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BACKGROUND: Acute right ventricular dysfunction is a challenging problem in the immediate
postoperative period following orthotopic heart transplantation. There are no prior reports of the
use of inhaled iloprost in the setting of acute right ventricular dysfunction and acute pulmonary
hypertension. Our hypothesis was that the use of inhaled iloprost in heart transplant recipients
would be associated with a reduction in the duration of mechanical ventilation compared to patients
being treated with continuous inhaled epoprostenol. Additionally, we hypothesized that the change
in inhaled vasodilatory therapy would not be associated with a significant change in postoperative
bleeding or use of vasoactive medications. METHODS: We reviewed charts of 80 consecutive
patients undergoing heart transplantation at our institution between July 1, 2003, and August 8,
2008. From July 1, 2003 to March 13, 2006, epoprostenol was our primary vasodilator; subse-
quently epoprostenol was replaced with iloprost. We included 39 subjects who received epopros-
tenol and 40 subjects who received iloprost. Data were collected on the use of inhaled vasodilators,
comparing periods before and after our institutional protocol change. Demographic data, hemo-
dynamic values, drain output, and any requirement for vasoactive medication infusions were col-
lected. Our primary end point was the natural logarithm of duration of mechanical ventilation.
Secondary end points were hemodynamic values and length of ICU and hospital stay. RESULTS:
Subjects treated with iloprost were mechanically ventilated for 0.36 � 0.20 (adjusted mean � SE)
log days, which was shorter (P � .033) than the 1.00 � 0.22 logdays for subjects treated with
epoprostenol. This resulted in an estimated median number of mechanically ventilated days for
subjects treated with epoprostenol that was approximately 1.9 times longer than the estimated
median number of ventilated days for subjects treated with iloprost (95% CI 1.05–3.4, P � .033).
There were no differences in safety end points or length of hospital stay. CONCLUSIONS: Use of
inhaled iloprost was associated with shorter duration of mechanical ventilation compared to inhaled
epoprostenol, without safety concerns. Key words: heart transplantation; vasodilator agents; hyper-
tension; pulmonary; iloprost; prostaglandins; synthetic; right-sided heart failure. [Respir Care 0;0(0):1–•.
© 0 Daedalus Enterprises]

Introduction

Acute right ventricular dysfunction remains one of the
most challenging problems in the immediate postoperative
period following orthotopic heart transplantation. It has

been reported that right ventricular dysfunction accounted
for 50% of all cardiac complications and 19% of all early
deaths in patients after heart transplantation.1 Mastouri
et al2 found that all subjects had severe right ventricular
dysfunction in the first two weeks following transplant.
Acute pulmonary hypertension with acute increase in pul-
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monary vascular resistance plays a key role in the devel-
opment and possible progression of acute right ventricular
dysfunction to failure.3

Common management strategies to overcome acute right
ventricular dysfunction include volume optimization, en-
suring adequate coronary perfusion pressures with vaso-
pressors, and use of high doses of inotropic agents.4 In
addition, tachycardia, achieved with chronotropic agents
or electrically pacing, is often used to reduce the likeli-
hood of right ventricular dilation. Inhaled vasodilators,
like inhaled nitric oxide and inhaled epoprostenol (pros-
tacyclin), have been successfully used to decrease pulmo-
nary vascular resistance, thereby decreasing right ventric-
ular afterload and increasing right ventricular output. De
Wet et al5 demonstrated that epoprostenol is an efficacious
and cost-effective alternative to nitric oxide for manage-
ment of post-cardiac surgery pulmonary hypertension.
Epoprostenol has been shown to reduce cost associated
with the management of pulmonary hypertension, right
heart dysfunction, and refractory hypoxemia after cardio-
thoracic surgery. Khan et al6 showed that inhaled nitric
oxide and epoprostenol are similarly efficacious in de-
creasing pulmonary arterial pressure and central venous
pressure, and increasing cardiac index and mixed venous
oxygen saturation in a small population of heart recipients
and single- and double-lung recipients immediately fol-
lowing transplantation.

