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Abstract
Some patients with developmental and epileptic encephalopathy (DEE) respond 
to adrenocorticotropic hormone (ACTH) therapy but relapse soon after. While 
long- term  ACTH  therapy  (LT- ACTH)  has  been  attempted  for  these  patients, 
no previous studies have carefully assessed adrenal function during LT- ACTH. 
We  evaluated  the  effectiveness  of  LT- ACTH,  as  well  as  adverse  effects  (AE), 
including  their  adrenal  function  in  three  DEE  patients.  Patients  underwent  a 
corticotropin- releasing hormone (CRH) stimulation test during LT- ACTH, and 
those with peak serum cortisol below 15 μg/dL were considered to be at high risk 
of adrenal insufficiency (AI). Two of three responded, and their life- threatening 
seizures  with  postgeneralized  electroencephalogram  (EEG)  suppression  de-
creased. Although no individuals had serious AE, CRH stimulation test revealed 
relatively weak responses, without reaching normal cortisol peak level (18 μg/
dL). Hydrocortisone replacement during stress was prepared in a case with lower 
cortisol peak  than our cutoff  level. LT- ACTH could be a promising  treatment 
option for cases of DEE that relapse soon after effective ACTH treatment. The 
longer duration and larger cumulative dosage in LT- ACTH than in conventional 
ACTH could increase the relative risk of AI. Careful evaluation with pediatric 
endocrinologists, including hormonal stimulation tests, might be useful for con-
tinuing this treatment safely.
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1 |  INTRODUCTION

Epilepsy  syndromes  with  co- occurring  early- onset  sei-
zures  and  developmental  delay  and  regression  with 
frequent epileptiform activity are collectively called devel-
opmental and epileptic encephalopathy (DEE).1 West syn-
drome  (WS)  is a major  syndrome of DEE, characterized 
by epileptic spasms (ES) occurring in clusters with hypsar-
rhythmia  (Hyps).  Adrenocorticotropic  hormone  (ACTH) 
therapy  is a  first- line  therapy  for ES.2 Nearly half of  the 
patients who initially respond to ACTH will relapse,3 and 
management for relapsed cases has not been established. 
Okanishi  et  al  recommended  long- term  weekly  ACTH 
therapy  (LT- ACTH),4  and  several  case  reports  have  fol-
lowed.5,6  Considering  their  treatment  regimes,  we  initi-
ated  LT- ACTH  in  patients  who  responded  to  ACTH  but 
relapsed soon after.

To  avoid  severe  adverse  effects  (AE),  lower  dose  and 
shorter  duration  are  recommended  in  both  natural  and 
synthetic  ACTH  regimens.7- 9  Endogenous  secretions  of 
ACTH  and  corticotropin- releasing  hormone  (CRH)  are 
suppressed  due  to  negative  feedback  from  hypercorti-
solemia,  and  impaired  response  of  the  hypothalamic- 
pituitary- adrenal (HPA) axis is thought to raise the risk of 
adrenal  insufficiency  (AI),  comparable  to  corticosteroid 
therapy.10 The  actual  incidence  of  adrenal  crisis  has  not 
been reported in previous studies.3,7 Several studies, how-
ever, have investigated adrenal function following natural 
ACTH therapy, and while relatively few in number, some 
patients  had  a  weak  response  to  an  adrenal  stimulation 
test.11- 14  Although  previous  case  reports  and  the  latest 
Japanese multicenter case series of LT- ACTH15 showed no 
apparent episodes of AI, detailed examinations were not 
performed. With the cooperation of pediatric endocrinol-
ogists,  we  evaluated  adrenal  function  using  a  hormonal 
stimulation test during LT- ACTH.

2 |  MATERIALS AND METHODS

2.1 | Patient inclusion and exclusion 
criteria

This  study  was  performed  with  permission  from  the 
Hokkaido  University  Hospital  Accredited  Clinical 
Research  Review  Committee.  We  used  depo,  syn-
thetic  ACTH- Z- (1- 24)  (Cortrosyn  Z,  molecular  formula: 
C136H210N40O31S・6CH3COOH).  Inclusion  crite-
ria  for LT- ACTH were as  follows:  (a) DEE patients with 
daily ES or tonic seizures (TS) younger than 4 years; (b) 
patients who  responded  to conventional ACTH but  rap-
idly  relapsed  twice;  and  (c)  patients  who  had  no  under-
lying  congenital  immune  or  heart  diseases.  Ten  DEE 

patients received ACTH at the Department of Pediatrics in 
Hokkaido University Hospital from April 2018 to March 
2021. Although eight patients relapsed, three had been in 
remission from the second round of ACTH and two were 
controlled by vigabatrin. Three individuals were enrolled 
for the present study. Written informed consent concern-
ing this study was obtained from each patient's guardians. 
The profiles of the subjects are summarized in Table 1.

