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Abstract

Catheter interventions have significantly increased over the last 30 years, emerging
as a new safe, and effective alternative for the treatment of children and adults with
Congenital Heart Disease (CHD). The procedures can present complications, with
severe and/or catastrophic ones posing a risk to the patients life. The risk-adjusted
variables that are conventionally considered are age, the complexity of the procedure,
the volume of cases/year of each institution, cases per year of the operator, and existing
comorbidities. The American Society of Anesthesiologists (ASA) can also be taken into
account in relation to anesthetic risk. The diversity of heart diseases, the incorporation
of new techniques, and the use of different devices forced the prediction of adverse
events. Different risk-adjusted scores emerged, adjusted by data taken from the results
of catheterization, called ‘hemodynamic vulnerability indicators’. These values, along
with the procedure time, the radiation received, and the type of anesthesia (with or
without endotracheal intubation) have no predictive value and arise from the analysis
after the procedure. The case history presented with the new Risk-Adjusted Score
(RIGA-S) score is extensive over the years, involving the same operator and covering
all stages of the specialty when initially therapeutic catheterizations were only referred
to as Rashkind balloon septostomy. In the last stage, the interventions were varied and
complex, representing the majority of cases per year in hemodynamics services. This
new score is simple, easy to calculate, and predictive, as it analyzes existing data before
the procedure, based on the variables: age, type of Congenital Heart Disease (CHD),
type of procedure, and previous clinical status: outpatient, admitted to the Intensive
Care Unit (ICU) and/or in the immediate postoperative period of cardiovascular
surgery. In this way, the case is stratified, the potential risk to the patient and their
parents is posed, it allows planning of the procedure with experienced operators, and
it warns about the availability of admission to the Intensive Care Unit and/or the need

for rescue surgery.
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Introduction

Interventional cardiology in children and adults with congenital heart disease has been
incorporated as a therapeutic tool, complementing conventional cardiovascular surgery.
These are procedures not exempt from complications, which can put the patient’s life at
risk. A Risk-Adjusted Score (RIGA-S) is presented and the current issues are analyzed.
The industry presents new devices for interventions, which require special training
and clinical trial programs. This scenario carries the possibility of difficulties and new

complications that arise in practice.
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Literature Review
Problem presentation and discussion

Catheter interventions in Congenital Heart Diseases (CHD) in
children have evolved significantly over the last 30 years. Since the
report of the first intervention performed by William Rashkind in
a Newborn (NB) with transposition of The Great Arteries (TGA)
[1], the growth was exponential. In recent years it has been extended
to the group of adults with CHD, who for various reasons had not
received surgical treatment in childhood or in whom their heart
disease had gone unnoticed [2]. The first pulmonary valvuloplasty
was performed by Kan, et al. in 1982 practically with the same
current technique [3]. Our experience in Argentina began in 1985
when we used femoral dissection as the approach and required to
stand-by surgery. In adults, we use the technique of double and
triple unequal balloons, based on a table designed to calculate the
deformed valvular area and the double-triple balloon/area ratio.
The use of balloons of different diameters aims to maintain a
pulmonary flow between the balloons during maximum dilation,
avoiding low cardiac output phenomena [4]. If we consider the
8 most common CHDs, interventional catheterization has a

preponderant role in all (Table 1).

Table 1: Most common congenital heart diseases and their

catheter intervention

Heart disease Type of intervention

Ventricular Septal Defect (VSD) Device closure

Patent Ductus Arteriosus (PDA) Device closure

Atrial Septal Defect (ASD) Device closure

Pulmonary Stenosis (PS) Valvuloplasty

Aortic Stenosis (AS) Valvuloplasty

Coarctation of the Aorta (CoA) Angioplasty/Stent

Tetralogy of Fallot (ToF) TSVD Stent, RRPP Stent

Transposition of the Great Arteries

(TGA) Rashkind balloon

Note: TSVD: Right Ventricular Outflow Tract; RRPP: Pulmonary Branches

In TGA, the Rashkind balloon septostomy maintains the same
original technique. The balloons improved and we started this
practice in 1988 wia the umbilical route, under transthoracic
echocardiographic control in the Intensive Care Unit (ICU). In
this way, we avoid the stress of transferring a critical and hypoxemic
newborn, maintaining their body temperature in the ICU crib. A

recent Romanian study shows their experience in this field [5].

