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Complications of Cardiac Catheterization in Structural Heart Disease
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Background and Objectives: Cardiac catheterization is used to diagnose structural heart disease (SHD) and perform transcatheter
treatment. This study aimed to evaluate complications of cardiac catheterization and the associated risk factors in a tertiary center over
10 years.

Subjects and Methods: Total 2071 cardiac catheterizations performed at the Seoul National University Children's Hospital from January
2004 to December 2013 were included in this retrospective study.

Results: The overall complication, severe complication, and mortality rates were 16.2%, 1.15%, and 0.19%, respectively. The factors that
significantly increased the risk of overall and severe complications were anticoagulant use before procedure (odds ratio [OR] 1.83,
p=0.012 and OR 6.45, p<0.001, respectively), prothrombin time (OR 2.30, p<0.001 and OR 5.99, p<0.001, respectively), general anesthesia
use during procedure (OR 1.84, p=0.014 and OR 5.31, p=0.015, respectively), and total procedure time (OR 1.01, p<0.001 and OR 1.02,
p<0.001, respectively). Low body weight (OR 0.99, p=0.003), severe SHD (OR 1.37, p=0.012), repetitive procedures (OR 1.7, p=0.009), and
total fluoroscopy time (OR 1.01, p=0.005) significantly increased the overall complication risk. High activated partial thromboplastin time
(OR 1.04, p=0.001), intensive care unit admission state (OR 14.03, p<0.001), and concomitant electrophysiological study during procedure
(OR 3.41, p=0.016) significantly increased severe complication risk.

Conclusion: Currently, the use of cardiac catheterization in SHD is increasing and becoming more complex; this could cause complications
despite the preventive efforts. Careful patient selection for therapeutic catheterization and improved technique and management during
the peri-procedural period are required to reduce complications. (Korean Circ J 2016;46(2): 246-255)
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Introduction disease (SHD) before the development of modern echocardiography.
Despite the development of cardiac computed tomography and

Cardiac catheterization was used for diagnosing structural heart magnetic resonance imaging since the early 2000s that has allowed
safer and more accurate diagnosis of SHD, cardiac catheterization
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heart disease, the number of cardiac catheterization procedures

considerably between catheterization laboratory centers and
* The authors have no financial conflicts of interest. countries; this could cause differences in complications of cardiac
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is properly cited. there is no data on overall complications of cardiac catheterization

complications of cardiac catheterization since the mid-1970s with
the overall complication rates ranging from 8.8-24%.2'% However,
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for SHD in Korea and the associated risk factors. The aim of this
study was to determine the category, frequency, and associated
risk factors of overall and severe complications of cardiac
catheterizations for SHD performed over a recent 10-year period.

Subjects and Methods

Study population

A retrospective analysis was performed using the data collected
from patients who underwent cardiac catheterization at the Seoul
National University Children's Hospital from January 2004 to
December 2013. Cases in which electrophysiological study (EPS)
procedures were performed primarily to evaluate arrhythmias or
with radiofrequency catheter ablation were excluded from the study.
However, cases of EPS concurrent with cardiac catheterization for
SHD were included in the study.

The Institutional Review Board of Seoul National University
Hospital approved the study, and informed consent was waived
because of its retrospective nature.

Data collection

All electronic and paper chart records were assessed to obtain
precise information, including age at procedure, procedure date,
gender, weight, admission ward (intensive care unit [ICU] or general
ward), underlying SHD, usage of antithrombotic agent, prothrombin
time (PT)/activated partial thromboplastin time (aPTT) before
procedure, total number of cardiac catheterizations in each patient,
complications within 24 hours of the procedure, sedation method,
procedure duration, total fluoroscopic time, amount of contrast
dye used during the procedure, and name of the intervention
performed during the procedure.

Grouping and definition

Age at procedure was grouped as <1 month, 1-12 months, 1-8
years, 8-15 years, 15-20 years, and >20 years. SHDs were graded
as mild, moderate, and severe, according to the Task Force 1 of the
32" Bethesda Conference of the American College of Cardiology
in 2001."

Despite usual cessation of drugs 1 week before the catheterization
date, only use of aspirin or clopidogrel prior to the procedure was
defined as anti-platelet agent use and any use of warfarin or
heparin prior to the procedure was defined as anti-coagulation
agent use.

