Original
Article

A Comparison of the Acute Hemodynamic Effects
of Inhaled Nitroglycerin and Iloprost in Patients
with Pulmonary Hypertension Undergoing

Mitral Valve Surgery
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Background: Sincethe presence of pulmonary hypertension (PHT) affectsthe prognosisof the
patients, it isimportant to manage and evaluate PHT. Theaim of this study wasto comparethe
hemodynamic effects of inhaled nitroglycerin and iloprost during early postoper ative period, in
patientswith PHT undergoing mitral valve replacement surgery.

Materialsand Methods. One hundred patientswith PHT (mean pulmonary artery pressure
(MPAP) >25 mmHg at rest), wererandomized toreceive either inhalation of nitroglycerin (group
I; n=50) or iloprogt (group I1; Nn=50) in the postoper ative period. I n both groups, baseine hemo-
dynamic parameter swererecor ded beforethetreatment (To). Then, patientsin group | received
20 ug.kg™ nitroglycerin and thosein group |1 received 2.5 ug.kg?iloprost. The same param-
eterswererecorded immediately after the end of the treatment (Ta).

Results: I1n both study groups MPAP and pulmonary vascular resistance (PVR) were found to
be significantly lower at T: when compared to that of To period (p<0.05). MPAP and PVR were
significantly lower and mean arterial pressure (M AP) was significantly higher in group 11 when
compared togroup | at T1 period (p<0.05). In addition to decreasesin PVR and MPAP, iloprost
alsoincreased car diac output (CO)(4.9£1.3vs5.1+0.9, p<0.05) and strokevolume (SV)(48+13
vs 56113, p<0.05).

Conclusion: Inhaled iloprost and nitroglycerin, both effectively reduce MPAP and PVR with-
out affecting M AP, systemic vascular resistance (SVR) and CO. However, iloprost seemstobea
mor e power ful pulmonary vasodilator, ther efore we suggest iloprost inhalation in patientswith
severe PHT. (Ann Thorac Cardiovasc Surg 2006; 12: 319-23)
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I ntroduction

Pulmonary hypertension (PHT) isaclinical entity, that is
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frequently seen in patients with mitral valve disease.
Unfortunately, elevated pulmonary artery pressure (PAP)
might persist after mitral valve replacement in the early
postoperative period.?

Elevated PAP and/or pulmonary vascular resistance
(PVR), increases the risk of development of acute right
heart failure. Thus, strict control of PAPisan essentia part
of the postoperative care of this subset of patients. Al-
though parenteral vasodilators are theoretically benefi-
cia, they have been used with limited clinical results be-
cause of the lack of pulmonary selectivity. Therefore, in
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recent years inhaled nitric oxide, nitroglycerin and
prostacyclin (PGl2) anal ogues become popular.2>9 In our
previous study we have shown that inhaled nitroglycerin
decreases PAP and PV R without affecting systemic arte-
rial pressurein patientswith PHT undergoing mitral valve
replacement surgery.” The present study aims to com-
parethe effects of inhaled iloprost, asynthetic prostacyclin
analogue, and inhaled nitroglycerin again in this subset
of patients.

Materialsand Methods

After obtaining ethic committee approval and informed
consent, 100 patients with PHT (having mean PAP
(MPAP) >25 mmHg) were randomized to receive either
inhalation of nitroglycerin (group I; n=50) or iloprost
(group I1; n=50) in the postoperative period. Exclusion
criteriawere a history of chronic obstructive pulmonary
disease and left ventricular g ection fraction <40%.

Anesthesiawas induced with intravenous fentanyl (20
©0.kg™) and propofol (2 mg.kg™). Muscle relaxation was
provided with pancuronium (0.1 mg.kg?). Anesthetic
maintenance was ensured with fentanyl infusion 0.3-1.0
©g.kgt.mint, propofol (1 mg.kg™), and isoflurane (0.4—
1.0%). During thefirst 8 postoperative hours patients were
sedated with fentanyl 2 wg.kgth and the study was con-
tinued. They were ventilated with 40% oxygen. Tidal
volume was set at 10 ml.kg?, respiratory rate was ad-
justed to establish an arterial carbon dioxide tension and
arterial pH approximately 35 mmHg and 7.40, respec-
tively.

