Introduction

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.
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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 pg/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™ 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

e Failure to negotiate the PDA

e Dissection Intermediate complications
e Spasm of ductus e Sepsis

e Stent occlusion by thrombus e NEC

e Overflow- Acute lung hyperperfusion e Access site issues

and heart failure

e Stent dislodgement/ embolization

Late Complications
e Instent stenosis
e Pulmonary HTN (hyperkinetic)
e Branch PA stenosis (mostly LPA)
e Surgery post PDA stenting
e Removal of stent

e 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:

e 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

e To evaluate the trend of blood sirolimus concentrations in neonates following
PDA stenting.

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

Secondary

e 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 pg/mL)
where feasible. Sirolimus levels from whole blood samples (40 uL) 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.
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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:

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

pulmonary or systemic circulation)
e Calculated Sample size (based on the 2018-19 SCT records) — 15 neonates

e 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% 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

Age Weight . .
Neonate Sex Diagnosis
(days) (kg) 2
Left Isomerism, Double outlet Right ventricle,
1 4 F 2.8 VSD, Non-Confluent PAs, PDA continuing as
LPA
2 4 M 28 Congenitally corrected TGA, VSD, Pulmonary
' Atresia, Confluent PAs
3 30 M 29 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
Unbalanced Atrioventricular canal defect, RV
6 20 = 3 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

Access | Stent | Stent T
Access . i DILATED Sirolimus
Neonate site sheath | size | length: STENT TO (mm) eluted
(Fr) | (mm) mm
1 RA 4 3 12 ABLUMINUS 3.25 25.2
#
2 LA 4 gg 186 ABLUMINUS | 38 58.8
3 RFA 4 35 12 ABLUMINUS 3.8 29.4
4 RA 4 35 18 YUKON PC 3.7 113.4
5 RA 4 35 20 ABLUMINUS 3.6 49
6" RFA 5 4 12 ABLUMINUS 3.7 33.6
35 20" ' :

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

#2 stents used; 2" stent was everolimus eluting stent

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

e Cobalt Chromium Alloy L605 with
strut thickness of 73 um
e Sirolimus at concentration of 0.7

Abluminus
Facilitate mono directional drug
release and less systemic exposure of

drug leading to faster re- ug/mmf A
endothelistation o (Strut;/wdth 80 um (hinge)- 120 pum
strut

e 316 Stainless steel platform with poly
(d,]) lactic acid

e Strut thickness 87 um

e Sirolimus concentration- 1.80
pg/mma2

Yukon Choice PC
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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 pug. The mean

drug elution by Abluminus stents was 39.2 + 14.2 ug.

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 <227
taken
Neongte 2 ~49.6 13.78 3.8
2 stents
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 36.8 12.4 <2.27
stent
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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

60

50

40

30

20

Sirolimus levels (ng/ml)

10

1 hour

Trend in Sirolimus levels

——Neonate 1
——Neonate 2
——Neonate 3
—=Neonate 4
——Neonate 5

——Neonate 6

24 hours 7 days

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

both RPA and LPA

RPA and LPA Dimensions on follow up

RPA-Right pulmonary artery, LPA-Left pulmonary artery

Follow up data
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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 b
up(days)
Suspect NEC, | Patent stent; CHB, planned BDG
1 . . . 287
Anemia and pacemaker implantation
2 Nil Patent stent, planned for BDG later 236
3 Sepsis S}ldden death after 6 days of 12
discharge
Sepsis, NEC, | Patent stent
4 Acute kidney | Good PA growth 216
injury planned for BDG later
. Patent stent
> Nil Planned for BDG 104
! Patent stent
6 Nyl 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

15



Discussion

luminal drug coated stent (sirolimus concentration 0.7 pg/mm2 in Abluminus versus
1.80 pg/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

ug 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).
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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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Discussion

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" 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

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* day following implantation.
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Conclusions

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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Institutional Ethics Committee
(IEC Regn No. ECR/189/Inst/KL/2013/RR-16)

