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Cardiovascular Surgery

Cardiac Catheterization in the Early Post-Operative
Period after Congenital Heart Surgery

Taner Kasar,1 Ibrahim Cansaran Tanidir,l Erkut Ozturk,l’z Candas Kafali,1 Murat Sahin,l
Okan Yildiz,? Sertac Haydin® and Alper Guzeltas®

Background: The number of diagnostic and interventional cardiac catheterization procedures are increasing in the
post-operative period of congenital heart diseases (CHD). The aim of this study was to evaluate data of patients
who underwent cardiac catheterization in the early post-operative period after congenital heart surgery (CHS).
Methods: We retrospectively evaluated the data of patients who underwent cardiac catheterization within 30 days
after CHS.

Results: Between 2010 and 2016 in our hospital, 2584 children had operations, and 2911 children underwent
cardiac catheterization due to CHD. Cardiac catheterization was performed in 50 (1.9% of the surgeries) of these
patients during the early post-operative period. Twenty-nine (58%) of the patients were males. The median age
was 7.5 months (range: 15 days-12.5 years), and the median body weight was 6 kg (range: 3-35 kg). Twenty-eight
(56%) of the patients had two-ventricle, and 22 (44%) had single ventricle physiology. The median RACHS-1 score
was 3 (range: 1-6). Cardiac catheterization was performed under extracorporeal membrane oxygenation (ECMO)
support in 16 of the patients. Twenty-four (48%) patients underwent diagnostic catheterization, while 26 (52%)
had interventional procedures. Fifteen (30%) patients had a reoperation due to anatomic problems identified during
catheterization. Major complications developed in 4 (8%) patients. There was no cases of procedural mortality due
to catheterization.

Conclusions: Cardiac catheterization should be performed in post-operative cardiac patients without hesitation,
even under ECMO, if significant hemodynamic or clinical problems cannot be identified clearly by other non-

interventional diagnostic techniques.
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INTRODUCTION

Congenital heart diseases are important health pro-
blems in both developing and developed countries. In
recent years, advances in surgical methods and impro-
ved intensive care units have led to a marked increase in
survival rates after neonatal, infant, and childhood con-
genital heart defect operations.”

Congenital heart diseases are quite a heterogeneous
and complex group of cardiac malformations. For this
reason, the type of surgical treatment performed in each
case and the post-operative intensive care unit period
can be quite different. During the post-operative period
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after congenital heart surgery (CHS), hemodynamic or
clinical problems may occur. Serious complications af-
fecting morbidity and mortality such as low cardiac out-
put, post-operative arrhythmia, and pulmonary hyper-
tensive crisis can develop due to these problems. The
residual defects and additional pathologies can be major
factors in the development or worsening of the severity
of these complications. Medical therapy or surgery can
be the choice of treatment for these complications. Ex-
tracorporeal membrane oxygenation (ECMO) can be use-
ful for the pre-operative hemodynamic stabilization of
patients, and in certain patients with fatal arrhythmias
resistant to medical treatment or low cardiac output syn-
drome after cardiac surgery.””

Non-interventional diagnostic methods such as ec-
hocardiography, computerized tomography (CT), and
magnetic resonance imaging can be inadequate to iden-
tify the underlying pathology. Echocardiography, CT an-
giography and other imaging systems play important
roles during the evaluation of a congenital heart disease,
even if it occurs in the early post-operative period. Car-
diac catheterization and angiographic evaluations would
be a better choice if the residual lesion or the underlying
condition has not been identified with echocardiography
or CT angiography, or if a percutaneous intervention was
planned.”®

There are limited reports on early post-operative ca-
theterization and interventional outcomes in infants
with congenital heart disease.®’ The aim of this study
was to evaluate patients with congenital heart disease
in whom cardiac catheterization and angiography were
performed in the early post-operative period.

MATERIALS AND METHODS

Patients with congenital heart disease who had op-
erations for the correction or palliation at our center be-
tween January 2010 and December 2016 were identi-
fied using the hospital’s database. The type of operation
and degree of difficulty were determined for each case
by using the following: the Risk Adjustment in Congeni-
tal Heart Surgery-1 (RACHS-1) score, Aristotle Basic
Complexity (ABC) score, and Aristotle Comprehensive
Complexity (ACC) score.®® The patients who underwent
cardiac catheterization and angiography in the early
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postoperative period (< 30 days) constituted the study
group.

