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Abstract

BACKGROUND

Neonatal hypertension is a rare but potentially serious condition that requires careful
monitoring and treatment. Pharmacogenomics can help guide individualized drug

therapy and improve outcomes.

CASE SUMMARY

We report a case of a preterm infant with multiple complications, including
bronchopulmonary dysplasia, sepsis, intracranial hemorrhage, and hypertension. The
infant was treated with various drugs, including dexamethasone and amlodipine.

The infant was diagnosed with neonatal hypertension based on blood pressure
measurements exceeding the 95th percentile for his age and sex. The possible causes of
hypertension included dexamethasone, hydrochlorothiazide, spironolactone, and
bronchopulmonary dysplasia.

The infant was treated with oral amlodipine to lower his blood pressure. A
pharmacogenomic test was performed to evaluate the genetic polymorphisms of
ABCBland CYP3A5, which are involved in the metabolism and transport of

dexamethasone and amlodipine.




The infant’s blood pressure was well controlled after the dose of amlodipine was
reduced according to the pharmacogenomic results. The infant had a stable general

condition and was discharged on the 100% day after birth.

CONCLUSION
This case illustrates the importance of regular blood pressure monitoring and etiological
investigation in preterm infants with hypertension. Pharmacogenomics can provide

useful information for individualized drug therapy and safety in this population.
Key Words: Pharmacogenomics; hypertension; preterm; infants

Tang L, Xu A, Liu K Phaénacogenomics-based individualized treatment of
hypertension in preterm infants: a case report and review of the literature. World | Clin

Cases 2023; In press

Core Tip: This study presents a case report of a premature infant with hypertension and
reviews the literature on pharmacogenomics-based individualized treatment. The
findings suggest that pharmacogenomics can be used to personalize treatment for

hypertension in preterm infants.

INTRODUCTION

+ADw-html+AD4APA-p+AD4-We report a rare and unique case of a preterm infant
with multiple complications, including hypertension, bronchopulmonary dysplasia,
sepsis, intracranial hemorrhage, and congenital hyﬁothyroidism. The confluence of
these complications in a single infant is noteworthy, and to the best of our knowledge,
this is the first report of such a case. Through this report, we aim to provide insights
into the challenges faced and the treatment strategies employed, thereby potentially
guiding future clinical decisions in similar cases.+ ADw-/p+AD4APA-/html+AD4-




CASE PRESENTATION

Chief complaints
The preterm infant, delivered at 29+1 wk of gestation, presented with the following

chief complaints:

Respiratory Distress: Shortly after birth, the infant exhibited signs consistent with
respiratory distress syndrome. This was evidenced by difficulty in breathing and the

need for immediate respiratory support.

Low Birth Weight: The infant's weight at birth was 680g, classifying him as an ultra-
low birth weight infant.

Gastrointestinal Issues: The child displayed symptoms of upper gastrointestinal
bleeding, which raised concerns regarding the digestive system's integrity and

functionality.

Recurrent Infections: The infant was susceptible to multiple severe infections during
his hospital stay, including sepsis, pulmonary infections, and fungemia, requiring

extended antibiotic treatment.




Hypertension: Starting from the 28th day after birth, the infant showed abnormal blood

pressure readings, with a noted increase in both systolic and diastolic pressures.

Apnea Episodes: The infant faced recurrent apnea episodes, necessitating medical

intervention.

Hypothyroidism: On the 44th day after delivery, the infant was diagnosed with
congenital hypothyroidism.

Nutritional Challenges: The infant exhibited signs of feeding intolerance,
gastrointestinal bleeding post feeding, and subsequent challenges related to his

immature gastrointestinal digestion and absorption functions.

History of present illness

The infant's journey commenced during the second trimester of the mother's fifth
pregnancy. Born prematurely at a gestational age of 29+1 wk, his birth was the
culmination of a pregnancy marked by complications. The prenatal period was

characterized by:

Gestational Diabetes Mellitus: The mother was diagnosed with gestational diabetes

mellitus, a condition that can increase the risk of preterm birth and other complications.




Twin Transfusion Syndrome: Prenatal ultrasounds depicted the severity of twin
transfusion syndrome (grade III). This condition, where blood moves from one twin
(the donor) to the other (the recipient), was further complicated by the reversal of

umbilical blood flow in the B fetus.

Intrauterine Growth Restriction: The B fetus showcased intrauterine growth

restriction, a condition where a fetus doesn't grow as expected in the womb.

Amniotic Fluid Imbalance: The ultrasound revealed an absence of amniotic fluid

around the B fetus, contrasted by an excess in the A fetus.