SCT/IEC/1198/APRIL-2018 07092018

Dr. Harikrishnan KN

Senior Resident

Department of Cardiology
SCTIMST, Thiruvananthapuram

Dear Dr. Harikrishnan,

The Institutional Ethics Committee reviewed and discussed your application to conduct the study entitled *LONG
TERM OUTCOMES OF BIDIRECTIONAL GLENN AND FONTAN PROCEDURES IN A TERTIARY CARE CARDIAC CENTRE
IN SOUTH INDIA (IEC/1198)" on 21! April, 2018.
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CV of Principal Invesligator and Co- Principal Investigators
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8.  Dr. Harikrishna Varma PR Ph.D( Materials Science) Male Medical Technology Yes

9. Smt. Sathi Nair MA (English Literature) ~ Female  Lay Person No

10.  Dr. Christina George MD Psychiatry Female  Clinician No

11, Dr. Harikrishnan S MD, DM (Cardiology) Male Clinician Yes

DNB (Cardiology)

12.  Dr. Anand Kumar A MD, DM Male Clinician No

13.  Dr. V. Raman Kulty MD, MPhi,MPH Male Health Sciences Yes
Expert/Clinician

14.  Dr. Mala Ramanathan PhD Female  Social Scientist Yes
(Member Secretary)

|IEC Decision

The IEC approved the conduct of Lhe study in the present form.

Remarks:
The Institutional Ethics Committee expects to be informed about the progress of the study, any SAE occurring in the
course of the study, any changes in the protocol and patient information/informed consent and asks to be provided a

copy of the final reporl.

There was no member of the study team who participated in voting / decision making process. The ethics commillee
is organized and operated according to the requirements of Good Clinical Praclice and the requirements of lhe
Indian Council of Medical Research (ICMR).

Sincerely,

Mala Ramanathan
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Member Secretary, IEC
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PROFORMA

Safety of drug eluting stents for stenting patent arterial duct in neonates

Patient No:

Age: Days Sex: M/F H. No:

Home Town: Contact No:

Length: Weight: BSA:

Diagnosis: Situs S / 1/ A Cardiac position D/ L /M
Hypoplastic

SV morphology- LV/ RV
Ventricular function
Pulmonary Atresia/ Stenosis

RPA LPA
PDA size
Prostaglandin infusion?
Dose

Comorbidities:

CLINICAL FEATURES
e NYHA CLASS

e Cyanosis Present/ Absent SpO2
ECG Findings: Rhythm : Loop

o Heart Rate :

e QRS Duration:

e Axis

Procedural details
Access
Stent:
Stent size: 3 3.5 4
Stent length: mm
Sirolimus level in stent
Sirolimus levels 1 hour
24 hours
7 days
1 month
Complications:

Follow up Date:
Mortality on follow-up? Perioperative

Sudden/ Thromboembolic/ Heart failure/ Sepsis  Others

Operative procedures:
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STUDY CONSENT FORM

TITLE OF THE STUDY: Safety of Drug eluting stents for stenting patent arterial duct
in neonates.

Study number:

Participant’s name: Date of Birth / Age (in years):
I
mother/father/guardian of (Please tick boxes).

[ 1 Declare that I have read the above information provided to me regarding the study: “Safety of Drug

eluting stents for stenting patent arterial duct in neonates.” and have clarified any doubts
that I had.

[ 11 also understand that participation of my child in this study is entirely voluntary and that I am free to
withdraw permission to continue to participate at any time without affecting mine/my child’s usual
treatment or my legal rights.

[ 11 understand that the study staff and institutional ethics committee members may not need my
permission to look at records of my child even if I withdraw from the trial. I agree to this access.

[ 11 understand that my/ my child’s identity may not be revealed in any information released to third parties
or published.

[ 1Ivoluntarily agree to take part in this study.

[ 11 received a copy of this signed consent form.

Name: Name of witness:
Signature: Relation to participant:
Date: Date:

I attest that the requirements for informed consent for the medical research project described in this form
have been satisfied. I have discussed the research project with the participant and explained to him or her
in nontechnical terms all of the information contained in this informed consent form, including any risks
and adverse reactions that may reasonably be expected to occur. I further certify that I encouraged the
participant to ask questions and that all questions asked were answered.

Name and Signature of Person Obtaining Consent
Dr. Harikrishnan K N, Fellow in Pediatric Cardiology, Dept. of Cardiology SCTIMST

For any technical clarifications, please contact Dr. Mala Ramanathan, Member Secretary,
IEC, SCTIMST and Additional Professor, AMCHSS, SCTIMST (Email:

iec.mem.sec@sctimst.ac.in, Phone no. 0471-2524234)
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SREE CHITRA THIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND
TECHNOLOGY, TRIVANDRUM

PATIENT INFORMATION SHEET

TITLE: Safety of Drug eluting stents for stenting patent arterial duct in neonates.