Medical records were retrospectively reviewed for all
patients. Variables collected included demographic data
regarding age, weight, cardiac diagnosis, primary cardiac
surgical procedure, indication for catheterization, timing
of catheterization, and details of catheterization includ-
ing the intervention, procedural complications, and clin-
ical outcomes. The Institutional Review Board of our
hospital approved this study.

In our pediatric heart center, transesophageal echo-
cardiography (TEE) is the first option and is performed
routinely to evaluate patients during CHS. Intraopera-
tive epicardial echocardiography (IEE) was performed
when the TEE system was in use in another operating
room or in an interventional procedure. Intraoperative
imaging is not routinely performed in BCPC (Glenn),
Norwood, shunt or arterial switch operations, and arch
surgeries. Post-operative transthoracic echocardiogra-
phy (TTE) was performed routinely in all patients within
24 hours of the surgery, usually before extubation in the
intensive care unit. Subsequent TTE studies were per-
formed as needed.

Indications for cardiac catheterization and angio-
graphy included the following:

(a) Persistent/severe cyanosis;

(b) Alow cardiac output state;

(c) Inability to wean from inotropic/ventilation support;
(d) Inability to wean from cardiopulmonary support;

(e) Echocardiographic diagnosis of severe residual defects;
(f) Severe effusions (pleural/ascites).

Catheterization data collected consisted of the pro-
cedure performed, procedural mortality, and procedural
complications (minor/major). Major complications in-
cluded death, persistent or complete atrioventricular
(AV) block, cardiopulmonary arrest, and the need for
unplanned emergent surgery or ECMO support be-
cause of complications. Other cases were considered to
be minor complications.

Statistical analysis

Statistical Package for the Social Sciences (SPSS) for
Windows version 15 (SPSS, Chicago, IL, USA) was used
for statistical analysis. Continuous variables are expressed
as median (minimum-maximum), and categorical vari-
ables are expressed as percentages.
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Patients

Between January 2010 and December 2016, 50 pa-
tients underwent cardiac catheterization and angiogra-
phy in the early post-operative period. These patients
constituted 1.9% (n = 2584) of all surgical cases, and 1.7%
(n =2911) of all cardiac catheterization cases in our pe-
diatric cardiovascular surgery center. In 16 cases (14.5%
of all ECMO cases), cardiac catheterization was performed
under ECMO support.

RESULTS

The demographic and diagnostic characteristics of
the patients are demonstrated in Table 1. The median
RACHS-1 score was 3 (range: 1-6), the median Aristotle
basic score was 9 (range: 6.5-14.5), and the median Aris-
totle comprehensive score was 10 (range: 6.5-27.5).

The median procedure time was 30 min (range: 15-
210 min), median fluoroscopic time was 10.8 min (range:
1.7-97 min), median radiation exposure in total air kerma
was 87 mGy (range: 13.1-4435 m@Gy), and the dose area
product was 5400 mGy/cm? (range: 425-117710 mGy/

cm?). The median contrast medium exposure was 4.2
cc/kg (range: 2.1-12.4 cc/kg).

The diagnoses were as follows: 11 cases had ventric-
ular septal defect-pulmonary atresia; 6 cases had right
atrial isomerism-complete atrioventricular septal de-
fects-unbalanced ventricles; 5 cases had double outlet
right ventricles; 5 cases had transposition of the great
arteries; 4 cases had tetralogy of Fallot; 3 cases had hy-
poplastic left heart syndrome; 3 cases had shone com-
plex; 3 cases had total anomalous pulmonary venous re-
turn; 3 cases had arcus hypoplasia; and 7 cases had other
diagnoses. Twenty-eight patients (56%) had two-ventricle
physiology, and 22 (44%) patients had single ventricle
physiology (Table 1).

Indications for cardiac catheterization were as fol-
lows: persistent/severe cyanosis in 10 cases; low cardiac
output state in 12 cases; inability to wean from inotro-
pic/ventilation support in 8 cases; inability to wean from
cardiopulmonary support in 8 cases [in 5 of the 8 pati-
ents who failed weaning from cardiopulmonary bypass,
TEE or IEE was performed. In 3 patients (who received a
Glenn operation (n = 1), arterial switch operation (n = 1)
and Norwood operation (n = 1)), intraoperative imaging

Table 1. The demographic data and the characteristics of the patients

Patient characteristics n=>50
Age 7.5 months (15 day-12.5 year)*
Weight (kg) 6 (3-35)*
Height (cm) 65 (49-150)*
Sex (male/female) 29/21

