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ABSTRACT 

Hypoplastic left heart syndrome (HLHS) is defined as the 

incomplete development of the left heart structures, including the 

mitral valve, left ventricle, aortic valve, and aortic arch. Delays in 

diagnosis and delay in intervention will increase the morbidity of 

neonates with HLHS. To understand the mechanism of HLHS 

along with the principles of anesthesia in neuroanesthetics 

procedures in pediatrics in order to obtain a good outcome. A 9-

day old baby girl, weight 2522 grams with HLHS (aortic atresia) 

with patent ductus arteriosus (PDA), type II atrial septal defect 

(ASD) with a left to right shunt, and dandy walker syndrome. The 

patient's head was enlarged from birth, no heart sounds were 

found, regular I-II heart sounds. The anesthetic approach in HLHS 

is to maintain preoperative hemodynamic stability by maintaining 

heart rate, preload, and PGE1, balancing systemic vascular 

resistance and pulmonary vascular resistance, preventing too high 

PaO2, and administering inotropic agents to increase cardiac 

output and keep the patent ductus arteriosus open. The balance of 

systemic and pulmonary blood flow is a key principle in the 

management of HLHS anesthesia.  The main goal of HLHS 

anesthesia is to minimize hemodynamic changes to prevent 

compromised hemodynamics in both circulations and maintaining 

stability is essential in preventing morbidity, complications, and 

increasing good outcomes in surgery. 

Keywords: hypoplastic left heart syndrome, dandy walker 

syndrome, VP-shunt 
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INTRODUCTION 

Hypoplastic left heart syndrome (HLHS) 

is defined as the development of an incomplete 

left heart structure, including the mitral valve, 

left ventricle, aortic valve, and aortic arch.1 

HLHS contributes to 1.4% to 4.1% of all 

congenital heart diseases, with prevalence 

rates 2 to 3 cases per 10,000 live births in the 

United States, where the majority of cases are 

predominantly male, with a male to female 

ratio of 3:2.2 Approximately 90% of infants 

with left ventricular hypoplasia will die 

without surgical intervention. These deaths are 

caused by spontaneous closure of the ductus 

arteriosus, usually within the first month of 

life.3 About 30% of fetuses with HLHS have a 

genetic syndrome and / or a structural 

abnormality outside the heart. Many reports 

have linked the incidence of HLHS to 

chromosomal abnormalities, eg Turner 

syndrome (X monosomy), trisomy 18, and 

Jacobsen syndrome.4 In a family-based study 

by Hinton et al. It was found that the 

heritability of HLHS was very high (> 0.9%).5 

The risk of recurrence of HLHS in families 

with 1 affected child is about 0.5% to 2%. The 

risk of other congenital malformations in first-

degree family members has been reported to 

range from 10% to 17%. This suggests the 

importance of performing echocardiographic 

screening of all first-degree family members of 

HLHS patients.2,4 

HLHS consists of a spectrum of 

anatomical variants characterized by an 

undeveloped left side of the heart, which 

includes the mitral valve, left ventricular 

cavity, left ventricular outflow, aortic valve, 

ascending aorta, and aortic arch.2,3,6 in HLHS 

there can be 3 forms, consisting of aortic valve 

atresia with mitral valve atresia, aortic valve 

atresia with mitral valve hypoplasia, and aortic 

valve stenosis with mitral valve hypoplasia.  

HLHS with aortic valve atresia and 

mitral valve atresia is the most extreme form 

of HLHS where the left ventricular cavity is 

very small and the ascending aorta and the 

aortic arch are extremely hypoplastic. This will 

cause no output flow from the left ventricle, so 

that the main source of systemic blood supply, 

namely from the right ventricle, will pass 

through the ductus arteriosus. Whereas in 

HLHS with aortic valve atresia with mitral 

hypoplasia, there will be hypoplasia of the 

ascending aorta and aortic arch and decreased 

systemic return flow only depends on the 

patent ductus arteriosus. The patent mitral 

valve and blood enter the left ventricle, but 

there is no way out. Left ventricular 

hypertrophy results from contractions with the 

atresia aortic valve. The thick left ventricle has 

an ischemic endomyocardial which can cause 

fibrotic tissue known as endocardial 

fibroelastosis. The hypoplastic left ventricular 

cavity may have a greater mass than the first 
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HLHS subtype, resulting in distortion of the 