Name of Investigators:
Dr. Harikrishnan K N, Dr. K.M Krishnamoorthy, Dr Deepa S Kumar, Dr Arun
Gopalakrishnan

Dear Patient/Parent

We welcome you and thank you for your interest in your/ your child’s participation
in this research project titled “Safety of Drug eluting stents for stenting patent arterial
duct in neonates.”. We hope to include 20 neonates from this hospital in the study. Before
your baby participates in this study, it is important for you to understand why this research is
being carried out. This form will provide you all the relevant details of this research. It will
explain the nature, the purpose, the benefits, the risks, the discomforts, the precautions and the
information about how this project will be carried out. It is important that you read and
understand the contents of the form carefully. This form may contain certain scientific terms
and hence, if you have any doubts or if you want more information, you are free to ask the
study personnel or the contact person mentioned below before you give your consent and also
at any time during the entire course of the project.

WHAT IS PDA STENTING PROCEDURE?

The normal human heart has four equal-sized pumping chambers; two atria (a right and
left) and two ventricles (right and left). The right-side pumps blood to the lungs, and the left
side pumps blood to the rest of the body.

Patent arterial duct (PDA) is a muscular artery connecting two major arteries (aorta and
pulmonary artery) and is normally present in fetal life. It usually constricts within first 3 days of
life and becomes a chord like structure. However, there are many children born with cardiac
chambers which are smaller than they are supposed to be; or when one of the valves connecting
the chambers is so small or absent. In such conditions, PDA may be the only source of blood to
the lungs or to the body. Stent implantation is a recognized management option in maintaining
patency of the PDA in newborns with duct- dependent pulmonary or systemic blood flow.

WHAT STENTS ARE USED FOR PDA STENTING CURRENTLY?

Conventionally bare metal stents(BMS) have been used for PDA stenting. These stents do
not have any medications within the struts. Drug eluting stents(DES) have a coating of a drug to
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prevent excessive cell growth within the stent. When DES are used in neonates, the drug
concentration attained is not known. The medications used in stents like sirolimus, everolimus has
multiple other effects on the cells of the body, particularly of the immune system.

WHAT DOES THE PRESENT STUDY INVOLVE?

This study is aimed at finding the drug (sirolimus) concentrations in blood after PDA
stenting in babies for various indications. The records of the your child’s condition will be
collected from the hospital records. A specialist doctor will explain the proposed study design to
you and ask you to sign the consent form to confirm that you understand the procedure and agree
to go ahead with it. Please ask any questions you want.

Following the decision to perform PDA stenting (as discussed in a multidisplinary meeting
involving cardiologists and cardiac surgeons) your child will be enrolled into the study. Your
baby’s blood will be collected to check the serum sirolimus levels. The blood collection is timed
such that it will be done at the same time when other routine investigations are carried out (1 hr,
24 hours and 7 days post procedure). The records of the baby’s course in hospital and any other
relevant factors including infections will be collected. Any particular event and the condition of
the baby at the time of routine follow ups will be included for documentation.

HOW LONG DOES IT TAKE?
The hospital stay and follow ups are not changed for the study purpose. The blood
collection will also be timed with the routine blood investigations.

WHAT ARE THE RESPONSIBILITIES OF PARTICIPANTS?
Your decision to to allow your child to participate in this study is voluntary, your own
personal choice. You may choose not to continue at any time, for any reason, without notice.

WHAT ARE THE EXPECTED RISKS FOR THE PARTICIPANTS?

The study involves collection of blood samples for detecting drug levels. There will be a
follow up evaluation to assess the functional status and outcome of PDA stenting. There will be
less than minimal risk for the participants because of collection of a small volume of blood. They
will be managed according to the hospital protocol. No specific intervention will be done as part
of the study.

WHAT ARE THE EXPECTED BENEFITS OF THE RESEARCH TO THE PARTICIPANTS?
The study may provide insights into the safety of DES in neonatal age group. Since the
procedure undertaken is palliative in nature, a follow up examination and evaluation may be
helpful in identification of any risk factors for poor outcomes or functional deterioration. It may
be helpful in detecting patients who require early intervention. The data derived from the study
may be helpful in planning appropriate strategies for patients with similar conditions in the future.