Interventional catheterization consisted of procedures involving
manipulative therapy (myocardial biopsy, ballooning, coil embolization,
device closure, stent insertion and dilatation, etc). Other diagnostic
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studies were performed to evaluate anatomic structure and/or assess
hemodynamic status of each heart disease.

In this study, general anesthesia was defined as deep sedation
with respiratory support using a mechanical ventilator; and
intravenous (IV) anesthesia was defined as mild to moderate
sedation with IV drugs such as ketamine or midazolam without an
artificial airway.

Procedure time was the duration between the start time, defined
as arterial or venous catheter insertion, and the finish time, defined
as the removal of the catheter or departure from the procedure
room without catheter removal.

Complications within 24 hours of procedure were classified into 16
categories, and each complication was grouped as mild, moderate, or
severe complication (Table 1). Severe complications included death,
cardiac arrest accompanied by cardioversion, pacemaker insertion,
chest compression, cerebrovascular embolization, anaphylaxis,
emergent intubation, or events that required any surgery. Minor
complications were transient events, and mostly resolved without
specific treatment.

Statistical analyses

Descriptive data were presented as means with standard
deviation or medians with ranges, whereas categorical variables
were presented as proportions. Each procedure was identified
and analyzed; however, the total number of catheterizations was
calculated by cumulative procedure number in each patient from
2004. If there were multiple interventions or complications in a
procedure, the number of procedures applied to the intervention
types and complication types overlapped.

All complications were tabulated according to the complication
categories and severity, and the rate of complication was reported
as a percentage of the total procedures. The relationships between
diverse variables and overall and severe complication risks, separately,
were analyzed using univariate logistic regression analysis.

Data manipulation and statistical analyses were performed with
SPSS 21.0 for Windows (SPSS Inc., Somers, NY, USA) and Excel
2010 (Microsoft, Santa Rosa, California, USA). Observations with a
p<0.05 were considered statistically significant.

Results

Baseline characteristics

Demographic data and clinical characteristics of patients at
the time of procedures were described in Table 2. A total of 2071
cardiac catheterizations, performed in 1609 patients (some patients
had undergone several cardiac catheterization procedures), were

http://dx.doi.org/10.4070/kc}.2016.46.2.246



248 Complications of Cardiac Catheterization

Table 1. Classifications of severity of complications of cardiac catheterization

Korean Circulation Journal k

¢J

Complication category

Mild

Moderate

Severe

Death

PVC/transient Bradycardia/

VT/atrial flutter or fibrillation/asystole/
complete AV block/junctional tachycardia;
resolved with medication (adenosine,
atropine) or pacing

Hypotension;
need inotropic

Need IV heparin

Transient and reversible
Need transfusion
Hypotension, angioedema

Need resuscitation bagging

Need pericardiocentesis
Further complication

Further complication
(balloon rupture)

Further complication

Any occurrence
Need cardioversion

or pacemaker

Chest compression,
Any CPR

Need surgery
CVA, systemic

Need surgery
Anaphylaxis
Need intubation
Need ICU care or

surgery

Need surgery
Need surgery

Need surgery

Need surgery

2 Arrhythmia supraventricular tachycardia;
no intervention

3 Circulatory Hypotension or hypertensmn;. .
resolved spontaneously or saline loading

4 Vascular thrombus Weak DPP

5 Embolism

6 Vaseular bleeding Hematoma, he_mopty5|s, epistaxis,
tracheal bleeding

7 Allergic Urticaria

8 Respirator Desaturation;

P Y no intervention/mask 0,

9 Fever 1-2 day fever

10 Gastrointestinal Nausea, vomiting

11 Cardiac perforation No intervention

12 Catheter related No intervention

13 Intervention balloon related No intervention

14 Device or coil related No intervention

15 Back pain Back pain

16 Others Chest discomfort

Dysuria

PVC: premature ventricular contraction, VT: ventricular tachycardia, AV: atrioventricular, CPR: cardiopulmonary resuscitation, DPP: dorsalis pedis pulse,

IV intravenous, CVA: cerebrovascular accident, ICU: intensive care unit

identified during the 10-year study period. The median age was
5.5 years (range, 1 day-59 vyears), and the mean body weight
was 26.2+20.5 kg. According to the underlying SHD, 735 cases
were classified as severe, 1115 as moderate, and 221 as mild.
There were 1279 (61.8%) diagnostic catheterizations, 237 balloon
dilatations for peripheral vessels, 204 device implantations, 156 coil
embolizations, 99 balloon valvuloplasties, 63 myocardial biopsies,
23 stent insertions, 22 septostomies, 6 stent dilations by balloon,
and 1 urokinase infusion into the coronary artery. Among cases of
multiple interventions in a single procedure, there were 10 cases of
balloon dilation and stent insertion, 6 of balloon dilatation and coil
implantation, 2 of coil implantation and patent ductus arteriosus
(PDA) device implantation, 1 of pulmonary valvuloplasty and coil
implantation, and 1 of stent insertion and septostomy.