right ventricular inflow and insufficiency of 

the tricuspid valve. The third HLHS subtype, 

aortic valve stenosis with mitral valve 

hypoplasia, can cause blood to be unable to 

exit the left ventricle, which results in less 

hypoplasia of the left ventricle, ascending 

aorta, and aortic arch than the two previous 

HLHS subtypes.2,6 

 

Figure 1. Anatomy of Hypoplastic Left Heart 

Syndrome (HLHS) 

Yabrodi M, Mastropietro CW. Hypoplastic left heart 

syndrome: From comfort care to long-term survival. 

Pediatr Res. 2017;81(1–2):142–9. 

 

At birth, children with HLHS rely on 

blood pumped by the right ventricle to the 

pulmonary artery (PA) to supply blood to the 

systemic circulation and end organs via a 

patent ductus arteriosus (PDA). In the majority 

of cases, HLHS is also accompanied by aortic 

coarctation (CoA) (Figure 1).1 In addition, 

HLHS is usually accompanied by a defect in 

the atrial septum, represented by the yellow 

arrow in Figure 2. 

 

Figure 2. HLHS with the underdeveloped left 

ventricle.  

Javed R, Cetta F, Said SM, Olson TM, O’Leary PW, 

Qureshi MY. Hypoplastic leftheart syndrome: An 

overview for primary care providers. Pediatr Rev. 

2019;40(7):344–53. 

 

HLHS can be diagnosed prenatally using 

obstetric ultrasound (USG) at weeks 18 to 24. 

Ultrasound can identify congenital 

malformations associated with the 4 chambers 

of the heart, when the shape of the left side of 

the heart appears abnormal, echocardiography 

is indicated. During the fetal period, the left 

ventricle is filled by flow through the foramen 

ovale and restriction on atrial level shunting 

can cause damage to the left-sided heart 

structures during growth. As a result there is a 

change in the outflow or inlet of the left 

ventricle, which will lead to progression of left 

ventricular hypoplasia.7 

CASE ILLUSTRATION  

Anamnesis 

A 9 days old baby girl weighing 2522 

grams, has a large head complaint from birth. 

Complaints such as fever, cold cough, 
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shortness of breath, chest pain, nausea, 

vomiting, seizures, blurred vision were 

denied. The patient had a history of birth with 

a caesarean section on the indication that the 

mother had a head-pelvic disproportion, with 

hydrocephalus non-comunicans, dandy 

walker syndrome, and asianotic congenital 

heart disease. There was no history of 

allergies, hypertension, diabetes mellitus, and 

asthma. 

Physical examination 

From the physical examination, we 

found that the patient looked moderately ill 

with GCS E4V5M6, pulse 130-135x / 

minute, respiratory rate 48 x / minute, 

temperature 36.7 ° C, with 94-98% SpO2 

with room air. Evaluation of free airway, 

open mouth, and mallampati is difficult to 

evaluate, free neck motion. On the head 

examination, a head circumference of 38 cm 

was found, a lump (-). Eye examination 

revealed anemic conjunctiva (- / -), icteric 

sclera (- / -), isocor pupil (+ / +), light reflex 

(+ / +), and corneal reflex (+ / +). On nasal 

examination, airway patency (+ / +), 

secretions (- / -), nostrils breath (-) were 

obtained, OGT was attached. On examination 

of the mouth, there was mucosal redness, no 

cyanosis was found. On lung examination, 

there was no abnormality. On cardiac 

examination, regular I-II heart sounds were 

obtained, the absence of noise. On 

examination of the abdomen, there was no 

abnormality. The patient had no DC, 

spontaneous urine products, warm in all four 

extremities, absence of edema in the superior 

and inferior limbs, and absence of cyanosis. 

On examination for VACTERL 

abnormalities, found a defect in the heart (C). 

