ardiology

Baishideng Publishing Group Inc



g World Journal of
Cardiology

case report

Arun O, Oc B, Metin EN, Sert A, Yilmaz R, Oc M

Contents Monthly Volume 14 Number 1 January 26, 2022

MINIREVIEWS

1 Radjiation protection for the interventional cardiologist: Practical approach and innovations
Gutierrez-Barrios A, Caiiadas-Pruaiio D, Noval-Morillas I, Gheorghe L, Zayas-Rueda R, Calle-Perez G

13 Chronic total occlusion revascularization: A complex piece to "complete" the puzzle
Muraca I, Carrabba N, Virgili G, Bruscoli F, Migliorini A, Pennesi M, Pontecorboli G, Marchionni N, Valenti R

29 Role of genetic testing in cardiomyopathies: A primer for cardiologists
Vogiatzi G, Lazaros G, Oikonomou E, Lazarou E, Vavuranakis E, Tousoulis D

40 Fondaparinux: A cornerstone drug in acute coronary syndromes
Khan MY, Ponde CK, Kumar V, Gaurav K
CASE REPORT

54 Anesthetic management of a child with Cornelia de Lange Syndrome undergoing open heart surgery: A

Jaishideng®

WJC | https://www.wjgnet.com I January 26,2022 | Volume14 |

Issue 1



World Journal of Cardiology

Contents
Monthly Volume 14 Number 1 January 26, 2022

ABOUT COVER

Editorial Board Member of World Journal of Cardiology, Nenad Lakusic, MD, PhD, Associate Professor, Department
of Cardiology, Hospital for Medical Rehabilitation Krapinske Toplice, Krapinske Toplice HR-49217, Croatia.
nenad.lakusic@post.t-com.hr

AIMS AND SCOPE

The primary aim of World Journal of Cardiology (WJC, World | Cardiol) is to provide scholars and readers from
various fields of cardiology with a platform to publish high-quality basic and clinical research articles and
communicate their research findings online.

WJC mainly publishes articles reporting research results and findings obtained in the field of cardiology and
covering a wide range of topics including acute coronary syndromes, aneurysm, angina, arrhythmias, athero-
sclerosis, atrial fibrillation, cardiomyopathy, congenital heart disease, coronary artery disease, heart failure,
hypertension, imaging, infection, myocardial infarction, pathology, peripheral vessels, public health, Raynaud’s
syndrome, stroke, thrombosis, and valvular disease.

INDEXING/ABSTRACTING

The WJC is now abstracted and indexed in Emerging Sources Citation Index (Web of Science), PubMed, PubMed
Central, Scopus, China National Knowledge Infrastructure (CNKI), China Science and Technology Journal
Database (CST]), and Superstar Journals Database. The 2021 edition of Journal Citation Reports® cites the 2020
Journal Citation Indicator (JCI) for WJC as 0.36. The W]C’s CiteScore for 2020 is 0.3, and Scopus CiteScore rank
2020: Cardiology and Cardiovascular Medicine is 289/317.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Hua-Ge Yu, Production Department Director: Xiang i, Editotial Office Director: Ya-Juan Ma.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Cardiology https:/ /www.wignet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS
ISSN 1949-8462 (online) https:/ /www.wijgnet.com/bpg/Gerlnfo/287
LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH
December 31, 2009 https:/ /www.wjgnet.com/bpg/gerinfo/240
FREQUENCY PUBLICATION ETHICS

Monthly https:/ /www.wijgnet.com/bpg/Getlnfo/288
EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Ramdas G Pai, Dimitrios Tousoulis, Marco Matteo Ciccone, Pal Pacher https:/ /www.wjgnet.com/bpg/gerinfo/208
EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https:/ /www.wignet.com/1949-8462/ editorialboard.htm https:/ /www.wignet.com/bpg/gerinfo/242
PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS
January 26, 2022 https:/ /www.wijgnet.com/bpg/Gerlnfo/239
COPYRIGHT ONLINE SUBMISSION

© 2022 Baishideng Publishing Group Inc https:/ /www.f6publishing.com

© 2022 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com https://www.wjgnet.com

Boishiengs WIC | https://www.wjgnet.com I January 26,2022 | Volume14 | Issuel |


https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/1949-8462/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com

