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Abstract

Objective: Diazoxide is used to treat infants with persistent hypoglycemia, but the prevalence of 

its use and adverse effects are not well described. We report demographic and clinical 

characteristics of infants treated with diazoxide in neonatal intensive care units (NICUs).

Study design: Retrospective cohort study of infants 24–41 weeks’ gestation admitted to 392 

NICUs from 1997–2016, comparing characteristics between hypoglycemic infants exposed/not 

exposed to diazoxide. For diazoxide courses >1 day, we report percentages of infants starting 

diuretics and/or developing new ventilator/oxygen requirement during therapy.

Results: Among 1,249,466 infants, 185,832 had hypoglycemia; 1066/185,832 (0.57%) received 

diazoxide. Diazoxide use increased over time (p=0.001). Infants receiving diazoxide varied from 

0%−14.9% among centers. New diuretic courses were associated with 91/664 (14%), and new 

oxygen or ventilator requirement during therapy was associated with 64/556 (12%) and 34/647 

(5%), respectively.

Conclusions: Diazoxide use in NICU settings has increased over time. Infants receiving 

diazoxide commonly received diuretics.

INTRODUCTION

Hypoglycemia is common in newborns, and has been associated with long-term brain 

damage and neurocognitive delays.1–3 In some newborns, hypoglycemia resolves quickly as 

the transition is made from a continuous trans-placental supply of glucose to intermittent 
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glucose exposure through feedings.4 In most infants, blood glucose levels improve 

spontaneously and hypoglycemia resolves within the first few postnatal days2,5; however, up 

to 15% of term infants experience more severe or persistent hypoglycemia.6 Neonatal risk 

factors for prolonged hypoglycemia include birth asphyxia, small or large birth weight for 

gestational age, and pre- and post-term birth.2 Among infants who continue to experience 

persistent hypoglycemia beyond the first few postnatal days, other causes of hypoglycemia 

may include transient hyperinsulinism, congenital hypopituitarism, and congenital 

hyperinsulinism.2,7 Transient neonatal hyperinsulinism is the most common of these 

conditions and may last several months; it usually resolves spontaneously by 6 months of 

age.7 There are currently no drugs approved by the U.S. Food and Drug Administration 

(FDA) for the treatment of transient neonatal hyperinsulinism.

Diazoxide is benzothiadiazide derivative previously studied as an antihypertensive 

medication and approved by the FDA for use in children and infants for a specific subset of 

conditions, including symptomatic hyperinsulinemic hypoglycemia due to leucine sensitivity 

(caused by missense mutations in the HADH and GLUD1 genes), islet cell hyperplasia, 

extrahepatic malignancy, islet cell adenoma, and adenomatosis.8 Diazoxide binds to KATP 

receptors on pancreatic β-cells, hyperpolarizes the cell membrane, and prevents release of 

insulin.1,7 Diazoxide is often used as a first-line treatment for all types of neonatal 

hyperinsulinemic hypoglycemia, including transient neonatal hyperinsulinism, despite the 

lack of a labeled indication for many of these conditions.4,9–11

Adverse effects associated with diazoxide therapy are common and include edema, 

hyperuricemia, tachycardia, hypertrichosis, leukopenia, feeding intolerance, pulmonary 

hypertension, and heart failure.1,4,7,8,12,15,16 In 2015, the FDA issued a warning regarding 

symptoms of pulmonary hypertension observed in infants exposed to diazoxide in 2015.17 

Diazoxide can cause sodium retention and reduce free water clearance, leading to fluid 

retention requiring diuretic therapy.4,10,11,13,14

Few studies have reported the prevalence of these adverse effects of diazoxide in infants. In 

addition, few data exist regarding the number of infants who continue diazoxide following 

discharge from the neonatal intensive care unit (NICU). In this retrospective cohort analysis, 

we sought to characterize the prevalence and duration of diazoxide therapy in infants 

diagnosed with hypoglycemia in NICUs. We also examined demographic and clinical 

factors associated with diazoxide treatment and the prevalence of adverse events among 

treated infants.

