Comparative study of sildenafil versus tadalafil for management of early post-operative pulmonary hypertension in pediatric cardiac surgery patients



ABSTRACT
[bookmark: _Hlk52207805][bookmark: _Hlk52209373]Young children with CHD and large systemic-to-pulmonary shunts eventually develop pulmonary hypertension. At present, phosphodiesterase type-5 inhibitors such as sildenafil have been used to control pulmonary pressure before and after cardiac surgery. Recently, tadalafil has been utilized in older children with similar efficacy. Along 2 years, 75 patients with a large septal defect and pulmonary arterial hypertension were randomly divided into three equal groups:1st group (Control) didn’t receive any PDEIs, the 2nd group received Sildenafil (0.5mg/kg/TDS) and the 3rd group received tadalafil (1mg/kg/OD) 1weak before and continued 3 months after surgery. 3 echocardiographic studies done for each patient:1weak before,1 week after and 3 months after surgery. We found that ERVSP and mPAP measurements improved in sildenafil and tadalafil groups as occurred in control group and this means that PDE-5 inhibitors did not influence neither the early post-operative pulmonary pressure readings nor the follow up ones and so, PDE-5 inhibitors did not affect the clinical course of those patients. Also, there was no significant difference in mechanical ventilation time, pulmonary hypertensive crisis or ICU stay between 3 groups.

Pulmonary hypertension in pediatric patients with left to right shunts remains one of the most important determinants of perioperative morbidity and mortality. Pulmonary arterial hypertension is a form of pulmonary hypertension distinguished hemodynamically by the presence of pre-capillary pulmonary hypertension, which includes an end-expiratory pulmonary artery wedge pressure ⩽15 mmHg and a pulmonary vascular resistance more than 3 Wood units. 1,2. In addition, these patients might develop postoperative pulmonary hypertensive crisis. The pulmonary hypertensive crisis is a dangerous state of severe rise in pulmonary arterial pressure usually with bronchospasm, often followed within seconds with a profound reduction in cardiac output and reduction in O2 saturation. This has been commonly observed in neonates and infants who are intubated for surgery for a CHD associated with pulmonary arterial hypertension 3.
Sildenafil is an orally active inhibitor of PDE-5, inducing vasodilation and exhibiting antiproliferative effects through the NO/cyclic guanosine monophosphate pathway within the pulmonary vasculature. In 2011, sildenafil received EMA approval for use in children >1 year of age. 4 Although the FDA has warned against prescribing sildenafil for children with pulmonary arterial hypertension, the European Medicines Agency recommends its use in children. 5
Tadalafil, an oral, selective PDE-5 inhibitor with a longer duration of action than sildenafil, was FDA-approved for use in adults with PAH in 2009. Although there is no published RCT data on the use of tadalafil in pediatric PAH, tadalafil started to be utilized in older children with similar efficacy in the era of  FDA warning against the (chronic) use of sildenafil in children with PAH between 1 and 17 years of age in 2013, which was clarified in 2014 (“no contraindication” for pediatric use of sildenafil, but it has been used to a lesser extent in young infants. 6 The aim of our study was to assess and compare the effect of PDEIs (Tadalafil vs Sildenafil vs Placebo) on the early post-operative pulmonary hypertension in patients with intra-cardiac shunts after corrective Surgery. 
Patients and methods
This randomized trial study was conducted at Bahteem Specialized Center for Surgery with collaboration of Pediatric Cardiology Unit at Menofiya University.
For more than 2 years, 75 patients aged 4-90 months suffered from Lt to Rt Shunts with moderate to severe pulmonary hypertension randomly divided into three equal groups:1st group didn’t receive any PDEIs but received routine ant-failure drugs, the 2nd group received Sildenafil (0.5mg/kg/TDS) 1 weak before surgery ,Post-operatively  in PICU through NG tube and   3 months after surgery plus routine anti-failure drugs and the 3rd group received tadalafil (1mg/kg/OD) 1 weak before surgery ,Post-operatively  in PICU through NG tube and   3 months after surgery plus routine anti-failure drugs. According to the protocol of our surgical center for treatment of patients with CHD and pulmonary hypertension, milrinone (a vasodilator) and Dobutamine (an inotrope) were administered to all groups during cardiopulmonary bypass and continued in the pediatric ICU until the patient’s hemodynamics were stable. Demographic data, preoperative cardiac diagnoses, and data of all patients in each group are summarized in Table 1.
Table (1) comparison between the pre-operative demographic data variables between Control, Sildenafil, Tadalafil groups:
	