4

Submit a Manuscript: https:/ /www.f6publishing.com

DOI: 10.4330/ wjc.v14.i1.54

World Journal of
Cardiology

World | Cardiol 2022 January 26; 14(1): 54-63

ISSN 1949-8462 (online)

CASE REPORT

Anesthetic management of a child with Cornelia de Lange Syndrome
undergoing open heart surgery: A case report

Oguzhan Arun, Bahar Oc, Esma Nur Metin, Ahmet Sert, Resul Yilmaz, Mehmet Oc

ORCID number: Oguzhan Arun 0000-

0001-6101-1481; Bahar Oc 0000-
0002-2253-5191; Esma Nur Metin
0000-0002-0634-2840; Ahmet Sert
0000-0002-1607-7569; Resul Yilmaz
0000-0001-7672-8180; Mehmet Oc
0000-0002-7832-3067.

Author contributions: All authors
equally contributed to the
preparation of the manuscript;
Arun O analyzed the data and
wrote the manuscript; all authors
have read and approved the final
manuscript.

Informed consent statement:
Written informed consent was
obtained from the father of the
patient for publication of this
report and accompanying images.

Conflict-of-interest statement: The
authors certify that there is no
conflict of interest with any
financial organization regarding
the material discussed in the
manuscript.

CARE Checklist (2016) statement:
The authors have read the CARE
Checklist (2016), and the
manuscript was prepared and
revised according to the CARE
Checklist (2016).

Country/Territory of origin: Turkey
Specialty type: Anesthesiology

Provenance and peer review:

Jaishideng®

WJC | https://www.wjgnet.com 54

Oguzhan Arun, Bahar Oc, Esma Nur Metin, Department of Anesthesiology and Reanimation,
Selcuk University Faculty of Medicine, Konya 42130, Turkey

Ahmet Sert, Department of Pediatric Cardiology, Selcuk University Faculty of Medicine, Konya
42130, Turkey

Resul Yilmaz, Pediatric Intensive Care, Selcuk University Faculty of Medicine, Konya 42130,
Turkey

Mehmet Oc, Department of Cardiovascular Surgery, Selcuk University Faculty of Medicine,
Konya 42130, Turkey

Corresponding author: Oguzhan Arun, MD, Professor, Department of Anesthesiology and
Reanimation, Selcuk University Faculty of Medicine, Alaaddin Keykubat Kampus, Konya
42130, Turkey. oguzarun@selcuk.edu.tr

Abstract

BACKGROUND

Cornelia de Lange syndrome (CdLS) is a congenital multisystemic genetic
disorder. The expected lifespan of children with this disorder has been prolonged
in parallel with the advances in medicine in recent years. However, they still more
frequently undergo cardiac surgery. There are some challenges for clinicians
when faced with CdLS patients. We present the perioperative management of a
child with CdLS undergoing open-heart surgery.

CASE SUMMARY

Severe pulmonic and subpulmonic valvular stenosis, enlargement of the right side
of the heart, mild tricuspid regurgitation, atrial septal defect, and patent ductus
arteriosus were diagnosed in a 14-month-old boy with manifested cyanosis,
developmental delay, and malnutrition. Attempted balloon valvuloplasty was
unsuccessful due to a severe stenotic pulmonary valve, therefore it was decided to
perform an open surgical repair. Following a successful and uncomplicated
intraoperative course, the patient was extubated on postoperative day 5, and
adrenalin and dopamine infusions were gradually decreased and stopped on
postoperative days 6 and 10, respectively. Moderate laryngomalacia and subo-
ptimal vocal cord movements were diagnosed, and tracheotomy and
percutaneous endoscopic gastrostomy were performed under general anesthesia
in the same session at postoperative day 32. The patient was discharged on
postoperative day 85 after a challenging postoperative period with additional
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airway and nutritional problems.

CONCLUSION
This is the first report of the perioperative anesthetic and clinical management of a
CdLS patient undergoing open-heart surgery.

Key Words: Cornelia de Lange Syndrome; Brachmann de Lange Syndrome; Pulmonary
valve stenosis; Valvular heart disease; Cardiac surgery; Anesthesia; Case report

©The Author(s) 2022. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Cornelia de Lange Syndrome (CdLS) is a congenital multisystemic genetic
disorder with multiple congenital abnormalities. The expected lifespan of children with
CdLS has been prolonged in parallel with the advances in medicine in recent years.
Patients with CdLS undergo cardiac surgery more frequently. In any patients with
multiple medical challenges, anesthesiologists, cardiovascular surgeons and pediat-
ricians may face unexpectedly unusual perioperative courses with additional
difficulties when undergoing congenital open-heart surgery. The case presented here
demonstrates an example of a challenging perioperative management period of a child
with multisystemic congenital disease undergoing multiple high-risk surgeries.