Unfortunately, both inhaled nitric oxide and epopros-
tenol have drawbacks. Inhaled nitric oxide requires con-
tinuous delivery to an intubated patient,7-9 monitoring for
toxic metabolites,7,8,10,11 and is costly.5,12,13 The short half-
lives of both medications can result in significant and dan-
gerous hemodynamic perturbation if delivery is disrupted,
increasing the likelihood of acute right ventricular failure.
This makes less invasive and less reliable routes of inha-
lational therapy (eg, face mask, nasal cannula) very risky.
Although less expensive, inhaled epoprostenol also requires
continuous delivery, and frequent changes of ventilator
filters are necessary with some brands of epoprostenal to
prevent barotrauma resulting from “sticky” valves, which
are caused by the glycine diluent.5

Iloprost is a long-acting prostacyclin analog with clin-
ical activity that lasts 60–120 min after administration.13

This longer duration allows for intermittent dosing and is
more conducive for administration to an extubated patient,
to whom it can be given using the same nebulizer con-
nected to either an aerosol mask or mouthpiece.14 Inhaled

iloprost’s approved indication is for treating chronic pul-
monary hypertension. As far as we are aware, there are no
prior reports of the use of inhaled iloprost in the setting of
acute right ventricular dysfunction and acute pulmonary
hypertension. At our institution, inhaled iloprost therapy
has been used after orthotopic heart transplantation for
managing acute pulmonary hypertension or acute right ven-
tricular failure.

Our purpose was to evaluate the clinical practice of
using inhaled iloprost compared to a historical cohort that
received continuous inhaled vasodilator therapy with
epoprostenol following orthotopic heart transplantation.
We hypothesized that the use of inhaled iloprost was as-
sociated with shorter duration of invasive ventilation and
ICU stay. We also investigated the safety of inhaled ilo-
prost as measured by hemodynamic profiles and the re-
quirement for vasoactive infusions or bleeding complica-
tions. We hypothesized that the use of inhaled iloprost in
heart transplant recipients was associated with a shorter
duration of mechanical ventilation and ICU length of stay
compared to patients being treated with continuous in-
haled epoprostenol. We also investigated potential com-
plications associated with inhaled iloprost as measured by
hemodynamic profiles, the requirement for vasoactive med-
ications, and postoperative bleeding.

Methods

Study Population

The study was performed at Oregon Health & Science
University, a regional referral center for cardiac transplan-
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QUICK LOOK

Current knowledge

Acute right ventricular dysfunction is a challenging
problem in the immediate postoperative period follow-
ing orthotopic heart transplantation. There are no prior
reports of the use of inhaled iloprost in the setting of
acute right ventricular dysfunction and acute pulmo-
nary hypertension.

What this paper contributes to our knowledge

Inhaled iloprost was associated with a shorter duration
of invasive ventilation compared to epoprostenol. There
were no clinically relevant differences in hemodynamic
values, and no differences in ICU and hospital stay.
Iloprost may be an acceptable alternative to epopros-
tenol as an inhaled vasodilator following heart trans-
plantation, and it may offer clinically meaningful ad-
vantages.
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tation and advanced heart failure therapies. After obtaining
institutional review board approval, we reviewed consec-
utive patients undergoing orthotopic heart transplantation
between July 1, 2003, and August 8, 2008. The protocol
for the use of inhaled iloprost was introduced in clinical
practice on March 13, 2006, when the use of epoprostenol
ended. There was no time overlap between the discontin-
uation of inhaled epoprostenol and the introduction of ilo-
prost. Patients were excluded from the study if they had
received both epoprostenol and iloprost. Thus, patients
received only inhaled epoprostenol or inhaled iloprost.

Study Design

This was a retrospective cohort study comparing sub-
jects exposed to inhaled iloprost to subjects exposed to
inhaled epoprostenol. Subjects who received epoprostenol
in the historic cohort were assigned to the epoprostenol
group; subjects who received iloprost from March 14, 2006,
to August 8, 2008 were assigned to the iloprost group.
Subjects who were not treated with either inhaled vasodi-
lator during each respective period were included in this
investigation to evaluate for temporal trends over the 2 study
periods. We defined “control group 1” as the unexposed
cohort of subjects transplanted during the period of epopro-
stenol use, and “control group 2” as the unexposed cohort
transplanted during the iloprost use period.