In the last 15 years, interest and surveillance of adverse events
have increased, the publication of the Sick Children’s Hospital
in Toronto, led by Lee Benson in 2008, raised the situation and
generated critical awareness on the subject [6]. The increase in

Hemodynamics and Pediatric Cardiology centers allowed for

evidence of complications, even catastrophic events. The new
techniques with balloons and devices produced various problems
that include femoral artery thrombosis, material ruptures, fractures,

embolizations, and tears/ruptures of vascular structures [6-16].

A range of complications between 6.7% and 24% has been
reported [6-9]. Our work shows 5% of adverse events, with 1.9%

of major and 3.1% minor [15].

The C3PO project emerged as a registry to monitor and document
complications, analyzing and comparing in a multi centric way
interventional hemodynamics services, a variety of cases, and

operators. It included the surveillance of the radiation dose [11].

The variables related to the risk of an adverse event emerged after
an analysis of data from hemodynamics centers. These were patient
age, type, and complexity of the procedure, time of the same,
volume per year of cases of each center volume/year of cases of
the operator [14], type of anesthesia, genetic comorbidity, renal,
biventricular »s. univentricular physiology, received radiation,
among others. A critical scenario is patients in postoperative
conventional cardiovascular surgery with poor evolution: Low
cardiac output, the persistence of respiratory assistance, the
need for inotropics, and/or persistent hypoxemia. Situations
present both in hyper-acute or acute periods. Catheterization,
even diagnostic, in these critically ill patients, presents greater
complications. Despite the advancement and refinement of non-
invasive techniques (Color Doppler Echocardiography, multi-slice
tomography, and magnetic resonance), diagnostic catheterization
remains current and subject to complications. The incorporation
of the “complex heart disease” category in the RIGA-S score was
fundamental, showing statistically superior complications to many

interventions [15].

Over more than 30 years we participated in the different stages
of hemodynamics, with dramatic changes in both indications and
techniques. In the last years of the 80s, only femoral dissection was
performed (internal saphenous vein, femoral, and/or artery), using
the percutaneous route by the Desilets Hoffman method only in
children over 10 kg in weight. Only 5 Fr introducers existed on
the market as a smaller size. They represented the initial stage,
with 7.4% of the cases, but only with a venous tear that required
surgery (0.4%). We had no more vascular complications at this
stage. We started the umbilical venous route for the Rashkind
balloon septostomy in 1988. We incorporated the right axillary
arterial dissection, to study neonatal aortic coarctation. From
1992, the only route used was the femoral percutaneous, venous,
and/or arterial, regardless of weight and age. We continue with the
umbilical venous approach routinely in newborns with a few days
oflife. In cases of critical aortic stenosis of the newborn, we prefer to
access via the right carotid route, through surgical dissection with

the help of cardiovascular surgeons. At the Institute of Cardiology
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and Cardiovascular Surgery Favaloro Foundation, from the year
1992, we analyzed the first 13 years. Complications remained
stable, despite the tripling of interventions and the complexity of

the procedures.

The age difference, the incorporation of the adult into Pediatric
Services, and the variety of heart diseases and procedures gave
a combination of variables that needed to be grouped and
categorized. This scenario motivated the development of several
scores adjusted to risk [17-23].

Our casuistry is not an institutional experience [15], but personal
throughout work in successive institutions. This eliminates the
“institutional” and “inter-operator” biases in the analysis of events.

Procedures performed by other interventionists were not included.

There is, in the consensus of experts, a series of items in relation to

the probability of complications [6-15]:
e Children are at higher risk than adolescents and adults

e Therapeutic interventions carry more adverse events than

diagnostic catheterizations
e Patients with Pulmonary Hypertension (PH)
e Immediate postoperative cardiovascular surgery
e General anesthesia

Complications have prevalence with some variations dependent on
each study. The main ones are arrhythmias and those dependent
on vascular access, along with those related to complications of
interventions: Device embolization, poor position, rupture/
fracture, and rescue surgery, which also occupy a prominent place

[6-15]. We had a ranking of complications identifying the five

interventions with the most adverse events (data not published in

the original work) (Table 2).