WILL PARTICIPANTS BE COMPENSATED FOR PARTICIPATION IN THIS TRIAL?
You will not be paid for participation in the study.

WILL MINE/MY CHILD’S PARTICIPATION IN THIS STUDY BE KEPT CONFIDENTIAL?
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All records of your child’s study will be kept confidential. Your child’s personal identity
will not be revealed in any publication or release of results. Study records will be kept indefinitely
for analysis and follow-up.

CAN I WITHDRAW FROM THE STUDY AT ANY TIME DURING THE STUDY PERIOD?
Yes, you can. Your decision will not affect your regular medical care.

IF THERE ARE ANY NEW FINDINGS / INFORMATION, WOULD I BE INFORMED?
Yes.

WHAT HAPPENS IN CASE OF A STUDY RELATED INJURY?
There will be no study related injury.

IS THERE ANY ALTERNATIVE TO THE TREATMENT MENTIONED?
Not applicable.

If you have any further questions, please ask: Dr. Harikrishnan. K.N (Principal investigator),
Fellow, Department of Cardiology (Email: drhari kurup@sctimst.ac.in Ph No: 9746869303)

For any technical clarifications, please contact Dr. Mala Ramanathan, Member Secretary, IEC,
SCTIMST and Additional Professor, AMCHSS, SCTIMST (Email: iec.mem.sec(@sctimst.ac.in,
Phone no. 0471-2524234)

32



Annexures

1001 alll®@ @loymoud MBS canod eawleedd mmma eraf assemogs],
@o)UIMMial)®o
cooulee)88 $o0jallaieemal(@o

aloMudl@aUdho:

6algf ERAg1tIEd eemMIgEmIES OqYf Muodalessms muRIOWIeeEITd aE)M) a)oslw

oquagleng muyeaHdle®lo.

NEUHBHOYOS Cald

BWO. anN®ld: MM Od. af)0B, BAWI. Od.af)o diaieM@)BEW], ewo. Blal ag)My &)@0d, GAWo. @R

GUN0AlOBIE: aierN (D

(ol@ croU]/0eus@Emosnl,

“eaignf @@AZN0NWE CLeEMIgEDIE oYY Muodallesnmz MAURICWIV)EOSIES ad)M)

a)esl® equaflend MIEEUO®I” M oM@ @BU3/@IB®:E)eS )5 AleE:S)8e0m
®OTaI0IOS)MAIOM  MVDNOO2IGEB@)o MBIl l80)&HD)0  H2i)MN). oD
@R @IDlEmIM)o 20 MAURIGWID)EOHS DD AlOMEWITd PUBeaIS)EmISAM  EmEERLY
(o1edlee)m). ©IBBIOS SOV DD aoMEWIGd  aleB:S)afleaymalmami oo
VEQaHEMo  af)lIM  MSEMM) M) AaMQe61R1CIcE0MEE  (aIWIMAEM. DD  aldle
NCAAHMOOD IS8 (AMVE®20®  aflaieeBRud M@db)o0. OO, D el
MSq[lelan)MmemeBemewm)o, «;ra@‘ls)crg MLIROQUo, DEGUWDo, BGMZETBRUZ, @RAIOWTVIRLIMEUB,
@RMINAOB, D)MHO)MENGWB agimiau alltoa|le:elen)e. @B (VALEWINS DD al@]d:
o8B0 AMMIIIGN)ED)0 HalCYEMED (alWOMmadENT. 0D al®l&ed aflel wom@iw
AlGEERG)NZICWEH00  @R@IMOTE  @OB:U3HEHOMMELIRN0  TVodDWERD, G@REQIE:IB  &)S) @D
afluEeEBRd  ERAINDIM)PMEEIERID  AlOMMVCCLITTHINSSAIGEIS  GaloGle)&EWI  @RELIE:1Ed

MITWOSIMIV] ®6Y MEBHIWIBIBH)MAUOD DD  AlOMIAUTVIME AR  AF®)TVARETM)0

OISO @OBBUBHE MV J@)6NE.