Citation: Arun O, Oc B, Metin EN, Sert A, Yilmaz R, Oc M. Anesthetic management of a child
with Cornelia de Lange Syndrome undergoing open heart surgery: A case report. World J
Cardiol 2022; 14(1): 54-63

URL: https://www.wjgnet.com/1949-8462/full/v14/i1/54.htm

DOI: https://dx.doi.org/10.4330/wjc.v14.i11.54

INTRODUCTION

Cornelia de Lange Syndrome (CdLS), also known as Brachmann-de Lange Syndrome,
is a genetic developmental disorder with a prevalence of 1.24 per 100 000 births[1]. It is
characterized by congenital craniofacial, gastrointestinal, cardiac, musculoskeletal,
genitourinary, behavioral and neurodevelopmental anomalies[2]. Although CdLS
patients are expected to have growth retardation, intellectual disabilities and a shorter
lifespan due to these multiple severe malformations, there have been no previous
population-based studies on survival, and some of the patients (particularly with the
milder forms) have been reported to reach adulthood[3,4]. Most patients need
diagnostic and/or interventional procedures and surgical operations under general
anesthesia (GA) to survive. Previous research has described anesthetic implement-
ations in non-cardiac surgery. We present the perioperative management of a child
with CdLS undergoing open-heart surgery.

CASE PRESENTATION

Chief complaints

A 14-month-old male patient presented with severe cardiac manifestations including
pulmonic and subpulmonic valvular stenosis with 91 mmHg gradient, enlargement of
the right side of the heart, mild tricuspid regurgitation, atrial septal defect (ASD), and
patent ductus arteriosus (PDA).

History of present illness

After genetic evaluation, CdLS diagnosis was approved, and the SMC3 gene was
reported to be implicated. When the patient was aged 14 mo, the decision to undertake
pulmonary valvuloplasty was taken.

History of past illness

The patient was born at 37 wk gestation after a standard spontaneous vaginal delivery,
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weighing 2009 g due to intrauterine growth retardation because of ABO maternal-fetal
incompatibility. The baby was admitted to the neonatal intensive care unit for 15 d
(intubated in the first 2 d) due to respiratory distress and a cleft lip and palate. In the
first month after delivery, severe pulmonic stenosis (PS) was diagnosed, and the
patient was admitted to a cardiology follow-up program. Lip adhesion surgery was
conducted for the cleft lip at age 5 mo.

Personal and family history
The patient was born in Syria, and no information was available regarding his family
history.

Physical examination

The patient was a 14-month-old boy weighing 4700 g, 60 cm in height (< 3rd
percentile) and 39 cm head circumference (< 3rd percentile). Mild exertional dyspnea,
cyanosis, developmental delay, and malnutrition were manifest. Synophrys, brachy-
cephaly, long and thick eyelashes, depressed nasal bridge, repaired cleft lip,
micrognathia, short neck, and thickened helices in both ears were distinguishing
craniofacial features (Figure 1). There was no apparent renal, musculoskeletal,
gastrointestinal and neurological involvement. There was a systolic thrill at the left
upper sternal border. The auscultation of the patient revealed a grade 2-3/6
midsystolic (ejection systolic) murmur, systolic ejection click, and a widely split, fixed
S2 at the upper left sternal border. Also, there was widened S2 and delayed pulmonic
component of S2 due to the increased duration of systole and late closing of the
pulmonary valve.

Laboratory examinations

In the preoperative laboratory examination all parameters were normal except: white
blood cell count 13.1 10°/pL, hemoglobin 11.0 g/dL, hematocrit 32.7%, platelet count
504 K/pL, aspartate aminotransferase 71 U/L, and urea 58 mg/dL.

Imaging examinations

Echocardiographic evaluation revealed severe cardiac manifestations including severe
PS and sub-PS with 91 mmHg gradient, enlargement on the right side of the heart,
mild tricuspid regurgitation, atrial septal ASD, and PDA (Figure 2).