conflict in relation to the size of the vessels, vascular access, and
angioplasty balloons. Alteration of flow in the femoral artery post-
catheterization has been published, using vascular Doppler. The
independent risk variables were age, introducer size, and arterial
cannulation time [16]. In our case series, complications were
greater in this age group compared statistically with the rest of the
series (Table 3). Vascular complications in NB and children under
one year were 35% of the total. There were three major events,
which required surgery, in the era of dissection: A carotid tear,
another of the axillary artery, and the femoral vein in a septostomy
with a Rashkind balloon. In the percutaneous route stage, there was
a tear of the suprahepatic veins in a septostomy with a Rashkind
balloon, which caused death within 24 hours. That patient arrived
from ICU to the hemodynamics room, with the right femoral
vein and the umbilical vein occupied with catheters for infusion
of prostaglandins and inotropes, which complicated access and the
performance of the procedure. Therapists mustnt cannulate the
right femoral vein in a NB with TGA. There was also a carotid tear
due to dissection performed by the surgeon, in a NB with critical
aortic stenosis, which was resolved in the hemodynamics room.
Hypoxia crises occurred in the initial stage when Tetralogy of Fallot
and pulmonary atresias were still being studied in hemodynamics,
currently evaluated with Angiotomography (AngioCT). The
advent of this non-invasive technique was decisive. Radiation
exposure, attenuated by QRS-triggered studies, was less than in
diagnostic catheterization. The study time was 15-20 seconds
and general anesthesia was one minute, without femoral vessel
approach. There have been no hypoxia crises since then. A relevant
fact regarding the age variable as an independent data associated
with complications was that we demonstrated that adults have
the same events as children under one year and less than children

between 1 and 17 years old.

Table 3: Complications according to age

Table 2: The 5 interventions with the most complications
n (817) CM (%) Deaths (%) Cm (%) Total (%)
Procedure Number CT and (%)
RNy<1a 25 (3) 8(0.97) 48 (5.8) 73(8.8)
CompleszSt\fiBt: Ductal, 14 5(357) Childrens1
year and 41(1.5) 7(0.2) 63(2.3) 104 (3.8)
Park's septostomy 10 3(30) adults
Aortic valvuloplasty 37 8(21,6) p 0.005 0.0017 <0.0001 <0.0001
Stentin CoAo 70 12(17.1) Note: CM: Major Complications; Cm: Minor Complications; RN: Newborn
VSD cl 13 2(153 . . . . . .
closure (153) Diagnostic catheterizations and interventions
Note: CT: Total Complications (major and minor); TSVD: Right Ventricular
Outflow Tract; CoAo: Coarctation of the Aorta; VSD: Ventricular Septal Defect The studies agree that interventions present more complications

Age as an independent variable

Newborns (NB, less than 1-month-old) and children under one
year of age have more complications in all bibliographic reports.
They are patients with severe and complex CC, usually in a critical

state. Vascular complications are usually present, due to the

than diagnostic studies. The NCDR IMPACT Registry study
stratifies diagnostic procedures into risk category 2 (low) when
patients are over 1 year old, risk 4 (intermediate) if they are between
30 days old and 1 year old, and risk category 6 (high) when they
are less than 30 days old. In other words, they adjust for age. The

RIGA-S score divides heart diseases into simple and complex.
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Diagnostic catheterizations in complex CC present similar
adverse events as interventions. Therefore, a patient with complex
CC undergoing a diagnostic procedure should be performed by
experienced operators and may have more complications than

pulmonary valvuloplasties and closure of the arterial duct.
Pulmonary hypertension

It is reported that catheterizations in children and adults with PH
involve an increased risk of adverse events. Hemodynamics is the
“gold standard” for the evaluation of pathology. Both in Primary
Pulmonary Hypertension (PPH) and in that associated with CC
(HP-CHD), hemodynamics is necessary to document the values
of pulmonary pressure (systolic, diastolic, and mean), the minute
volume by thermodilution with Swan-Ganz catheter or through

the calculation by the Fick method of QP/QS in cases with CC.