2.2 | LT- ACTH

Weekly  ACTH  administration  was  followed  by  conven-
tional  ACTH  as  induction  therapy  with  a  single  dose  of 
0.01- 0.0125  mg/kg  (equivalent  to  0.4- 0.5  IU/kg).  ACTH 
was  injected  daily  for  2  weeks,  then  gradually  reduced 
over  a  subsequent  two- week  period  in  hospital.  Weekly 
injections of ACTH were then administered in outpatient 
wards.  Administration  was  skipped  when  patients  had 
an  infectious  illness. The continuation of LT- ACTH was 
decided  upon  after  discussion  with  guardians  about  the 
potential  effectiveness  and  AE.  The  standard  treatment 
period was set for 1 year.

2.3 | Evaluation of the 
effectiveness and AE

Short- term  hospitalization  was  scheduled  every 
2- 3 months for evaluation. We examined several clinical 
parameters  including  overnight  video  electroencepha-
logram  (EEG),  brain  imaging,  and  blood  examinations. 
Clinical seizure outcome was assessed based on direct ob-
servation, frequency of epileptiform activity seizures dur-
ing  EEG,  and  daily  records  kept  by  guardians.  AE  were 
evaluated by clinical observation and medical interview of 
guardians.

2.4 | Evaluation of adrenal function

Corticotropin- releasing hormone stimulation test was per-
formed during scheduled hospitalization around 6 months 
after  commencement  of  LT- ACTH.  Following  overnight 
fasting, human CRH (hCRH; Mitsubishi- Tanabe Pharma 
Corporation) was intravenously administered at a dose of 
1.5 μg/kg at around 8:00 am Blood samples were drawn at 
baseline and 15, 30, 60, 90, and 120 minutes after admin-
istration of hCRH, and serum cortisol and plasma ACTH 
levels  were  measured.  When  peak  serum  cortisol  levels 
after CRH stimulation  test  rise above 18 μg/dL, and  the 
plasma  ACTH  level  increases  more  than  twofold,  HPA 
axis function is usually judged to be normal.16 In light of 
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the previous study of evaluating iatrogenic secondary AI 
using hCRH,17 we considered patients with serum cortisol 
levels under 15 μg/dL as poor responders to adrenal stim-
ulation, and prepared hydrocortisone replacement during 
periods of stress.

3 |  RESULTS

3.1 | Evaluation of effectiveness and AE

Two  of  three  individuals  responded  well  to  LT- ACTH, 
seizure- free  (case 1) and 50% seizure  reduction  (case 3), 

and one patient relapsed ES (case 2). Cases 1 and 3 had 
the  same  genetic  etiology,  SCN2A- related  epileptic  en-
cephalopathy. Both had ES followed by TS with postictal 
generalized  EEG  suppression  (PGES),  a  high- risk  fac-
tor  for  sudden  unexpected  death  in  epilepsy  (SUDEP; 
Figure 1).18 Along with seizure control, PGES disappeared 
in both cases. Case 2 had large structural cerebral lesions 
from herpes simplex virus (HSV) encephalitis. LT- ACTH 
was effective at first, but the patient then relapsed.

No AE associated with discontinuance of LT- ACTH, 
such  as  severe  infectious  disease,  hypertension,  and 
cardiac  symptoms,  were  observed  in  any  individual. 
Recurrent  aspiration  pneumonia  occurred  in  case  3, 

T A B L E  1  Clinical findings in DEE patients treated with LT- ACTH

Case 1 2 3

Etiology SCN2A pathogenic variant post- HSV encephalitis SCN2A pathogenic variant

