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INTRODUCTION 

Patent arterial duct (PDA) is a muscular artery connecting two elastic arteries 

(aorta and pulmonary artery). Neonates with certain complex congenital heart 

diseases are dependent on the PDA for blood flow to their systemic circulation or the 

pulmonary vascular bed. Blalock-Taussig Shunt (BTS) for palliation of cyanotic 

babies has revolutionized the management of these sick subset of patients. However, a 

lot of adverse effects are noted with BTS even after gaining a vast experience. Some 

of the concerns with BTS include early shunt thrombosis, chylothorax, diaphragmatic 

paralysis, and distortion and stenosis of branch PAs in the long term. The mortality 

following neonatal BTS is as high as 7.2% with a composite morbidity of 13.1% 

according to STS data(1)(2)(3). Hence alternative procedures were sought.  

PDA stenting has been recognized as a reasonable alternative to BTS 

following the initial report by Gibbs et al in 1992(4) and reports of the outcomes of a 

large cohort in 2004(5). More recently, multiple metaanalysis have documented the 

benefits of PDA stenting compared to BTS in duct dependent pulmonary circulation 

and hence is being preferred in these sick subset of patients(6)(7)(8). Stenting of PDA 

was conventionally performed using bare metal stents (BMS). Bare metal stents of the 

sizes needed for PDA stenting have slowly gone out of market because of the 

established advantages of drug eluting stents in coronary artery disease. Hence, DES 

are being used for ductal stenting although the drug levels eluted and their effects 

have been primarily tested in adult population. The rapamycin group of drugs are used 

in drug eluting stents, which have immunosuppressive actions when levels are 

systemic. It has been shown to attain toxic blood levels in neonatal population 

although with no clinically relevant adverse effects. 

PDA stenting is performed using DES in SCTIMST on a compassionate basis, 

as BMS are not available (BMS are currently not used for stenting coronary arteries 

because of established benefits of DES). Since the rates of neonatal infections and 

sepsis are higher in our population compared to Western population, it is important to 

characterize the safety, drug levels attained and consequences of immunosuppression 

due to systemic drug levels.  



 
Review of Literature  

  2 
 

REVIEW OF LITERATURE 

Stent implantation in the PDA is a recognized management option in 

maintaining arterial duct patency in newborns with duct dependent pulmonary or 

systemic blood flow. In a recent systematic review and meta-analysis, it has been 

found to be a viable alternative to BTS with no significant differences in terms of 

early or late mortality but had more reinterventions on follow up(8). A study by the 

Congenital Catheterization Research Collaborative compared 106 patients with a 

PDA stent and 251 patients with a BT shunt, where there were no differences in the 

primary composite outcome of death or unplanned reintervention to treat cyanosis. 

The PDA stent group had lesser procedural complications, intensive care unit stay, 

larger symmetrical pulmonary arteries on follow up but with higher incidence of 

reinterventions (hazard ratio, 29.8)(7).  

Conventionally bare metal stents (BMS) have been used for PDA stenting 

because of the unknown drug concentrations attained when drug eluting stents(DES) 

are used in neonates. The reintervention rate following BMS implantation (redilation 

or need for a surgical shunt) is 17% to 25% at 6 months(5). The neointimal 

proliferative process after stent implantation compromises the luminal diameter. Lee 

et al in a study comparing BMS and DES in piglets demonstrated complete 

histological occlusion in the ductal lumen at minimum 1 level, in 9 out of 14 pigs(9). 

This was documented at 4 weeks in 1 (17%), and 5 (83%) pigs at 6 weeks. Early 

clinical studies have reported stent thrombosis or stenosis rates post BMS 

implantation in PDA in the range of 12-16%(5,10)(11). In the animal model by Lee et 

al, the difference in BMS and DES were noted at 4 weeks when the median luminal 

diameters of the BMS were 87%, 54% and 77% of the DES at various levels (aortic, 

pulmonary end and mid stent)(9). It was found that pigs who received a rapamycin 

eluting stent had lesser luminal loss on follow up and there were 50% lower 

proliferation rates in rapamycin-treated invitro cultures of duct-derived smooth 

muscle cells. 