The measured hemodynamic parameters were heart
rate (HR), mean arterial pressure (MAP), MPAP, cen-
tral venous pressure (CVP), and pulmonary capillary
wedge pressure (PCWP). Parameters derived by stan-
dard formulas include cardiac output (CO), pulmonary
vascular resistance (PVR) and systemic vascular resis-
tance (SVR). CO was measured using a 7-F thermodi-
[ution pulmonary artery catheter during expiration. In
both groups, baseline hemodynamic parameters were
recorded before the treatment (To), upon arrival to the
surgical intensive care unit (SICU). Then, patientsin
group | and group |1, inhaled 20 wg.kg* nitroglycerin,
and 2.5 ug.kgtiloprost liquid, nebulised by 2 L.min!
air jet, from the inspiratory limb of the ventilator. The
previous measurements were repeated at the end of the
treatment (T1).
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Statistical Analysis

Statistical procedures were done by using statistical soft-
ware package (STATISTICA™ 6.0, StatSoft Inc., USA).
Statistical power analysis using «=0.05 and 8=0.2 indi-
cated that atotal of 50 observations would be needed to
detect a difference between groups with an assumed stan-
dard deviation (SD) of 10 with the power of 80%. Data
are expressed asmean=+SD. The variables were analysed
with Student-t test. P<0.05 was considered to indicate
statistical significance.

Results

Between January 2004 and November 2005, 100 patients
with PHT undergoing mitral valve replacement surgery
were prospectively enrolled. Patient characteristics are
presented in Table 1. There were no statistically signifi-
cant differences between the study groups. All patients
tolerated iloprost and nitroglycerin inhalation without side
effects.

The hemodynamic parameters areillustrated in Table 2.
There were no significant differences between the study
groups with respect to baseline hemodynamic characteris-
tics (To). In both study groups MPAP and PVR signifi-
cantly decreased after treatment (T1) as compared with
baseline (To)(p<0.05). Whereas, MPAP, PVYR and CVP
were significantly lower in group Il when compared to
group | at T period (p<0.05). [loprost inhal ation reduced
PVR (289+136 vs 124+57 dyn.sec™t.cm, p<0.05),
MPAP (3616 vs19.5+4 mmHg, p<0.05) and CVP (10+3
vs 843 mmHg, p<0.05) (Figs. 1 and 2). In addition to
decreasesin PVR and MPAR , iloprost also increased CO
(4.9+1.3vs5.1+0.9, p<0.05) and stroke volume (SV)
(48+13 vs56+13, p<0.05).

Discussion

Although the quantity of blood flowing through the lungs
is essentially equal to that flowing through the systemic
circulation, the pressuresin the pulmonary circulation are
significantly low compared to the systemic circulation.
Thus, pulmonary circuit is alow-resistance system. The
smooth muscle cells in the pulmonary vessel walls, by
reacting the substances released from the endothelium,
not only keep the pulmonary vascular tree compliant, but
also diverge the blood flow to those segments of the lungs
where the alveoli are best oxygenated. Vascular endothe-
lium contributes this regulation by releasing a number of
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Table 1. Patient characteristics

Parameters Nitroglycerin lloprost p value

Age (years) 49.2+9.7 53.8+11.7 ns

Sex (M/F) 22/28 21/29 ns

Weight (kg) 63.3+10.7 70.7+12.4 ns

Height (mt) 1.61+59 1.65+6.07 ns

M, male; F, female; ns, not significant.

Table 2. Hemodynamic parameters
Nitroglycerin lloprost
Variables gy P
To T To T1

HR (min?) 98+11 95+13 96+ 11 98+12
CO (L.mint) 5.0£1.3 4.9+09 49+1.3 5.1+0.9*t
SVR (dyn.sect.cm?®)  1,468+377 1,294+345 1,340+496 1,145+374
PVR (dyn.secl.cm®) 286+192 162+59.6* 289+136 124+57%1
SV (ml.beat?) 49+14 50+11 48+13 56+13*t
MAP (mmHg) 72+8 66+9 70+12 68+11
MPAP (mmHg) 37+10 24.5+4* 36+6 19.5+4*t
CVP (mmHg) 9+5 8+4 10£3 83t
PCWP (mmHg) 19+7 15+9 20+5 16+8

Effects of inhaled nitroglycerin and iloprost in heart rate.

Data are expressed as mean+SD.

*, p<0.05 versus baselineg; ', p<0.05 versus nitroglycerin group.

HR, heart rate; CO, cardiac output; SVR, systemic vascular resistance; PVR, pulmonary vascular
resistance; SV, stroke volume; MAP, mean arterial blood pressure; MPAP, mean pulmonary arterial
pressure; CVP, central venous pressure; PCWP, pulmonary capillary wedge pressure.

vasoactive substances.?