The assessment of diastolic pulmonary pressure is important. Also
crucial are the calculation of total pulmonary resistances (arteriolar
and venular), with their indices in Wood Units in relation to the
body surface. The wedged pulmonary pressure (wedge pressure) and
the transpulmonary gradient are determined. Most hemodynamic
laboratories make these calculations using the published tables of
assumed oxygen consumption. The determination by the actual
measurement of oxygen consumption implies the need for complex

technology and methodology.
We use the hemodynamic study following this protocol:
e Document pressures and resistances

e Wedge angiography, to define three variables: arterial thinning
in the right lower lobe (between 2.5 and 1.5 mm in diameter),
circulatory time, and the appearance of the “vascular stain”

(winter tree)

e Perform Endovascular Pulmonary Ultrasound (IVUS) in
cases of PPH, determining the thickness of the muscular
middle layer with respect to the external diameter of the vessel
and analyzing the appearance of the endothelium. These data
allowed us to infer who were the more “muscularized” cases,
presumably responding better to vasodilator medications.
Patients with more altered endothelium, theoretically, needed
a rigorous adjustment of anticoagulation and priority for

cardiopulmonary transplantation (unpublished data)

e Pulmonary Vasoreactivity Test (ATV), with Nitric Oxide
(NO), in cases with PPH, to define the patients who would
benefit from the use of calcium blockers. The use in patients
with CC (HP-CHD) is debatable, due to the error incurred
in hemodynamic calculations when the actual oxygen
consumption cannot be determined. The administration of
NO with O, increases mixed venous saturation and alters

hemodynamic calculations.

e The demonstration of pulmonary vasodilation through
positive ATV has not been shown to correlate with a safe
indication of CC surgery without the risk of persistent HP in
the postoperative period. The conclusions of the ATV in PPH
secondary to CC are not extrapolable. It has been proposed
to administer vasodilator drugs beforehand, perform surgery,
and maintain therapy in the postoperative period. There is a

long way to go to draw conclusions

It is clear that the best thing is to operate the CC and HP early,
before the 4"/6™ month of age, but the reality is that in developing

countries parents and children may arrive late for consultation.

A recent report studied IVUS patients with HP and CC and
showed a better correlation between pulmonary arterial stiffness
(pulsatility index) and the data of “favorable hemodynamics”[24].
Our experience with IVUS did not include the pulsatility index
(unpublished data).

We had no more complications in cases with HP and if we only
take minor complications, they were more frequent in cases
without HP (Table 4). Therefore, our safety and efficacy margin
was high, compared to what was published.

Table 4: Catheterizations and pulmonary hypertension

CAT (n: 1679) CM (%) Deaths (%) Cm (%) Total (%)
WithHPn: 1 5 0 ) 1(0.28) 2(057) 5(1.4)
345
Without HPn:| o0 g 4 7(03) 56 (2.5) 82 (3.6)
1845
p statistic 0.367 0.95 0.009 0.008
Note: CAT: Cateterismos; CM: Complicaciones Mayores; Cm: Complicaciones
menores; HP: Hypertension Pulmonar

Immediate postoperative cardiovascular surgery (CCV)

Patients in poor immediate postoperative evolution of
cardiovascular surgery represent a delicate and unstable group for
diagnostic or therapeutic studies. Catheterization in these critically

ill patients presents greater complications.
In a recent publication, 41% of deaths occurred in these cases [13].

owever, another report mentions safety and efhicacy in this
H th t t fe d efficacy in th
particular group of cases, with 43% of them undergoing the
procedure under the Extracorporeal Circulation Membrane

(ECMO), which provides a safety margin [25].

At the Favaloro Foundation, from 1992 and in the first 2,500
cases, we encountered more major complications in diagnostic
studies in the immediate postoperative period of CCV than in
cases admitted to the Intensive Care Unit (ICU) (p: 0.01) and
outpatient cases (p<0.0001) (Table 5). In some surgical centers,

surgeons perform vascular sutures in a technique called “Greek
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guard” (e.g., pulmonary branches) using appropriate materials
that allow tolerating angioplasties in “hyper-acute” periods
without major complications. Rupture of a stenotic pulmonary
branch post-angioplasty in the immediate postoperative period is a

complication with high mortality [9]