Drug-eluting stent technology enables topical drug delivery with therapeutic 

drug concentrations locally within the blood vessel wall, with substantially lower 

systemic blood levels. The use of DES is established in the treatment of coronary 
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artery disease. Sirolimus drug eluting stents (SES) are effective and documented to be 

safe in adults. In animal models with a DES containing 185 g of sirolimus, the whole-

blood concentration of the drug was found to peak at 1 hour (mean, 2.63 0.74 ng/mL) 

and then fell below the lower limit of detection by 3 days while achieving therapeutic 

arterial tissue concentrations. In adults implanted with 150 and 178 g/18 mm DES, 

peak drug concentration occurred between 3 and 4 hours at a level of 0.57 and 1.05 

ng/mL with 1 or 2 stents, respectively, and blood levels were undetectable at day 7. 

Based on the clearance rates of sirolimus in renal transplant recipients the estimated 

steady-state concentration of the drug in an average neonate was 3.3 ng/mL in the first 

week after implantation.  

Sirolimus-eluting stents may have clinical advantages over BMS in the 

extremely proliferative environment of the neonatal arterial duct. However, sirolimus 

has immunosuppressive actions and little is known regarding sirolimus 

pharmacokinetics in the newborn. Lee et al reported pharmacokinetics of sirolimus in 

neonates after SES implantation where peak sirolimus levels were 20 times higher and 

clearance rates 30 times lower than previously reported in older children and 

adults(12). Sirolimus levels were within the immunosuppressive range for a 

prolonged period. The levels were >5 μg/L (trough level used in transplant recipients) 

for a variable time (mean 8.4 to 15.9 days) depending on the total dose of sirolimus in 

the implanted stents. They did not note any clinically significant adverse outcomes 

although immunosuppression was prolonged. Sivakumar et al have reported the serum 

sirolimus levels attained in 12 neonates following ductal stenting using a third-

generation cobalt chromium DES(13). Their cohort involved 11 neonates with duct 

dependent pulmonary circulation and one with pulmonary atresia and rhabdomyoma. 

The sirolimus levels were less than 5 ng/ml in patients who received a single stent or 

even 2 stents where the total length was less than 22 mm. However 

immunosuppressive levels were documented in neonates with stent length > 22 mm 

which decreased to acceptable levels by 7
th

 day of implantation.  

Abluminal drug coating is a technological improvement which helps 

controlled release of the drug onto the vessel wall. Prior studies have demonstrated 

delivery of sirolimus to the coronary artery in a controlled way with abluminal drug 

delivery(14)(15). The stent preserved a safe and effective local drug concentration 
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without significant toxicity. There are no studies on the use of abluminal drug eluting 

stents in the pediatric population. However, it seems prudent that the total sirolimus 

levels eluted being lesser in an abluminal delivery system, the blood levels achieved 

also may be lower with the use of such stents. 

Patients post PDA stenting requires diligent follow up and the definitive or 

palliative procedure has to be performed within a stipulated period of time so as to 

avoid attrition in the interim period. The time period on PDA stent depends on the 

indication for stenting and the final treatment pathway- univentricular palliation, 

biventricular repair or close follow up in view of complex and difficult to treat 

anatomic substrates. Patients planned for univentricular pathway will have to undergo 

bidirectional Glenn procedure early as the PDA flow may be detrimental in the long 

term by elevating pulmonary vascular resistance. Patients destined for definitive 

biventricular repair may need prolonged palliation depending on the availability of 

conduits. Such patients also need close follow up as the PDA stent is their life line 

and any alterations in the hemodynamic mileu can have dire consequences (diarrhoeal 

disease with dehydration and stent thrombosis). Neonates with poor PA anatomy also 

requires prolonged palliation and reassessment for PA growth and accordingly, 

planning for surgical palliation or corrective repair. Neonates with transient PDA 

dependency such as Severe Ebsteins anomaly with functional pulmonary atresia who 

undergo PDA stent requires only a short period of ductal flow. These patients may be 

advised to stop antiplatelet drugs so that stent occlusion occurs. Sivakumar et al 

reported interstage mortality of 18% in a cohort of 22 patients who underwent ductal 

stenting(16). They also concluded that conduit repair had to be performed relatively 

early in patients with biventricular anatomy. 

Many series have reported on the short and long term outcomes following 

ductal stenting(5)(10,11). Table 1 depicts the acute and long term complications 

following ductal stenting. 