FINAL DIAGNOSIS

The ASA Class III patient was scheduled for percutaneous pulmonary valvuloplasty
under general anesthesia.

TREATMENT

Percutaneous pulmonary valvuloplasty

The patient was transferred to the catheter laboratory with an O, supply without
premedication. After standard monitoring with ECG, oxygen saturation (S5pO,) and
noninvasive blood pressure, anesthesia was induced with 2 mg/kg intravenous (iv)
1% propofol followed by 1.5 mg/kg iv fentanyl and maintained with 2% sevoflurane
in 50:50% O, in air. I-Gel No. 2 was used in airway management without any
problems. Due to the severe stenotic pulmonary valve (Figure 3), the attempted
balloon valvuloplasty was unsuccessful. Therefore, the decision to perform an open
surgical repair was taken.

Correction of PS and closure of PDA and ASD

Nine days after valvuloplasty, the patient was transferred to the cardiac theater with
supplemental nasal O, without premedication. After standard monitoring with ECG,
SpO, and NIBP, anesthesia induction was begun with 8% sevoflurane in 100% O,
followed by 3 mg/kg iv fentanyl, 0.75 mg/kg iv midazolam, 1 mg/kg iv rocuronium,
and 1.2 mg/kg iv dexamethasone after insertion of a 20 G cannula. Intubation was
easily achieved with a 4.5-mm uncuffed endotracheal tube (grade 1 Cormack-Lehane).
Anesthesia was maintained with 2% sevoflurane in 50:50% O, in air and 0.5-1.0 mg/kg
iv rocuronium, 0.5 mg/kg iv midazolam, and 2-5 mg/kg iv fentanyl intermittently as
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Figure 2 Echocardiographic images. A: The heart of the patient; B: Mild to moderate regurgitation in the tricuspid valve; C: Left ventricular systolic function
was observed, functions were maintained (EF: 73.5 %, FS: 39.7 %); D: 91 mmHg gradient was obtained at pulmonary valve level in parasternal short axis imaging.
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needed. Canulations were completed with the placement of a 20 G 5-cm arterial
cannula with floswitch (BD Arterial Cannula; Becton Dickinson Infusion Therapy
Systems Inc, Sandy, UT, USA) placed in the left femoral vein; a 4 F 8-cm double lumen
central venous catheter (Royal Fornia Medical Equipment Co. Ltd., Guangdong,
China) placed in the right femoral vein; and a 20 G 5-cm single lumen catheter (FMTO;
Royal Fornia Medical Equipment Co. Ltd.) placed in the left femoral artery.

After standard anticoagulation with heparin (3 mg/kg) and ensuring activated
clotting time of > 400 s, cardiopulmonary bypass (CPB) was established by aortic and
bicaval cannulations. Under hypothermic (28 °C) CPB and cold crystalloid cardio-
plegic arrest, transatrial and transpulmonary incisions were performed. A 15 mm 25
mm ASD, subpulmonic infundibular stenosis and pulmonic valvular stenosis were
present. Intracardiac repair with excision of the infundibular membrane and
pulmonary valvular commissurotomy were achieved. At the pulmonic level, the outlet
admitted a size 12 Hegar’s dilator (normal size 11). The ASD closure was done through
the right atrium using an autologous pericardial patch. After rewarming to 35 °C and
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Figure 3 Appearance of the stenotic pulmonary valve in the angiography image.
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ensuring normal serum electrolytes, the patient was removed from CPB. The child had
a stable sinus rhythm after discontinuing heart-lung machine support. For heparin
neutralization, 3 mg/kg protamine was applied. CPB was terminated with 52 min
aorta cross-clamp time and 81 min of CPB. During anesthesia, iv infusions of 5
g/kg/min dopamine, 0.1 g/kg/min adrenaline, and 0.5 g/kg/min milrinone (after 50
g/kg loading for 1 h) were begun. Intravenous methylprednisolone (5 g/kg/min) and
10 mg/kg iv tranexamic acid were given in the off-pump period. Arterial blood gas
analysis was conducted intermittently during surgery (Table 1). The total amount of
saline and gelatin fluid (Gelofusine; B. Braun Medical AG, Crissier, Switzerland) and
erythrocyte suspension given were 60 mL, 20 mL and 70 mL, respectively. Fresh
frozen plasma was not used. The total urinary output was recorded as 350 mL. The
hemodynamically stable patient was transported intubated to the pediatric cardiac
intensive care unit (CICU).

