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ABSTRACT 

Objective: To examine the types of procedures and analyze the frequency of anesthesia-related complications 
during pediatric cardiac catheterization. 
Study Design: A prospective observational study. 
Place and Duration of Study: Pediatric Cardiac Catheterization Lab at AFIC/NIHD Rawalpindi, from July 2019 
to Nov 2019. 
Methodology: Total 180 consecutive patients undergoing cardiac catheterization fulfilling inclusion criteria were 
studied. Demographic variables, diseases, type of procedure, variables and anesthesia-related complications were 
noted. All the data was analyzed using SPSS-23. 
Results: The study included180 patients where 96 (53.3%) were male and 84 (46.7%) were female. Most of the 
patients in our study were between ages 1 to 3 years (85). 99 (55.0%) patients had diagnostic cardiac catheterize-
tion (CC), while 81 (45%) patients underwent interventional procedures. The overall complication rate noted as 
18.9%, including arrhythmia in 11.1% followed by hypotension 4.4%, laryngospasm 3.9% and inotropic support 
requirement 3.3%, Mortality was 0.6%. Most of the patients presenting to the pediatric cardiac catheterization lab 
were for PDA device closure (16.6%). Age of child was found to be significant risk factor for cardiac catheterize-
tion associated complications with a p-value of 0.022. 
Conclusion: Congenital and structural heart disease catheterization procedures are progressively increasing, 
especially due to the medical advances and complex interventional therapeutic procedures. A thorough pre-
anesthesia assessment should be carried out to optimize before cardiac catheterization. 
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INTRODUCTION 

Cardiac Catheterization (CC) is required in 
patients with congenital heart disease where the 
anatomy of the heart cannot be well defined by 
non-invasive means. Specific details about the 
hemodynamic features and anatomy of complex 
heart lesions require cardiac catheterization2.  

Because of newer techniques and devices, 
pediatric cardiac catheterization is rapidly expan-
ding. A variety of interventional procedures are 
being performed, which include the device clo-
sure of ventricularseptal defect, atrialseptal defect 
and patent ductusarteriosus PDA, the creation of 
holes such as septostomy, valvuloplasty, the pla-
cement of stents to open up narrowed vessels 

such as coarctation of aorta, ductal narrowing in 
duct dependent circulation for example stenting 
of PDA in duct dependent circulation which is 
very high risk procedure, the embolization of 
vessels such as collateral vessels in Tetralogy of 
Fallot3-5. 

Various adverse events can occur through-
out the CC procedure. It can be during premedi-
cation for sedation, vascular access, diagnostic 
CC and therapeutic interventions. Some of the 
most common complications include exposure to 
radiation; risk of general anesthesia (aspiration, 
laryngospasm and bronchospasm, hypoxia); hyp-
othermia, aggravation of hypoxemia; arrhyth-
mias, vascular injuries, perforation or tears. Other 
complications include cardiacperforation, cardiac 
valve injury, thromboembolism, renal insuffi-
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ciency, pulmonary hypertensive crises, blood   
loss that requires transfusions, allergic reaction 
(to contrast agents, drugs or anesthetics), Severe 
hypotension, stroke and death6. Studies showed 
the risk of severe complication is (1.91-9.3%) and 
the mortality rate is (0.14-0.29%) in diagnostic 
and interventional procedures7-9. 

Pediatric Cardiac Catheterization is well 
developed at the Armed Forces Institute of Car-
diology. Various Diagnostic and Interventional 
procedures are carried out. 

METHODOLOGY 

It was a prospective observational study. 
Duration of the study was from July to Nov 2019 
in Pediatricscardiac catheterization Lab, Armed 
Forces Institute of Cardiology, Rawalpindi, inclu-
sion criteria consist of the patients with age 0 
days to 16 yearsand Patients scheduled for elec-
tive cardiac catheterization under general anes-
thesia/sedation. 

After Approval by the research board of our 
institute, prospective data were collected from 
the Paeds cardiac catheterization Lab. Consecu-
tive patients undergoing cardiac catheterization 
fulfilling inclusion criteria were studied. Patients 
demographics profile including age, gender and 
weight were noted, age of the children were fur-
ther divided into six groups i.e. group 1: age less 
than 6 months, group 2: age 6 months to less than 
1 year, group 3: 1 year to 3 years, group 4: age >3 
years to 6 years, group 5: >6 to 10 years, group     
6: age >10 years. Disease, type of procedure, anes-
thesia-related complications like arrhythmias, 
hypotension, hypoxemia, bronchospasm, cardiac 
arrest and mortality were noted. The catheteriza-
tion procedures were divided into two categories 
i.e. interventional and diagnostic. Diagnostic 
studies were performed to evaluate the anatomic 
structures and hemodynamic status. Interven-
tional studies included all procedures where an 
attempted therapy was performed, including 
balloon pulmonary valvuloplasty (BPV), balloon 
dilatation of coarctation or stenting, balloon aor-
tic valvuloplasty (BAV), balloon atrial septos-
tomy (BAS), peripheral pulmonary tree balloon 

