
Introduction:

In patients with systemic-to-pulmonary shunts, the

type and size of the defect as well as the magnitude

of the shunt are risk factors for the development

of pulmonary artery hypertension (PAH).1  Shear

stress due to increased pulmonary blood flow and/

or increased pulmonary artery pressure appears

to play a major role in the development of

pulmonary vascular disease (PVR) related to

congenital heart disease (CHD).2 Elevated

pulmonary artery pressure in ventricular septal

defect (VSD) is caused by pulmonary over

circulation, pulmonary vasoconstriction and

pulmonary vascular disease either alone or in

combination.3 PAH in pediatric patients with VSD

remains one of the most important determinant

of perioperative morbidity and mortality.4

Outcomes are significantly worse in patients with

perioperative PAH and right ventricular (RV)

failure prompting interest in the utility of newer

therapies for this situation, including PAH-specific

therapies.5,6 While early surgical correction can

prevent development of PAH in CHD, PAH has

become one of the leading but unresolved medical

conditions that, like primary myocardial failure,

significantly increases mortality and morbidity due

to perioperative pulmonary hypertensive crisis.7,8

Endothelin-1, one of the most potent

vasoconstrictors identified to date has been

implicated in the pathophysiology of PAH.

Endothelin-1 expression, production, and

concentration in plasma and lung tissue are

elevated in PAH patients and inversely correlated

with prognosis.7 Endothelin contribute to PAH

pathophysiology by promoting pulmonary smooth

muscle cell hypertrophy, proliferation, and

vasoconstriction through their interaction with

endothelin receptor ( ETRs).9 Ambrisentan is a

propanoic Acid-based endothelin receptor 1A-

selective antagonist approved to once daily
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administration by FDA in 2007.8 The oral

endothelin receptor antagonist Ambrisentan has

been shown to improve the short and medium term

course of adult PAH.10 We performed this study

to search the role of amrisentan to reduce

perioperative PAH in surgical correction of VSD.

Methods:

This was a prospective study , carried out in

Department of Cardiac Surgery, National Institute

of Cardiovascular Diseases (NICVD), Dhaka,

Bangladesh, during January 2014 to December 2014

after approval by academic council of the institute.

Total 54 patients were selected for surgical

correction of VSD between age 2 to 15 years and

were divided into two groups: Group-A= 27 patients

with VSD with PAH who received oral amrisentan

perioperatively, Group-B= 27 patients with VSD

with PAH without oral ambrisentan. Patients

associated with other congenital defect, valvular

heart disease. PVR more than 8 wood unit/m2 and

patients with primary pulmonary hypertension

(PPH) were excluded from the study. Written and

informed consent taken from all patients under

the study.

 Preoperative assessment: Patients admitted in the

cardiac surgery department, NICVD, fulfilling the

inclusion and exclusion criteria were included in

this study. Initially patients were selected after

confirmation of diagnosis by echocardiogram

detecting presence of VSD and PAH. Patients were

divided into two groups. The Group-A consists of

27 patients who received ambrisentan two weeks

before surgery. The other group that is Group-B

did not receive ambrisentan and this group was

considered as control. The dose of the drug

ambrisentan was adjusted according the body

weight of the patient. Patient weighing  < 20 kg

got 2.5 mg of ambrisentan in two divided doses

per day and patient weighing  >20 kg got 5 mg of

ambrisentan in two divided doses per day for at

least two weeks before surgery.

Echocardiogram and recording of Pulmonary

Arterial Systolic Pressure (PASP) was done before

starting ambrisentan and one week and one month

after operation which was performed in

Department of Cardiology, NICVD by the same

cardiologist. Cardiac catheterization was done in

all patients at Department of Cardiology, NICVD

to calculate PASP, PVR and reversibility for

preoperative evaluation of patients.

Surgical technique:

All patients were operated as per local institutional

protocol under cardio-pulmonary bypass and by

median sternotomy. Per operatively PASP was

recorded before establishment of cardiopulmonary

bypass (CPB), just after surgical closure of VSD

and after weaning from CPB with stable

haemodynamics directly from pulmonary artery.