PHT is apathophysiologic state that can be primary or
associated with many other clinical conditions. It is com-
mon in patients with long-standing cardiac valvular pa-
thology. At least three pathophysi ol ogic mechanisms con-
tributeto the PHT seenin this subgroup of patients. These
include; increased left atrial pressure transmitted retro-
grade into the pulmonary circulation. Vascular remodel-
ling of the pulmonary vasculature in response to chronic
obstruction to pulmonary venous drainage (fix compo-
nent) and pulmonary arterial vasoconstriction (reactive
component). PHT isusually areflex originating during
theimmediate period. However, over time other morpho-
logic changes take place. In these cases the treatment of
PHT is represented by the treatment of the underlying
pathology.®

Thetreatment of mitral valvular diseaseis usually me-
chanical and necessitates the use of extracorporeal circu-
lation. In addition, cardiopulmonary bypass (CPB) might
contribute to the increased MPAP and therefore increase
the work-load of the right ventricle in this group of pa-
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tients. Several days even weeks might be required for the
increased PVR to return to normal after the valve replace-
ment.>Y During this critica periodit isimportant to keep
PVR within the limits against which the right ventricle
can work. Thus, patients undergoing valve surgery might
require pulmonary vasodilator therapy during the imme-
diate postoperative period.*? The main limitation of sys-
temic vasodilator therapy is accompanying systemic hy-
potension. Thelong-term use of calcium-channel blockers
decreases the PAP and PVR. Approximately 25% of pa-
tients can tolerate this treatment.*3¥ | ntravenous admin-
istration of nitroglycerin and PGl2 was shown to improve
hemodynamic variables. However, the lack of pulmonary
selectivity and the occurrence of tolerance limits the use-
fulness of these vasodilators.?*® These shortcomings
neccessiate the search for the new agents and techniques
to decrease adverse effects. During the last decade re-
search has been directed towards inhaled nitric oxide
(INO). INO was shown to be effective in the treatment of
PHT, but it is expensive and toxic side effects limit its
use.’® On the other hand, nitroglycerin is metabolized to
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Fig. 1. SVR and PVR changes.
SVR, systemic vascular resistance; PVR, pulmonary vascular
resistance; ntg, nitroglycerin; ilo, iloprost.

nitric oxide which is a potent vascular smooth muscle
relaxant in the vascular endothelial cells.? We recently
showed that inhalation of nitroglycerin decreases PAP
without affecting systemic blood pressure in the early
postoperative period in patients who underwent mitral
valve replacement surgery. Our results were consistent
with previousfindings published by Gong et al.,*” in dogs
with experimentally induced PHT and Omar et a.*® in
patients with PHT resulting from congenital cardiac de-
fects. In this study we extended these findings to com-
pare the effects of two agents; nitroglycerin and iloprost,
the stable analogue of PGl-.

This study corroborates our previous findings that in-
haled nitroglycerin reduces MPAP and PV R without af-
fecting MAP, SVR, and CO.” However, inhalation of agro-
solized iloprost seems to be a more effective approach
considering the results of the two groups; MPAP and PVR
were significantly lower and MAPR, SV and CO were sig-
nificantly higher in group Il when compared to group | at
the T1 period. In addition, although not statistically sig-
nificant, iloprost caused adecrease in PCWP. These find-
ings suggest that inhaled iloprost selectively targets the
pulmonary vasculature.

Theodoraki et al. reported that a selective pulmonary
vasorelaxation was achieved by iloprost in cardiac sur-
gery patients who presented with severe RV dysfunction
following discontinuation of CPB.? After iloprost inha
lation, MPAP and PVR decreased with no changein MAP
and SVR.? Their results compare favorably with our find-
ings.

Sablotzki et a. studied the effects of inhal ed aerosolized
iloprost in patients with PHT due to chronic cardiac fail-
ure.’® They found that iloprost caused a significant re-
duction in MPAP and PVR with no effects on SVR and
arterial blood pressure. In comparison to the results of
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Fig. 2. MAP and MPAP changes.
MAP, mean arterial pressure; MPAP, mean pulmonary artery
pressure; ntg, nitroglycerin; ilo, iloprost.

Sablotzki et a. we found similar effects of iloprost both
on pulmonary and systemic circulation.*®

Inhaled PGI2 was shown to be a more potent pulmo-
nary vasodilator than INO in several studies.?>?)
Olschewski et al. tested the short-term effects of INO,
PGl, and iloprost and found that INO-evoked decrease
in PVR was less than that seen in response to inhaled
iloprost and PGI2.'2 Hoeper et al. reported more potent
effects of inhaled iloprost on the pulmonary vascular bed
as compared to INO in patients with primary PHT.?2 Our
results are parallel to that of Hoeper et al.?? and
Olschewski et a.,? the decreasein MPAP and PVR was
more pronounced in iloprost group and associated with
anincreasein Cl, SV and MAP.

In our study, inhaled iloprost was well tolerated. The
side effects, such as, jaw pain, syncope and flushing were
seen in no patients.

Overall, our data support the conclusion that aero-
solized iloprost caused marked pulmonary vasodilatation
and increase in Cl and MAP. Thus, it appeared to be an
effective and safe treatment in patients with PHT after
mitral valve replacement.
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