METHODS

Study design and setting

We performed a retrospective cohort study of infants discharged from any of 392 NICUs 

managed by the Pediatrix Medical Group from 1997–2016. Data were obtained from the 

Pediatrix Medical Group Clinical Data Warehouse, an electronic medical record that 

functions as a tool for research and quality improvement. Demographic and clinical data 

were abstracted from the medical record, and all patient-identifying data were eliminated 

from this dataset.18 Small for gestational age (SGA) status and large for gestational age 
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(LGA) status were determined using the Olsen definitions.19 The study was approved by the 

Duke Health Institutional Review Board with a waiver of informed consent.

Definitions

Hypoglycemic status was indicated by clinician diagnosis in the electronic progress note. 

New diuretics, oxygen, or ventilator exposure during diazoxide therapy (not including the 

start date of diazoxide) was defined as initiation following the start date of diazoxide. 

Specific diuretics included were acetazolamide, bumetanide, chlorothiazide, furosemide, 

hydrochlorothiazide, and spironolactone. Infants were classified as receiving diazoxide at 

discharge if they received diazoxide on the day of discharge or the day before discharge. 

Patent ductus arteriosus (PDA) was defined by clinician diagnosis. Sepsis was defined as a 

positive blood, cerebrospinal fluid, or catheterized urine culture, excluding typical 

contaminant organisms and including probable or definite coagulase-negative 

Staphylococcus infections.20 Necrotizing enterocolitis (NEC) was defined by clinician 

diagnosis of suspected or proven medical or surgical NEC. Pulmonary hypertension was 

defined by a new clinician diagnosis in progress notes or the new use of a pulmonary 

antihypertensive medication (inhaled nitric oxide, sildenafil, epoprostenol sodium, or 

bosentan) following the start date of diazoxide through the end of therapy.

Statistical analysis

We examined the prevalence and trend of the diagnosis of hypoglycemia and the use of 

diazoxide over time. We tested for significant change over time using a nonparametric test 

for trend21 We evaluated the prevalence of diazoxide use in infants diagnosed with 

hypoglycemia by center in centers that discharged ≥100 hypoglycemic infants during the 

study period. Among infants diagnosed with hypoglycemia, we reviewed the number treated 

with diazoxide. We compared the following demographic and clinical variables between 

hypoglycemic infants exposed and not exposed to diazoxide using the chi-square test: 

gestational age, birth weight, prenatal steroid use, sex, race/ethnicity, SGA, LGA, inborn, 

length of stay, and those that died. We also reviewed start dates of diazoxide administration 

and length of treatment for those courses with known end dates.

We reported outcomes following exposure to diazoxide including new diuretic exposure, 

ventilator exposure, or oxygen requirements among infants who were not receiving those 

therapies on the date that diazoxide was started. Among those with these outcomes, we 

reported the percentage of infants who developed PDA or sepsis during diazoxide therapy, 

factors which could also lead to worsening respiratory status. We also reported the 

percentage of infants who developed suspected or proven NEC during diazoxide therapy. We 

reported the number of infants diagnosed with pulmonary hypertension during diazoxide 

therapy. Of those hypoglycemic infants who were exposed to diazoxide and who were 

discharged home (i.e., did not die and were not transferred), we reported the percentage of 

infants discharged on diazoxide. We compared clinical characteristics between infants who 

were discharged on diazoxide and those who discontinued diazoxide prior to discharge.

P values <0.05 were considered significant. Statistical analysis was performed using Stata 

version 15 (College Station, TX).
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RESULTS

A total of 1,249,466 infants were admitted to 392 NICUs during the study period. Of these, 

185,832/1,249,466 (15%) infants were diagnosed with hypoglycemia. Among all infants, 

1125/1,249,466 (0.09%) were exposed to diazoxide, and 1066 (95%) of these were also 

diagnosed with hypoglycemia. The percentage of infants treated with diazoxide and the 

percentage of infants with hypoglycemia increased significantly during the study period of 

1997– 2016 (P=0.001 and P=0.04, respectively; Figure 1). The percentage of infants with 

hypoglycemia exposed to diazoxide varied from 0% to 14.9% among centers (Figure 2).