Peropeartive aortic cross-clamp time (XCT) and

extracorporeal circulation time (ECCT) were also

recorded.

ICU management: All patients were taken into

intensive care unit (ICU) after completion of

operation and after extubation ambrisentan was

continued. If prolong ventilation requires,

ambrisentan was administered through Ryle’s tube.

In case of development of right ventricular (RV)

failure (manifested by raised central venous

pressure, hypotension, reduced SPO2) pulmonary

vasodilators were used in both group of patients.

Duration of ICU stay, ventilator support,

development of RV failure, duration of hospital stay

were recorded and compared between two groups.

Data were collected, recorded and interpretation
was done by using SPSS version (Version-16).
Preoperative data   Age, sex, echocardiographic
pulmonary artery systolic pressure(PASP),
pulmonary artery(PA) pressure by Cardiac
catheterization ; per-operative data extracorporeal
circulation time(ECCT), aortic cross-clamp
time(XCT), PA pressure measured directly from
PA, and postoperatively PASP by echocardiography,
mechanical ventilation time and ICU stay were
collected.

Results:

There was no significant difference in preoperative
variables between two groups( Table I). Per-
operatively PA pressure was found to be
significantly reduced before establishment of CPB,
just closure of VSD on CPB and after weaning from
CPB in Group-A (Table II) than Group-B. The XCT
and ECCT were not significantly different (Table
III); ICU stay and ventilation time were
significantly less in group-A indicating less
incidence of right ventricular failure. The PASP
at 7th postoperative day and at 1 month follow-up
further reduced in group-A this reduction is
significantly more than group-B.
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Table-I

Comparison of age and sex distribution between Group A and Group B (n=54).

Age (years)                                               Group p-value

Group A (n=27) Group B (n=27)

3 - 5 9 (33%) 8 (30%) 0.324

6 - 8 8 (30%) 8 (30%) 0.314

8 - 9 10 (37%) 11 (40%) 0.401

Total 27 (100.0%) 27 (100.0%) 0.312

Mean±SD 5.30 ± 1.787 5.87 ± 1.97 0.360

Table-II

Comparison of sex distribution between Groups (n=54).

Sex                                            Group p-value

Group A    (n=27) Group B (n=27) 0.749

Female 15(55.5%) 13(48%)

Male 12(44.5%) 14(52%)

Total 27 (100.0%) 27 (100.0%)

Table-III

Comparison of preoperative variables between groups (n=54).

Preoperative findings                                   Group

Group A Group B p value

mean±SD mean±SD

PASP (mm of Hg) on echocardiogram 70.96 ± 10.80. 71.40 ± 10.89 0.895

PASP  on cardiac cath. 71.33 ± 10.69 71.29 ± 11.18 0.629

QP:QS in Cardiac cath. 2.62 ± 3.83 1.90 ± 0.13 0.62

 PVR in cardiac cath 4.66 ± 0.83 4.55 ± 0.80 0.94

PVR= Pulmonary Vascular Resistance, Qp=Pulmonary circulation. Qs= Systemic circulation

Table-IV

Comparison of Peroperative PASP between groups (n=54).

Per-operative findings                                    Groups p value

Group A Group B

mean±SD mean±SD

PA pressure (before establishment of CPB) 59.55 ± 11.16 71.92 ± 10.62 0.002

PA pressure (just after  closure of VSD on CPB)    45.49 ± 9.46 66.34 ± 10.22 0.001
PA pressure (after weaning from CPB) 40.49 ± 10.33 62.14 ± 9.46 0.001

Table-V

Comparison of per-operative variables between groups (n=54).