During the 10-year study period, 1303 patients underwent the
procedure once, 230 patients twice, 44 patients thrice, 16 patients
4 times, and 16 patients>5 times. The group in which the procedure
was performed >5 times underwent either endomyocardial
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biopsy after heart transplantation or ballooning in pulmonary
stenosis. There were 172 (8.3%) cases admitted to the ICU, and
942 (54.5%) patients were males. For sedation, 399 (19.9%) cases
were performed under local analgesic anesthesia, 1474 (71.1%)
cases were managed with IV sedation, and 198 (9.6%) cases were
performed under general anesthesia. Anti-platelet agents were
administered in 15.19% of procedures, and anti-coagulation agents
in 5.2% of procedures. Mean PT level was 1.13+0.25 international
normalized ratio (INR), and mean aPTT was 39.62+8.24 seconds.
In the anti-platelet treated group, mean PT INR was 1.13+0.17 and
mean aPTT was 39.5+7.2 seconds. In the anti-coagulant treated
group, mean PT INR was 1.65+0.63 and mean aPTT was 46.0+17.3
seconds. On the other hand, in the treated group without anti-
thrombotic agent, mean PT was 1.10+0.16 and aPTT was 39.2+7.3
seconds. Mean procedure time was 574+31.6 minutes, mean
fluoroscopic time was 17.2+12.5 minutes, and mean amount of
contrast dye per weight was 2.5+1.7 cc/kg.
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Table 2. Demographic and clinical characteristics of patients at the time
of procedures

Characteristics

Sex
Male 1129 (54.5)
Female 942 (45.5)
Body weight (kg) 26.2+20.5
Age, median year (range) 5.5 (0-59)
<1 month 79 (3.8)
1 month-<12 months 297 (14.3)
1 year-<8 years 862 (41.6)
8 years-<15 years 405 (19.6)
15 years-<20 years 201 (9.7)
>20 years 227 (11.0)
CHD severity
Mild 221 (10.7)
Moderate 1115 (53.8)
Severe 735 (35.5)
Antithrombotic agents
No 1651 (79.7)
Anti-platelet agents 313 (15.1)
Anti-coagulation 107 (5.2)
Admission ward
General ward 1899 (91.7)
ICU 172 (8.3)
Sedation
No 399 (19.3)
|V sedation 1474 (71.1)
General anesthesia 198 (9.6)
Final number of catheterization
1 1303 (80.9)
2 230 (14.3)
g 44 (2.7)
>4 32(2.1)
Intervention
No 1278 (61.7)
Yes 793 (38.3)
Myocardial biopsy 63
Balloon dilatation 237
Balloon valvuloplasty 99
Aortic valve 4
Pulmonic valve 95
Septostomy 22
Coil implantation 156
Device implantation 204
PDA 116
ASD 80
Others 8
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Table 2. Continued

Characteristics

Stent insertion 23

Stent dilation 6

Other intervention 2
Procedure time (min) 57.4+31.6
Fluoroscopy time (min) 17.2+12.5
Amount of contrast dye (cc/kg) 2.5+1.7
Complication

No 1757 (84.8)

Yes 314(15.2)

Values are n (%) or mean+standard deviation. CHD severity according to
the Task Force 1 of the 32" Bethesda Conference of the American College
of Cardiology in 2001." CHD: congenital heart disease, ICU: intensive care
unit, IV: intravenous, PDA: patent ductus arteriosus, ASD: atrial septal defect

Complications

A total of 314 patients had a total of 335 complications that
were grouped into 16 categories and 3 severity scales (Table 1).
The number of complications (Table 3) was overlapped in case of
multiple complications. The percentage was calculated by dividing
by the total procedure number, 2071.