Genetic testing SCN2A p.D195N N/A SCN2A p.A853Q

Age at seizure onset 1 y and 2 mo 7 mo 6 mo

Previous ASM VPA, LTG, CLB, TPM, IVIG, MDZ, KD, 
B6

LEV, VPA, LTG VPA, VGB, B6, LTG

Conventional ACTH

Age at 1st 1 y and 6 mo 7 mo 7 mo

Age at 2nd 1 y and 9 mo 11 mo 9 mo

LT- ACTH

Age at start 2 y and 4 mo 1 y and 11 mo 1 y and 2 mo

Induction ACTH 0.0125 mg/kg/day/2 wk 0.0125 mg/kg/2 wk 0.01 mg/kg/2 wk

Dose of weekly 0.0125 mg/kg 0.01- 0.0125 mg/kg 0.01 mg/kg

Duration 9 mo 12 mo 7 mo

ASM at start VPA + LTG VPA + LTG VPA + LTG

Seizure type TS, GTC, ES TS, ES TS, ES

EEG Hyps or S- B, PGES Modified Hyps Hyps. PGES

Developmental status Cannot sit Standing No head control

No social smile Social smile No social smile

Cannot speak words Cannot speak words Cannot speak words

Effect on seizure Seizure- free Relapsed Decreased (50% reduction)

Effect on EEG Hyps, S- B disappeared
PGES disappeared

Modified Hyps remained Hyps disappeared
PGES disappeared

Change of ASM Add PER
Decrease LTG

Add TPM, CLB, PER, 
VGB

Add PER, CLB
Cease LTG

Adverse events Brain shrinkage Acne on cheeks
Adrenal insufficiency

Brain shrinkage
Subdural hematoma
Aspiration pneumonia

Effect on development Walk Walk Head control, Roll over

Social smile Cannot speak words No social smile

Cannot speak words Increase gestures Follow things with eyes

Abbreviations: ACTH, adrenocorticotropic hormone; ASM, antiseizure medications; B6, vitamin B6; CLB, clobazam; ES, epileptic spasms; GTC, generalized 
tonic- clonic seizures; HSV, herpes simplex virus; Hyps, hypsarrhythmia; IVIG, intravenous immunoglobulin therapy; KD, ketogenic diet; LEV, levetiracetam; 
LTG, lamotrigine; MDZ, midazolam; N/A, data not available; PER, perampanel; PGES, postictal generalized EEG suppression; S- B, suppression- burst; TPM, 
topiramate; TS, tonic seizures; VGB, vigabatrin; VPA, valproate.
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although  she  responded  to  antibiotics  and  recovered 
smoothly. Mild Cushing syndrome- like symptoms, moon 
face,  hirsutism,  or  acne  was  appeared  in  two  patients. 
Electrolyte or glucose abnormalities did not occur and 
extreme  hyperphagia  and  irritability  were  not  appar-
ent.  In  case  3,  a  nonsymptomatic  subdural  hematoma 
occurred after  the  first  round of ACTH, but eventually 
resolved after commencing LT- ACTH and did not recur. 
In two cases, brain shrinkage was present and persisted, 
but did not progress during LT- ACTH.

3.2 | Evaluation of adrenal function

No patients had apparent episodes of AI during the fol-
low- up period. The results of CRH stimulation tests are 
summarized  in  Table  2.  The  morning  baseline  serum 
cortisol levels ranged from 5.8 to 10.3 μg/dL (average, 
6.7 μg/dL). The peak serum cortisol levels ranged from 
14.3  to  16.6  μg/dL  (average,  15.3  μg/dL).  Peak  serum 
cortisol  levels  were  lower  than  normal  peak  level 
(18 μg/dL), showing weaker responses compared with 