Per-operative findings                                           Groups p value

Group A Group B

mean±SD mean±SD

XCT (min) 52.18 ± 2.03 53.25 ± 1.48 0.56

ECCT (min) 82.33 ± 4.42 87.22 ± 5.89 0.48
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Discussion:

PAH is a diverse group of diseases characterized

by a progressive increase of pulmonary vascular

resistance which leads to right ventricular failure

and premature death if untreated.11 As the disease

progresses and right ventricular after-load

increases, the  heart’s ability to increase  cardiac

output with activity declines, resulting in exertional

dyspnea, chest pain, or  syncope.  Eventually,

progressive right heart dysfunction ensues, leading

to right heart failure and death.12 VSD is defined

as a hole or multiple holes in the interventricular

septum.13 The conventional definition of PAH used

in clinical studies includes an mean pulmonary

arterial pressure (mPAP) of greater than 25 mm

of Hg at rest in the setting of a normal pulmonary

arterial wedge pressure of 15 mm of Hg or less

with a PVR greater than 3 Wood unit.14 In a pilot

study of acute administration of high doses of

ambrisentan to patients with pulmonary

hypertension, pulmonary and systemic resistance

decreased, suggesting that chronic doses might be

necessary for a significant and selective effect.15

Considering the preoperative variables like PASP

on echocardiogram and on cardiac catheterization,

Qp/Qs  ratio and PVR  were compared between

the two groups and there was no significant

difference between two groups. There was

significant reduction of PASP both before CPB

establishment, just after VSD closure and after

weaning from CPB in patients who were treated

with preoperative oral ambrisentan. In the

ambrisentan group XCT was 52.18 ± 2.03 minutes

and in the control group it was 53.25 ± 1.48

minutes. ECCT was 82.33 ± 4.42 minutes in

ambrisentan group and 87.22 ± 5.89 minutes in

control group. These peroperative findings are

similar to the study of Peiravian et al.16 PA

pressure is significantly reduced following

ambrisentan treatment which corresponds with

the findings of both Peiravian et al16  and that of

Nemoto et al.17 Mechanical ventilation time was

significantly (p=0.013) less (5.96 ±.758 hours) in

ambrisentam group than in control group (11.14

±1.32 hours) and this findings corresponds with

the study of Peiravian et al16  and that of Nemoto

et al.17  Reduction of ICU stay and time of

ventilating support indicates there is less

incidence of development of RV failure due to

pulmonary arterial hypertensive crisis in patients

of Group-A receiving oral ambrisentan . Perivian

et al16 and Nemoto et al17 performed two studies

with oral sildinafil in their studies. The results of

our study are similar to them. No patient died

during the study period of both the study groups.

We used to continue oral ambrisentan for at least

two months postoperatively for smooth recovery

of the disease. For this reason we could not asses

like other studies the rebound  pulmonary

hypertension following discontinuation of the

drug. There were some limitations of our study;

it was a single center study with smaller sample

size and short term follow up.

Table-VI

Comparison of postoperative PASP outcome between groups (n=54).

Postoperative outcome                                   Group p value

Group A(n = 27) Group B(n = 27 )

Postoperative PASP  at 7th POD 33.55±1.23 41.70±5.60 .001

Postoperative PASP at 1 month 30.55± 2.26 39.11±3.28 .001

Table-VII

Comparison of Postoperative ventilation time and ICU stay (n=54).

Per-operative findings                                      Groups p value

Group A Group B

mean±SD mean±SD

Ventilation time (hours) 5.96 ± 0.758 11.14 ± 1.32 0.013

ICU stay (days) 3.66 ± 0.78 6.11 ± 0.50 0.001
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Conclusion:

In this study it has been found that there is

significant reduction in pulmonary hypertension

both before and after surgical closure of VSD with

the use oral ambrisentan preoperatively. So

ambrisentan can be considered as an attractive

and effective oral therapy for moderate to severe

pulmonary hypertension. It is safe and easy to

administer and inexpensive. However further

studies are necessary to determine the efficacy,

safety and optimal dosing of ambrisentan. Careful

long term follow up and conduction of a double

blind clinical trial is required to examine the effects

of ambrisentan further. Within these limitations

we conclude that oral ambrisentan may be advised

preoperatively for every patient with VSD with

moderate to severe pulmonary hypertension.
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