Among the overall complications, 264 cases were classified
as mild, 47 cases as moderate, and 24 cases as severe. The
calculated incidence of overall complication was 16.2%, and severe
complication was 1.15%. For the diagnostic catheterization alone,
overall and severe complication rates were 14.4% and 1.09%; and
for the therapeutic catheterization, overall and severe complication
rates were 16.4% and 1.4%.

The most frequent overall complication was fever, followed
by gastrointestinal complications such as vomiting, respiratory
complication, arrhythmia, vascular thrombus, and vascular
bleeding. The most common mild complications were fever (n=94),
nausea andfor vomiting (n=51), and desaturation requiring mask
oxygen supply (n=38), the same order as the overall complication.
The most common severe complications were arrhythmias
requiring cardioversion or pacemaker (n=10). There were 4 cardiac
catheterization-related deaths and 5 chest compression events.
There were 4 patients who required surgical intervention due to
the severe complications i.e., vascular thrombus in the pulmonary
artery after Glenn shunt, cardiac perforation during myocardial
biopsy, end hole catheter fracture, and atrial septal defect device
embolization into the aortic arch. There was 1 case of emergent
intubation during catheterization due to respiratory instability,
and 1 case of right middle cerebral artery infarction that required
thrombectomy. Severe complications mainly occurred in patients
<3 years of age or in patients >10 years of age, but were most
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Table 3. Incidence of complications of cardiac catheterization
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Mild Moderate Severe Total
Death 4 (0.19) 4 (0.19)
Arrhythmia 8 (0.39) 14 (0.68) 10 (0.48) 32 (1.55)
Circulatory 7 (034) 4 (0.19) 5  (0.24) 16 (0.77)
Vascular thrombus 15 (0.72) 14 (0.68) 29  (1.40)
Embolism 0 (0.00) 1 (0.05) 1 (0.05)
Vascular bleeding 21 (1.01) 3 (0.14) 0 (0.00) 24 (1.16)
Allergic 10 (0.48) 2 (0.10) 0 (0.00) 12 (0.58)
Respiratory 38 (1.83) 8 (039 1 (0.05) 47 (2.27)
Fever 94  (4.54) 0 (0.00) 94  (4.54)
Gastrointestinal 51 (2.46) 51 (2.46)
Cardiac perforation 0 (0.00) 0 (0.00) 1 (0.05) 1 (0.05)
Catheter related (0.00) 0 (0.00) 1 (0.05) 1 (0.05)
Intervention balloon related 2 (0.10) 2 (0.10) 0 (0.00) 4 (0.19)
Device or coil related 2 (0.10) 0 (0.00) 1 (0.05) (0.14)
Back pain 11 (0.53) 11 (0.53)
Others 5 (0.24) 5 (0.24)
Total 264 (12.75) 47 (2.27) 24 (1.16) 335 (16.22)

Values are n (%). The complication data was calculated as overlapping if there were multiple complications. The percentage was calculated by dividing by

the total procedure number, 2071

I All catheterization case

I Overall complication

Il Severe complication
300 1

2501

200 1
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Number of cases
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Age at procedure
Fig. 1. Age distribution of complications. Severe complications mainly
occurred before 3 years of age or after 10 years of age, with the highest
frequency in patients younger than 1 year of age.
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frequent in infants (Fig. 1).

Risk factors for complications of cardiac catheterization

Risk factor analysis for complications was described in Table 4.
The variables that showed significant differences in the occurrence
of both overall and severe complication were anticoagulant use
(odds ratio [OR] 1.83, p=0.012 and OR 6.45, p<0.001, respectively),
PT (OR 2.30, p<0.001 and OR 5.99, p<0.001, respectively),
general anesthesia use (OR 1.84, p=0.014 and OR 5.31, p=0.015,
respectively), and procedure time (OR 1.01, p<0.001 and OR 1.02,
p<0.001, respectively). When anticoagulants such as heparin
or warfarin were used prior to the procedure, the number of
overall and severe complications was 1.83 and 6.45 times higher,
respectively, than when antithrombotic agents were not used
(p=0.012 vs. p<0.001). However, use of antiplatelet agents such as
aspirin or clopidogrel resulted in no significant difference in the
complication rate. Compared with procedures performed without
sedation, the total number of complications significantly increased
by 1.58 times (p=0.011) in procedures involving IV sedation and
by 1.84 times (p=0.014) in procedures performed under general
sedation. The rate of severe complication increased by 1.12 times
(p=0.859) and 5.31 (p=0.015) times, respectively.