ag) o6 @algf wasm) @rdglcleomilay (allulag) oquaflodi Mmsaisle:ud?
2M)aHy aOBOEBINT, MLOWOEEM @RIIAIe)AM)SS MIL] @ROSEME, EE afSlwag)lo (uaim)o

Osm)o) EME eUMSIEs8)®:8)0 (AURIMo WSM)0). AULIMAUMO ULDINTVESHIDODICLIWEE dSMo

33



Annexures

alM)eaI&HD)o WSO oleawlen]  agieinamBgicades 08Mo  aAM)eI)&HW)o
OaIYN). E6ME (alWOM @RASOIHeE (EReWIdge@)e aldamol ardsclem)c) sumwlafleaymm
Galtlodome)gs  @rAgolwoem  cagnf @pdgldlwe ecseomogl. @rd  wdscumuowicd
MOWOoREMWO| 9BB®OEM. @R MUoWorEMWIR =mmla] @Ey o)mM damnowinesicd
2))Q)6ER)B®)0 2I0S)GAILNSS 60) 0)ald0d)&M)o al®)o. afMIB)MoLe @REME®0 &)Ske:ud
anB® @ROSUB CAMROIR)0 ©a0lRmICWI, @ROS&He8 imWlalleaym aoeda)sglaaom
£2I0)C®0  @ROGBITY  MEPEMEWI  RMISHINE.  @REMRC  HO) @RV  Bsemo
(DOAVEHINADICITICH00  WATRRINEBEICRIEEHD Cald&IM allWlag 20(@206M ogs 208Qo.
MAURIOECIED e8OMIFOW @R)UTBO)M altBamo] @regs:d mﬂggm‘la‘»‘ REM AIUODOHIMOwS]
allulag@)es eaigndmil mlamldemomes @ronley® Mmsaslwosm aquay muodaleeds.

@eaoud alluwlag) oquaf muodafleeymaldl agm) eqyRi@goen) Dalcwouilea)mMa@?

MOWOEEM@IX|  #AUOJo  GRIaD  OEYMR&Eoe) ollwlag equa  quodalleselmomi
2alconlen)md. oD equmRieg)es emieglcd ao) acym)o mel. equafimesicd arwlsaow]
CHONEERUY AUBOYMEIOM @S ad)Mlend &) &alalo (WG afelsled equaflenens
(Wiagal). MuRIGEIEE AWlDagm) Palcworilea)emoud emS)M 20)INIOE TVIMBD GO
arolallgy. mileooeflaay, agaicosellamd agml equmiades wolocmilea c&wEBEIE3 @REME:0
2§ (AIEOAIEIBEEME, (@ dilaflo CEINAIBIERIW MoalWIMmENa@d.

DD AloMOEWIED DUBOEOHOBBYMOMD?

aflawlog) oqYaf Muodala@Im) GWdato  @Slegleal a@IMO M)asaBgled  mileoosellaay
20)Me} ESOOTHL! TVIMBD® SHOEEEMIMIE) DD aloMe LlaiAIS)ME@. @RI CoaIGEEd
mlm)o ®IBBYOS &)FIWOS @AM FlSs aluesaBud cweadlen)e. 680) allaliw ewIssd
®o®:E805  9EEWIENM oM @)alcosl alld1eclen&Dle @B MsSasleud ampilenss]
@@} qUE®o M@IBHYMM) AGIN0AjISOIM 6O} MUEMal®o SaflSOMmOKDIeaSle.  MIBUBLE
@RAUNIASS aB®)Galosi)o BRANDS Gal0G]ee)d:.

oquay Mundaileencomes ©@10)20MeGTT (sodwlecwos=iquss)o SodwwIs
wai@wlooalsdre)asasm ayeymo alleonasgionssad 2ueqs)m cwonewiea aida)
(aI8000) @SBMT @IB:BOS B)FOW aloMEWIEB 2Uleas)Em)e. Miloo mileodelam’ miaec
aEleowlenom @IE:E)es &)Slw)es eemo craIGleae. 2F almlal aBleLIWMEUB ST
M2 |Cleacmenalwo 8o CUAGIEN)ME (HaeqS)E™M)o (IUOSIVTEN)Co 1
2emlen)d, 24 aemlee)d, 7 Glaimo). &)Sl)es ARW)aIGIleel AflAIEEBUE @REM)MIdWEAIe)SS
(alVem20®@ aflueaEsuwd el cuosudle)o. aolal  osdailslonnalcd  @)sio)es
@RAIMNOWFJID)BS af)e@EIRl0 (al® & TVoRAIEBE)e COLOS)EM)o.