Postoperative course
Postoperative day of catheterization (days) 12 (1-30)*
Mechanical circulatory support during catheterization n(%) 16 (32%)
Duration of intensive care unit stay (days) 20 (2-84)

Diagnosis n
Pulmonary atresia/ventricular septal defect 11
Right atrial isomerism — complete AVSD (unbalanced) 6
Double outlet right ventricle 5
Transposition of the great arteries (ventricular septal defect/arcus hypoplasia/pulmonary 5
stenosis)

Tetralogy of Fallot 4
Total anomalous pulmonary venous return 3
Shone’s complex 3
Coarctation of the aorta/arcus hypoplasia 3
Hypoplastic left heart syndrome 3
Others 7
Biventricular/univentricular 28/22

* median (range). AVSD, atrioventricular septal defects.
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was not performed]; echocardiographic diagnosis of re-
sidual defects in 8 cases; and persistent/severe effusions
(pleural/ascites) in 4 cases.

The median post-operative duration of catheterization
was 12 days (range 1-30 days). The median duration from
the initiation of ECMO support to the catheterization pro-
cedure was 3 days (range 1-11 days). Catheterization
was performed during the first 3 days post-operatively
in 20% of the cases, 7 days in 46% of the cases, 10 days
of 54% of the cases, and 14 days in 66% of the cases.

During the postoperative period, TTE or TEE was per-
formed in all of the patients (n = 50). A hemodynamic pa-
thology was suspected in 32 of the patients. CT
angiography was performed in 7 of 18 patients who had
no important hemodynamic abnormalities in the echo-
cardiographic evaluation, and 5 patients who had pathol-
ogy on CT were catheterized. Thirteen patients without
any determined hemodynamically important pathology
on echocardiography or CT were catheterized for de-
tailed evaluations.

Diagnostic catheterization was performed in 24 cases
(48%) and interventional procedures were carried out in
26 cases. Diagnostic catheterization was performed in 7
cases under ECMO support, and invasive procedures
were used in 9 cases under ECMO support. Pulmonary
artery dilatation was performed in 5 cases, pulmonary
artery stenting in 5 cases, and major aortopulmonary
collateral artery (MAPCA) embolization in 3 cases. The
interventional data are demonstrated in Table 2, and
Figure 1 shows procedural images of a case.

Fifteen cases (30%) required reoperations, and 12 of
these cases had diagnostic catheterization, while the
other 3 had interventional procedures. Based on the re-
sults of the cardiac catheterization, medical therapy was
changed in 9 (18%) of the cases. Table 3 shows the indi-
cations for reoperation and medical therapy changes.

There were no cases of procedural mortality due to
catheterization. Six of our patients had minor adverse
events during the cardiac catheterization procedure. Four
of these cases had hemorrhage at the femoral puncture
site, and a short duration of hypotension was observed in
the other 2. Major complications developed in 4 cases,
including cardiac arrest requiring cardiopulmonary resus-
citation (CPR) in 2, 1 who had a complete AV block that
recovered within 12 hours after the procedure, and 1
who had an ECMO cannula emerge.
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Overall patient outcomes
Nine patients who were not under ECMO support (9
of 34 patients) died during the post-operative period. In

Table 2. Transcatheter management of the patients

Intervention type

Balloon dilation of pulmonary artery 5
Pulmonary artery stenting 5
Stent implantation to increase pulmonary blood flow 4
BT shunt 2
MAPCA stenting 1
RVOT stenting 1
MAPCA embolization 3
Atrial septostomy 3
Balloon angioplasty for coarctation and aortic balloon 2
valvuloplasty
Pulmonary vein stenting
Fistula embolization
Mitral balloon valvuloplasty
Transcatheter VSD closure

L

BT, blalock taussig; MAPCA, major aortopulmonary collateral
artery; RVOT, right ventricular outflow tract; VSD, ventricular
septal defect.

C

Figure 1. Angiogram of a five-year-old boy diagnosed with double
outlet right ventricle, ventricular septal defect and severe pulmonary
stenosis. After cardiac surgery, ECMO support initiated. During ECMO
support cardiac catheterization performed. (A) No antegrade flow in the
left pulmonary artery. (B & C) Balloon and stent angioplasty of left pul-
monary artery. (D) Increased left pulmonary artery flow after stent im-
plantation.
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Table 3. Surgical or medical management of the patients

Reoperation n =15 (30%)
Pulmonary artery reconstruction 4
RV-PA conduit placement/repair 3
Aortic arch reconstruction 2
Pulmonary artery banding 2
Glenn operation 1
Pulmonary vein repair 1
Glenn takedown 1
Right atrial maze +fenestration + pacemaker 1
implantation

Change in medical treatment n=9(18%)
Anti pulmonary hypertension treatment 4

Inhaled nitric oxide 2
Others (Sildenafil, lloprost, Bosentan) 2
Antithrombotic treatment (heparin or LMWH) 3
Additional inotropic support (Levosimendan) 2

LMWH, low-molecular-weight heparin; PA, pulmonary artery;
RV, right ventricle.