Table 5: Major complications according to previous clinical

status.
Clinical status cm Death
AMB
n: 2097 26 (1.2%)
4(0.19%)
DIAGn: 1313 DIAG: 0.2%
INT n: 784 INT: 1%
ICU
n: 292 11 (3.8%)
3 (1%)
DIAG n: 201 DIAG: 0.5%
INT n: 91 INT: 3.3%
POP CCV
n: 111 5 (4.5%)
3(2.7%)
DIAG n: 80 DIAG: 5%
INT n: 31 INT: 3.2%
Note: CM: Major Complications; AMB: Outpatient; DIAG: Diagnosis; INT:
Intervention; ICU: Intensive Care Unit; POP CCV: Immediate Postoperative of
Cardiovascular Surgery. statistical significance (p) between UCI DIAG (n: 201)
vs. POP CCV DIAG (n: 80) p=0.01, and between AMB DIAG (n: 1313) vs. POP
CCV DIAG (n: 80), p<0.0001

General anesthesia

A recent study presents general anesthesia as an independent factor
that leads to greater complications in diagnostic procedures for

children with ventricular septal defects [26].

The RIGA-S does not consider this item due to its lack
of predictive value. All children and adults undergoing an
interventional procedure were performed under general anesthesia.
The anesthesiologist decided on the type of anesthesia and the
possibility of a laryngeal mask or endotracheal intubation. Patients
undergoing simultaneous Transesophageal Echocardiography
(TEE) were mandatorily intubated, as in the closure of atrial
septal defects/foramen oval. Only cases of simple studies or
adults undergoing diagnostic catheterizations received sedation.
Therefore, the majority of cases were performed under general

anesthesia without identifying any inherent complications.
Risk-adjusted scores

Therearedifferent published risk-adjusted scores for catheterizations
in CC in children and adults [17-23]. They analyze various items,

including renal and genetic comorbidities, among others. Several

scores use variables called “hemodynamic vulnerability indices”

(Table 6) [17-20,23].

Table 6: Hemodynamic vulnerability indicators. Taken from the

PREDIC3T Score [23]

Hemodynamic vulnerability indicators

Low systemic arterial saturation: BV<95%, VU<78%

Low mixed venous saturation: BV<60%, VU<50%

High pulmonary pressure: BV>45 mm Hg (systolic); VU>17 mm Hg
(average)

High PFD systemic ventricle: >18 mm Hg

QP/QS>1.5

Pulmonary vascular resistance>3 iUW

BV: Biventricular Physiology; VU: Univentricular Physiology; PFD: End-
Diastolic Pressure; QP/QS: Pulmonary Flow/Systemic Flow Ratio; iUW:
Resistance index in Wood Units.

The CHARM [20], score considers eight risk variables:1) age; 2)
renal failure; 3) univentricular physiology; 4) type of procedure;
5) low systemic saturation; 6) low mixed venous saturation; 7)
high-end pressure of diastole of the systemic ventricle, and 8) high

pulmonary pressure 15 mm Hg,.

The last four data can only be obtained during the procedure,
which limits the predictability.

The CRISP [21,22] score was validated and published in 2019.
It consists of 10 independent variables that award up to 20 risk-
adjusted points. The variables are 1) clinical status; 2) age; 3) weight;
4) inotropes; 5) respiratory status; 6) systemic commitment; 7)
ASA score (American Society of Anesthesiology); 8) physiological
category, 9) CHD, and 10) type of procedure [17,18].

The new score PREDIC3T [23], was published in 2022. Data
were collected for all cases performed at sites participating in the
C3PO (Congenital Cardiac Catheterization Project on Outcomes)
multicenter registry. Between January 2014 and December 2017,
23.119 cases were recorded in 13 participating institutions, of
which 88% of patients were <18 years of age and 25% were <1
year of age; a high-severity adverse event occurred in 1193 (5.2%).
Six hemodynamic indicator variables were empirically assessed,
and a novel hemodynamic vulnerability score was determined by

the frequency of high-severity adverse events (Table 6).

These are data that must be obtained during catheterization and,
therefore, lack predictive value. Obtaining them non-invasively
before catheterization reduces their methodological strength.
The RIGA-S presents data that can be easily obtained before the
procedure, with independent variables being age, type of CC
(unique to other scores), type of procedure, and previous clinical

status. It does not include variables obtained during the procedure.
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Conclusion

The growing interest and surveillance of complications in

catheterization interventions in congenital heart diseases is a

challenge to optimize the technique, increase patient safety, and

assess the safety and efficiency of Hemodynamics Services.