34



Annexures

ag)l® VAo DTOMS)E)o?

alom@mimows], @U@ IO ETIGRIO o)sdallsleruaiicern 2002)6M=od1g). asoilal
RAMIGIGUROWMEUBEE Bajo OSMBEUDELOEMA0 (SHROS)E)o.

alf)®S) 86 (MAI)OS gmmmoa’lmmogoﬂmgw?

OO AOMATHED AOB:S)EO0M MOBD:BYOS )50 @RMAUEIENME@ Gld:afo MICAWWOWIET, @RE
@OB:BYOS UIEGA020® ®1)ROMAE. 2)MB&)00W] @ROIDILHOD AFDMVAWAMo oM}
S006MEMoRI}0 MOE:UBe8 alomamilad mlmm)o allmdacode.

AlES) 80 MAIBSEE (01SH906ISIIM ERALWETBOSHTNGO0?

ao)Mmlend @egal SHEMROEMIMIWSS ESMCUDEIOSMo BRI  aloMETe)UBeseo88)Md.
aflawlag oquaf  muodallyjoilend (uudommae2o® mla®le GMSAe ®)SE @RAVIOMA)C
afleinloyomene MeId)o. ©a0l@ @S0l 8o GULIELBIENMMOGHITRISS )06 @Rgafleno
@IOPWBS @RAVWER aBISISBH0)MNRIS:). @RA G@RWAID] MSASIGA(AISI00 O8G0 0
©aiQ)o. aloMAWO] ORIV (M idsla] DSOAISORIM)@)EMRISIS).

(NEAUAHEMOO BN alB0SlBBE8 (almlesdlencanm GMSEBOSOMMGI0?

MAURIOWID)EOB)OS (0@ AflRIVEMIEd AWiDagmien m)estiomeemogIDSs DUBEeFal
aloMo MOIBHICWSEH0. AlGlalEEMIVICOAUNBS MSaSIWINEMMGIMITS, C2Wo ALBTIOMFW)o
(AT MAIE20® OGH:EIOIOMD)0 HIVEMo HETROEMIM @SB aldlerrowm®)e alleiio)ameane
MaNIWHORICWSNI0. B)MH)SIW)SS PSOAISEE GRAUNIRSE CRIIIHEE HOTREMIN@IM)o
@@  MVaNIWHOACWENJ0. TUAIMAW @RAMUNWIENSE CRIUIGBES G@RM)CWIRIAIW
OUEERUE @RIV)(@6Mo  0aIQPIM  alomamladmlm)e eclsnymm alluesnud  eocaflacd
MaNOWSHBICWENI0.

OD A 1SUMODOB AOB:S)ENMAUABSES (aldlantio MEB3)CR0?

oM@ l6®B:S)EeMGIN ®BB88 (adllaocio MBSl

)03/ g3 BSOS DD aOMATO! alEIFIEMo RanmV 20T (V)&:lee)ea0?

©@IBHBOS H)SIWOS aflgd  CORIGSlo PaNUI20WS] MUEHlse)e. 80) (amUlavieesmamie)e
AORIEREIOS  (al®hOMOMEDIeNe OOB:B)es @siwies  aljeoiaflaeannd  (aavlaisclssig).
aloMEE6U&8 @rmmmacdl] aleiilo)emelm)o ®sd allsloruauBenacall quasiles)o.

35



Annexures

AlOMESRION af®) MVAREM)o ag)Mles alomawlad mimm)o allBaioEROMo®:)c20?

mem OoB:Bes @¢ljo. ®OB:BYeS ®I0)a0Me ®IBEYES el OB AIBlIEEMETT
enuouslesilel.

a)OQ agomssla)o &emMRameld:ud/allonRud 9MRowIdd agem arolalles)eas?

anrcllea)o.

AlOMTVoMIMWIWID Ald)H)NMROWINRIM TUorAlen)o?

aloMmMoMINWIITS al®)OEHIT)@)6MRIS 8.

M) aflaflaj@l) ale:e20@] agemslano alleleru)esnzo?

SLOWBHBQ.