F I G U R E  1  EEG and brain imaging of subjects. (A) Ictal EEG before LT- ACTH in case 1, ES followed by tonic, and brief tonic- clonic 
movement and terminated with whole- body muscle weakness. EEG showed diffuse high- voltage slow waves (white arrow) followed by 
electrodecrement. Electromyographic recording showed bilateral muscle contractions (black arrow), and then PEGS was followed (white 
dotted arrow). A simultaneous electrocardiogram recording represented irregular bradycardic change (black arrowhead). (B) EEGs before 
and during LT- ACTH. B- 1 is case 1, B- 2 is case 2, and B- 3 is case 3. Left panels are before, right panels are during, LT- ACTH. All montages 
were bipolar, the same as panel A. B- 1: Suppression- burst (S- B) pattern was observed during sleep (left panel). S- B disappeared, and 
symmetric spindles appeared (right panel). B- 2: S- B- like pattern during sleep was evident (left panel). Multiple independent spike foci and 
modified hypsarrhythmia pattern remained (right panel). B- 3: Synchronization was poor, and sleep architecture was not evident (left panel). 
Bilateral synchronous pattern appeared, and spindle waves were distributed (right panel). (C) Brain imaging before and during LT- ACTH. 
C- 1 is case 1, C- 2 is case 2, and C- 3 is case 3. Left panels are magnetic resonance imaging of before first conventional ACTH, middle panels 
are before LT- ACTH, and right panels are during LT- ACTH. C- 1: Before LT- ACTH, mild brain shrinkage was evident (middle panel). Brain 
shrinkage appeared but did not progress (right panel). C- 2: Cerebral atrophic lesions were distributed over left frontal and temporal lobes 
(left panel). C- 3: At seizure onset, brain atrophy was mild (left panel). Brain shrinkage was apparent (middle panel), and a similar level of 
atrophy persisted (right panel)
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a normal population.19 The morning and peak plasma 
ACTH  were  18.0- 22.4  pg/mL  (average,  19.5  pg/mL) 
and  37.1- 51.5  pg/mL  (average,  44.9  pg/mL),  respec-
tively. In case 3, CRH stimulation tests were performed 
two times, before and during the weekly injection pe-
riod.  The  cortisol  peak  level  decreased  from  20.8  to 
16.6. In one individual (case 2), the peak cortisol level 
was below our cutoff  level  (<15 μg/dL). We prepared 
hydrocortisone  replacement  for  him  during  severe 
physical  stress,  fevers,  or  bouts  of  infectious  disease. 
He did not show clinical symptoms of AI for 3 months 
after withdrawal of LT- ACTH.

4 |  DISCUSSION

In  the  latest  multicenter  case  series  of  LT- ACTH  for 
WS,  the  nonrelapse  rate  was  60.6%.15  These  findings 
generally  match  those  found  in  the  present  study. 
Continued  case  accrual  and  large  prospective  cohort 
studies  are  needed  to  confirm  whether  LT- ACTH  has 
a role in preventing relapse. Two DEE individuals had 
a  life- threatening  seizure  type,  TS  with  PGES.  When 
DEE individuals have life- threatening seizures and only 
responded  to  ACTH,  LT- ACTH  is  one  of  the  valuable 
therapy choices.

There  were  no  serious  AE;  however,  care  should  be 
taken due to the possibility of serious incidents because 
it is challenging to administer in infants for such a con-
siderable  period  of  time.  Studies  of  posttreatment  as-
sessment  of  adrenal  function  in  patients  with  ES  were 
limited,  and  the  dosage,  duration,  and  tapering  peri-
ods  were  different  from  those  in  the  present  study.11- 13 

Since the ACTH dose in Japan is lower than in the other 
countries— roughly  equivalent  to  1/6- 1/8  that  used  in 
the United States, and equivalent  to half  in Finland or 
the  United  Kingdom— the  risk  of  AI  might  be  consid-
ered  to  be  lower.  Routine  hormonal  assessment  using 
stimulation testing is not performed in Japan. Sakaguchi 
et al assessed HPA axis function in WS patients who were 
treated  by  conventional  ACTH  with  standard  Japanese 
doses.20  Of  thirty- five  patients  who  underwent  CRH 
testing,  four  patients  (11%)  had  insufficient  response. 
Mytinger and Bowden assessed the adrenal  function in 
the modern hormonal treatment regimens of high- dose 
natural full- length ACTH or prednisolone.14 They found 
two of 12 patients had insufficient adrenal response by 
adrenal  stimulation  testing.  They  called  attention  that 
adrenal suppression could occur after modern hormone 
therapy  regimens.  They  also  reported  another  one  pa-
tient  treated with both ACTH and prednisolone in tan-
dem  for  2  months,  who  did  not  have  a  posthormone 
laboratory  assessment,  who  developed  signs  of  AI  and 
required hydrocortisone replacement. In our study, one 
patient  who  was  assessed  before  and  during  LT- ACTH 
exhibited a decreased cortisol response. We posit that a 
longer duration can increase the risk of secondary AI. As 
such, we suggest  that not all patients need a hormonal 
stimulation test after ACTH, but while in LT- ACTH, we 
recommend a more detailed adrenal assessment, ideally 
during and post a hormonal stimulation test, as well as 
monitoring  for  signs  of  AI  for  at  least  3  months  after 
withdrawal. It would also be practical to prepare prophy-
lactic coverage with stress dose hydrocortisone for times 
of stress, such as febrile illness and operative treatment. 
It is essential to educate caregivers on the signs of AI.