Patients with severe underlying SHD had a significantly higher
risk of overall complication than those who had mild to moderate
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Table 4. Risk factor analysis for complication
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Overall complication

Severe complication

Variables
OR (95% CI) p OR (95% CI) p
Male gender 1.06 (0.83-1.35) 0.639 0.70 (0.31-1.58) 0.393
Body weight 0.99 (0.98-1.00) 0.003 1.00 (0.98-1.02) 0.902
Age 0.779 0.003
<1 month 1.22 (0.62-2.42) 0.564 3.00 (0.85-10.65) 0.089
1 month-<12 months 1.15(0.72-1.85) 0.566 0.61(0.16-2.28) 0.459
1 year-<8 years 1.05 (0.69-1.57) 0.833 0.26 (0.74-0.90) 0.034
8 years-<15 years 091 (0.57-1.44) 0.691 0.33 (0.07-0.90) 0.133
15 years-<20 years 0.84 (0.49-1.46) 0.544 0.45 (0.09-2.33) 0.338
>20 years Reference Reference
Severe CHD 1.37 (1.07-1.75) 0.012 1.30 (0.58-2.95) 0.526
Pulmonary hypertension 1.17 (0.60-2.26) 0.647 1.37 (0.18-10.30) 0.760
Antithrombotic agents 0.024 0.001
No Reference Reference
Anti-platelet agents 1.25 (0.90-1.73) 0.177 1.05 (0.30-3.65) 0938
Anti-coagulation 1.83(1.14-2.92) 0.012 6.45 (2.45-16.98) <0.001
PT (INR) 2.30 (1.54-3.44) <0.001 5.99 (3.19-11.22) <0.001
aPTT (sec) 1.01 (1.00-1.02) 0.136 1.04 (1.02-1.07) 0.001
Ward (ICU/GW) 1.26 (0.84-1.89) 0.275 14.03 (6.19-31.83) <0.001
Sedation 0.020 0.002
No Reference Reference
|V sedation 1.58 (1.11-2.25) 0.0Mm 1.12 (0.32-3.95) 0.859
General anesthesia 1.84(1.13-2.99) 0014 5.31(1.39-20.23) 0.015
Final number of cath. 0.035 0.991
1 Reference Reference
2 1.25(0.90-1.73) 0.190 1.17 (0.39-3.48) 0.777
3 1.89 (1.09-3.27) 0.023 1.18 (0.16-8.95) 0.874
>4 1.64 (0.94-2.86) 0.079 1.12 (0.15-8.49) 0914
Number of cath. (>3) 1.70 (1.14-2.52) 0.009 1.12 (0.26-4.80) 0.881
Procedure year 0.298 0.981
Procedure time (min) 1.01 (1.01-1.01) <0.001 1.02 (1.008-1.021) <0.001
Fluoroscopy time (min) 1.01 (1.00-1.02) 0.005 1.01 (0.99-1.04) 0.318
Contrast dye (cc/kg) 1.06 (0.97-1.15) 0.195 0.72 (0.50-1.06) 0.095
Intervention 1.17 (0.91-1.49) 0.219 1.37 (0.61-3.07) 0.446
EPS 1.36 (0.89-2.08) 0.157 3.41(1.26-9.27) 0.016

OR: odds ratios, Cl: confidence interval, CHD: congenital heart disease, PT: prothrombin time, INR: international normalized ratio, aPTT: activated partial

thromboplastin time, ICU: intensive care unit, GW: general ward, IV: intravenous, Cath.: cardiac catheterization, EPS: electrophysiological study

SHD (p=0.012). As the number of catheterization procedures
increased in each patient, the patient had a higher risk of overall
complications (p=0.035). The probability of overall complications
in catheterization >3 times was 1.70 times higher than the first or
second catheterization (p=0.009).

www.e-kgej.org

Although there was no significant difference in the overall rate
of complications depending on age groups, infants <1 month
appeared to have a 3 times higher risk of severe complication than
adults >20 vyears old (OR 3.00, p=0.089). The severe complication

rate was significantly high in the procedures with high serum aPTT,
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Table 5. Events leading to death
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. Anti- .
Age Sex Weight SHD ALl thrombotic  Procedure  Sedation ICU [froccdu_re Flyoroscqplc ST
(kg) of cath. — time (min) time (min) of death
9 days Male 3.8 Critical AS 1 No Balloon aortic GA ICU 95 8 Circulatory arrest
valvuloplasty