 

Figure 3. Clinical Photo Preoperative 

Supporting investigation  

Preoperative laboratory showed the 

value of hemoglobin 20.1 g%, hematocrit 

55%, leukocytes 19,900 / ul, PT 14.2 

seconds, APTT 56.4 seconds, SGOT 24 U / 

L, SGPT 11 U / L, total bilirubin 11.07 mg / 

dl, direct bilirubin 0.64 mg / dl, and indirect 

bilirubin 10.43 mg / dl, creatinine 2.0 mg / dl, 

urea 67 mg / dl, sodium 122 mmol / L, and 

potassium 7.8 mg / dl. Echocardiography 

shows ASD type II with left to right shunt, 

TR moderate PG 14.09 mmHG, atretic aorta 

without flow from the left ventricle to the 

aorta, wide PDA with flow from the 
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pulmonary artery to the descending aorta, 

Large PDA with PA flow to Ao desc, Ao 

asec via PDA. Echocardiography results 

show Hypoplasia Left Heart Syndrome 

(HLHS). Thorax X-ray shows pneumonia and 

an enlarged heart with Left Ventricular 

Hypertrophy (LVH) configuration. MSCT 

Brain without contrast showed bilateral 

dilatation of the lateral ventricles and 

ventricles 3, with cystic lesions in the 

posterior fossa associated with the 4th 

ventricle, an enlarged posterior fossa with an 

inversion of lambdoidea, and cerebellar 

vermis hypoplasia with remnant vermi 

rotation, with features of Dandy-Walker 

malformation and non-communicating 

hydrocephalus. 

 

 

Figure 4. MSCT Brain Without Contrast 

 

 

Anesthesia Management 

After obtaining consent from the 

family and there is no contraindication for 

pediatric neuroanesthesia in the form of VP 

Shunt. Preoperative management in the form 

of fasting and intravenous fluid 

administration is sufficient with D5 ¼ NS 5cc 

/ hour by infusion pump, this is aimed at 

keeping SVR and PVR balanced. In the 

operating room, a standard monitor was 

installed according to the ASA 

recommendations. The patient's 

hemodynamics during surgery was quite 

stable, with a blood pressure of 65/35 mmHg, 

a pulse rate of 145-150 x / min, and  SpO2 of 

95-100%. Patients induced anesthesia with 

intravenous ketamine 2.5 mg (1 mg/kg), 

Fentanyl IV 0.5mcg, maintenance anesthesia 

was performed using Sevoflurane gas 2 v% in 

FiO2 60-80% versus airbar. The patient was 

also given a muscle relaxant in the form of 

Atracurium 0.4 mg / kg intravenously (1mg) 

before the endotracheal tube no. 3.0 oral non-

kinking. 

 

Figure 5. Clinical photo during surgery 
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Anesthesia was maintained with 

controlled ventilation Sevoflurane 1-2.5 v% 

in 50-60% oxygen versus airbar. The patient 

had transient arrhythmias and bradycardia at 

initial induction then stabilized back to the 

baseline vital sign preoperatively. During the 

operation the patient is stable and the 

operation lasts for 1 hour with a pulse rate 

ranging from 131-150 x / minute, systolic 

blood pressure in the range of 55-68 mmHg, 

SpO2 94-97%. The total fluid intake during 

operation is 10cc / hour via an infusion pump. 

Operation bleeding was found to be 5 cc.  

Figure 6. Hemodynamic Charts During 

Surgery 

After confirming the muscle relaxant 

effect wears off, and the patient is 

hemodynamically stable, the patient is 

extubated in a conscious state and the patient 

is transferred to the NICU room. 