Although the previous published series do not report on adverse effects 

following sirolimus eluting stents, there have been reports of toxicity following use of 

rapamycin group of drugs for other indications in the pediatric population. The other 

indications where sirolimus or everolimus is used in current practice include renal 

transplant recipients, ependymomas in tuberous sclerosis and off label use in cardiac 
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rhabdomyomas. Saffari and colleagues characterized the adverse effects following 

systemic use of everolimus in a cohort of 17 patients with tuberous sclerosis(17). 

Recurrent infections, transient neutropenia and lymphopenia, transient anemia, 

increase in cholesterol/ triglyceride levels, elevation of lactate dehydrogenase, 

transient stomatitis and worsening of infantile acne were the reported side effects.  

Table 1: Complications following ductal stenting 

Acute Complications 

 Failure to negotiate the PDA 

 Dissection 

 Spasm of ductus 

 Stent occlusion by thrombus 

 Overflow- Acute lung hyperperfusion 

and heart failure 

 Stent dislodgement/ embolization 

Intermediate complications 

 Sepsis 

 NEC 

 Access site issues 

Late Complications 

 Instent stenosis 

 Pulmonary HTN (hyperkinetic) 

 Branch PA stenosis (mostly LPA) 

 Surgery post PDA stenting 

 Removal of stent 

 Needs LPA plasty almost invariably 

Reintervention rates following PDA stenting are higher compared to BTS. In a 

recent metaanalysis, reintervention rates were higher in the stented patients (Hazard 

ratio 1.77(1.39-2.26)) with no significant differences in early or medium term 

mortality(6). The various reinterventions reported from the Congenital Catheterization 

Research Collaborative group included balloon angioplasty of stent, re-stenting, PA 

balloon angioplasty, stenting of PAs, pulmonary valvuloplasty and need for 

emergency surgeries(7). Vida et al documented that the patients with ductal stents 

requires additional surgical maneuvers on pulmonary arteries in 53% of the patients 

on follow up. Ductal stents were completely retrieved in 3 patients (23%) and 

partially removed in 10 (77%) due to the fusion of the stent to the vascular wall(18).  
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PDA stenting is performed using DES in SCTIMST on a compassionate basis, 

as BMS are not available. This study is designed to characterize the safety, drug levels 

attained and consequences of immunosuppression due to systemic drug levels along 

with the long term outcomes after ductal stenting.  
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OBJECTIVES AND METHODOLOGY 

Study design: Prospective observational study  

Study period: Jan 2020 to Nov 2020 

Setting: Tertiary referral centre, a university - level hospital (SCTIMST). 

Place of study: Dept. of Cardiology, Sree Chitra Tirunal Institute for Medical 

Sciences and Technology (SCTIMST) 

Hypothesis:  

 Drug eluting stent implantation for stenting of PDA is safe in neonates with duct 

dependent circulation and is not associated with significant immunosuppressive 

complications. 

Objectives: 

Primary 

 To evaluate the trend of blood sirolimus concentrations in neonates following 

PDA stenting. 

 To evaluate the incidence of infections in neonates who undergo PDA stenting 

with DES 

Secondary 

 To determine the immediate and long term outcomes of PDA stenting in 

neonates. 

Methodology 

The study was cleared by the Technical Advisory Committee of SCTIMST 

and the Institute Ethics Committee. Neonates with duct dependent systemic or 

pulmonary circulation and planned for ductal stenting were discussed at a Joint 

Cardiology and Cardiovascular Surgery case conference before catheterization. 

Routine informed consent for use of a SES was obtained from parents. Consent for a 

protocol of serial sirolimus measurements coordinated with routine blood samples 

taken for other clinical reasons was also signed by parents. Standard procedure for 

PDA stenting according to the Institute protocol was followed.  
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The usual procedure of PDA stenting involves use of stents of 3.5-4 mm 

diameter, the sirolimus dose being dependent on the stent length(19). Drug eluting 

stents have a drug-free polymer layer applied on top of the drug-polymer matrix as a 

diffusion barrier to prolong the release of the drug with 50% of the sirolimus eluted 

over the first week, 80% over 30 days, and 100% over 90 days.  