	Control group
	Sildenafil group
	Tadalafil group
	F.test
	P.value
	LSD

	Age (months)
	[bookmark: _gjdgxs]14.28±15.49
	[bookmark: _30j0zll]20.56±17.27
	[bookmark: _1fob9te]11.00±3.4
	3.26
	0.044
	P1=0.121
P2=0.390
P3=0.014*

	Height (cm)
	70.96±15.41
	83.16±27.84
	64.96±5.15
	6.208
	0.003**
	P1=0.023*
P2=0.258
P3=0.001**

	Weight (kg)
	7.74±7.23
	11.87±9.88
	6.10±1.41
	4.368
	0.016*
	P1=0.044*
P2=0.418
P3=0.005**

	[bookmark: _3znysh7]Body Surface Area(kg/m2)
	[bookmark: _2et92p0]0.37±0.19
	[bookmark: _tyjcwt]0.51±0.30
	[bookmark: _3dy6vkm]0.32±0.05
	5.256
	0.007**
	P1=0.027*
P2=0.380
P3=0.002**

	SEX
	No
	%
	No
	%
	No
	%
	X2
	P.value
	

	
	
	
	
	
	
	
	
	0.806
	

	Male
	12
	48
	12
	48.0%
	10
	40.0%
	0.43
	
	

	Female
	13
	52
	13
	52
	15
	60.0%
	
	
	

	Type of Shunt
	
	
	
	
	
	
	9.542
	0.482
	

	VSD
	17
	68.0%
	14
	56.0%
	20
	80.0%
	
	
	

	PDA
	4
	16.0%
	3
	12.0%
	2
	8.0%
	
	
	

	ASD
	2
	8.0%
	2
	8.0%
	2
	8.0%
	
	
	

	(VSD, PDA)
	2
	8.0%
	2
	8.0%
	1
	4.0%
	
	
	

	(VSD, PDA, ASD)
	0
	0.0%
	3
	12.0%
	0
	0.0%
	
	
	

	(ASD, VSD)
	0
	0.0%
	1
	4.0%
	0
	0.0%
	
	
	




Three echocardiographic full assessment studies done for each patient of three groups with particular stress on (mean pulmonary artery pressure, estimated RV systolic pressure, Trans-annular mean systolic excursion “TAPSE”, fractional area change, tissue doppler on lateral tricuspid annulus, LV function and Volume, Lt arial volume, Rt atrial volume and area). We planned these studies 1weak before,1 week after and 3 months after surgery plus close observation and monitoring of clinical data inside ICU and after hospital discharge for any drug side effects. Data was collected and statistically analyzed using SPSS (statistical package for social science) program version 13 for windows, independent t-test, χ2. A p-value for all the analysis a p value < 0.05 was considered statistically significant. 
Results
A total of 75 patients were enrolled into this study, none of the patients was excluded.. The mean age of control group 14.28±15.49 months, mean age of sildenafil group 20.56±17.27 months and mean age of tadalafil group 11.00±3.4 months. The mean age of sildenafil group 20.56±17.27 months was higher compared to control group 14.28±15.49 (P. value= 0.121) and tadalafil group 11.00±3.4 (P value=0.014). Out of 75 patients; 51 patients had VSD (68%), 9 patients had PDA (12%), 6 patients had ASD (8%) and 9 patients had multiple shunts (12%) with their detailed distribution over the 3 groups demonstrated in Table 1. In control group, 17 patients were VSD, 4 patients were patent ductus arteriosus (PDA), 2 patients were ASD and 2 patients had multiple shunts. For sildenafil group, 14 patients were VSD, 3 patients were PDA, 2 patients were ASD and 5 patients had multiple shunts. For Tadalafil group, 20 patients were VSD,2 patients were PDA and 3 patients had multiple shunts. Table (2) shows a comparison between the pre-operative echocardiographic 2D, M-mode and Doppler measurements of right Rt sided chambers of the 3 groups with no statistically significant differences between 3 groups in terms of these parameters.
Table (2) comparison between echocardiographic measurements before surgery in three studied groups (Rt sided chamber parameters)
	[bookmark: _Hlk52222941]
	Control group
	Sildenafil group
	Tadalafil group
	F. test
	P. value
	LSD

	RVESA
(cm2)
	4.40±1.80
	7.06±3.99
	4.17±1.05
	9.52
	0.001
	P1=0.001
P2=0.753
P3=0.001

	RVEDA
(cm2)
	10.61±14.65
	12.11±6.35
	7.06±1.68
	1.95
	0.148
	P1=0.569
P2=0.182
P3=0.058

	TAPSE
(mm)
	17.88±4.88
	20.63±5.32
	16.92±2.61
	4.60
	0.013
	P1=0.033
P2=0.445
P3=0.005