Post delivery, the neonate's health journey was challenging:

Respiratory Complications: Soon after birth, he suffered from respiratory distress
syndrome, necessitating immediate intubation and exogenous pulmonary surfactant
administration. Despite initial interventions, the infant had to be intubated multiple

times due to recurring respiratory failure.

Infections: During his hospital stay, the infant faced severe infections, including sepsis,
pulmonary infections, and fungemia. This led to a prolonged course of various

antibiotics.




Gastrointestinal and Nutritional Challenges: Failed umbilical vein catheterization on
the day of birth and subsequent gastrointestinal bleeding highlighted the infant's
digestive system vulnerabilities. Feeding posed a significant challenge due to the
immaturity of his gastrointestinal system, leading to bleeding post feeding with breast

milk and formula.

Cardiac Concerns: An echocardiogram on the first day of hospitalization indicated
patent ductus arteriosus, patent foramen ovale, tricuspid regurgitation, and raised
pulmonary artery pressure. Although some of these conditions resolved, the patent

foramen ovale and tricuspid regurgitation persisted.

Endocrine Issues: On the 44th day post-delivery, congenital hypothyroidism was

identified, requiring therapeutic intervention.

Hypertension: By the end of the first month, the infant exhibited hypertension,
particularly after the administration of certain medications. This necessitated

pharmacological intervention to manage and stabilize his blood pressure.




Genetic Testing: Given the rapid onset of hypertension post-medication and the
varying response to treatment, genetic testing was conducted. This revealed specific
genotypes in the ABCBI1 gene for both dexamethasone and amlodipine, as well as a

particular genotype in the CYP3A5 gene.

History of past illness
The pregnancy was marked with complications, including the mother's gestational

diabetes and indications of twin transfusion syndrome on prenatal ultrasounds.

Personal and family history
This being the mother's fifth pregnancy, the infant was a twin and labeled as a donor in

twin transfusion syndrome due to the complications identified in prenatal screenings.

Physical examination
Upon delivery, the infant weighed 680g. No anomalies were noted in the placenta or
umbilical cord. Initial Apgar scores were relatively low but showed improvement

within ten minutes.

Laboratory examinations

The infant underwent extensive treatments, including a range of antibiotics such as
cefoperazone sulbactam sodium, flucloxacillin, meropenem, and others. The need for
multiple medications indicated recurrent severe infections. Additionally, due to

complications, the infant was provided with omeprazole, etamsylate, and vitamin K1.

Imaging examinations

Echocardiography on the first day post-birth revealed patent ductus arteriosus, patent
foramen ovale, tricuspid regurgitation, and elevated pulmonary artery pressure.
Follow-up echocardiographies showed closure of the ductus arteriosus but persistent

patent foramen ovale and tricuspid regurgitation.




FINAL DIAGNOSIS

The final diagnosis encompassed bronchopulmonary dysplasia, sepsis, intracranial

hemorrhage, congenital hypothyroidism, and hypertension

TREATMENT
Upon being diagnosed with respiratory distress syndrome and respiratory failure

immediately after birth, the infant underwent the following treatments:

Respiratory Support:

Intubation: Due to the severity of the respiratory distress syndrome, the infant was

intubated to facilitate breathing.

Exogenous Pulmonary Surface Active Substance: Administered Gursul 120 mg as an

initial treatment.

High-Frequency Oscillatory Ventilation: Used for one day, followed by mechanical

ventilation in constant-frequency mode for five subsequent days.

Constant-Frequency Mechanized Ventilation: The infant faced recurrent respiratory
challenges, leading to two more episodes of intubation, each lasting five days.
Nasal Bi-level Positive Airway Pressure Ventilation and Continuous Positive Airway

Pressure Ventilation: Used between the intubation sessions.

High-Flow Nasal Cannula: Implemented on the 52nd day after birth for 4 days,

followed by nasal cannula oxygen inhalation.




Infection Management:

The infant was diagnosed with multiple severe infections, including sepsis, pulmonary

infections, and fungemia.

Antibiotic Treatment: Administered a cocktail of antibiotics over a span of 70 days,

including:

Cefoperazone sulbactam sodium

Flucloxacillin

Meropenem

Piperacillin tazobactam sodium

Erythromycin

Fluconazole




Vascular Access:

After a failed attempt at umbilical vein catheterization on the day of delivery, a central
venous catheter was successfully implanted on the 16th day post-birth and was in place

for 32 days.