Blood sampling for sirolimus levels was coordinated with sampling for other 

clinical reasons and drawn at ≈1 hour, 24 hours post stent insertion followed by every 

7 days until the sirolimus level was below the limit of quantification (<2.27 μg/mL) 

where feasible. Sirolimus levels from whole blood samples (40 μL) of patients was 

analyzed by a liquid chromatography tandem mass spectrometer (DDRC SRL 

Diagnostics Ltd, Thiruvananthapuram in collaboration with SRL Diagnostics Ltd, 

Mumbai). Complete blood counts, liver and renal function was also assessed at 24 

hours and repeated if abnormal. 

Figure 1 represents the flow chart of the study methodology. 

 

 

Participants:  

All consecutive neonates with an indication for ductal stenting (duct 

dependent pulmonary or systemic circulation) were enrolled in the study 
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Inclusion criteria:  

 All consecutive neonates with an indication for ductal stenting (duct dependent 

pulmonary or systemic circulation) 

 Calculated Sample size (based on the 2018-19 SCT records) – 15 neonates 

 However, this sample size could not be attained because of restricted admissions 

and long periods of lock down during the COVID-19 pandemic. It is also of note 

that a significant population of ductal stenting patients in the previous years 

were hailing from Tamil Nadu. Hence the COVID 19 pandemic and the 

restrictions imposed made it difficult for patients to travel to our Institute. 

Exclusion criteria: 

Parents of neonates not willing to participate in the study 

Data collection and analysis 

The data on the cardiac diagnoses, procedural aspects of the PDA stent 

implantation and any other subsequent catheter or surgically based cardiac 

interventions were collected. The clinical outcomes, including procedural 

complications, and ductal stent patency on follow up determined by echocardiography 

were studied. Drug concentrations were measured as described and the participants 

were followed up for at least 1 month, up to 6 months and beyond. Specific aspects on 

follow up included incidence of major/ minor infections, oxygen saturation, patency 

of the stent and any further interventions.  

Data was collected based on the predesigned proforma and data entry was 

done in Microsoft Excel 2013 (Microsoft, Redmond, WA, USA). The statistical 

analysis was performed on SPSS software version 21 (IBM Corp. 2012, IBM SPSS 

Statistics for Windows, Version 21.0, Armonk, NY, USA). The baseline categorical 

variables were summarized as frequency (percentage) and continuous variables were 

summarized as mean (SD) or median (IQR). Line diagrams were used to represent the 

drug concentration of each patient and the growth in size of individual pulmonary 

arteries. A statistical test was not performed because of the low sample size. 
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OBSERVATIONS 

A total of 6 patients were enrolled till November 2020.  

Baseline parameters 

There were 4 males and 2 female neonates. The average age at the time of 

PDA stenting was 11.3  11.1 days with an average weight of 2.83  0.1 kg. All the 

patients underwent ductal stenting for duct dependent pulmonary circulation. The 

various anatomic diagnosis with duct dependency and the outcomes of the patients are 

depicted in Table 1. All except two neonates had usual atrial arrangement, and one of 

them had dextrocardia. Three neonates had pulmonary atresia and 2 of them had 

severe pulmonary stenosis; the 1
st
 patient required PDA stenting because of non-

confluent PAs and the LPA was arising from the PDA. The aortic arch was right sided 

in 2 neonates. 

Table 2: Characteristics of patients who underwent stent implantation 

Neonate 
Age 

(days) 
Sex 

Weight 

(kg) 
Diagnosis 

1 4 F 2.8 

Left Isomerism, Double outlet Right ventricle, 

VSD, Non-Confluent PAs, PDA continuing as 

LPA 

2 

 
4 M 2.8 

Congenitally corrected TGA, VSD, Pulmonary 

Atresia, Confluent PAs 

3 30 M 2.9 
TOF, critical PS, Confluent PAs, with recurrent 

spells, large conal crossing RVOT 

4 3 M 2.7 VSD, Pulmonary Atresia, Confluent PAs 

5 7 M 2.8 D-TGA, VSD, Severe PS, restrictive ASD 

6 20 F 3 

Unbalanced Atrioventricular canal defect, RV 

dominant, left isomerism, short segment 

Pulmonary Atresia, Confluent PAs, Interrupted 

IVC 

Abbreviations: VSD-Ventricular septal defect, PA- Pulmonary artery, PDA-patent ductus arteriosus, 

LPA- Left pulmonary artery, TGA- Transposition of great arteries, TOF- Tetralogy of Fallot, PS- 

Pulmonary stenosis, IVC-Inferior vena cava, ASD- Atrial septal defect 
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Procedural Characteristics 

The average stent size used was 3.5  0.4 mm, and the average length of stent 

used was 16.3  5.1 mm. Two of our patients required 2 stents as the aortic end was 

uncovered following the first stent deployment. The Abluminus stent (Concept 

Medical, Florida, USA) was used in 5 patients, and one of the neonates received a 

Yukon Choice PC (Translumina Therapeutics, New Delhi, India) stent. The details of 

the procedure have been summarized in Table3 and the characteristics of the 2 stents 

are depicted in Table 4. 