dilatation or stenting, patent ductusarteriosus 
(PDA), closure of Secundum atrial septal defect 
(ASD), or ventricular septal defects (VSD), ball-
oon mitral valvuloplasty (BMV) and other misce-
llaneous procedures. Three methods of oxyge-
nation and airway during sedation and general 
anesthesia were performed (face mask, laryngeal 
mask airway (LMA) and endotracheal tube 
(ETT)). The procedure was done according to 
standard protocols. Anesthetic techniques and 
catheterization procedures were performed by 
the consultant cardiac anesthetist and pediatric 
cardiologists respectively. Standard monitoring 
was done. 

Data were analyzed using SPSS version 23. 
The frequency was calculated for age groups, 
diagnostic procedures, interventional procedures, 
airway management groups, and anesthesia-rela-
ted complications. Mean, Median, minimum and 
maximum values were determined for age and 
weight. Comparison between risks of different 
anesthesia-relatedcomplications was noted with 
reference to procedure groups and age groups, 
and p-value was observed using Chi-square 
charts. 

RESULTS 

The study included a total of 180 patients. 
Ninety six (53.3%) were male and 84 (46.7%) were 
female. Mean and Standard Deviation for age and 
weight of children was 3.27 ± 3.0 years and 12.0 ± 
6.49 kg (Mean ± SD) respectively. Minimum age 
of patients presented in CC lab was 0.01 years 
and minimum weight was 2.0kg. The distribution 
of patients in the age groups were as follows:-
group1: age less than 6 months were 15 (8.3%), 
group 2: age 6 months to less than 1 year were    
19 (10.6%), group 3: 1 year to 3 years were 85 
(47.2%), group 4: age >3 years to 6 years were 36 
(20.0%) , group 5: >6 to 10 years were 16 (0.9%) , 
group 6: age >10 years were 9 (5.0%). Most of the 
patients in our study were between ages 1 to 3 
years. 99 (55.0%) patients had diagnostic cardiac 
catheterization (CC), while 81 (45%) patients und-
erwent interventional procedures. For general 
anesthesia, 73 patients procedure was done using 
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face mask, 89 patients required LMA and in 18 
patients, ETT was placed. Different anesthesia-
related complications are given in the table. 

Among the 180 cases, 34 (18.9%) patients de-
veloped anesthesia-related complications which 
were more common in interventional procedures 

(29.6%) as compared to diagnostic procedures 
(14%). Among the complications Arrhythmias 
was most common with percentage of 11.1% 
followed by hypotension occurring in 8 patients. 

While incidence of inotropic support requirement 
was 3.3%, laryngospasm (3.9%), cardiac arrest 
(0.6%), and mortality (0.6%). 

Types of diagnosis for patients presenting to 
CC were as follows (n=180). Most of the patients 
presenting to the paediatric catheterization lab 
were for PDA device closure 30 out of 180 pati-
ents (16.6%), followed by tetralogy of fallot (16%) 
for diagnostic cath and for ventricular septal 
defect closure (11.1%). 

The risk factor association between type of 
procedure and different airway techniques rela-
ted to different complications was done using chi 
square. Age of child was found to be significant 

risk factor for cardiac catheterization associated 
complications with a p-value of 0.022. Similarly, 
arrhythmia was strongly associated with hypote-
nsion and ionotropic requirements with p-values 
of 0.000 and 0.001, respectively. 

Complications were more related to inter-
ventional procedure as compared to diagnostic 
that was 29.6% and 14.0% respectively. The table 
below shows different complications occurring in 
two groups of procedures. 

DISCUSSION 

Over the past two decades, cardiac cathete-
rization for congenital heart disease has shifted 
from primarily diagnostic to therapeutic pro-
cedures. Now well-established diagnostic and 
interventional procedures are being done along  
with novel techniques. However, this approach   
of treatment is still burdened with the risk of 
complications. 

Previously, there had been a lot of work 
done on pediatric cardiac catheterization compli-

Table-III: Different complications occurring in 
different groups of procedures. 

Complications  
Diagnostic 

Group 
Interventional 

Group 

Arrhythmias 8 12 

Hypotension 3 5 

Ionotropes 
Requirement 

3 3 

Laryngospasm 3 4 

 

Table-I: Anesthesia-related complications during 
cardiac catheterization and its percentage. 