	FAC
 (%)
	41.92±5.83
	41.44±9.47
	40.12±8.74
	0.32
	0.723
	P1=0.836
P2=0.438
P3=0.569

	ERVSP 
(mmHg)
	67.48±20.13
	62.72±28.68
	66.88±12.86
	0.30
	0.741
	P1=0.479
P2=0.936
P3=0.559

	mPAP
(mmHg)
	42.00±12.88
	48.96±14.17
	47.12±8.94
	2.00
	0.142
	P1=0.056
P2=0.154
P3=0.598

	TSMV
(cm/sec)
	11.44±4.85
	12.17±3.43
	10.40±3.10
	1.29
	0.282
	P1=0.514
P2=0.346
P3=0.115

	RAA
(cm2)
	4.29±2.44
	5.94±4.14
	3.73±0.82
	4.19
	0.019
	P1=0.041
P2=0.484
P3=0.007

	RAVI
(ml)
	17.67±9.26
	21.23±12.59
	15.80±5.47
	2.08
	0.132
	P1=0.192
P2=0.492
P3=0.048



When we compared the day 7 measurements in all groups, we found that ERVSP and mPAP measurements decreased to the same values in control and tadalafil groups, but kept higher in sildenafil group. While, RV function parameters (TAPSE, FAC) recorded the same readings in 3 groups without any significant difference between them, tissue doppler on lateral tricuspid annulus (TSMV) did not markedly affected in sildenafil group as happened in control and tadalafil groups. Table (3)
Table (3) comparison between echocardiographic measurements one week after surgery in three studied groups (Rt sided chamber parameters)
	
	Control group
	Sildenafil group
	Tadalafil group
	F. test
	P.value
	LSD

	RVESA
(cm2)
	4.10±1.74
	6.94±5.05
	3.83±1.26
	7.31
	0.001
	P1=0.002
P2=0.76
P3=0.001

	RVEDA
(cm2)
	6.85±2.71
	9.88±4.61
	5.60±1.39
	11.73
	0.001
	P1=0.001
P2=0.168
P3=0.001

	TAPSE
(mm)
	11.08±5.02
	12.58±4.06
	10.64±4.24
	1.26
	0.288
	P1=0.243
P2=0.729
P3=0.132

	FAC
(%)
	39.48±11.00
	36.46±9.37
	40.68±9.99
	1.11
	0.332
	P1=0.301
P2=0.677
P3=0.151

	ERVSP
(mmHg)
	35.92±10.86
	47.00±17.50
	36.39±10.70
	5.25
	0.008
	P1=0.005
P2=0.903
P3=0.008

	mPAP
(mmHg)
	21.62±7.53
	31.67±7.84
	19.65±9.74
	11.14
	0.001
	P1=0.001
P2=0.446
P3=0.001

	TSMV
(cm/sec)
	5.52±2.45
	8.42±4.07
	6.08±2.36
	6.18
	0.003
	P1=0.001
P2=0.518
P3=0.009

	RAA
(cm2)
	3.91±1.13
	6.72±4.57
	3.72±0.90
	9.16
	0.001
	P1=0.001
P2=0.812
P3=0.001

	RAVI
(ml)
	15.62±4.09
	25.66±14.16
	16.12±5.07
	9.82
	0.001
	P1=0.001
P2=0.841
P3=0.001



In follow up studies after 3 months, we found that ERVSP values were the same in control and tadalafil groups, but higher in sildenafil group. mPAP readings were nearly normalized in 3 groups despite higher value in sildenafil group. RV function parameters (TAPSE, FAC, TSMV) improved dramatically in 3 groups without any significant difference between them. Table (4)
Table (4) comparison between echocardiographic measurements within 3 months after surgery in the three studied groups (Rt sided chamber parameters)
	
	Control group
	Sildenafil group
	Tadalafil group
	F.test
	P.value
	LSD

	RVESA
(cm2)
	2.95±0.73
	5.92±3.38
	3.84±1.06
	10.15
	0.001
	P1=0.001
P2=0.207
P3=0.003

	RVEDA
(cm2)

	6.02±1.11
	9.87±4.38
	6.73±1.55
	10.61
	0.001
	P1=0.001
P2=0.442
P3=0.001

	TAPSE
(mm)

	[bookmark: _2p2csry]14.31±4.05
	[bookmark: _147n2zr]14.10±3.55
	[bookmark: _3o7alnk]15.43±3.53
	0.77
	[bookmark: _23ckvvd]0.464
	P1=0.859
P2=0.342
P3=0.248