Among hypoglycemic infants, median (25th, 75th percentile) gestational age and birth 

weight were 37 weeks (34, 38) and 2683 g (1927, 3522), respectively in the group exposed 

to diazoxide and 36 weeks (33, 38) and 2513 g (1855, 3344), respectively, in the group not 

exposed to diazoxide. Median postnatal age at the start of diazoxide therapy was 6 days (2, 

15). The median total diazoxide duration of exposure was 6 days (4, 10) for infants. On 

univariable analysis, the prevalence of diazoxide exposure differed significantly across 

gestational age, birth weight, and race/ethnicity groups, and male infants were more likely to 

be exposed (Table 1). Infants exposed to diazoxide were more likely to be SGA (29% vs. 

17%; P< 0.001) or LGA (25% vs. 18%; P<0.001) compared with those not exposed. 

Antenatal steroid exposure was less common among infants exposed to diazoxide (21% vs. 

30%; P<0.001).

A substantial number of infants received new exposure to diuretics, supplemental oxygen, or 

ventilation following the start of diazoxide therapy (Table 2). PDA or sepsis was also 

diagnosed in 10/91 infants with new exposure to diuretics, 7/64 infants with new 

supplemental oxygen, and 0/34 infants with new ventilator courses during diazoxide therapy. 

For infants exposed to diazoxide 55/1066 (5%) were also started on diuretics on the same 

date. In those exposed to diazoxide, 24/1066 (2%) were diagnosed with pulmonary 

hypertension at a median of 8 days (4, 18) following exposure. NEC was reported in 

10/1066 following diazoxide exposure, and 9 of those infants were less than 37 weeks’ 

gestational age.

Of 1066 hypoglycemic infants exposed to diazoxide, 904 (84%) were discharged home, 141 

(13%) were transferred, and 21 (2%) died. Of these, 68/868 (8%) were receiving diazoxide 

at discharge. Thirty-six infants were missing the end date of diazoxide and we could not 

determine whether the infant was discharged home on diazoxide. The 68 infants known to be 

on diazoxide at time of discharge were more likely to be >36 weeks of age than infants who 

discontinued diazoxide prior to discharge (47/68 [69%] vs. 426/798 [53%]; P=0.005). There 

was no significant difference in other demographic characteristics between infants 

discharged on diazoxide and infants who discontinued diazoxide prior to discharge (data not 

shown). The median course duration of diazoxide prior to discharge for infants discharged 

on diazoxide was 6 days (4, 9). Of 68 infants receiving diazoxide at discharge at 37 of 151 

sites, 4 (6%) were discharged home on diuretics as well. The median length of stay for 

infants exposed to diazoxide was 19 days (12, 37).
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DISCUSSION

In this study of the largest single cohort of newborn infants exposed to diazoxide, we found 

that the percentage of infants in the NICU treated with diazoxide increased significantly over 

the study period and some infants can experience significant morbidities. Most infants 

treated with diazoxide were late preterm and term infants, with only 16% of treated infants 

being ≤32 weeks gestational age. Most infants (92%) completed therapy with diazoxide 

prior to discharge.

The prevalence of diazoxide exposure increased over the study period and is much higher 

than the 1/50,000 incidence of congenital hyperinsulinism secondary to a genetic defect for 

which diazoxide use is approved.2,6 Our data also suggest there are variations in use by 

center. The center variation of 0–14.9% noted in our study cohort may reflect varying levels 

of comfort with off-label use of a drug for a problem with increasing prevalence.

The frequency of hypoglycemia as a diagnosis for NICU-admitted infants increased over the 

18-year study period, almost doubling in the last 5 years. This could be attributable to the 

guidelines published by the American Academy of Pediatrics in 2011 on criteria and 

treatment of hypoglycemia in newborns.3 Even though the specific diagnosis of transient 

neonatal hypoglycemia was not available for the infants in our study, this diagnosis is far 

more likely to be the cause of hypoglycemia than genetic hyperinsulinism. A study of 218 

infants with diazoxide-responsive hyperinsulinemic hypoglycemia was able to identify a 

genetic cause for only 27% of the infants.22 While these data provide some evidence to 

suggest that hyperinsulinemic hypoglycemia secondary to causes not described in the FDA-

approved label may be responsive to diazoxide, further study is warranted to determine 

effectiveness.