6 of these cases, diagnostic cardiac catheterization was
conducted, while interventional procedures were used
in the remaining 3 cases. Reoperation was performed in
5 of these cases. Of the 9 patients who died, 5 were due
to multi-organ failure, 2 were attributed to neurological
damage, and 2 had gram-negative Klebsiella Pneumonia
septicemia.

Twelve of the 16 patients (75%) under ECMO who
underwent pre-operative cardiac catheterization were
successfully weaned. Five of these cases were re-oper-
ated on soon after catheterization, including conduit re-
placement in 3 cases, repair of the stenosis in the branch
pulmonary arteries in 1 case, and repair of the supra-
valvular aortic stenosis with coronary ostium stenosis in
the remaining case. Two of the patients died despite
successful ECMO weaning during intensive care follow-
up. One of the cases, who was lost despite successful
ECMO weaning, had neurological damage, and the other
died of multi-organ failure. Both had undergone diagno-
stic catheterization.

Four cases (25%) died under ECMO support. Two of
these cases had severe neurological damage, 1 case had
septicemia, and the other case had multi-organ failure.
Two of them received a diagnostic catheter, and the
other 2 cases had pulmonary artery stenting and a bal-
looning procedure. The total survival rate after cardiac
catheterization in the post-operative patients was 70%

(non-ECMO patient survival 73.5%, ECMO patient sur-
vival 62.5%).

DISCUSSION

Cardiac catheterization has been used for many years
as a standard diagnostic method in the pre-operative
period. Due to technological advances and developments,
it is now used as the main treatment method for many
congenital heart diseases.*® In the current study, we an-
alyzed catheter indications, interventional procedures,
outcomes and survival of the patients who had cardiac
catheterization in the early post-operative period after
CHS. Few prior studies have investigated this issue. The
results showed that cardiac catheterization was per-
formed successfully, with acceptable complication rates,
in such cases for diagnostic or therapeutic purposes.
Congenital heart diseases have various types and num-
bers of pathologies. Although there were a limited num-
ber of patients in this series, most of the patients who
were catheterized during the early post-operative pe-
riod had right ventricular outflow tract (RVOT) or pulmo-
nary artery surgery.

A benefit of cardiac catheterization in the early post-
operative period is the correct delineation of the anat-
omy and physiology, which allows for effective therapy;
thus, a substantial number of patients undergo reopera-
tion based on the findings during cardiac catheteriza-
tion. This may be avoided in the early post-operative pe-
riod due to associated risks, such as difficulties trans-
porting these critically ill patients, concerns regarding
worsening clinical status because of the procedure, and
fear of disrupting recently placed suture lines.®””’

In one previous study, early post-operative cardiac
catheterization was followed by a return to the operat-
ing room to address important residual lesions in 43% of
the patients. In the interventional early post-operative
cardiac catheterization group, 32 patients (49%) returned
to the operating room within 10 days of the catheter-
ization, and findings during catheterization prompted
reoperation in 17 patients. In the early post-operative
diagnostic cardiac catheterization group, 51 patients
(40%) were brought back to the operating room within
10 days of catheterization, of whom 33 reoperations
were attributed to findings during catheterization. The
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most common reoperations were branch pulmonary
arterioplasty (n = 11), systemic-to-pulmonary artery
shunt revision (n = 9), and Fontan or Glenn shunt revi-
sion (n = 9).* Recently, successful applications such as di-
lation of the pulmonary artery stenosis, conduit stenosis
or residual aortic coarctation, and occlusion of MAPCA
or anterograde flow in patients with bidirectional Glenn
anastomosis have been reported in patients under ECMO
or mechanical ventilation support in the early post-op-
erative period, such as in cases with Glenn shunt revi-
113 Similarly, the most frequent indication for re-
operation in the present study was pulmonary artery re-
construction.