Hemorrhage and Anemia Management:

Administered omeprazole, etamsylate, and vitamin K1 to manage gastrointestinal

bleeding and brain hemorrhage.

Transfused with frozen plasma three times and suspended red blood cells ten times.

Supportive Treatments:

Hypoalbuminemia, Edema, and Oliguria: Managed by infusing human serum

albumin.

Recurrent Apnea: Managed by supplying caffeine intravenously through drip for 27
days.




Congenital Hypothyroidism: Diagnosed on the 44th day post-delivery and treated

with oral levothyroxine pills until discharge.

Nutritional Support: Enteral nutrition was initiated on the second day post-birth. Due
to the immature state of his gastrointestinal system, complications like gastrointestinal
bleeding and feeding intolerance arose. Thus, the infant was given enteral nutrition

support for 28 days.

TPN-related Cholestasis and Liver Function Impairment: Addressed with adenosine

butadisulfonic acid, ursodeoxycholic acid capsules, and compound glycyrrhizin.

Cardiovascular Management:

Based on echocardiography findings, the patient was treated with appropriate fluid

restriction, refraining from the use of ibuprofen or indomethacin.

Hypertension Management:

The infant exhibited elevated blood pressure levels post the administration of

dexamethasone, hydrochlorothiazide, and spironolactone.




Initiated treatment with amlodipine (0.1 mg, once per day). After observing a
significant drop in blood pressure, the dosage was adjusted to 0.075 mg. The medication

was finally discontinued on the 61st day post-birth after stabilization of blood pressure.

Pharmacogenomic Analysis:

On the 34th day of life, due to the unusual response to medications, a
pharmacogenomic gene test was conducted by drawing 2 mL of venous blood from the
infant. The sample, anticoagulated with EDTA, was sent for high-throughput

sequencing. The results showed:

The ABCBI gene, associated with the glucocorticoid dexamethasone, had the genotype
GG (rs1045642), indicating minimal effect on its toxicity, dose, and efficacy, and thus

was recommended for regular use.

The ABCB1 gene of the antihypertensive drug amlodipine also had the genotype GG
(rs1045642), suggesting a reduced-function phenotype.

The CYP3A5 gene presented a *3/*3 genotype, which is linked to a slow metabolic

phenotype with an increased potency, suggesting the need for dosage adjustments.

OUTCOME AND FOLLOW-UP

Outcome:
The infant's hospitalization journey was fraught with a series of medical challenges.

However, the comprehensive and timely interventions ensured his steady progress:




Respiratory Recovery: By the 52nd day after birth, there was a notable improvement in
the infant's respiratory condition. He transitioned from mechanical ventilatory support

to high-flow nasal cannula, eventually only requiring nasal cannula oxygen inhalation.

Stabilization of Infections: Post administration of a diverse antibiotic regimen, the
infant showed no signs of recurrent infections, indicating successful treatment of sepsis,

pulmonary infections, and fungemia.

Cardiac Improvements: Follow-up echocardiograms showed the closure of the ductus
arteriosus, but the persistence of patent foramen ovale and tricuspid regurgitation, both

of which would require continued monitoring.

Endocrine Management: With the diagnosis of congenital hypothyroidism, oral

levothyroxine was administered, ensuring stabilization of thyroid function.

Hypertension Management: The introduction of amlodipine led to the regulation of the

infant's blood pressure, with subsequent modifications in dosage ensuring stabilization.




Genetic Insights: Pharmacogenomic gene testing provided invaluable insights into the
infant's unique metabolic responses to certain medications, guiding precise dosing and

management.

Follow-Up:
The infant was discharged on the 100th day after birth, weighing 2730 g. A robust

follow-up plan was put in place:

Routine Pediatric Visits: Scheduled visits to the pediatrician ensured continuous

monitoring of the infant's growth, development, and overall health.

Cardiac Monitoring: Regular echocardiograms were recommended to monitor the

patent foramen ovale and tricuspid regurgitation.

Endocrine Follow-Up: Periodic thyroid function tests were scheduled to monitor the

efficacy of the levothyroxine therapy and adjust dosages if needed.

Hypertension Monitoring: Blood pressure checks at regular intervals ensured that the

infant remained normotensive post-discharge.




Nutritional Guidance: Given the initial challenges with feeding, a nutritionist's
guidance was sought to ensure appropriate dietary intake and monitor growth

milestones.