OUTCOME AND FOLLOW-UP

The patient was extubated on postoperative day 5; adrenalin and dopamine infusions
were gradually decreased and stopped on postoperative days 6 and 10, respectively.
On postoperative day 14, the patient was transferred to the pediatric ICU (PICU). On
the first day in the PICU, continuous positive airway pressure (CPAP) support (due to
respiratory distress) and total parenteral nutrition (TPN) were started. Endoscopic
evaluation by the ear, nose and throat (ENT) consultant revealed moderate
laryngomalacia and suboptimal vocal cord movements. Intermittent CPAP therapy
was terminated upon recovery of respiratory functions after 4 d. Enteral nutritional
(EN) was begun. With the improvement of the general medical condition, a
tracheotomy (based on the ENT consultant’s recommendation) and a percutaneous
endoscopic gastrostomy (PEG) to provide a convenient way of feeding were
performed under GA in the same session on postoperative day 32.

The patient was discharged on postoperative day 85 after the parental educational
discharge program. The general medical condition of the patient was good at the time
of discharge. The patient was breathing spontaneously via tracheotomy cannula
without requiring additional oxygen therapy with SpO, 95-96%. The hemodynamics
were within the normal range without inotropic support. The nutritional support was
achieved with enteral nutritional products. The parental educational discharge
program included content for feeding and general care of the patient at home. The
patient’s medical care was planned to be implemented within the home health service
program of the Ministry of Health.

DISCUSSION

The present case is the first report of perioperative management of a CdLS patient
undergoing open-heart surgery. CdLS is a multiple congenital anomaly and mental
retardation syndrome accompanied by multiple disorders in different clinical forms,
including classical and mild forms. Although the estimated prevalence of CdLS has
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Table 1 Results of arterial blood gases conducted at different timings

Parameters Beginning of surgery Beginning of bypass End of surgery End of bypass
pH 7.43 7.46 7.52 7.38
PCO, (mmHg) 308 29.1 27.6 38.1
PO, (mmHg) 200 172 186 683
Hb (g.dL™) 9.7 114 122 133
Htc (%) 30 35.1 37.4 409
Sa0, (%) 99.6 98.9 99.3 928
K* (mmol/L) 34 3.3 3.1 2.7
Na* (mmol/L) 149 143 146 150
Ca”" (mmol/L) 1.25 1.16 1.14 0.87
Glucose (mg/dL) 77 191 196 177
Lactate (mmol/L) 1.0 1.9 1.8 1.1
Base (mmol/L) -3.1 -2.6 0.3 22
HCO, (mmol/L) 222 229 25.6 226
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been reported as 0.5-1.0 per 100 000 Live births, when the mild forms are also taken
into account, the prevalence has been reported to be as high as 1 per 10 000 live births.
Due to problems in the diagnosis of the syndrome, particularly for the mild forms
because of the lack of objective diagnostic criteria for this subgroup, the exact
prevalence is still unknown. Barisic et al[1] have given the overall prevalence including
mild and classical forms of CdLS as 1.6-2.2 per 100 000 births.

Prior to the definitive molecular studies, CALS was thought to be caused by
defective expression of a multifunctional protein involved in chromosomal function,
gene regulation, and DNA repair[5]. More recently, CdLS has been genetically found
to be a cohesinopathy disorder caused by autosomal heterozygous or X-linked
mutations in the cohesion core subunits of the genes of SMCA1, SMC3, RAD21, or in
the cohesion-associated factors NIPBL and HDACS[6]. The phenotype of this
syndrome is a spectrum that is formed by classical forms as well as nonclassical
variants that are caused by pathogenic alternatives in genes involved in cohesion
functioning[7].

The characteristic phenotype of patients with CdLS includes thick eyebrows that
meet in the midline, a short nose with a depressed or wide nasal ridge, anteverted
nares with upturned nasal tip, a long and smooth philtrum, a thin upper lip and
downturned corners of the mouth[6]. These phenotypic features may overlap with the
appearance of patients with other chromatin disorders such as Wiedemann-Steiner
syndrome, Rubinstein-Taybi syndrome, and Coffin-Siris syndrome[8]. Also, patients
with this syndrome may present different phenotypic features that are completely
dissimilar to each other. This phenotypic diversity poses a major challenge in
diagnosing patients with this syndrome in clinical practice.