28 days Male 39 HLHS 1 No EDA st‘ent GA ICU 67 17.5 Circulatory arrest
insertion

46days  Female 233 HLHS 1 No P.DA stgnt GA ICU 90 NA Circulatory arrest
insertion

6 months Female 7.4  PAwith IVS 2 Aspirin Diagnostic IV GW 73 30.1 Circulatory arrest

SHD: structural heart disease, AS: aortic valve stenosis, HLHS: hypoplastic left heart syndrome, PA: pulmonary atresia, IVS: intact ventricular septum, Cath.:
cardiac catheterization, PDA: patent ductus arteriosus, GA: general anesthesia, IV: intravenous injection of sedative drug, ICU: intensive care unit, GW: gen-

eral ward, NA: not available

ICU admission, and concomitant EPS procedure.

There was no significant difference in the incidence of
complication incidence according to gender, year of procedure
(Fig. 2), presence of pulmonary hypertension, type of procedure,
diameter of arterial or venous catheter, and amount of contrast dye
injected during the procedure.

Mortality cases
There were 4 deaths during the 10 years of study, indicating a

I All catheterization case

I Overall complication

Il Severe complication
300 1

2501
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Fig. 2. Complication percentage per study year. There was no significant
difference in the occurrence of complications according to the year of
procedure.
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mortality rate of 0.19%. The details of mortality cases were described
in Table 5. Three patients died after the first catheterization at <2
months of age, of circulatory arrest during the peri-procedural
period.

Two mortality cases were neonates with hypoplastic left heart
syndrome that needed emergent PDA stenting. One was a 28
day-old infant who had bilateral pulmonary artery banding while
awaiting the Norwood operation, due to necrotizing enterocolitis.
Although the septic condition improved, hypotenstion, bradycardia,
and oliguria occurred because of PDA constriction. Therefore,
we performed emergent PDA stenting. However, hypotension,
bradycardia, and oliguria persisted even after PDA stenting, which
led to death at 8 hours after the procedure. The other hypoplastic
left heart syndrome also had bilateral pulmonary artery banding
and ileostomy due to necrotizing enterocolitis. We planned
emergent PDA stenting on aggravated tachypnea and desaturation
possibly due to the pulmonary edema. During the cardiac
catheterization, cardiopulmonary resuscitation (CPR) was required
thrice for bradycardia and desaturation. The patient died at 3 hours
after femoral vein puncture.

The other neonate had critical aortic valve stenosis, which was
the indication for emergent balloon aortic valvuloplasty at 9 days
of age. Severe hypotension occurred during the advancement of
catheter into the ascending aorta through the right carotid artery.
CPR was followed and he expired 2 hours after femoral vein
puncture. There was neither extravascular bleeding nor cardiac
tamponade.

The last mortality case was an infant with pulmonary atresia
with intact ventricular septum when diagnostic catheterization
including right ventricular angiography was performed before the
Glenn shunt surgery. The patient showed sudden bradycardia 4
hours after catheterization (presumably due to thromboembolic
event) that needed CPR, followed by extracorporeal membrane
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oxygenation insertion. After 26 hours from cardiac catheterization,
the patient died of persistent metabolic acidosis and ventricular
tachycardia.

Discussion

In this study, we analyzed all cardiac catheterization procedures
performed for SHD in a single center during the latest decade, in
order to identify the type and frequency of complications and
determine the associated risk factors.

Previous studies have reported overall complication rates ranging
from 8.8 to 24%, and mortality rates ranging from 0.14 to 2.7%.%'%
The overall complication rate observed in this study was 16.2%
including minor complications such as fever, nausea, and vomiting,
which accounted for 43.3% of all complications in our study, but
were excluded in the previous studies. In our study, the incidence
of severe complications was only 1.15% and the mortality rate was
only 0.19%. The complication rates were higher in the therapeutic
intervention group than the diagnostic catheterization group.