Protocol for the Administration of Epoprostenol and
Iloprost

The indications for use of either inhaled vasodilators were
similar in the 2 periods and included emergent right ventric-
ular failure with shock (cardiac index � 2 L/min/m2), mean
pulmonary arterial pressure � 30 mm Hg, left ventricular
assist device implantation, and elevated mean pulmonary ar-
terial pressure after cardiac surgery (see the supplementary
materials at http://www.rcjournal.com). Patients were ineli-
gible for the use of inhaled agents if pregnant or if their age
was � 17 y. Institutional guidelines listed active and signif-
icant bleeding, thrombocytopenia, and right ventricular fail-
ure secondary to left ventricular failure as relative contrain-
dications to the use of either inhaled vasodilator.
Ultimately, treatment decisions were made by the clin-
ical care team.

Our institutional guidelines for the use of inhaled epopro-
stenol followed those published by De Wet et al5 with a
starting dose of 10,000 ng/mL for patients weighing � 80 kg
and 20,000 ng/mL for patients weighing � 80 kg. Epopro-
stenol (Flolan, GlaxoSmithKline, Research Triangle Park,
North Carolina) was delivered via syringe pump using a
MiniHEART nebulizer (Westmed, Tucson, Arizona) at a
constant flow of 8 mL/h, equivalent to 80,000 ng/h for
subjects weighing � 80 kg. The nebulizer was connected

to oxygen at a constant flow of 2–3 L/min and placed in
the inspiratory limb of the ventilator circuit. The expira-
tory limb filter was changed every 2 h during epoprostenol
administration, and PEEP levels were monitored carefully
to evaluate for evidence of inadvertent PEEP elevation due
to clogging of filters or expiratory valve malfunction. He-
modynamic variables were monitored and recorded every
30 min for the duration of therapy.

The recommended starting dose for inhaled iloprost was
10 �g inhaled over 15 min and re-dosed every 90–120 min
with hold parameters if mean pulmonary arterial pressure
was below target value (� 30 mm Hg). Iloprost was de-
livered as aerosolized administration via a special mem-
brane-based nebulizer (Aerogen, Mountain View, Califor-
nia) placed into the inspiratory limb.

An active heated-wire ventilator circuit was used in-
stead of a passive humidifier to reduce risk of flow ob-
struction during the inhalation period in all subjects re-
ceiving either of the 2 inhaled vasodilator therapies. For all
subjects, hemodynamic variables were monitored and re-
corded every 30 min for the initial 4 h of therapy and then
hourly per critical care standard.

With the administration of either inhaled vasodilator, the
response to the therapy was assessed based on its indication,
either as an increase in cardiac index � 15%, or as a decrease
in pulmonary vascular resistance or mean pulmonary arterial
pressure by � 15% within 30 min of initiation of therapy. If
the treatment did not meet these thresholds, the protocol rec-
ommended discontinuation of therapy.

Study Procedures

Our study primary end point was the natural logarithm of
duration of mechanical ventilation, defined as the duration of
the first ventilation event, with start time at ICU admission
and end time at the first successful extubation. Failed extu-
bation was defined as the need for re-intubation or tracheos-
tomy within 48 h of prior extubation. Secondary end points
included the natural logarithm of the ICU and hospital length
of stays. ICU length of stay was defined as the duration of the
first ICU admission event. Readmissions to the ICU within
24 h were considered part of the same ICU admission. Other
secondary end points included the averaged postoperative
mean pulmonary arterial pressure and mean arterial pres-
sure, and central venous pressure.