Table 3: Procedural characteristics and Stents used 

Neonate 
Access 

site 

Access 

sheath 

(Fr) 

Stent 

size 

(mm) 

Stent 

length: 

mm 

STENT 
DILATED 

TO (mm) 

Sirolimus 

eluted 

1 RA 4 3 12 ABLUMINUS 3.25 25.2 

2
#
 

 
LA 4 

3.5 

3.5 

16 

8 
ABLUMINUS 3.8 58.8 

3 RFA 4 3.5 12 ABLUMINUS 3.8 29.4 

4 RA 4 3.5 18 YUKON PC 3.7 113.4 

5 RA 4 3.5 20 ABLUMINUS 3.6 49 

6
#
 RFA 5 

4 

3.5 

12 

20
*
 

ABLUMINUS 3.7 33.6 

Abbreviations: RA- Right axillary, LA-Left axillary, RFA- Right femoral artery,  

#
2 stents used; 

*
2

nd
 stent was everolimus eluting stent 

Table 4: Characteristics of the stents used in the present study 

Abluminus 

Facilitate mono directional drug 

release and less systemic exposure of 

drug leading to faster re-

endothelistation 

 Cobalt Chromium Alloy L605 with 

strut thickness of 73 µm 

 Sirolimus at concentration of 0.7 

µg/mm² 

 Strut width 80 µm (hinge)- 120 µm 

(strut) 

Yukon Choice PC 

 

 316 Stainless steel platform with poly 

(d,l) lactic acid 

 Strut thickness 87 µm 

 Sirolimus concentration- 1.80 

µg/mm2 
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Characteristics post ductal stenting and Sirolimus level trends 

The mean oxygen saturations increased from a mean of 69.5% to 84.3% 

following the procedure. The patients stayed in the hospital for a mean of 6  4.2 

days. Prolonged admission up to 2 weeks was required in Neonate 4 for completion of 

antibiotics for sepsis. 

The serum sirolimus levels were documented at 1 hour, 24 hours and 7 days’ 

post procedure. Since none of the patients had levels >4 ng/ml at 7 days (below 

therapeutic concentration in transplant recipients), a repeat sampling at 1 month was 

not performed. Table 5 shows the sirolimus levels for individual patients, and the 

Figure 2 represents the trends in sirolimus levels. 

The mean sirolimus concentrations at 1 hour, 24 hours and 7 days’ post 

procedure were 41.8 6.93 ng/ml, 15.2  7.1 ng/ml and 3.1 0.85 ng/ml respectively. 

Two patients had undetectable sirolimus levels at 7 days, both of them had a 12-mm 

stent implanted. Sirolimus level less than 4 ng/ml is considered less than therapeutic 

range for immunosuppression. The amount of sirolimus eluted depended on the length 

of the stent implanted. The mean drug amount eluted was 51.56  32.1 µg. The mean 

drug elution by Abluminus stents was 39.2  14.2 µg. 

Table 5: Serum sirolimus levels in individual patients taken at 1 hour, 24 hours 

and 7 days post ductal stenting 

Sirolimus levels ng/ml 1 hour 24 hours 7 days 

Neonate 1 38.84 
Sample not 

taken 
<2.27 

Neonate 2 

2 stents 
>49.6 13.78 3.8 

Neonate 3 42.38 15.3 3.3 

Neonate 4 33.84 9.38 3.28 

Neonate 5 >49.6 29.0 3.92 

Neonate 6 

1 sirolimus stent,1 everolimus 

stent 

36.8 12.4 <2.27 
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Figure 2: Graphical representation of serum sirolimus levels in individual 

patients taken at 1 hour, 24 hours and 7 days post ductal stenting 

 

Figure 3: Follow up data of ductal stenting patients demonstrating growth of 

both RPA and LPA 

 

