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What is already known on this topic? 
Medical treatment of Cushing syndrome is important, particularly when a surgical cure is impossible. Although etomidate is 
an adrenal-blocking drug used to treat Cushing syndrome, its use in infants is unreported. 
 
What this study adds? 
Here we describe the case of a 2-month-old girl treated with etomidate for Cushing syndrome caused by adrenocortical 
carcinoma. We found a safe dosage with an infusion rate of 0.03 mg/kg/hour, and observed good control of 
hypercortisolemia after treatment.  
 
Abstract 
Cushing syndrome (CS) is a rare disease caused by hypercortisolemia. Although surgical treatment is first-line treatment in 
CS, the appropriate medication for the patient’s condition should be selected when medical treatment is needed. Etomidate is 
an adrenal-blocking drug used to treat CS and the most suitable for severe hypercortisolemia and adrenocortical carcinoma 
(ACC), due to cardiovascular stability and anti-tumorigenic effect. However, its use and safe recommended dosage in infants 
with CS is unreported. Here we describe the case of a 2-month-old girl treated with etomidate for CS caused by ACC. Even 
though radical mass excision was performed, severe hypercortisolemia persisted, resulting from metastatic lesions in the 
liver, and medical treatment was considered. The etomidate doses, no bolus dose and infusion rate of 0.03 mg/kg/hour, may 
be appropriate dose for severe hypercortisolemia in infants. This case will help determine future treatment strategies for 
similar cases in infants. 
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Introduction 
Cushing syndrome (CS) is a rare disease, particularly in children (1). First-line treatment of CS is surgical resection of the 
source of excess glucocorticoid; however, non-surgical medical treatment of hypercortisolemia is important when the mass 
is unresectable, or in pre-and postoperative emergency situations. However, few reports exist of non-surgical medical 
treatment in infants. 
 Medical treatment for CS can be divided into three groups: adrenal-blocking drugs, neuromodulatory drugs, and 
glucocorticoid receptor-blocking agents (2). Among these, adrenal-blocking drugs are based on inhibition of adrenal 
steroidogenesis at enzymatic sites; the most frequently used drugs are oral ketoconazole and metyrapone. Ketoconazole 
inhibits multiple enzymes involved in adrenal steroidogenesis, but can cause hepatotoxicity (2). Metyrapone blocks the last 
step of cortisol synthesis, increasing the concentration of several precursor molecules with mineralocorticoid activity. 
Therefore, metyrapone may cause hypertension, edema, or hypokalemia (2). 
Etomidate is an adrenal-blocking drug that functions by inhibiting enzymes in adrenal steroidogenesis. It exhibits a rapid 
onset of action, does not dramatically change blood pressure or heart rate, and does not stimulate histamine release (3). 
Therefore, it is suitable for patients with severe cardiovascular complications and life-threatening hypercortisolemia. 
However, to our knowledge, there is only one reported case of etomidate administration in infants with CS. We report the 
case of a 2-month-old girl presenting with hypertrophic cardiomyopathy (HCMP) and CS, resulting from severe 
hypercortisolemia due to adrenocortical carcinoma (ACC), that was not resolved through surgery. Our report focuses on the 
use of etomidate to treat this patient. 
Case Description 
A 2-month-old girl was referred to the Pediatric Endocrinology Department in Severance Children’s Hospital, South Korea 
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for evaluation of cushingoid features. She was a full-term baby of normal weight, with unremarkable pregnancy and 
maternal history. During a hospital visit for regular checkup and vaccinations, her vital signs showed hypertension and 
tachycardia. Two-dimensional echocardiography revealed HCMP (Figure 1 & 2). She was admitted to the Cardiology 
Department. 
During her stay, she was referred to the Endocrinology Department due to cushingoid appearance, including a full moon 
face, purple striae, central obesity, and accumulation of fat in the abdomen, chest, and face. Her body weight, body length, 
and body mass index were 7.6 kg (> 97th percentile), 52 cm (< 3rd percentile), and 28.11 kg/m2 (> 97th percentile), 
respectively. 
 We checked basal cortisol and adrenocorticotropic hormone (ACTH) at 8 AM, and the cortisol level was 112.7 µg/dL 
(reference range 6.0–18.4 µg/dL at 7–10 AM) with a concomitant suppressed plasma ACTH level of <1 pg/mL (reference 