We evaluated several risk factors linked with neonatal hypoglycemia for an association with 

diazoxide treatment, including gestational age, LGA and SGA status, and antenatal steroid 

use. In a single-center, randomized controlled trial of 514 infants, 51% of at-risk infants 

(including late preterm infants, infants of diabetic mothers, and LGA and SGA infants) 

experienced hypoglycemia.6 Approximately half of treated infants in our study were small 

or large for gestational age. Both SGA and LGA infants are among those at highest risk for 

neonatal hypoglycemia,3,23–28 and the number of LGA infants is expected to increase with 

the increasing prevalence of gestational diabetes.24,25 Birth timing is also an important 

factor affecting the glycemic status of the neonate, with preterm infants at higher risk of 

hypoglycemia. The number of late preterm births increased for the second straight year in a 

row, from 6.8% (2014) to 6.9% (2015) to 7.1% (2016).26 As the prevalence of each of these 

risk factors grows, more infants will be at risk for hypoglycemia.

Although transient neonatal hypoglycemia is responsive to diazoxide,7,10,11,22 the potential 

adverse effects of this therapy must be considered.29–31The success of diazoxide therapy in 

infants has been measured by its ability to maintain appropriate glucose levels and low levels 

of insulin at the end of an age-appropriate fast.1 Diazoxide causes sodium and chloride 

retention in the renal tubules and decreases bicarbonate excretion.29,30 Free water clearance 

is also reduced; the use of thiazide diuretics such as chlorothiazide can mitigate this action.
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30 In our study, 14% of infants received treatment with diuretics, 12% with supplemental 

oxygen, and 5% were exposed to ventilation support after initiating diazoxide therapy. 

Although we did not have data regarding the indication for diuretic therapy or respiratory 

intervention, these new exposures could have been secondary to the properties of diazoxide 

that promote fluid retention.

Several smaller studies have been performed to evaluate the safety of diazoxide, one of 

which was a 1989 observational study of diazoxide for the treatment of neonatal 

hypoglycemia. In a study of seven term infants who received doses ranging from 12–24 

mg/kg/day, no excessive weight gain was reported.12 All infants in that study received the 

diuretic chlorothiazide during therapy. Two infants needed mechanical ventilation with 

substantial oxygen requirements after initiation of diazoxide. Each showed evidence of heart 

failure, defined as a new murmur, tachypnea, and tachycardia, which did not appear to be 

dose-dependent. All symptoms resolved within 2–4 days following discontinuation of 

diazoxide.12

A recent review of multiple case reports and case series evaluated side effects reported in 

1216 infants with congenital hyperinsulinemia.10 Diazoxide was the most common 

medication prescribed (84%). Hypertrichosis was the most common adverse effect 

associated with diazoxide use, followed by fluid retention. The review did not report the 

number of infants who required escalation of respiratory support. The authors recommended 

combining a diuretic with higher-dose diazoxide therapy or if cardiac risk factors were 

present. Cardiotoxicity and primary pulmonary hypertension have been suspected in 

association with diazoxide use, but may be more attributable to the secondary fluid retention 

causing increased right ventricular preload.10 Up to 12% of infants experienced GI 

symptoms such as decreased appetite, nausea, and vomiting but the authors did not comment 

on the development of more serious conditions such as NEC. Our study did not find a strong 

association with the development of NEC following diazoxide exposure. While the 

population size of this review was comparable to our study, our study was specific to infants 

in NICUs, and included neonates with persistent hypoglycemia without the diagnosis of 

congenital hyperinsulinemia.