Nicholson et al.® evaluated cardiac catheterization
and angiography cases in the early post-operative period.
They performed 219 catheterizations in 193 cases, in pa-
tients aged between 1 day and 18 years of age. Twenty-
two of the cases were under ECMO support, 132 of the
cases were on mechanical ventilatory support, and 129
of the cases were receiving inotropic support. Ninety-
one (42%) of these procedures were interventional, and
128 (58%) were diagnostic. Indications for cardiac cathe-
terization were residual defects in 62 cases, cyanosis in
54 cases, and low cardiac output syndrome in 35 cases.
There were 7 major complications including death in 1
case, the need for ECMO support in 2 cases, device/
stent migration in 2 cases, and vascular rupture in 2
cases. In contrast to the study of Nicholson et al., the
most frequent indication was low cardiac output in the
present study, and residual defects and cyanosis were

sion.

less common.

In a study by Zahn et al., 62 patients underwent 66
catheterization procedures approximately 9 days after
surgery (median = 9 days; range = 0 to 42 days)."’ In 35
cases, 50 interventional procedures were carried out.
Nine patients required ECMO support. Success rates re-
spectively by procedure were angioplasty (100%), stent
implantation (87%), vascular/septal occlusion (100%),
and palliative pulmonary valvotomy (75%). Complica-
tions included stent migration (1 patient), cerebral vas-
cular injury (1 patient), and left pulmonary artery steno-
sis (1 patient).

In the present study, interventional catheterizations
were more frequent than diagnostic catheterizations,
which is consistent with the findings of Zahn et al. Addi-
tionally, the interventional success and complication
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rates were also similar.

In the literature, the incidence of cardiac catheteri-
zation under ECMO has been reported to be 3.5-7.1 pa-
tients/year, a rate of roughly 30% of patients under
ECMO.” ™ In our center, the incidence was 3.2 patients/
year (14.5% of patients under ECMO). This low incidence
may be related to the learning period of our clinic.

Various catheter indications under ECMO have been

13-15 16
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reported in different studies.
formed 40 cardiac catheterizations in a series of 36 cases,
in which the indications for catheterization included he-
modynamic/anatomic assessments of post-operative (n
= 16) and non-operative (n = 7) patients, planned cathe-
ter interventions (n = 12), and cardiomyopathy assess-
ment (n = 5). Unexpected diagnostic information was
found in 21 patients (52%), and catheter interventions
were performed in 18 patients (45%). The unexpected
diagnostic information included the following: stenting
of vessels/surgical shunts (n = 9); balloon atrial septo-
stomy (n = 4); device closure of septal defects/vessels (n
= 3); thrombectomy of thrombosed vessels (n = 2); en-
domyocardial biopsy (n = 2); and temporary cardiac pac-
ing lead placement (n = 1). In our study, half of the pa-
tients underwent interventional procedures, and the re-
maining half had only diagnostic catheterizations under
ECMO support.

There are limited data on the safety and utility of
cardiac catheterization in the immediate post-operative
period after surgical repair of CHS. There is a commonly
accepted notion that one should wait 6 weeks after sur-
gery before performing an intervention.™ Yet, there are
no published data indicating unusual suture fragility in
the early post-operative period. Zahn et al.'® evaluated
patients who underwent cardiac catheterization within
6 weeks after cardiac surgery, and reported that although
42% of the cohort (26 patients) underwent interven-
tions across suture lines, no vascular disruptions were
noted. Nicholson et al.® reported patients who under-
went catheterization within 4 weeks after surgery, of
whom two-thirds underwent catheterization within 12
days of surgery at a median age of 3.8 months. They ob-
served a total of 18 (8.3%) complications (7 major and
11 minor). There was no significant difference in the in-
cidence of major or minor complications between the
interventional and diagnostic catheterization cohorts.
Various complications can be observed during cardiac

per-
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catheterization and angiography. The complication rate
was 16% (range 5% to 18%) in a multicenter study re-
ported by Bergersen et al."’

In the present study, the minor complication rate
was 12% (6 of 50), and the major complication rate was
8% (4 of 50), resulting in an overall complication rate of
20% (n = 10).

Limitation
This was a retrospective, single center study with a
small sample size.

CONCLUSIONS

Cardiac catheterization should be performed in pa-
tients with operated CHS, even under ECMO if signifi-
cant hemodynamic or clinical problems are observed in
the early post-operative period while the patient isiin an
intensive care unit. The decision of whether to choose
interventional or surgical treatment should be made to-
gether with the cardiologist and surgeon on a case by
case basis according to the center preferences. Medical
and interventional treatments performed on account of
the catheterization results may have a positive effect on
mortality and morbidity.
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