189 (0.666~7.199)
Oral specific PAH drug use, no vs. yes 1.759 (0.378-8.173)
DOB, no vs. yes 1.207 (0.352-4.143)
DOA, no vs. yes 0.655 (0.083-5.154)
NA, no vs. yes 3.254 (0.406-26.083)
Age 1.010 (0.959~-1.064)
HR 1.013 (0.983-1.044)
sBP 0.990 (0.949-1.034)
sPAP 0.987 (0.958-1.017)
dPAP 0.987 (0.945-1.032)
mPAP 0.986 (0.947-1.025)
RAP 1.024 (0.896-1.169)
Cli 0.935 (0.378-2.314)
Svo, 0.977 (0.910-1.049)
PVR 1.000 (0.998-1.001)

RAP at the time of diagnosis of clinical
RV failure. RAP measured at the
initiation of epoprostenol therapy (10 =
4 mm Hg) tended to be higher in patients
with clinically diagnosed RV failure,
which supports the accuracy of our
criteria for diagnosis of clinical RV

0.30

0.20 failure.

0.47

0.77 .

0.69 Conclusions

0.27 Dobutamine and dopamine support at
0.72 the initiation of epoprostenol therapy
0.40 by our protocol allowed initiation of
822 epoprostenol therapy without exacerbation
058 of pulmonary hypertension, and it

047 was not an independent risk factor

0.73 associated with short- or long-term
822 mortality.‘Temporary use of dobutamine
045 . and dopamine appears to be safe for

Definition of abbreviations: Cl = cardiac index; DOA = dopamine; DOB = dobutamine; dPAP

. hemodynamic support at the initiation
" of epoprostenol therapy in patients with

diastolic pulmonary artery pressure; HR = heart rate; IPAH = idiopathic pulmonary arterial -.. .~ "PAH with low cardiac output and

hypertension; mPAP = mean pulmonary artery pressure; NA = noradrenaline;
arterial hypertension; PVR = pulmonary vascular resistance; RAP = right atrial p

PAH = pulmonary

ressure: SBP = systolic hypotension. Testing of this protocol is

blood pressure; sPAP = systolic pulmonary artery pressure; Svo, = mixed venous oxygen: saturation. called for at other institutions to validate

We treated all patients with high-dose  differences in treatment 3

B or further refine the approach presented
th'respect here. B

epoprostenol by using a closed-hub to prognosis. . i
system in the present study. Therefore, Our criterion- of chnlcal RV failure  Author disclosures are available with the text

there is believed to be no bias due to might be subjective for diagnosis of of this article at www.atsjournals.org.
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