	FAC
(%)
	[bookmark: _ihv636]50.47±8.21
	[bookmark: _32hioqz]41.14±10.71
	[bookmark: _1hmsyys]43.00±8.10
	5.69
	[bookmark: _41mghml]0.006
	P1=0.002
P2=0.015
P3=0.524

	ERVSP
(mmHg)
	[bookmark: _2grqrue]27.74±7.11
	[bookmark: _vx1227]41.50±17.38
	[bookmark: _3fwokq0]27.14±7.34
	9.75
	[bookmark: _1v1yuxt]0.001
	P1=0.001
P2=0.873
P3=0.001

	mPAP
(mmHg)
	[bookmark: _4f1mdlm]13.65±4.05
	[bookmark: _2u6wntf]21.25±9.36
	[bookmark: _19c6y18]13.12±2.71
	9.75
	0.001
	P1=0.001
P2=0.808
P3=0.001

	TSMV
(cm/sec)

	[bookmark: _3tbugp1]9.05±1.47
	[bookmark: _28h4qwu]9.48±2.80
	8.62±1.88
	0.83
	[bookmark: _nmf14n]0.438
	P1=0.536
P2=0.526
P3=0.201

	RAA
(cm2)
	[bookmark: _37m2jsg]4.28±0.97
	6.21±2.20
	[bookmark: _1mrcu09]4.40±0.88
	10.40
	0.001
	P1=0.001
P2=0.814
P3=0.001

	RAVI
(ml)
	[bookmark: _46r0co2]12.97±8.10
	[bookmark: _2lwamvv]21.90±14.96
	[bookmark: _111kx3o]15.56±9.97
	4.13
	[bookmark: _3l18frh]0.022
	P1=0.007
P2=0.426
P3=0.051