range 7.2–63.3 pg/mL). Further diagnostic studies showed high 24-hour urinary free cortisol levels (1,777.1 µg/day and 
2,782.7 µg/day, respectively, reference range 58.0–403.0 µg/day), and low ACTH level, consistent with ACTH-independent 
CS. Abdominal sonography revealed an approximately 4.5 × 3.5 × 4.7 cm heterogeneously hypoechoic lesion in the right 
suprarenal space, and several small enhancing lesions in the liver, suspected to be metastatic lesions. Resection of the 
adrenal gland tumor was performed and histopathologic examination confirmed ACC with poor prognosis according to the 
Wieneke-index criteria (4). Also, metastatic liver lesions were removed, and metastasized ACC was histopathologically 
confirmed.  
The patient’s postoperative cortisol level immediately decreased to 22.6 µg/dL, and we closely monitored her cortisol levels 
to prevent an adrenal crisis (data shown in Table 1). After 24 hours, cortisol levels stabilized at 15.9 µg/dL, but gradually 
increased 48 hours after surgery without steroid replacement. On postoperative day 18, her cortisol level was 68.0 µg/dL, 
and imaging studies revealed progressive severe cardiomegaly with compressed lungs and multiple liver metastases. Her 
general condition and vital signs then deteriorated, with hypertension (blood pressure, 170/100 mmHg) and tachycardia 
(heart rate, 140 beats/minute). Therefore, medical treatment was considered instead of reoperation. First, the oncology 
department started chemotherapy for the liver metastases. The planned chemotherapy was cisplatin-etoposide-doxorubicin. 
In addition, etomidate was selected to treat severe hypercortisolemia because of the patient’s severe HCMP, severe 
hypertension, and liver metastases. We initially administered a 0.3 mg/kg loading dose of etomidate for severe 
hypercortisolemia, and subsequently maintained a dose of 0.03 mg/kg/hour. Her cortisol level decreased to 32.3 µg/dL after 
4 hours, and to 21.7 µg/dL after 8 hours of etomidate infusion. However, her blood pressure decreased, possibly due to 
relative adrenal insufficiency. Therefore, we stopped the infusion of etomidate. Furthermore, after 3 days of cisplatin and 
etoposide treatment, the patient’s chest radiography revealed severe pneumonia and her oxygen saturation declined, probably 
due to suppression of the immune system. Thus, the patient’s chemotherapy also had to be stopped.  
Four days after stopping etomidate, her cortisol level increased to 80.2 µg/dL again, and we restarted etomidate infusion at a 
dose of 0.03 mg/kg/hour without a loading dose. Subsequently, her cortisol level decreased to 46.3 µg/dL after 4 hours of 
etomidate infusion, and continued to slowly decrease, to reach 19.4 µg/dL at 36 hours. Because the target cortisol level was 
10–20 µg/dL and her vital signs were stable, we maintained the etomidate dose at 0.03 mg/kg/hour without glucocorticoid 
replacement (Table 1). However, blood tests showed pancytopenia (WBC 900 /µL, Hb 8.3 g/dL, Platelet 35,000 /µL) at 6 
days after stopping chemotherapy, and her pneumonia was exacerbated, with an acute respiratory distress syndrome pattern. 
Even her severe cardiomegaly did not improve, compressing against her lungs on chest radiography. Her oxygen saturation 
and vital signs rapidly deteriorated and she finally expired at 7 days after chemotherapy had been stopped and 5 days after 
the second attempt of etomidate. 
Discussion 
Although surgery is the first choice in CS, medication should be considered when surgical treatment is not possible. In our 
case, even after large extended surgical resection, cortisol level increased again due to metastatic liver lesions; we therefore 
chose medication treatment considering her deteriorated condition. However, there are no specific medication guidelines for 
infants with CS. Of the available drugs, we chose etomidate for several reasons. First, oral medications were not suitable, 
due to the patient’s feeding and breathing difficulties resulting from severe cardiomegaly that compressed both lungs. 
Second, ketoconazole was ill-advised, due to increasing serum cortisol levels caused by metastasized ACC liver mass. Last, 
a drug for cardiovascular stability was indicated due to her general unstable condition from severe HCMP and hypertension. 
Etomidate is a member of the imidazole family, initially developed as an anti-fungal agent, but popularly used as an 
anesthetic due to its potent hypnotic activity and promotion of  cardiovascular stability (3). However, it was also found to 
increase mortality by lowering serum cortisol levels (5). Etomidate inhibits 11β-hydroxylase, catalyzes cortisol and 
corticosterone production from deoxycortisol and deoxycorticosterone, respectively, and can quickly reduce serum cortisol 