DISCUSSION

Neonatal hypertension is uncommon in the neonatal intensive care unit (NICU), with
incidence inconsistently reported between 0.2% and 3.2%,[12] and is predominantly seen
in preterm infants. In contrast, severe full-term infants present earlier with a higher
incidence of intractable hypertension.?l A 2018 multicenter study done in Australia
demonstrated a correlation between neonatal hypertension and acute kidney
injury, ¥l which should be further researched. There also remains a lack of uniform
diagnostic criteria. The definition of neonatal blood pressure proposed by the American
Academy of Pediatrics in 1987 is generally accepted. After correcting for gestationgl age,
borderline hypertension is defined as three different time points of systolic blood
pressure/ diastolic blood pressure between the 90th and 95 percentiles for a given age
and sex, and hypertension is defined as higher than the 95t percentile. A multicenter
study done in the Philadelphia region revealed a linear relationship between gestational
age, daytime age, and body weight; and a progressive increase in blood pressure after
birth.5 In our case, the blood pressure of the infant increased on the 28 day after birth
(postmenstrual age 33+1 wk), and the systolic blood pressure (132 mmHg) and diastolic
blood pressure (96 mmHg) were higher than those of the 95t percentile. Therefore, the
diagnosis of neonatal hypertension was confirmed.

Most signs of newborn hypertension are unusual and identified during unrelated
cardiac monitoring.ll Mild cases are mostly asymptomatic or have nonspecific
manifestations such as feeding difficulties, apnea, or tachycardia. Infants with severely
elevated blood pressure may present with life-threatening conditions such as
convulsions, heart failure, shock,”land intracranial hemorrhage. Even in early
childhood, a minority of preterm newborns may manifest with hypertension only after

hospital discharge.®l During such infants” hospitalization, feeding problems and




frequent apnea may be signs of hypertension, which must be identified. According to
the relevant literature °! there are various causes of elevated blood pressure in neonates,
which can be divided into primary and secondary factors. Primary hypertension is
primarily associated with familial genetic factors, maternal hypertension during
pregnancy, and smoking. According to a 2019 meta-analysis study, hypertension during
pregnancy increases the risk of cardiovascular disease in infants and children, and may
be associated with DNA methylation.[1%] In this case, the boy had no apparent family
history of hypertension, his mother’s blood pressure was monitored within the normal
range during pregnancy, and she only had high fasting glucose, which was diagnosed
as gestational diabetes mellitus. As the mother had reasonable glycemic control after
dietary modification and did not smoke during pregnancy, the association was deemed
unlikely. There are many kinds of secondary hypertension involving multiple organs of
the body, the most important of which are renal vascular disease and renal
parenchymal disease;[!!l these include aortic or renal artery thrombosis related to
umbilical artery catheterization, renal artery or aortic stenosis or dysplasia, and renal
parenchymal lesions. There are also congenital adrenal hyperplasia, hyperthyroidism,
intracranial hypertension, bronchopulmonary dysplasia, and related genetic diseases,
and some drugs. According to the literature and pharmacological understanding,
dexamethasone, indomethacin, adrenergic medications, aminophylline, caffeine,
erythropoietin, and amphotericin B are frequent pharmaceuticals that might elevate
blood pressure. Animal investigations show that dexamethasone may be associated
with tyrosine hydroxylase, 12l vascular endothelial glucocorticoid receptors, 3l human
angiotensinogen gene polymorphisms,' and other variables.

In this case, hypertension began four weeks after delivery and progressively
worsened. Relevant ancillary investigations were performed sequentially to further
clarify the predisposing factors further. Urinary routine and renal function were regular
and did not support substantial renal disease: 17 hydroxyprogesterone, aldosterone,
and cortisol were normal, FT4 and TSH were controlled within the normal range with

oral levothyroxine tablets, and endocrine system disorders causing elevated blood




pressure were not considered. No aortic stenosis, polycystic kidney, renal tumor, renal
agenesis, nor thrombosis was found by cardiac, renal, and vascular ultrasound. Cranial
ultrasound showed grade III-1V intracranial hemorrhage on the next day of life, and no
enlargement was observed subsequently. In addition, in this case, we used a variety of
medications associated with elevated blood pressure, including dexamethasone,
caffeine, levothyroxine tablets, vitamin D, and long-term TPN. It is noteworthy that this
case r&uired multiple and prolonged tracheal intubations and mechanical ventilation,
nasal bi-level positive airway pressure, continuous positive airway pressure, high-flow
oxygen therapy, and oxygen therapy for more than two months. Bronchopulmonary
dysplasia (BPD) is a definite diagnosis, and the fact that this patient acquired
hypertension after several days of intravenous dexamethasone infusions made the
possibility of BPD and dexamethasone more significant.