General look over the result of the study:
In 3 study groups, pulmonary artery pressure (mPAP) readings decreased significantly in day 7 measurements in all groups and  decreased more in follow up readings after 3 months; (mPAP) decreased from  42.00±12.88 mmHg to 21.62±7.53 mmHg to 13.65±4.05 mmHg in control group (P. value=0.001), (mPAP) decreased from 48.96±14.17 mmHg to 31.67±7.84 mmHg to 21.25±9.36 mmHg in sildenafil group (P. value=0.001), (mPAP) decreased from 47.12±8.94 mmHg to 19.652±9.74 mmHg to 13.117±2.71 mmHg in Tadalafil group (P. value=0.001)  and as we see,  this improvement was less in sildenafil group in both day 7 and follow up readings.
In 3 study groups, the Estimated mean pulmonary artery pressure (ERVSP) decreased significantly in day 7 measurements in all groups and decreased more in follow up readings after 3 months; (ERVSP) decreased from 67.48±20.13 mmHg to 35.92±10.86 mmHg to 27.74±7.11 mmHg in control group (P. value=0.001), (ERVSP) decreased from 62.72±28.68 mmHg to 47.00±17.50 mmHg to 41.50±17.38 mmHg in sildenafil group (P. value= 0.005), (ERVSP) decreased from66.882±12.86 mmHg to 36.391±10.70 mmHg to 27.142±7.34 mmHg in tadalafil group (P. value=0.001) and as we see,  this improvement was less in sildenafil group in both day 7 and follow up readings. We noticed that there was no difference in mechanical ventilation time and ICU stay between 3 groups, few patients had prolonged ICU stay due to non-cardiac causes condition, being Pneumonia and sub-arachnoid hemorrhage. 
Five patients experienced pulmonary hypertensive crisis; one patient in control group, 2 patients in sildenafil group and one patient in tadalafil group, there was no significant difference between three groups. Also, there were no side effects noticed from the use of sildenafil or tadalafil.
Only two patients lost during follow up from tadalafil group, 1 patient died early postoperative due to infective endocarditis and 1 patient died one month later after discharge with sudden cardiac death. No Mortalities reported in sildenafil or control group.
Discussion
At present, inhaled nitric oxide is the gold standard for the management of residual pulmonary arterial hypertension after congenital cardiac surgery. The use of oral and intravenous phosphodiesterase type-5 inhibitors in ICU is gaining more acceptances for the treatment of pulmonary arterial hypertension, particularly during weaning from inhaled nitric oxide. 7, 8
[bookmark: _Hlk48083468]Based on the American Society of Echocardiography guidelines, we used 2D doppler echocardiography as a non-invasive gold standard tool for measuring pulmonary artery pressure. Several studies have been conducted for this issue with different application schedules that demonstrated variable degrees of efficacy and clinical outcome. To the best of our knowledge, our study is a pioneer one in comparing both sildenafil and tadalafil effectiveness in management of pulmonary hypertension 2ry to CHD with control group either before or after surgical correction. In our study, we compared the day 7  and the follow up echocardiographic measurements after 3 months in all groups with pre-operative measurements, we found that ERVSP and mPAP measurements improved in sildenafil and tadalafil groups as occurred in control group and this means that PDE-5 inhibitors did not influence neither the early post-operative pulmonary pressure readings nor the follow up ones and so, PDE-5 inhibitors did not affect the clinical course of those patients. Also, we noticed that there was no significant difference in mechanical ventilation time, pulmonary hypertensive crisis or ICU stay between 3 groups
Our study augments the results of Anna Hofer et al.2015, who studied the effectiveness of postoperative administration of oral sildenafil (1 mg/kg/day) in preventing postoperative pulmonary hypertensive crises where 21 patients after repair of complete atrioventricular canal (n=10) or ventricular septal defect (n=11) were randomly assigned to the study group or control group. The study group received sildenafil after surgery via nasogastric tube every eight hours for 48 hours, the control group received placebo and found that there was no difference in the number of pulmonary hypertensive events, time on the ventilator, ICU stay.
In 2017, Hamid Bigdelian and Mohsen Sedighi reviewed clinical outcomes of 63 infants who underwent cardiac surgery and were divided into three groups. Control group (n=20) did not received sildenafil while group A (n = 22) received drug (0.3 mg/kg) before and after surgery. Group B (n=21) received drug at the initiation of surgery and they concluded that preoperative sildenafil therapy seems to be effective and safe to prevent postoperative PAH and pulmonary hypertensive crisis in children with ventricular septal defects and has a positive impact on postoperative care and decrease the intubation time and ICU stay.
In 2017,  Mohammad Reza Sabri and his colleagues compared the therapeutic effects and side effects of tadalafil and sildenafil after surgery in young infants with pulmonary arterial hypertension due to systemic-to-pulmonary shunts in which 42 patients aged 3–24 months with a large septal defect and pulmonary arterial hypertension were randomly divided into two equal groups: one group received oral sildenafil (1–3 mg/kg/day every 8 hours), whereas the other group received oral tadalafil (1 mg/kg once a day) from 7–10 days before surgery to 3–4 weeks after surgery. They did not report any significant difference in pulmonary artery pressure readings, ICU length of stay, mechanical ventilation time and clinical findings of low cardiac output state between the two groups (p>0.05) and concluded that Tadalafil can be considered as an effective oral therapy for preoperative and postoperative pulmonary hypertension in young infants.
Also we found that the improvement of mPAP and ERVSP readings in the early post-operative period and 3 months after surgery was less in sildenafil group and we explained that by higher mean age of sildenafil group which was 20.56±17.27 months compared to control group 14.28±15.49 (P. value= 0.121) and tadalafil group 11.00±3.4 (P value=0.014) and longer exposure of pulmonary vasculature to high pressure and the need for longer time to return back to normal.
Although we found that LV function of all study population kept nearly within normal ranges in all study groups within study duration, RV function showed marked impairment in the early post- operative period with marked improvement in the follow up results after 3 months. Although we all knew the fact that fractional area change (FAC) has been found to correlate well with right ventricular ejection fraction on cardiac magnetic resonance imaging (CMR), with a figure of greater than 35% considered normal. 9 and a Meta-analysis suggested it was more accurate as a measure of RV function than tricuspid annular plane systolic excursion (TAPSE).10 we found FAC readings hadn’t been significantly affected as happened in TAPSE and TSMV readings Therefore, we suggested that TDI may be useful to better understand whether RV myocardium responds differently to CPB than LV myocardium.
Also, we noticed that stroke volume (SV) decreased significantly after surgical repair of left to right shunts and this relied to the fact that left to right shunts one of the causes of hyperdynamic circulation and Cardiac output returns to normal after closure.
The limitations of this study include its small population size, as the sample size was not determined by the complication rate of the drugs used, short observational duration, the findings of this study provide primary data for future large-scale clinical trials.
Conclusion
Pulmonary arterial hypertension secondary to CHDs is one of the main challenges in pediatric cardiac surgery. Over the past decade, there has been a significant advance in the treatment of PH to ameliorate its severity and to eliminate the effect of persistent postoperative PH to improve patients’ outcome. We concluded that routine use of phosphodiesterase 5 inhibitors (PDE5-I) for peri-operative management of pulmonary hypertension secondary to CHDs does not affect the clinical course, morbidity or mortality of those children and does not shorten the length of hospitalization, meanwhile it does reduce the time of ICU stay compared with control group. Tissue doppler is a gold standard non-invasive tool for assessing pulmonary artery pressure and RV dysfunction after CPB especially in children.
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