levels within 12 hours (6). Since then, etomidate has been used as a medical treatment for CS. 
Optimal etomidate doses and treatment intervals have not been agreed upon. In adult patients with CS, cortisol levels were 
dramatically reduced within hours of receiving a 0.03 mg/kg bolus followed by a 0.03–0.1 mg/kg/hour dose (6). Veronica et 
al. reviewed 43 case reports, including pediatric patients, and recommended low-dose etomidate intravenous infusion at 
0.04–0.05 mg/kg/hour for partial and slow blocking, to prevent adrenal insufficiency (7). However, this review contained 
only three pediatric patients, without a consistent dose (6 year-old male, 0.03 mg/kg/hour, titrated to 0.08 mg/kg/hour; 14 
year-old female, 3–3.5 mg/hour; 17 year-old female, 10 mg bolus then 2.5 mg/hour) (8-10), and no infant patients. On the 
other hand, there was only one report about the use of etomidate in infants, whose age was 14 months, and administered for 
5 days at an infusion rate of 0.03 mg/kg/hour (11). In our case, etomidate was administered as a 3-mg (0.3 mg/kg) bolus for 
induction and then as a continuous infusion at 0.03 mg/kg/hour. Serum cortisol levels began to drop after etomidate 
induction, and although the infusion rate was lower than previously described dosages (6,7), the abrupt lowering of serum 
cortisol levels led to adrenal insufficiency, possibly due to a high loading dose. Because ACTH-independent CS is more 
sensitive than ACTH-dependent CS to adrenal enzyme blockade, lower etomidate dose may be needed in adrenal-origin CS 
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(7).Therefore, our second etomidate infusion was performed without a loading dose. Serum cortisol levels began to drop 
after 4 hours and slowly decreased to within normal range within 36 hours, accompanied by stable vital signs. In addition, 
her cortisol levels were stable for 4 days with the same dose of etomidate. Therefore, the doses used in this study (no bolus 
dose and infusion rate of 0.03 mg/kg/hour) may be appropriate for severe hypercortisolemia in infants. 
The reported side effects of etomidate at anesthetic dose include myoclonic seizure, gastrointestinal issues, and dystonic 
reactions. Notably, our patient did not receive the anesthetic dose and experienced no adverse side effects. Therefore, we 
suggest that the described dose is safe and effective for infants. Although etomidate is relatively safe, an intensive care 
setting is recommended due to its sedative effect and considering adrenal insufficiency (7). We also recommend monitoring 
serum cortisol (maintain between 10 and 20 µg/dL) and potassium levels.  
Because etomidate has anti-proliferative effects on adrenal cortical cells, it could be an anti-tumorigenic agent for metastatic 
ACCs (12). In addition, because cardiovascular complications are a major cause of morbidity and mortality for CS patients, 
etomidate is a good choice for patients with hypertension and HCMP from severe hypercortisolemia (3). Therefore, although 
this was, to our knowledge, the second attempt to treat an infant patient with CS using etomidate, we found that it was the 
best possible option after unsuccessful surgical treatment. 
Conclusion 
In conclusion, this is the youngest case, to our knowledge, of etomidate treatment in an infant patient with CS. After 
etomidate was administered to a 2-month-old infant with CS at a 0.03 mg/kg/hour infusion rate, her serum cortisol levels fell 
into normal range within 36 hours without any side effects. 
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Figure 1. Parasternal short axis view of echocardiogram in infant patient with hypertrophic cardiomyopathy  
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Figure 2. Four chamber view of echocardiogram in infant patient with hypertrophic cardiomyopathy  
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Table 1. Post operation and after etomidate treatment  
 Postoperative 1st attempt etomidate 

(loading 0.3 mg/kg, infusion rate 
0.03 mg/kg/hour) 

2nd attempt etomidate 
(infusion rate 0.03 mg/kg/hour) 

 ACTH 
(pg/mL) 

Cortisol 
(µg/dL) 

ACTH 
(pg/mL) 

Cortisol 
(µg/dL) 

ACTH 
(pg/mL) 

Cortisol 
(µg/dL) 

baseline <1.0 107.8 <1.0 63.3 <1.0 80.2 
1 hour 8.84 22.6     
3 hours 4.46 19.8     
4 hours    32.3  46.3 
6 hours  17.6     
8 hours    21.7  44.6 
12 hours  19.6    30.6 
24 hours <1.0 15.9    38.5 
36 hours  19.5    19.4 
48 hours 1.95 23.3    17.2 
72 hours 2.12 26.3   4.01 13.2 
96 hours <1.0 37.6    20.9 
7 days <1.0 34.7     
8 days  33.3     
18 days <1.0 68.0     
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