CdLS is characterized by multisystem involvement. Common craniofacial features
of classic form are synophrys, micro-brachycephaly, long and thick eyelashes, a high
and arched palate with clefts, micrognathia, short neck, and hairy ears with thickened
helices[9]. The most prominent and existing comorbidity that can be seen in almost
every patient, particularly in the neonatal period, is gastroesophageal reflux and
related complications. Congenital cardiac abnormalities such as ventricular septal
defects, ASD, PS, tetralogy of Fallot, hypoplastic left heart syndrome, and bicuspid
aortic valve can be diagnosed in approximately 25% of patients[10]. Syndactyly,
clinodactyly, bradydactyly, oligodactyly, clubbed feet, poikilothermia, pectus exca-
vatum, scoliosis, and hip dislocation or dyplasia are common and diagnostic musculo-
skeletal findings[3,11]. Renal functions may be adversely affected by structural kidney
and/or urinary tract anomalies such as vesiculoureteral reflux, pelvic dilation and
renal dysplasia[12]. Peripheral neuropathy, autonomic dysfunction, and seizures are
reported as possible neurodevelopmental manifestations.

Patients with CdLS with all genetic variants may have global developmental delays,
intellectual disabilities, and prenatal and postnatal growth retardation. When
evaluated from this point of view, prenatal diagnosis becomes even more important.
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The major indications for prenatal diagnosis are a history of having an earlier child
with CdLS, a recent pregnancy in a family with a known genetic problem in a CdLS
gene, and suggestive features of CdLS on fetal ultrasonography[7]. Since our patient
and his family were Syrian immigrants and only his delivery was performed in a state
hospital in Turkey, there was no prenatal care according to the information we
received from the parents. The diagnosis of CdLS was made after the genetic
examination performed in our university hospital when our patient was aged 5 mo.
The absence of prenatal care and the presence of other pathologies that may cause
growth retardation can cause delays in diagnosis, as in our patient.

There are some challenges for clinicians when facing CdLS patients, and our patient
underwent four different surgical operations under general anesthesia in 85 d. Airway
management is of particular interest. Different authors have referred to difficult
airway probabilities, and various reports have mentioned some device suggestions
instead of a conventional laryngoscope such as a laryngeal mask airway, fiberoptic
endoscopes, and a Pentax Airway Scope GlideScope video laryngoscope[13-15].
Uncomplicated airway management, particularly in the intraoperative period has also
been reported[16,17]. In our case, micro-brachycephaly, short neck, macroglossia,
micrognathia, and a cleft lip and palate were some craniofacial features that could
increase the probability of difficulties in airway management. Although no airway
difficulties were encountered during the intraoperative period, our patient suffered
postoperative respiratory problems, failed to reach adequate extubating criterion
during the weaning period, and could not be extubated until postoperative day 5.
Despite intermittent CPAP treatments, the patient underwent a tracheotomy in line
with ENT consultant’s recommendations after diagnosing moderate tracheomalacia
and suboptimal vocal cord movement.

Gastroesophageal reflux and related complications such as esophagitis, aspiration,
chemical pneumonitis, and irritability can be seen in almost every CdLS patient,
particularly in the neonatal period[18]. Gastroesophageal reflux and intestinal
malformations may lead to regurgitation and aspiration of gastric contents, partic-
ularly in the anesthesia induction period. Although rapid sequence induction and
intubation should be considered as a precaution to avoid regurgitation and aspiration
of gastric contents, we did not have a chance to apply these until a secure intravenous
line had been achieved.

Another possible severe risk is the presence of perioperative nutritional problems
and underfeeding in the postoperative course. Malnutrition is an accepted problem in
children with congenital heart disease because of unmatched energy requirements
with poor feeding, and inadequate caloric intake[19]. Major surgery (mainly upper
gastrointestinal surgery and cardiac surgery) and existing gastrointestinal abnor-
malities are additional risk factors. Although early oral feeding is the recommended
mode of nutrition for surgical patients in the early postoperative period, EN is
considered admissible for any surgical patient at nutritional risk[20]. We started TPN
on postoperative day 1 and EN via a nasogastric tube on postoperative day 5 after
extubation. Early extubation is particularly critical for patients with a cleft palate as
prolonged intubated may impair sucking and swallowing reflexes. EN is problematic
in the pediatric CICU, and satisfactory EN support is provided after performing the
PEG procedure.