We collected demographic and baseline characteristics
including age, gender, body mass index, comorbidities (ie,
chronic kidney disease), need for mechanical hemodynamic
support, creatinine, hematocrit, and platelets counts. We
also collected preoperative and intraoperative measures of
cardiac index, mean pulmonary arterial pressure, pulmo-
nary vascular resistance, mean arterial pressure, and cen-
tral venous pressure, as well as postoperative data on use
and type of inhalational vasodilator.
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To evaluate the safety of the inhalational agents, we
collected pre-, intra- and postoperative hemodynamic data
including vasoactive infusions, laboratory data, and daily
chest-tube drainage. We separately computed the use of
phenylephrine, norepinephrine, epinephrine, vasopressin,
and isoproterenol for each of the first 5 successive post-
operative days. Daily chest-tube drainage was calculated
as the 24-h total for each of the first 2 postoperative days.

Statistical Analysis

Demographic and baseline characteristics were com-
pared between the 2 control groups and the 2 inhaled
vasodilator groups. We employed regression analysis with
robust (sandwich) standard error estimates to compare
means for quantitative characteristics and Fisher exact tests
for binary variables. For the analysis of the primary end
point, duration of mechanical ventilation, we used multi-
variable linear regression analysis with robust variance
estimates. We tested differences between the inhaled va-
sodilator groups (a) and the control groups (b) as adjusted
pairwise comparisons. Similarly, we used multivariable
regression analysis to evaluate the secondary end points
and the safety end points. We performed bootstrap analy-
ses15 to consider whether any of the sampling distributions
of mean estimates were non-normal. All the bootstrap sam-
pling distributions appeared approximately normal.

The summary statistics of interest are mean compari-
sons of the outcomes between the treatment groups (ie,
iloprost and epoprostenol). Because the outcomes are log-
transformed, the inverse of the log-transformed mean dif-
ferences between the treatment groups can be interpreted
as the ratio of the treatment groups’ respective median
estimates. Analyses for these outcomes and the occurrence
of complications were adjusted for subject age, gender,
preoperative cardiac index, whether the patient was me-
chanically ventilated, and their baseline inotropic medica-
tion use. All hypothesis tests, associated P values, and
confidence intervals are 2-sided. Statistical analyses were
performed using the Stata version 13.1 (StataCorp, Col-
lege Station, Texas) and R version 3.3.1 (R Foundation,
Vienna, Austria) statistical packages.

Results

During the study period, 80 patients underwent ortho-
topic heart transplantation (Fig. 1). One patient received
both epoprostenol and iloprost and was excluded. Our ret-
rospective analysis did not identify any subjects in either
inhaled vasodilator group who had relative contraindica-
tions to the use of inhaled agents. Subject baseline demo-
graphic and hemodynamic characteristics across the ex-
posed and concurrent control groups are summarized in
Table 1. Only the preoperative cardiac index differed be-

tween the 2 inhaled vasodilator groups, with 2.4 (SD 0.6)
for the iloprost group and 3.2 (SD 0.9) for the epopros-
tenol group (P � .038). For the 2 concurrent control groups,
16 of the 19 characteristics were similar. Preoperative ino-
tropic support, intraoperative mean arterial pressure, and
preoperative central venous pressure differed between the
control groups. No instances of nebulizer failure or failure
to deliver the inhaled vasodilator were identified.

Primary End Point: Duration of Mechanical
Ventilation

Table 2 presents the unadjusted mean estimates and stan-
dard errors for the number of mechanical-ventilation days
(log scale) for the exposed and control groups. The mean
estimate of mechanical-ventilation days for the epoprostenol
group was longer compared with the iloprost group, while the
2 control groups had similar duration of mechanical ventila-
tion. Table 2 also presents the formal adjusted pairwise com-
parisons between the inhaled vasodilator groups and the con-
trol groups. The estimated median number of mechanically
ventilated days for subjects treated with epoprostenol was
approximately 1.9 times larger than the median number of
mechanically ventilated days for subjects treated with ilo-
prost (estimate of mean difference �0.64, SE 0.3, P � .033,
Fig. 2). While there was a significant association between the
inhaled-vasodilator group and mechanical-ventilation days,
the estimated difference in mechanical-ventilation days for
the 2 concurrent control groups was not appreciably different
(P � .34).