The age range and variety of interventions sparked interest in the

development of a risk score. The Toronto group (2008), publishing

their complications, was very inspiring.

The RIGA-S presents particular aspects:

This case series allows comparison, with statistical support,
of the beginnings of interventions in CC at the end of the
80s, with the final complex and varied stage, carried out
with the participation of the same operator in successive
Hemodynamics Services. In this way, institutional and inter-

operator biases were excluded.

It reveals the importance of risk even in diagnostic
catheterizations, by incorporating the complex diagnostic
item, not presented in other publications. The score specifies
the type of heart disease, in addition to the type of procedure.
Itis shown that complex diagnoses present more complications
than simple interventions, such as closure of the arterial duct

and pulmonary valvuloplasties.

The score is predictive. It does not incorporate the
“hemodynamic vulnerability indicators” whose data are

obtained during catheterization.

Our case series showed that among the first 500 cases since
the end of the 80s, with only 13.8% of interventional
catheterizations and the last 500 with 69.2%, there were
no more major complications (1.4% wvs. 2.2%, p: 0.341).
Complexity increased, including “off-label” cases, but

complications did not significantly increase.

Stratification is obtained simply, even by paramedical

personnel, before the procedure.

The RIGA-S allows each case to be pinpointed in 3 risk
categories (green, yellow, and red), plan the strategy with
experienced hemodynamicists, (both the main operator and
his assistant), anticipate in the ICU the need for a bed for
post-surgery, prepare active rescue surgery and explain to
the patient and their parents about the potential risks of the

procedure.

References

1.

Rashkind WJ, Miller WW. Creation of an atrial septal defect without
thoracotomy: A palliative approach to complete transposition of the great

arteries. ] Am Med Assoc. 196:991-992 (1966).

10.

11.

12.

13.

14.

15.

16.

17.

18.

Mollén FP, Sudrez LD, Gutiérrez DE et al. Cardiopatias congénitas en el
adulto. Publishing Center Fundacion Favaloro, Buenos Aires. (2003).

Kan JS, White RI Jr, Mitchel SE, et al. Percutaneous balloon valvuloplasty:
A new method for treating congenital pulmonary valve stenosis. New Engl ]

Med. 307(9):540-542 (1982).

Cazzaniga M, Breitbart G, Armentano R, et al. Selection criteria for the
balloon catheter for the treatment of pulmonary valve stenosis. Rev Lat

Cardiol Cirugfa Cardiovasc Infantil. 3(1):59-67 (1987).

Cirstoveanu C, Georgescu C, Bizubac M, et al. Impact of bedside balloon
atrial septostomy in neonates with transposition of the great arteries in a

neonatal intensive care unit in Romania. 13(4):997 (2023).

Rohit M, Kyong-Jin L, Rajiv Ch, et al. Complications of pediatric cardiac
catheterization: A review in the current era. Catheter Cardiov Interv.

72(1):278-285 (2008).

Vitiello R, Mc Crindle BW, Nykanen D, et al. Complications associated with
pediatric cardiac catheterization. ] Am Coll Cardiol. 32(5):1443-1440 (1998).

Bergersen L, Marshall A, Gauvreau K, et al. Adverse events rates in congenital
cardiac catheterization- A multi-center experience. Catheter Cardiov Inter

75(3):389-400 (2010).

Mullins C. Complications of diagnostic and therapeutic cardiac catheterization.

(2000).

Roudshdy AM, Abdelmonen N, El Fiky A, et al. Factors affecting vascular
access complications in children undergoing congenital cardiac catheterization.
Cardiol Young. 22(2):136-144 (2012).

Cevallos P, Rose MJ, Armsby LB, et al. Implementation of methodology
for quality improvement in pediatric cardiac catheterization: A multi-center
initiative by the Congenital Cardiac Catheterization Project on Outcomes-

Quality Improvement (C3PO-Q]). Pediatr Cardiol. 37(8):1436-1445 (2016).

McElhinney DB, Reddy VM, Moore P, et al. Surgical intervention for
complications of transcatheter dilation procedures in congenital heart disease.

Ann Thorac Surg. 69(3):858-864 (2000).