PS occurs in 0.6-0.8 per 1000 live births, and its prevalence is 8%-12% of all
congenital heart defects[21]. It can be an isolated lesion or associated with other
congenital heart defects such as ASD, ventricular septal defect, PDA, and tetralogy of
Fallot[22]. There are three different morphological types of valvular PS. In the classic
or dome-shaped pulmonary valve, there is a narrowed central orifice with a preserved
mobile valve mechanism. In the dysplastic pulmonary valve that represents approx-
imately 20% of all cases, there are poorly mobile and marked myxomatoses-thickened
leaflets without commissural fusion. In the third type, the pulmonary valve is
unicuspid or bicuspid and mostly seen in the context of tetralogy of Fallot[23].
Obstruction of the right ventricular outflow tract leads to a rise in right ventricular
afterload, which also induces ventricular muscle hypertrophy producing thicker
chamber walls, decreased compliance, increased ventricular stiffness, and higher right
atrial filling pressures[24]. As the obstruction increases, cardiac output and the
patient’s physical activity is increasingly limited due to impaired compliance and
worsening diastolic dysfunction. When obstruction becomes critically severe, right
ventricular systolic and diastolic dysfunction and ischemia can occur. At this point,
chest pain, dyspnea, arrhythmia, syncope, and even sudden cardiac death can be seen.
For patients with severe PS (peak-to-peak transcatheter gradient > 50 mmHg), who
have not undergone surgical correction, poor long-term outcomes have been reported.
In contrast, excellent survival rates have been achieved in patients with > 80 mmHg
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gradient after surgical valvotomy[25]. In our patient, the cardiac pathology was severe
due to the severe PS with 91 mmHg gradient, which was combined with PDA and
ASD, and the main purpose of the surgical operation was to prolong the lifespan of the
patient.

The severity and characteristics of stenosis determine the clinical consequences and
optimal treatment modality. An obstruction in the right ventricular outflow tract with
a gradient of > 64 mmHg (peak velocity > 4 m/s) on Doppler imaging indicates repair
[22]. Although balloon valvuloplasty is the first-choice treatment option, in some
circumstances, such as hypoplastic and severely dysplastic valves, infundibular
stenosis, and associations of other congenital lesions, surgical repair may be required.
Due to the various risks associated with the surgical intervention such as procedural
complications, prolonged hospitalization and recovery times, and a higher cost than
nonsurgical interventions, surgical intervention is reserved only for more complex
diagnoses or in cases in which intervention is not possible[26]. In our case, the
guidewire could not be passed through the severe stenotic pulmonary valve, and the
decision to undertake a surgical repair was made due to procedural failure.

Severe PS and pulmonary hypertension increase right ventricular work while
decreasing left ventricular output, and are significant independent risk factors for
mortality and morbidity in both cardiac and noncardiac surgery[27]. The essential
targets of anesthetic management are the maintenance of adequate right ventricular
preload and contractility and left ventricular afterload with decreasing systemic and
pulmonary vascular resistance. In the intraoperative period, right ventricular filling
pressure is significant in optimizing myocardial contractility and maintaining
hemodynamic stability[28]. Intravascular volume status is also crucial as acute right
heart failure and cardiac arrhythmias can easily be precipitated by excessive
intravenous fluid. The total amount of intravenous fluids and erythrocyte suspension
is limited during surgery. Although all volatile anesthetics may worsen right
ventricular dysfunction by reducing preload, afterload, and contractility, desflurane
and nitrous oxide, unlike others, are reported to increase pulmonary vascular
resistance and should be avoided[29].

CONCLUSION

CdLS is a complex disease in which many organs and systems are affected. The
existence of milder forms of CdLS has been demonstrated by advanced molecular and
genetic diagnostic methods. In addition, with the medical developments in recent
years, the expected lifespan of children with CdLS has been prolonged, with these
patients undergoing cardiac surgery more frequently. In CdLS patients who present
various anesthetic challenges, anesthesiologists, cardiovascular surgeons, and pediat-
ricians may face unexpectedly unusual perioperative courses with additional
difficulties in congenital open-heart surgeries.
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