Secondary End Points

Table 2 displays the secondary end points: duration of
ICU and hospital length of stay, postoperative mean arte-
rial pressure, mean pulmonary arterial pressure, and cen-
tral venous pressure. Only postoperative mean arterial pres-

Patients’ records identified
by chart review

80

Total records after exclusion
79

Received both treatemnts
1

First treatment period
39

Epoprostenol: 8
Control group 1: 31

Second treatment period
40

Epoprostenol: 20
Control group 2: 20

Fig. 1. Flow chart.
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Table 1. Baseline Characteristics of Inhaled Vasodilator and Control Groups

Variables

Iloprost
(n � 20)

Epoprostenol
(n � 8)

Iloprost � Epoprostenol
Mean Difference

Mean* SD Mean* SD Difference SE P

Inhaled Vasodilator Groups
Age, y 44.8 15.2 51.8 12.9 �7.0 5.6 .21
Male† 16 80% 8 100% ND ND .30
Body mass index, kg/m2 26.4 6.0 28.6 5.7 �2.2 2.3 .35
Chronic kidney disease (creatinine � 2 mg/dL)† 1 5% 0 0% ND ND � .99
Cardiac index, preoperative 2.4 0.6 3.2 0.9 �0.8 0.4 .038
Cardiac index, intraoperative 3.4 0.9 3.7 1.0 �0.3 0.4 .52
Mean pulmonary arterial pressure, preoperative, mm Hg 32.8 11.1 34.6 12.7 �1.8 5.0 .72
Mean pulmonary arterial pressure, intraoperative, mm Hg 26.6 6.2 26.7 5.4 �0.2 2.4 .95
Pulmonary vascular resistance, preoperative, Wood units 3.7 2.2 3.5 2.2 0.1 0.9 .89
Creatinine, preoperative, mg/dL 1.3 0.4 1.3 0.4 0.0 0.1 .92
Hematocrit, preoperative 35.8 5.0 39.6 7.4 �3.9 2.8 .17
Platelets, preoperative, � 109/L 250.3 76.2 219.8 45.0 30.6 22.9 .19
INR, preoperative 1.7 0.7 1.7 0.7 0.0 0.3 .91
Mean arterial pressure, preoperative 78.2 13.5 89.3 14.3 �11.0 5.8 .063
Mean arterial pressure, intraoperative 65.3 9.8 70.4 9.8 �5.1 4.0 .20
Central venous pressure, preoperative 10.8 5.9 11.1 5.8 �0.3 2.4 .91
Central venous pressure, intraoperative 14.9 4.7 15.4 5.3 �0.6 2.3 .81
Preoperative inotropic support† 7 35% 0 0% ND ND .08
Preoperative mechanical support† 3 15% 2 25% ND ND .61

Control 1
(n � 20)

Control 2
(n � 31)

Control 1 � Control 2
Mean Difference

Control Groups
Age, y 47.0 13.3 45.4 17.2 1.6 4.5 .73
Male† 24 77% 15 75% ND ND � .99
Body mass index, kg/m2 26.0 4.5 28.2 4.6 �2.2 1.4 .11
Chronic kidney disease (creatinine � 2 mg/dL)† 2 6% 1 5% ND ND � .99
Cardiac index, preoperative 2.6 0.8 2.8 0.6 �0.2 0.2 .35
Cardiac index, intraoperative 3.6 0.8 3.9 0.8 �0.4 0.3 .15
Mean pulmonary arterial pressure, preoperative, mm Hg 33.6 10.7 31.4 8.1 2.2 2.7 .42
Mean pulmonary arterial pressure, intraoperative, mm Hg 26.3 6.5 26.6 4.4 �0.4 1.7 .84
Pulmonary vascular resistance, preoperative, Wood units 2.5 1.6 2.3 1.5 0.2 0.5 .69
Creatinine, preoperative, mg/dL 1.3 0.4 1.2 0.4 0.0 0.1 .78
Hematocrit, preoperative, % 35.3 5.5 34.0 5.3 1.3 1.6 .43
Platelets, preoperative 260.2 90.7 248.6 86.3 11.6 26.1 .66
INR, preoperative 1.8 1.2 1.4 0.4 0.4 0.3 .10
Mean arterial pressure, preoperative, mm Hg 71.3 15.3 69.2 10.8 2.1 4.0 .59
Mean arterial pressure, intraoperative, mm Hg 68.9 10.6 62.4 8.7 6.5 2.7 .02
Central venous pressure, preoperative, mm Hg 9.8 6.1 13.8 6.0 �4.0 1.8 .03
Central venous pressure, intraoperative, mm Hg 12.8 4.6 15.3 4.1 �2.5 1.4 .068
Preoperative inotropic support† 9 29% 13 65% ND ND .02
Preoperative mechanical support† 6 19% 6 30% ND ND .50