Anesthesia-Related 
Complications 

Yes No Percentages 

Laryngospasm 7 173 3.9%, 96.1% 

Hypotension 8 172 4.4%, 95.6% 

Arrhythmias 20 160 11.1%, 88.9% 

Inotropic 
requirement 

6 174 3.3%, 96.7% 

Cardiac Arrest 1 179 0,6%, 99.3% 

Mortality 1 179 0.6%, 99.3% 
Table-II: Types of diagnostic and interventional 
procedures and its percentage. 

Diagnostic Procedures (n=99) n (% ) 

Tetralogy of Fallot 29 (32.2) 

Ventricular Septal Defect 20 (20.2) 

Tricuspid Atresia  11 (11.1) 

Complete and Partial Atrio 
Ventricular Defects 

5,3 (8.0) 

Double Outlet Right Ventricle 7 (7.1) 

Pulmonary Atresia 4 (4.0) 

Partial Anomalous Pulmonary 
Venous Drainage 

3 (3.0) 

Other Complex Congenital Heart 
Diseases 

17 (17.2) 

Interventional Procedures (n=81) 

PDA Device Closure  30 (37.0) 

Ventricular Septal Device Closure 11 (13.6) 

Atrial Septal Defect Closure 9 (11.11) 

Pulmonary Valve Ballooning 8 (9.9) 

Aortic Valve Ballooning 5 (6.2) 

Coarctation of Aorta Ballooning 2 (2.5) 

Right Ventricle Outlet Stenting 3 (3.7) 

Pulmonary Artery Stenting 2 (2.5) 

PDA Stenting  1 (1.2) 

Major Arterio Pulmonary 
Collaterals Coiling 

3 (3.7) 

Septostomy 1 (2.5) 
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cations in Pakistan10,11, but the focus of our study 
was the complications that arise and managed 
during anesthesia. In our study, we analyzed 
diagnostic and interventional procedures in the 
cardiac catheterization lab to identify the type 
and frequency of anesthesia-relatedcomplications 
and determine the associated risk factors. 

Complication rates, which are reported in 
previous studies, range from 8.8% to 24% and 
mortality rates ranging from 0.14% to 2.7%12-17. In 
our present study the complication rate was l8.9% 
which was comparable to previous studies. The 
arrhythmia was most commonly found in our 
study and leading to hypotension and inotropic 
requirement. Only one patient in our study group 
died, giving an overall mortality of 0.6%, which is 
slightly higher than the mortality quoted in the 
1990s of 0.14 to 0.38%18-19, but this can be attribu-
ted to small sample size and majority of popula-
tion being n=85 of age from 1-3 also differences in 
our methodologies and prolonged cardiac cath 
procedures account for this. Kamel et al, Corro-
borates with our finding that younger children 
experienced more anesthetic events during car-
diac catheterization agrees with other reports9,    
in our study, the data collection included only 
deaths occurring in the Cardiac Catheterization 
lab and post cath ward. 

In 2006 West investigated complications for 
diagnostic cardiac catheterization for which 41 
cardiac centers contributed, and 7582 pediatric 
procedures were registered. Arrhythmias were 
found to be the leading type of complication 
(35%) followed by vascular complications (22%)17. 
In our study, arrhythmia occurred in 20 patients 
(11.1%) out of 180 patients. While vascular throm-
bosis (11.4%-64.5%) was the most common comp-
lication in some of the previous studies20-23. Our 
study revealed that inotropic support require-
ment (3.3%) while hypotension was seen in 
(14.4%), laryngospasm (3.9%). Mehta reported 
that respiratory complications were very rare in   
a population 11073 patients where procedures 
were mainly performed under general anesthe-
sia14, comparable to our study the result show 
incidence of respiratory complication of laryngos-

pasm in 3.9% patients out of 180. In Prospective 
multicentre experience by Lin et al25, in 2015, 0.6% 
of the patients had serious events related to 
airway management. 

Pediatric cardiac and structural heart cathe-
terization has deviated from being a diagnostic 
tool to a therapeutic one mainly. Several studies 
have supported the evidence concerning our 
study, which has shown that the rate of com-
plications is higher in interventional therapeutic 
procedures than in the diagnostic ones7,22,24. 

CONCLUSIONS 

Congenital and structural heart disease cath-
eterization procedures are progressively increa-
sing, especially due to the medical advances and 
complex interventional therapeutic procedures. It 
is important for anesthetist to know the patho-
physiology of disease and effect of anesthetist 
and interventions have on patients hemodynamic 
to provide a safe course. Where ever required 
additional monitoring like invasive blood pres-
sure, central venous pressure, arterial blood gases 
and temperature monitoring should be conside-
red to enhance safety. Good clinical care, constant 
vigilance and effective communication within 
team is essential. It was the aim of our article      
to review challenges we as anesthetist face in 
cardiac catheterization suite. 
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