Diazoxide toxicity leading to cardiac and pulmonary dysfunction remains a concern. Our 

study found a small number of infants who were diagnosed with pulmonary hypertension 

following exposure to diazoxide. Other researchers have suspected lower serum protein 

levels and higher doses of protein-bound diazoxide may contribute to this diagnosis.12,30,33 

A 2004 case study of an infant treated for prolonged hypoglycemia reported fluid overload, 

tachypnea, and cardiac and pulmonary failure associated with diazoxide therapy 

administered at a dose of 17 mg/kg/day, higher than the recommended dose range of 8–15 

mg/kg/day.34

Another retrospective study of infants with transient hyperinsulinemic hypoglycemia found 

approximately 20% of the infants treated with diazoxide suffered from circulatory problems, 

defined as edema, low urine output, or reopening of the ductus arteriosus. The authors 

proposed that the fluid retention caused by diazoxide use and the agonist effect on the KATP 

channels needed for duct closure could contribute to this latter complication,31 which 
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affected three infants in the review. Two of these were very low birth weight infants, both of 

whom received PDA ligation. Dosages of diazoxide were not available in that report. Very 

few instances of increased respiratory support in our study were associated with PDA or 

sepsis following diazoxide exposure.

The strengths of our study include the large sample size, which comprised >1M infants 

admitted to U.S. NICUs. The sample size enhanced our ability to detect specific adverse 

events and escalation of interventions following diazoxide exposure. Our results also 

highlight the incidence of new respiratory support requirements following exposure to 

diazoxide.

Limitations of our approach include a lack of dosage data, which left us unable to comment 

on the correlation of dosage with the adverse effects reported. We were unable to determine 

the indication for new diuretic therapy and respiratory support while on diazoxide therapy; it 

is possible that these occurrences were unrelated to diazoxide therapy. We were also unable 

to explore the effectiveness of diazoxide for the treatment of hypoglycemia by review of 

blood glucose levels, and we did not have information regarding the administration of other 

interventions (such as dextrose gel or glucose infusion rate) that may have affected the 

prevalence of diazoxide use. Because we were unable to quantify the resistance of 

hypoglycemia to intervention and the decision to prescribe diazoxide was likely affected by 

many such variables that were not available, we were unable to identify a reliable 

comparison group for the purpose of comparing prevalence of adverse events. However, our 

study provides preliminary data on the prevalence of adverse events among infants who 

receive diazoxide, which may be used the development of a future prospective study. In 

addition, our data do not include information gathered after hospital discharge, and we were 

therefore unable to examine the long-term effects of diazoxide for infants who require 

therapy in the NICU.

In conclusion, our study shows that diazoxide use in infants hospitalized in the nearly 400 

U.S. NICUs included our study has increased during the interval from 1997 to 2016, and that 

infants receiving diazoxide commonly require treatment with diuretics. Randomized 

controlled trials or prospective cohort studies are needed to examine the effectiveness of 

diazoxide use in the treatment of hypoglycemia and to provide more detailed information on 

adverse effects associated with its use.
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Figure 1. 
Percentage of infants 1) exposed to diazoxide and 2) diagnosed with hypoglycemia by 

discharge year.
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Figure 2. 
Percentage of infants exposed to diazoxide by site.
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>Table 1.

Demographics of hypoglycemic infants exposed to diazoxide.*

Exposed to diazoxide
(n = 1066)

Not exposed to diazoxide
(n= 184,766)

P value

Gestational age (weeks) <0.001

 <32 16 21

 33–36 31 38

 >36 53 41

Birth weight (kg) <0.001

 <1500 15 16

 1500–2499 28 34

 2500–3499 32 29

 ≥ 3500 25 21

Prenatal steroids 21 30 <0.001

Male sex 62 56 <0.001

Race/ethnicity <0.001

 White 49 52

 Black 26 19

 Hispanic 18 23

 Other 7 6

Small for gestational age 29 17 <0.001

Large for gestational age 25 18 <0.001

Inborn 67 90 <0.001

Died 2 3 0.52

*
All values expressed as percentages.
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Table 2.

Use of diuretics and ventilator support during first course of diazoxide treatment among hypoglycemic infants

Started during therapy
n/N (%)

Diuretic exposure 91/644 (14)*

Oxygen exposure 64/566 (12)†

Ventilator requirement 34/647 (5)‡

‡
Total does not include 57 infants who were on a ventilator at the start of therapy.

*
Total does not include 43 infants who were on diuretics at the start of diazoxide therapy.

†
Total does not include 139 infants who were on oxygen at the start of therapy.
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