@OBUBHE H)S)OMOUOMBIRN0 CaloBERS)OMEIE8 AT caldlea)d, CWI. andleyasiemad
0dh af)@ (oM  MECQUHS), eancg, &odulewogEl Wlapdseany, (mecwsicd:

drhari kurup@sctimst.ac.in @anosm. 9746869303)

ag®) aflta1seemawimie AT MIMWeS)® GWI. 2021 eMILM, eamid erussdl, IEC,
SCTIMST, @AW laH6m @d aldanmuad, AMCHSS, SCTIMST (moawiiod:

iec.mem.sec@sctimst.ac.in eanoemd. 0471-2524234)

36



Annexures

aloMm qUEdal(@®o
aloMud1@addho:

calgnf apdsitlwed cemmogamicd equaf mundaflesess murImWI)segled an)m) ayosiw
aquafleag quyoasimmio.

alom maud:

ABOGIWIOS BaUB...evurreirriiiniiiniiiiiiiiiieiiaae Kono o] /uoqy (udaemiad).........

@218 /@RAD /@BHBBOIDOT. ..o eeveeeeiiie et et e et ettt e

[ ] “cagnf amdgicloed esomogomicd equaf quodaflesess: muromwit)segicd ao)m)
anoslo  equalend MUYESHUODIC ol  aloM  MUoMWRD] ofTlee) modslw  aluessud

QB0 &M)o af)HEe)MROW MoWEIRUY AlGlaNGEe)&®)o QalTW®m).

[ 1 alomamieal agend s)glo)es amogiome MICAW®O @ROSMHM)o. e} )SlWes alal
2[l&1EVOWEWO/MWAIERIW  ERAIGINDEEOSEWI  MIOWISOHOMm oF®) MAWOEMe ofOTd
@pmioBo afl@aellencemmles MIOGM@OMRM)o af@les amqilanall

[ ] emomd alomeomied mlmlo all@accl@oege alomaVerenoeBBen)e  DMEYIQLauemad
agEemlam @mldl aRoneBrulanio afod )SIWES @RERIY COELG:D alBlewdwlendm agead
@RMU0Go ERAULDLEIERIM)0 MM AMQIleNEe)aM). ERGIM MO MUEREIEe)M).

[ 1 oymo sedleded mode)emoeed (amilaw1sclee)cmoees oo &)sl)es
ayeclaflouessed madalagiam emond amqyflensayam).

[ ] emod quicawwo ©D alomEwed aloE:S)E60md queadilea)m).

[]1 22 wmowu@oslend aafls 80) (o] agm@les aidlay.

eald MoaHlw)es eald
&af AlOE:S)86)MWIB)20WSS SNITWo
oo ool

37



Annexures

eawlead olauda) GAORSSIMOAUDIROW VAR AYGETIMCANEM  ag)glo QISHEIBB) 0
Oyalolee20@]  MIdOlaflGleaMeaIM  fMOM  GMIOWIOASITMM).  AOMaBIEIw) 20w
NEAUAHEMAIAL@NODaF]  MICBH:TEHOO BRG] afgP afluesmBegagi@ie  aiday
MOS0 (O 1SHEH0UN  ERAISSTVIWIO&:S)o alddldlanaEnglo  aflalacles)s:m)o
0210®). BIFOW 6208 GalGle00M GladlaflensWlo af)g GaldBiEBRUBEN) 0 DEM®O

M@ BHD)0 O2IB®) ag)M)o MM TVISH OIS YD),

MO0 (UEBYIN ERBYOS Gald

y

fq

GWI. aN@ldyaHeMB 68 oM (LM VGAWSM), ancg, Sddulewogs] lapdseant,

(ea@N@d: drhari.kurup@sctimst.ac.in eanosm. 9746869303)

ag®) ANuE1e:EeMEDImle BEAODS MITWeRS)E: CWI. 202l EIAMILLM, eamid erussdl, IEC,
SCTIMST, @R W lau6m@d 6(alda0mVd, AMCHSS, SCTIMST (peoawiled:

iec.mem.sec@sctimst.ac.in eanosm. 0471-2524234)