Lince-Varela R, Restrepo D, Lince M, et al. Complicaciones relacionadas con
el cateterismo cardiaco pedidtrico y cardiopatias congénitas. Arch Cardiol

Mex. 91(4):422-430 (2021).

O’Byrne ML, Glatz AC, Shinohara RT, et al. Effect of center catheterization
volume on the risk of catastrophic adverse events following cardiac

catheterization in children. Am Heart J. 169(6): 823-832 (2015).

Gamboa R, Bravo A, Damsky-Barbosa J, et al. Complicaciones del cateterismo
cardiaco en cardiopatias congénitas, 30 afos de experiencia. Un nuevo score

ajustado al riesgo. Arch Cardiol Mex. 93(2):189-196 (2023).

Goldemir M, Cindik N. Frequency and predictors of acute and persistent
femoral artery occlusion in infants with congenital heart disease: A study using

ultrasonography for arterial access and the diagnosis of arterial occlusion.

Pediatr Cardiol. 44(6):1191-1200 (2023).

Jayaram N, Beckman III R, Benson L, et al. Adjusting for risk associated with
pediatric and congenital cardiac catheterization: A report from the NCDR

IMPACT Registry. Circulation. 132(20):1863-1870 (2015).

Jayaram N, Spertus JA, Kennedy KE, et al. Modeling major adverse outcomes
of pediatric and adult patients with congenital heart disease undergoing cardiac
catheterization observations from the NCDR IMPACT Registry (National
Cardiovascular Data Registry Improving Pediatric and Adult Congenital
Treatment). Circulation. 136(21):2009-2019 (2017).

735

Interv. Cardiol. (2023) 15,4: 730-736


https://www.nejm.org/doi/pdf/10.1056/NEJM198208263070907
https://www.nejm.org/doi/pdf/10.1056/NEJM198208263070907
https://www.mdpi.com/2075-1729/13/4/997
https://www.mdpi.com/2075-1729/13/4/997
https://www.mdpi.com/2075-1729/13/4/997
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.21580
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.21580
https://www.sciencedirect.com/science/article/pii/S0735109798003969?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0735109798003969?via%3Dihub
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.22266
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.22266
https://www.cambridge.org/core/journals/cardiology-in-the-young/article/abs/factors-affecting-vascular-access-complications-in-children-undergoing-congenital-cardiac-catheterization/A27DD0FE95DE92EAE523E4377C074A9A
https://www.cambridge.org/core/journals/cardiology-in-the-young/article/abs/factors-affecting-vascular-access-complications-in-children-undergoing-congenital-cardiac-catheterization/A27DD0FE95DE92EAE523E4377C074A9A
https://link.springer.com/article/10.1007/s00246-016-1454-z
https://link.springer.com/article/10.1007/s00246-016-1454-z
https://link.springer.com/article/10.1007/s00246-016-1454-z
https://link.springer.com/article/10.1007/s00246-016-1454-z
https://www.sciencedirect.com/science/article/abs/pii/S0003497599010851
https://www.sciencedirect.com/science/article/abs/pii/S0003497599010851
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1405-99402021000400422
https://www.scielo.org.mx/scielo.php?script=sci_arttext&pid=S1405-99402021000400422
https://www.sciencedirect.com/science/article/abs/pii/S0002870315001222
https://www.sciencedirect.com/science/article/abs/pii/S0002870315001222
https://www.sciencedirect.com/science/article/abs/pii/S0002870315001222
https://link.springer.com/article/10.1007/s00246-023-03180-3
https://link.springer.com/article/10.1007/s00246-023-03180-3
https://link.springer.com/article/10.1007/s00246-023-03180-3
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.114.014694
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.114.014694
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.114.014694
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.117.027714
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.117.027714
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.117.027714
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.117.027714
https://www.ahajournals.org/doi/abs/10.1161/CIRCULATIONAHA.117.027714
https://jamanetwork.com/journals/jama/article-abstract/659988
https://jamanetwork.com/journals/jama/article-abstract/659988
https://jamanetwork.com/journals/jama/article-abstract/659988

Review Article

19.

20.

21.

22.