The treatment of neonatal hypertension is controversial. In the case of
asymptomatic persons, there is no pressing need to treat them.[!5l We can remove the
trigger first, and vasodilators, calcium channel blockers, beta-blockers, angiotensin-
converting enzyme inhibitors, and diuretics can be used if blood pressure is persistently
over the 99th percentile, or if organ involvement is evident.[] At present, there is still a
lack of large-scale, multi-center clinical trial data. Furthermore, different experiences
have been reported in our country and abroad, including the type, dose, and course of
treatment. This infant’s hypertension was well controlled with oral amlodipine, and no
significant side effects were found. In addition, a studyl'”l revealed that prenatal
administration of calcium channel blockers to pregnant women with hypertension
might reduce the development of neonatal hypertension, which is a phenomenon that
requires further investigation.

The distribution, metabolism, and excretion processes of drug therapy in neonates
are significantly different compared to older children, partialarly in preterm infants,
who are more sensitive. Pharmacogenomics refers to gene polymorphisms related to
individual differences in drug response, including drug metabolism enzyme genes,

drug transporter genes, and drug target genes.['l Gene polymorphisms may cause




differences in pharmacokinetics, efficacy, and side effects. It has been used in the
treatment of epilepsy, 19 schizophrenia, 2l malignant tumors, 21l bronchial
asthma,l?2l and other diseases, but there are few pharmacogenomics studies on children.
We sent the infant for genetic testing to determine medication safety; the medications of
interest were dexamethasone and amlodipine, and the genes implicated were
ABCBI1 and CYP2A5. According to the literature, the ABCB1 gene is located on the long
arm of chromosome 7 and contains 29 exons, 2! the most widely studied of which are
exon 21, G2677T/A (rs2032582), exon 26, (C3435T (rs1065642), exon 12, and
C1236T (rs1128503). In 2000, a studyl?lreported for the first time that ABCBI gene
polymorphism was associated with the expression of P-gp, a drug transporter. P-gp
transports the drug to the outside of the cell under the energy of adenosine
triphosphate and is a protective protein of the body.[%! It can affect the metabolism of a
variety of drugs, especially antitumor drugs/?!l and
immunosuppressants.[?] Dexamethasone is a long-acting glucocorticoid that may
induce an increase in blood pressure and blood glucose, as well as osteoporosis and
femoral head necrosis. This child had the wild-type (GG) ABCB1 C3435T genotype,
which does not affect the pharmacokinetics of dexamethasone. Cytochrome P450 is the
most important enzyme system for drug metabolism in the body, and the CYP3A
enzyme family is its members, mainly including CYP3A4 and CYP3AS5,[? which
metabolize amlodipine into inactive products in the liver. The CYP3A5 (rs776746) gene
is located on chromosome 7,12l and the wild type is *1. The infant was homozygous for
the mutation *3/*3, which cannot express the CYP3A5*1 protein, resulting in the
decrease or disappearance of CYP3A5 enzyme activity and the increase of blood drug
concentration. According to a study done in 2016,P%individuals with the
CYP3A5%3/%3 genotype responded better to amlodipine than those with the
CYP3A5%1 genotype (*1/*1 + *1/*3) when amlodipine was administered for
hypertension after renal transplantation, with larger decreases in diastolic blood
pressure. Furthermore, Kim et al3!l discovered that in healthy individuals, those with

the ABCB1 GG (rs1045642) genotype had a lower amlodipine clearance rate than those




with the AA (rs1045642) genotype. Therefore, the infant’s blood pressure returned to

normal following a dose decrease of amlodipine.

CONCLUSION

Several physical and chemical factors may contribute to the development of
hypertension in high-risk and preterm infants in the NICU. Therefore, regular blood
pressure monitoring before discharge and an aggressive search for causative factors are
essential for the clinical management of critically ill neonates. After the exclusion of
causative factors, most neonates may not require pharmacologic intervention, but a few
may require antihypertensive medications to control blood pressure. In recent years,
genetic polymorphism has become a hot topic to guide the individualized treatment of
adult clinical medication. Newborns, especially premature infants, are not the epitome
of adults, and their metabolism of drugs is more complex. This infant’s condition was
complex and complicated with severe hypertension. Through the guidance of
pharmacogenomics, precision medication has been effective and safe, which is worthy
of promotion. Although studies on neonatal pharmacogenomics are available, large-
sample, multicenter, high-quality studies are still needed so that pharmacogenomics
can be thoroughly applied to infants, allowing for the potential for significant

improvements in clinical care.
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