38



MASTER CHART

| = a a
5 3 s|g| g
S AR ES =3 1 @\ Elam @
z g £ 2l s |E : |3 z gz MEIAE B
gl 2 |z |8l3|s|B 5|2|slal § | = |B|%]# g HEREEEEHEE:
g2l T | = 2 gl =|o|g|8| = 2 |3 k- zl| "= # || 85| 5
g L % & Cal E L Q [a] 5 o« ;§ o o
8 a| > s
(S0 B 4 -
1 |a83777|799a5| 4 | F | 28| 45| 0.19| 67 82| 15| 1972720 [12706/20|287| 5.2| 60|  'isomerism, dorv,vsd,non 1 o1 4 1o L gl g0l chb| A | L | ¢ |pory
confluent PAs
CCTGA, VSD, PA, CONFL PAS

2 |484269|80062| 4 | M| 28| 47] 0.19 75| 85| 10| 03/04/20| 30/11/20[ 236] 2.8 2 R iy * lofo]1 78| skl s| ol D] pa

SMALL PDA

TOF, CRITICAL PS, SPELLS, CONFL
3 |483241|80101| 30| M| 29| 52| 0.2 | 60| 78] 18|03709/20| 217320 | 12 PAS, LARGE CONAL CROSSING sels|L]c| c
RVOT
4 [484595]80100] 3 | M| 2.7| 50] 0.19| 72| 88| 16]|03/09/20| 15/11/20| 216] 5.7] 60| VSD, PULM ATRESIA, CONFLPAS | 0] 0] 1| 56|80 SR| s| L| C| PA
DTGA, VSD, PS,RESTRICT IVE ASD,

5 |a87521|80532| 7 | M| 28| 50 70| 85| 15| 2578720 | 12/09/20[104] 5.3 PDA DEPENDENT PULM 0|11 g2l srls|L]c| o

CIRCULATION

UNBALANCED AVCD, RV
DOMINANT, LEFT ISOMERISM,

6 |487258|80541| 20| F| 3 |54 73| 88| 15| 2678720 | 12/06/20[100] 5 SHORT SEGMPULM ATRESIA, | 0| 1] 1 saltar| s| Ll c]| pa

CONFLUENT GOOD PA, D
MALPOSED AO, INTERRUPTED IVC

Annexures

39



Annexures

= 7
: s IHRE
i =] o = =
g =2 Z x w0 o] a g z
& |elz]|2|s|2| 8 £ BlE| ¢ |5 2 - o el 233 |" g e
c [ | = ] i I =] T
G HEIEEI M EBERE = = EE 4 z AR g 2 -3 -3 e
= ~|l2|E| 2|8 = |[£]|O s Elw]| ¢ |2 5 ) H 12 3 -~ = =3 =1 I
S|lal|l=s|§|E © alS| 2|2 © E = = £ =\ = = £
Q >|2|E| gl 9 S|l 2 1g| 8 |8 @ ) nl = 2 g
= &= 2L« < © | ® - < k7 — d o § =]
= = S (U] < - - = (=] = = 6]
e 2 £ |5 N
2 z |2 2
Interrupted VC|LAf N|H| N|N|] RP | L] O Lisomerism 6 RA | 4 3 | 12|ABLUMINUS 0 3.25] 1| 252 | 388 <2 NEC, 2 PRBC transfusions | 38| 2 |4.8] 4
N IAIN|N[A|N|] LA [R] O 3 LA | 4| 3.5 |24|ABLUMINUS| 3.58 38| 1| 588 |>49.6]|13.78| 3.8 0] 38|36|56|52
N NINJN[PSIN| RP | L] O 7 RFA| 4 | 3.5 | 12|ABLUMINUS 0 38| 0| 294 |4238| 153 | 33 SEPSIS
N N|INJN|]A|]N|NRGA| L] O 14 RA| 4| 35 |18] YUKONPC 0 3.7 1]113.4|33.84| 9.38 | 3.28 SEPSIS, NEC, AKI 4 135|751 7
N LIA|N|N[PS|N|] RA [ L]|O POST BAS 3 RA | 4| 3.5 |20|ABLUMINUS 0 361 49 |>4986| 29 | 3.92 ? SELFLIMITING DISSECTION [ 5| 4| 6 |55
Interrupted |[LA| N|JH|A| N| RA [ R| O | Lisomerism, LPA stenosis | 3 RFA| 5 4 12| ABLUMINUS]| 3.5,20 PROM| 3.7 | 1| 336 <2.27 0 41 4145|145

40