To date, few studies have reported complications in pediatric
cardiac catheterization. An institute in Toronto, Canada reported
complications in pediatric cardiac catheterization procedures
performed between 1987 and 1993 and between 1994 and
2006; major complications occurred at a rate of 2.1% and 1.8%,
respectively, and mortality rate was reportedly 0.14% and 0.25%,
respectively.2™ Japanese pediatric interventional cardiology data
from 2004-2008, including 8446 therapeutic interventional
procedures, but excluding diagnostic procedures, indicated that
major complications occurred at a rate of 3.7% and mortality at a
rate of 0.13%.%

Collectively, the data from the Toronto study, the Japanese
multi-center study, and our study showed that major or severe
complications in pediatric cardiac catheterization occurs at a rate
of 1-2% and mortality at a rate of 0.13-0.25%; occurrence of
severe complications and mortality is likely to vary according to the
skill of the doctor, the equipment of the center, and the proportion
of therapeutic catheterization performed.

The prevalence of complications in each category

The complication rate in each category varies across reported
studies. While vascular thrombosis was the most common mild
and overall complication in previous studies,?™>" our study
revealed that fever was the most common complication, followed
by nausea, vomiting and respiratory difficulty. For this reason,
we included the aforementioned complications in the overall
complications associated with cardiac catheterization. Compared
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with the Toronto study wherein procedures were mainly performed
under general anesthesia,? our study showed more respiratory
complications because of the use of general anesthesia in only
9.6% of procedures; most procedures (71.1%) in our study were
completed by IV anesthesia that has a risk of desaturation needing
oxygen support or positive pressure ventilator support during the
procedure.”® Nevertheless, the respiratory complications reported
in our study were mild to moderate except in 1 case.

As in the previous study,'” the most common severe complication
was arrhythmia (0.48%), followed by chest compression and death.
Other studies showed that younger patients were susceptible to
complications during the peri-procedural period;*®'%™ |ikewise, all
4 deaths in our study occurred in patients aged <6 months.

Risk factors

Previous studies reported that the risk factors of complication
in cardiac catheterization include younger age, larger sheath and
catheter, urgent procedure, long procedure duration, prior heparin
use, more contrast dye use, the presence of pulmonary hypertension,
therapeutic procedures, and the procedure year.>®121416-22

In addition, previous studies reported that younger patients were
more likely to experience complication;>” in agreement, our study
showed that the incidence of severe complications was significantly
greater (3-fold) in patients aged <1 month.

Using anticoagulants before the procedure based on the
serum PT, was a significant risk factor for both overall and severe
complication. Additional analysis of the bleeding complication
showed association according to the antithrombotic agent
categories i.e., antiplatelet (OR 1.92, p=0.266), and anticoagulant
(OR 10.39, p<0.001).

Procedure time was an important risk factor for both overall and
severe complications, in our study. As procedure duration exceeded
10 minutes, overall complications occurred 10% more frequently
and severe complication occurred 20% more frequently; the
difference was significant.

In our study, procedures performed under general anesthesia
were associated with more overall and severe complications than
procedures performed under local analgesic anesthesia. Because
we performed general anesthesia selectively in cases of severe SHD
or in neonates mainly for therapeutic purpose, general anesthesia
itself was not a predictable risk factor for complication in our study.

In cardiac catheterization with concomitant EPS, severe
complications significantly increased, but there was no significant
difference in overall complications. During the study period,
we performed aggressive right ventricle pacing in patients with
cyanotic SHD to induce ventricular tachycardia and 4 patients
developed ventricular tachycardia or atrial flutter, which required
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direct current cardioversion.

Our study results suggested that low body weight, severe
underlying SHD, increasing number of catheterizations, and
longer procedure time increased mild to moderate complications.
There was no significant difference in the annual prevalence of
complications.

Limitations of this study

This retrospective study was performed using a complication
database, which depended on the physician's commitment to
completing the forms after each catheterization. Hence, despite
our attempts to identify all complications from the medical records
including fever, gastrointestinal complications that were not
included in previous studies, minor data losses were possible.

The heterogeneity of SHD was another possible limitation since
it varies according to medical center and country. We tried to
categorize various characteristics such as SHD severity, patient age,
admission ward, and number of catheterizations as the risk factors
to overcome the limitation.

Conclusion

In conclusion, cardiac catheterization in SHD is increasing and
becoming more complex currently, because of the increasing
incidence of therapeutic catheterization in most advanced centers.
This has led to persistent complications despite the preventive
efforts. In our study, severe complications were associated with
infancy, anticoagulation use before procedure, ICU admittance,
longer procedure time, and concomitant EPS procedure. Careful
patient selection for therapeutic catheterization and improved
technique and management during the peri-procedural period are
required to reduce complications in cardiac catheterization for SHD.
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