* Unadjusted estimates.
† Fisher exact test.
SE � standard error
ND � no data
INR � international normalized ratio.
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sure differed between subjects treated with iloprost and
epoprostenol; the adjusted average mean arterial pressure
for epoprostenol being approximately 5.44 mm Hg lower
than the average mean arterial pressure for the iloprost sub-

jects (95% CI 1.5–9.4, P � .007). There were no differences
between the inhaled-vasodilator groups for the other second-
ary end points. There were no differences between the con-
current control groups for any of these outcomes.

Potential Complications of Inhaled Therapy

Table 3 provides unadjusted group-level means for each
of the potential complications for the study groups and
formal adjusted pairwise comparisons between the inhaled
vasodilator groups, and between the concurrent control
groups. There were no meaningful differences between the
inhaled-vasodilator groups in the frequency of use of in-
dividual vasoactive infusions. There were differences be-
tween the 2 concurrent control groups in the use of epi-
nephrine and dobutamine: control group 1 received
epinephrine less frequently than control group 2 (mean
difference 1.9, 95% CI 1.1–2.8, P � .001), and control
group 1 received dobutamine more frequently than control
group 2 (mean difference 4.0, 95% CI �3.02–4.98,
P � .001). There was no difference in the amount of

Table 2. Outcomes of Inhaled Vasodilator and Control Groups

Variables

Iloprost
(n � 20)

Epoprostenol
(n � 8)

Iloprost � Epoprostenol

Unadjusted
Mean

SD
Unadjusted

Mean
SD

Adjusted
Difference

SE P*

Inhaled Vasodilator Groups
Duration of mechanical ventilation (raw scale), d 1.9 1.8 3.4 2.7 ND ND ND
Duration of mechanical ventilation (log scale), d 0.3 0.9 1.0 0.8 �0.64 0.30 .033
Hospital length of stay (raw scale), d 26.1 12.9 25.4 10.8 ND ND ND
Hospital length of stay (log scale), d 3.1 0.5 3.1 0.5 �0.11 0.21 .60
ICU length of stay (raw scale), d 10.3 3.3 12.8 5.8 ND ND ND
ICU length of stay (log scale), d 2.3 0.3 2.5 0.4 0.00 0.16 � .99
Mean pulmonary arterial pressure, postoperative, mm Hg 27.0 3.9 28.5 4.9 �1.50 1.94 .44
Mean arterial pressure, postoperative, mm Hg 75.0 5.2 69.6 3.7 5.44 1.96 .007
Central venous pressure average, postoperative, mm Hg 13.3 2.6 14.3 4.3 �0.27 1.75 .88

Control 1
(n � 20)

Control 2
(n � 31)