RPA-Right pulmonary artery, LPA-Left pulmonary artery 

Follow up data 



 
Observations  

  14 
 

The patients were regularly followed up and weight gain, saturations, status of 

PDA stent, growth of pulmonary arteries were assessed. All the patients were on 

regular dual antiplatelet therapy with 3mg/kg of aspirin and 0.5-1 mg/kg of 

clopidogrel. There were no significant bleeding complications related to antiplatelet 

use. The mean weight at a follow up of 159.1  103 days was 5.2 kg with average 

saturation of 78.8  5.4%. The patient no.3 had an uneventful post procedure period 

and was discharged on dual antiplatelets. However, there was sudden 

unresponsiveness 6 days after discharge with deepening cyanosis and the baby 

succumbed on the way to hospital. An autopsy could not be performed. Out of the 5 

neonates on regular follow up, mothers of 2 of the patients did not report any 

complaints, while there was worsening cyanosis in 2 and mild respiratory distress in 

one of them. All the infants had appropriate development of age. Echo performed on 

follow up showed patent stent in all the 5 neonates, with good growth of both branch 

pulmonary arteries (Figure 3).  

There was no significant branch PA stenosis noted in any patient. All the 

patients had good compliance to dual antiplatelets, and they were planned for 

definitive repair/ Bidirectional Glenn on follow up (Table 6). Patient No 1 with left 

isomerism and non-confluent PAs developed complete heart block and is planned for 

pacemaker implantation along with BDG. 

Table 6: Complications following ductal stenting and long term outcomes 

Neonate Complications Outcome 
Follow 

up(days) 

1 
Suspect NEC, 

Anemia 

Patent stent; CHB, planned BDG 

and pacemaker implantation 
287 

2 

 
Nil Patent stent, planned for BDG later 236 

3 Sepsis 
Sudden death after 6 days of 

discharge 
12 

4 

Sepsis, NEC, 

Acute kidney 

injury 

Patent stent 

Good PA growth 

planned for BDG later 

216 

5 Nil 
Patent stent 

Planned for BDG 
104 

6 Nil 
Patent stent 

Planned for BDG 
100 

Abbreviations: CHB- Complete heart block, BDG- Bidirectional Glenn, NEC- Necrotizing 

enterocolitis
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DISCUSSION 

This was a prospective observational study which planned to enroll at least 15 

patients based on the previous years’ data. However, the number of patients enrolled 

was 6 because of various reasons. The COVID 19 pandemic, restrictions imposed on 

travel and focus on COVID patients in peripheral hospitals caused a decrease in the 

number of referrals to our Institute during the period of the study. Hence it is difficult 

to draw any meaningful conclusions based on this small cohort of patients. There 

were quite a few worthy observations which merits attention. 

Our cohort of patients is comparable to the other series on PDA stenting in 

general and series specifically on drug levels after implantation of DES. The 

procedure is performed in very young patients and the average age of our cohort was 

11.3 days with a mean weight of 2.8 kg. The weight of the neonates is lower than the 

average weight of 3 and 3.2 kg in the other series(12,13). An axillary approach was 

used in two thirds of the patients. The indication for stenting was for duct dependent 

pulmonary circulation. It was done to rehabilitate the LPA in one patient with non-

confluent PAs and PDA continuing as LPA.  

Bare metal stents are currently not available in our centre because the primary 

indication was coronary stenting. It has been established that DES fares much better 

than BMS in terms of long term patency/ luminal loss. 

The stent sizes and length of the stent are comparable to those by Lee et al and 

Sivakumar et al. There are certain characteristics of the stent which is unique in the 

present study. We had implanted Abluminus stent in 5 out of 6 patients. This stent and 

similar stents with abluminal drug delivery facilitates drug release only into the 

abluminal surface where their action is needed most to prevent neointimal 

proliferation and thus decreases the systemic exposure of drug. This is very relevant 

in the population studied because the drug is originally designed for adult coronary 

arteries and hence the concentration of drug attained in neonates is high. It was seen 

that the drug levels attained depends on the original level of sirolimus eluted per stent 

which in turn depends on the length of the stent (Figure). Abluminal drug delivery 

systems reduces the drug amount to almost half compared to a similar length of a 
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luminal drug coated stent (sirolimus concentration 0.7 µg/mm² in Abluminus versus 

1.80 µg/mm2 in Yukon Choice PC stent). Thus, the amount of sirolimus administered 

is significantly reduced. Whether this transforms to lower drug concentrations in 

blood requires further consideration as we had only one patient where luminal drug 

coated stent was used. The study by Sivakumar et al on 12 neonates used BioMime 

SES (Meril Life Sciences, Gujarat, India) which contains sirolimus at a dosage of 1.25 

μg per square millimeter of stent surface area and elutes the drug luminally too(13). 