 

Figure 7. Clinical Photo Postoperative day-2 

DISCUSSION 

Comprehensive preoperative 

assessment of these patients is necessary to 

determine the anatomic and physiological 

conditions and to identify signs of pulmonary 

and systemic flow dysfunction and signs of 

cardiac dysfunction. Preoperative 

management of patients with HLHS 

prioritizes systemic perfusion regulation so 

that blood flow to the lungs is the same as 

systemic blood flow (Qp: Qs).
8
 One of the 

common therapies to maintain ductal patency 

is the use of prostaglandin E1 which aims to 

maintain adequate systemic blood flow. After 

birth, pulmonary vascular resistance (PVR) 

will drop dramatically, so strategies are 

needed to achieve a balanced circulation, one 

of which is the use of intubation and 

mechanical ventilation. Ventilation 

techniques used include ventilation of room 

air or gas mixtures, or using CO2 aimed at 

increasing PVR.3,9 The most common 

manifestations of Qp: Qs imbalance are 

hypotension, lactic acidosis, and decreased 

urine production.9 Evaluation of Qp balance: 

Qs can be performed using near-infrared 

spectroscopy (NIRS) of the forehead and 

flank region non-invasively.3  

The hemodynamic balance is 

determined by the PVR and SVR circulation 

and the goal of anesthesia is to minimize 
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hemodynamic changes to prevent 

hemodynamic compromise in both 

circulations. Anesthesia for induction and 

maintenance can use volatile or intravenous 

agents. All anesthetic agents have the 

tendency to change hemodynamics and 

overuse can make the patient 

hemodynamically unstable. Anesthetic agents 

should be used carefully and titrated 

appropriately according to their hemodynamic 

effects. Positive pressure ventilation achieved 

by decreasing venous return can significantly 

reduce pulmonary blood flow in patients with 

passive pulmonary blood supply. 

Anesthetic agents can decrease SVR 

resulting in increased systemic circulation and 

decreased pulmonary blood flow which can 

lead to hypoxemia. Conversely, a decrease in 

PVR will increase pulmonary blood flow 

which will decrease systemic perfusion and 

rapidly lead to a low cardiac output state. 

Oxygen supplementation will reduce PVR.1  

The lowest possible oxygen 

concentration should be used during 

perioperative. If a high concentration of 

oxygen is required during induction and 

intubation, then high oxygen concentration 

should be reduced as soon as it is tolerated by 

the body. Hypocarbia and alkalosis will also 

reduce PVR and should be avoided. Increased 

afterload (SVR) should be avoided in 

consideration of the effects of pain, cold, 

distress, and vasopressor drugs. Hypotension 

after induction may occur and inotropes 

should be available if needed.1  

Another principle is to keep 

pulmonary blood flow balance with the 

systemic flow (Qp: Qs) as close to 1: 1 as 

possible. This can be achieved by stabilizing 

cardiac output and using inotropic agents as 

needed. Peripheral oxygen saturation should 

be close to 80% followed by low inspired 

oxygen concentrations, this is to avoid 

hyperventilation with the inspiration of high 

oxygen concentrations which can cause 

hypocarbia and hyperoxia, both hypocarbia 

and hyperoxia can reduce PVR and increase 

the ratio of Qp: Qs> 1.3  

Use of inotropic agents aims for 

myocardial protection, with the use of 

dopamine 3-5 µg / kg/min.9 The commonly 

used inotropic uses are milrinone, 

epinephrine, and dopamine.11 Milrinone has 

been shown to be safe to avoid low cardiac 

output in children after cardiac surgery.11,12 

However, some investigators have found an 

impaired increase in oxygen consumption in 

neonates after the Norwood procedure in 

HLHS patients with dopamine use.13 

Complications of anesthesia in patients with 

HLHS include arrhythmias, myocardial 

ischemia, shunt thrombosis, low cardiac 
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output states, infection, prolonged mechanical 

ventilation, and cardiac arrest.1 Therefore, 

planning the selection of inotropic agents and 

dosages is essential for good clinical 

outcomes in patients after surgery. 

CONSLUSION 

Anesthetic management in patients 

with HLHS consists of preoperative, 

intraoperative and postoperative 

management. Preoperative management aims 

to ensure the pulmonary blood flow is equal 

to systemic. Hemodynamic balance is 

determined by circulating PVR and SVR. The 

goal of anesthesia is to minimize 

hemodynamic changes in order to prevent 

compromised hemodynamics in both 

circulations and to prevent morbidity, 

complications and increase good outcome in 

surgery. 
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