Control 1 � Control 2

Control Groups
Duration of mechanical ventilation (raw scale), d 1.3 1.4 1.0 0.8 ND ND ND
Duration of mechanical ventilation (log scale), d �0.1 0.7 �0.1 0.6 0.22 0.20 .34
Hospital length of stay (raw scale), d 27.1 37.8 34.4 21.3 ND ND ND
Hospital length of stay (log scale), d 2.9 0.7 3.4 0.6 �0.34 0.23 .15
ICU length of stay (raw scale), d 15.7 37.8 12.0 18.4 ND ND ND
ICU length of stay (log scale), d 2.2 0.7 2.1 0.6 �0.05 0.20 .80
Mean pulmonary arterial pressure, postoperative, mm Hg 24.8 4.3 23.5 3.7 2.32 1.33 .09
Mean arterial pressure, postoperative, mm Hg 74.6 4.3 72.1 5.8 2.14 1.73 .22
Central venous pressure average, postoperative, mm Hg 13.5 3.7 11.8 2.4 1.99 1.07 .067

The mean difference represents effect estimates adjusted for patient age, gender, preoperative cardiac index, whether mechanically ventilated, and baseline inotropic medication use.
* Pairwise comparisons.
SE � standard error.

Epoprostenol

0.1

0.4

1.0

2.7

7.4

Iloprost

Ve
nt

ila
to
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n 
(d

)

Control 1 Control 2

Fig. 2. Ventilation duration by study group and in concurrent co-
horts. Data shown as unadjusted 95% CI.
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mediastinal drain output between either inhaled vasodila-
tor groups or the concurrent control groups.

Discussion

Our main finding was that the use of inhaled iloprost for
the management of acute right ventricular dysfunction af-
ter orthotopic heart transplantation was associated with
significantly reduced ventilator days compared to inhaled
epoprostenol. This important finding is likely attributable
to the use of iloprost because we did not observe relevant
differences in the duration of mechanical ventilation among
concurrent controls in the 2 study periods. Mechanical
ventilation is reported to contribute up to $1,500 per day to
the cost of an ICU stay.16 This financial burden supports
efforts to shorten the duration of mechanical ventilation.
Furthermore, the use of iloprost was associated with higher
average mean arterial pressure in the first 5 postoperative
days without a difference in the use of vasopressors. The
fact that iloprost can be intermittently dosed may avoid
some undesirable consequences of continuous administra-
tion and may have contributed to the shorter duration of
intubation and mechanical ventilation. Intermittent dosing
makes iloprost more amenable to administration to an extu-

bated patient, which could contribute to the reduced duration
of mechanical ventilation by removing the need for weaning
off the inhaled vasodilator. Another favorable feature of in-
haled iloprost is that it remains the only prostacyclin with
FDA clearance for inhalational therapy.

In clinical practice, we observed that turning patients re-
ceiving continuously inhaled epoprostenol was sometimes
associated with periods of hypotension. Because consistent
dosing of an inhaled liquid requires that the chamber holding
the liquid remain stable, it is possible that turning patients
during administration of the medication may result in tran-
sient relative overdosing of the vasodilator, contributing to
systemichypotension.Because iloprost isdosedintermittently,
it is easier to provide routine care such as turns in bed be-
tween doses, allowing dosing to be done in a more stable
position. This may explain the comparatively lower mean
arterial pressure observed in the epoprostenol group.

Despite the shorter duration of mechanical ventilation
and higher mean arterial pressure with similar vasoactive
medication use, the use of iloprost did not translate to a
significant differences in the length of ICU or hospital stay
compared with the epoprostenol group.

Small trials have suggested that the use of inhaled
iloprost lowers acute elevations in pulmonary arterial pres-

Table 3. Bleeding and Hypotension Surrogates (Days 1–5) for Inhaled Vasodilator and Control Groups

Variable (unit)
Iloprost (n � 20) Epoprostenol (n � 8) Iloprost � Epoprostenol

Unadjusted Mean SD Unadjusted Mean SD Adjusted Difference SE P*

Inhaled Vasodilator Groups
Use of phenylephrine 0.6 1.2 0.5 1.4 �0.2 0.7 .73
Use of norepinephrine 0.1 0.2 1.1 2.1 �1.3 0.8 .13
Use of epinephrine 3.9 1.4 3.3 2.0 0.9 0.9 .30
Use of vasopressin 1.2 1.4 2.6 2.0 �1.2 0.9 .19
Use of isoproterenol 2.9 2.1 1.9 1.4 0.3 0.8 .66
Use of dobutamine 1.6 2.1 3.6 2.3 �2.2 1.0 .034
Use of milrinone 5.0 0.0 5.0 0.0 �0.03 0.1 .81
Mediastinal drain total output, mls 931 1131 714 328 510 485 .30