Figure 4: Graphical representation of serum sirolimus levels at 1 hour, 24 hours 

and 7 days post ductal stenting in stents of various lengths (all Abluminus 

stents). 

 

Sirolimus levels are considered to be therapeutic (for immunosuppression in 

renal transplant recipients) when the levels are 4 to 20 ng/ml as estimated by tandem 

mass spectrometry(20). All of our patients had sirolimus levels reaching more than 33 

ng/ml immediately post stenting. Two of our patients with longer stents had sirolimus 

concentrations which were above the upper limit of detection (>49.7 ng/ml). Lee et al 

documented a biphasic release of sirolimus in the first 12 hours in 4 subjects. We did 

not observe this phenomenon in any patient. In fact, there was more than 30% fall in 

sirolimus levels in all 6 patients by 24 hours. It is possible that this phenomenon is 

missed because of the 24-hour period between our first 2 samples. Lee et al attributed 

this phenomenon to biphasic sirolimus elution or an enterohepatic recirculation. 

Sirolimus is predominantly metabolized in the liver and intestine, with <3% of oral 
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sirolimus cleared by the kidneys. Liver and intestinal metabolism of sirolimus is 

predominantly by cytochrome P450-3A4, 3A5, and a small percentage by CYP 2C8. 

The metabolism of sirolimus in neonates varies from adults because of the 

predominant hydroxylation pathway compared to O-methylation in adults. Neonatal 

liver is immature to handle these toxic products and thus leads to decreased clearance 

of the drug.  

It is concerning to note that sirolimus levels remains much above the 

recommended therapeutic range immediately and remains in the immunosuppressive 

concentrations at 24 hours after stent implantation. The levels at 24 hours documented 

in our study are much higher than that noted by Sivakumar et al. They have not 

evaluated sirolimus concentrations at 1 hour. However, the median sirolimus level at 

24 hours was 4.49 ng/ml compared to a much higher level of 15.2 ng/ml in our cohort. 

It is also noteworthy that the 7-day concentration of sirolimus also differs 

significantly between our patient cohort and those in the study by Sivakumar et al (3.1 

ng/ml vs 0.4 ng/ml). This is despite the fact that the original concentration of 

sirolimus eluted is higher in their population because of use of a luminal drug coated 

stent with higher drug content for surface area. They have documented therapeutic 

concentration of 5-15 ng/ml. It is possible that there are differences in the method of 

estimation in different labs and the lower and higher limit of detection may be 

different. The lower and higher limits prescribed by our laboratory was 2.27 ng/ml 

and 49.7 ng/ml respectively. 

Sirolimus is used as an immunosuppressive agent and it is well known that 

recurrent infections or flare up of indolent infections like tuberculosis can occur 

during sirolimus treatment. Our group of patients are more susceptible to infections 

compared to other children receiving sirolimus. Neonatal period, immaturity of 

immune system, intensive care unit stay, use of invasive catheters and lines, 

hypoxemia and specific associations like Di George syndrome or asplenia in right 

isomerism are some of the factors increasing the susceptibility to infection in 

newborns with duct-dependent pulmonary blood flow. Presence of a large PDA itself 

have been recognized to be a contributing factor to the development of necrotizing 

enterocolitis in these sick neonates(21)(22). Hence infection, necrotizing enterocolitis, 

abnormalities of leucocyte counts and liver function tests are not uncommon clinical 
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problems in such patients. It is difficult to attribute such episodes to the presence of 

systemic sirolimus in immunosuppressive levels or even toxic doses. We did not note 

any alteration in leucocyte counts or liver and kidney function parameters. 