O’Byrne ML, Kennedy KF, Kanter JB, et al. Risk factors for major early adverse
events related to cardiac catheterization in children and young adults with
pulmonary hypertension: An analysis of data from the IMPACT (Improving
Adult and Congenital Treatment) registry. ] Am Heart Assoc. 7(5):e 008142
(2018).

Bergersen L, Gauvreau K, Foerster SR, et al. Catheterization for Congenital
Heart Disease Adjustment for Risk Method (CHARM). ] Am Coll Cardiol
Interv 4(9): 1037-1346 (2011).

Nykanen DG, Forbes TJ, Du W, et al. CRIPS: Catheterization Risk Score
for Pediatrics: Report from the Congenital Cardiac Interventional Study
Consortium (CCISC). Catheter Cardiov Interv. 87(2):302-309 (2016).

Hill K, Du W, Fleming G, et al. Validation and refinement of the
catheterization RISK score for pediatrics (CRISP score): An analysis from the
congenital cardiac interventional study consortium. Catheter Cardiov Interv.

93: 97-104 (2019).

23.

24.

25.

26.

Quinn BP, Yeh M, Gauvreau K, et al. Procedural Risk in Congenital Cardiac
Catheterization (PREDIC3T). ] Am Heart Assoc. 11(1):e022832 (2022).

Ploegstra M, Brokelman ], Hesselink R, et al. Pulmonary arterial stiffness
indices assessed by intravascular ultrasound in children with early pulmonary
vascular disease: Prediction of advanced disease and mortality during 20-year
follow-up. Eur Heart ] Cardiovasc Imaging. 19(2):216-224 (2018).

Kojima T, Imamura T, Osada Y, et al. Efficacy of catheter interventions in the
early and very early postoperative period after CHD operation. Cardiol Young
28(12):1426-1430 (2018).

Ogawa Y, Yamana H, Noda T, et al. Severe complications after general
anesthesia versus sedation during pediatric diagnostic cardiac catheterization
for ventricular septal defect. ] Clin Med. 11():5165 (2022).

736

Interv. Cardiol. (2023) 15,4: 730-736


https://www.ahajournals.org/doi/full/10.1161/JAHA.121.022832
https://www.ahajournals.org/doi/full/10.1161/JAHA.121.022832
https://academic.oup.com/crawlprevention/governor?content=%2fehjcimaging%2farticle-abstract%2f19%2f2%2f216%2f3062889
https://academic.oup.com/crawlprevention/governor?content=%2fehjcimaging%2farticle-abstract%2f19%2f2%2f216%2f3062889
https://academic.oup.com/crawlprevention/governor?content=%2fehjcimaging%2farticle-abstract%2f19%2f2%2f216%2f3062889
https://academic.oup.com/crawlprevention/governor?content=%2fehjcimaging%2farticle-abstract%2f19%2f2%2f216%2f3062889
https://www.cambridge.org/core/journals/cardiology-in-the-young/article/efficacy-of-catheter-interventions-in-the-early-and-very-early-postoperative-period-after-chd-operation/6D620422DD078CA0CBDFE3DC6A3EB71B
https://www.cambridge.org/core/journals/cardiology-in-the-young/article/efficacy-of-catheter-interventions-in-the-early-and-very-early-postoperative-period-after-chd-operation/6D620422DD078CA0CBDFE3DC6A3EB71B
https://www.mdpi.com/2077-0383/11/17/5165
https://www.mdpi.com/2077-0383/11/17/5165
https://www.mdpi.com/2077-0383/11/17/5165
https://www.ahajournals.org/doi/full/10.1161/JAHA.117.008142
https://www.ahajournals.org/doi/full/10.1161/JAHA.117.008142
https://www.ahajournals.org/doi/full/10.1161/JAHA.117.008142
https://www.ahajournals.org/doi/full/10.1161/JAHA.117.008142
https://www.jacc.org/doi/abs/10.1016/j.jcin.2011.05.021
https://www.jacc.org/doi/abs/10.1016/j.jcin.2011.05.021
https://onlinelibrary.wiley.com/doi/full/10.1002/ccd.26300
https://onlinelibrary.wiley.com/doi/full/10.1002/ccd.26300
https://onlinelibrary.wiley.com/doi/full/10.1002/ccd.26300
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.27837
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.27837
https://onlinelibrary.wiley.com/doi/abs/10.1002/ccd.27837