Control 1
(n � 20)

Control 2
(n � 31)

Control 1 � Control 2

Control Groups
Use of phenylephrine 0.3 0.6 0.3 0.8 0.1 0.2 .78
Use of norepinephrine 0.1 0.4 0.1 0.3 0.0 0.2 .80
Use of epinephrine 1.6 1.7 3.7 0.9 �1.9 0.4 � .001
Use of vasopressin 1.3 1.6 1.7 1.8 �0.7 0.5 .20
Use of isoproterenol 3.6 2.0 3.2 1.9 0.4 0.6 .51
Use of dobutamine 4.1 1.9 0.2 1.1 4.0 0.5 � .001
Use of milrinone 4.3 1.2 4.7 0.8 �0.2 0.3 .36
Mediastinal drain total output, mls 760 681 688 577 �13 200 .95

The mean difference represents effect estimates adjusted for patient age, gender, preoperative cardiac index, whether mechanically ventilated, and baseline inotropic medication use.
* Pairwise comparisons.
SE � standard error.
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sure and is beneficial in the management of acute postop-
erative pulmonary hypertension and right ventricular dys-
function.17,18 Our results support this conclusion. Despite
concerns that prostacyclin and its metabolites could cause
systemic vasodilation, mean arterial pressure was higher in
the group exposed to iloprost compared with epoprostenol.
There was no significant difference between groups in the
use of vasoconstrictors (ie, vasopressin, phenylephrine, or
norepinephrine infusion), suggesting that systemic vaso-
dilatation might have been more pronounced with the con-
tinuous administration of epoprostenol. Likewise, subjects
in both exposed groups were equally likely to be treated
with an inotrope (epinephrine or isoproterenol). However,
subjects in the concurrent control group 2 were more likely
to receive epinephrine and less likely to receive dobut-
amine than the earlier cohort. This is likely a reflection of
a change in practice from managing chronotropy primarily
with pacing to instead allowing intrinsic cardiac rhythm
and managing chronotropy with epinephrine. The increas-
ing use of epinephrine, with its potent inotropic effects,
could explain the decreasing use of dobutamine. Platelet
dysfunction related to prostacyclin and its metabolites is also
a potential concern. Mediastinal drain output was collected as
a surrogate for postoperative bleeding because platelet dys-
function would presumably increase bleeding. We saw no
significant difference in the mediastinal drain output for post-
operative days 0–2 between the treatment groups.

Our study has several limitations. Data collection was
done retrospectively, and, as such, not all data points were
available. This was not a randomized trial. We used con-
current controls in each study period to account for poten-
tial temporal trends that could have been observed over
time. Notably, one preoperative variable noted to be dif-
ferent between the inhaled vasodilators groups was the
preoperative CI. The mean preoperative CI in the epopro-
stenol group (3.2 L/min/m2) was unusually high for heart
failure patients awaiting heart transplant. This was poten-
tially due to the relatively larger proportion of subjects
with preoperative mechanical circulatory support (left ven-
tricular assist device), 25% compared to 15% in the ilo-
prost group. Therefore, the comparison of 2 groups under-
going care in 2 distinctly different time periods might not
have accounted for other changing practice patterns that
may occur in parallel. Our study also was unable to control
for clinical decision-making at the time of initiation of
vasodilator therapy, and similarly, the duration of therapy
was at the discretion of the treatment teams.

Conclusions

Despite the shortcomings of our retrospective analysis,
it appears that iloprost may be an acceptable alternative to
epoprostenol as an inhaled vasodilator following heart
transplantation. Iloprost may offer clinically meaningful

advantages over continuous epoprostenol, given that inter-
mittent dosing appears to allow for shorter duration of
mechanical ventilation.
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