In our cohort, out of the 2 patients who had sepsis, neonate 3 had prolonged 

hospital admission in another hospital prior to the stenting procedure. Sepsis which 

was acquired prior to the procedure might have been detected in the post procedure 

period. Since almost all the patients have been admitted elsewhere for stabilization 

prior to shifting to our tertiary level centre, the risk of contracting infection is high 

and the exact contribution of sirolimus cannot be determined. One patient had 

suspected NEC while the neonate 4 with sepsis had frank features of NEC. There 

were no long-term clinical consequences from any of these complications and none of 

the patients required admission for treatment of infectious complications in the follow 

up period. Consideration should be given to delay live vaccine administration, while 

sirolimus levels remain in the immuno- suppressive range, especially when 2 SES are 

used or stent lengths more than 16 mm is used. It was observed that the sirolimus 

levels remain in the immunosuppressive range for up to 7 days after stent 

implantation. This is a critical period wherein the neonate requires close monitoring in 

hospital or at home for features of frank infection or early signs like poor feeding or 

activity. The cause for death in neonate 3 is unlikely due to an immunosuppression 

induced major infection because the blood levels of sirolimus at the time of discharge 

itself was 3.3 ng/ml which is below the therapeutic range.  

All the patients on follow up had patent stents and good growth of pulmonary 

arteries. Although mean follow up was only 159 days, that is the time period when 

most patients who undergo ductal stenting are taken up for the definitive/palliative 

surgical procedures. It is reassuring to note that there were no significant stent 

occlusions requiring emergency interventions/surgeries. The patient who developed 

CHB at 5 months of age had an anatomical substrate for heart block with left 

isomerism and hence is not related to the intervention. No reinterventions were 

required in this cohort as the stents were patent and infants were clinically well. 

Although it is difficult to comment based on the small numbers in our study, it is 

probably a better option to use DES than BMS because of prolonged patency rates 

especially in those patients requiring long term palliation on PDA stent. This study 
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demonstrates good patency rates when patients are compliant with dual antiplatelet 

therapy. It has been reported that patency rates and unplanned reinterventions due to 

luminal narrowing are comparably less with DES compared to bare-metal stents(22). 

A study using 3
rd

 generation SES demonstrated patency of DES upto 8–16 months in 

univentricular lesions and 21–27 months in patients destined for biventricular 

repair(13).  
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LIMITATIONS 

This is a prospective study with a small sample size. There were significantly 

lesser number of patients than expected because of the COVID 19 pandemic and 

lockdowns imposed. This was because of the reduction in the total number of 

procedures and a significant reduction in patients from far away districts/ Tamil Nadu.  

The availability of various diameters and specifically, lengths of sirolimus 

eluting stents was a concern. In certain cases, we had to use other available 

everolimus or zotarolimus eluting stents as the specific length of SES were not 

available. These cases could not be enrolled. 

There were no objective tests performed to document immunosuppression. 

However, there was no major infectious complications which could be attributed to 

the presence of the drug, as there was no neutropenia/leucopenia. 

Although abluminus stents were used in 5 of 6 patients, there was no 

simultaneous comparison group to document sirolimus levels. Hence it may be 

overzealous to make any conclusions regarding the better safety in terms of drug 

levels in abluminal drug delivery systems although it suggests that drug concentration 

is lower.  

The maximum reduction in drug levels occurs in the first 24 hours after 

implantation. Hence introduction of another sampling point before the 24-hour sample 

would have further clarified the drug kinetics in the 1
st
 day following implantation. 
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CONCLUSIONS 

This prospective observational study of a cohort of 6 neonates who underwent 

ductal stenting for PDA dependent pulmonary circulation demonstrates that although 

sirolimus levels attained are high and in the immunosuppressive range, they are safe 

in neonates as there were no clinically significant immunosuppressive complications. 

There were no life threatening infectious complications/ hematological evidence of 

infection. 

This study documents high sirolimus levels in the first week after stent 

implantation and hence appropriate precautions (antibiotic cover and heightened 

surveillance) may be recommended for such neonates. Routine immunisation must be 

offered only after one week following stenting as drug levels fall to low values by one 

week.  

Stents with abluminal drug delivery may be better for ductal stenting because 

of the lower sirolimus levels in the stent, although there were no major differences in 

actual drug concentrations based on contemporary studies. 

The use of DES has preserved long term patency following ductal stenting and 

thus may be helpful in prolonged palliation. There is adequate symmetrical growth of 

pulmonary arteries following neonatal intervention by ductal stenting.  

Randomized studies are required to confirm our speculations on the selection 

of abluminal drug delivery stents over other stents. 
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