T A B L E  2  Results from CRH stimulation tests

Case 1 2 3
Normal 
standarda

BW (kg) 16.8 15.5 12.0 13.5

HT (cm) 97.0 91.1 85.0 93.0

BSA (m2) 0.7 0.6 0.5 0.6

Age CRH stimulation test performed 3 y 0 mo 2 y and 8 mo 1 y and 3 mo 1 y and 8 mo

Duration of weekly ACTH 6 mo 7 mo 0 mo (before) 6 mo

Cumulative dose of ACTH (mg) 11.0 11.1 6.2 11.0

Morning serum cortisol (μg/dL) 5.8 6.7 11.3 10.3 3.9- 21.3

Peak serum cortisol (μg/dL) 15.0 14.3 20.8 16.6 13.1- 35.6

Morning plasma ACTH (pg/mL) 18.0 18.2 22.2 22.4 5.3- 51.1

Peak plasma ACTH (pg/mL) 51.5 37.1 44.9 46.2 17.2- 135.3

Abbreviations: ACTH, adrenocorticotropic hormone; BSA, body surface area; BW, body weight; CRH, corticotropin- releasing hormone; HT, height.
aData of CRH stimulation test of nonendocrine short stature children in Japan reported by Tanaka et al (Ref. [19]).
Bold indicates the values without reaching normal serum cortisol peak level (18μg/dL) after CRH stimulation test.
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Although  there  are  some  kinds  of  stimulation  tests 
to assess adrenal  function,  the ACTH stimulation  test  is 
standard,  is  safe, and can be performed at  low cost. The 
CRH stimulation test is more expensive, but can be done 
safely.  Administered  ACTH  may  cause  adrenal  dysfunc-
tion  through  negative  feedback  to  the  hypothalamus.  In 
addition,  excessively  secreted  cortisol  may  suppress  the 
HPA axis. We consider the CRH stimulation test has the 
advantage  of  evaluating  ACTH  and  cortisol  responses 
simultaneously.

Our  study  has  the  limitations  of  small  sample  size, 
and in lacking a comparison with other hormonal assess-
ment studies in ACTH therapy. DEE is a rare disease, and 
the candidates were limited to a single center. Research 
collaborations with other facilities will be required to fur-
ther investigate the benefits and risks of this treatment. 
Efforts  should  be  made  to  avoid  iatrogenic  harm  from 
longer  hormonal  exposure.  While  we  focused  on  AI  in 
this study, other influences (such as immunosuppression 
and  brain  shrinkage)  are  assumed  to  have  an  effect.  In 
the future study, we would  like to validate our  findings 
using  a  multidirectional  approach  by  cooperating  with 
various experts.

5 |  CONCLUSIONS

Long- term ACTH therapy is a promising option for DEE 
patients  when  immediate  response  cannot  be  obtained 
with treatments other than ACTH. Our results on hormo-
nal stimulation assessment suggest that the impact on the 
HPA system is not small. Paying close attention to AI  is 
important for continuing LT- ACTH safely.

ACKNOWLEDGMENTS
We  are  grateful  to  the  patients  and  their  families,  who 
agreed  to  share  the  patients'  information  in  the  cur-
rent  study.  We  thank  Professor  Atsushi  Manabe  of  the 
Department of Pediatrics, Hokkaido University Graduate 
School of Medicine, for his valuable editorial opinion.

CONFLICT OF INTEREST
Neither of the authors has any conflict of interest to dis-
close. We confirm that we have read the Journal's position 
on issues  involved  in ethical publication and affirm that 
this report is consistent with those guidelines.

ORCID
Yuki Ueda   https://orcid.org/0000-0002-6760-6766 
Hideaki Shiraishi   https://orcid.
org/0000-0003-4199-0728 

REFERENCES
  1.  Scheffer  IE,  Berkovic  S,  Capovilla  G,  Connolly  MB,  French  J, 

Guilhoto  L,  et  al.  ILAE  classification  of  the  epilepsies:  posi-
tion  paper  of  the  ILAE  Commission  for  Classification  and 
Terminology. Epilepsia. 2017;58:512– 21.

  2.  Hancock EC, Osborne JP, Edwards SW. Treatment of infantile 
spasms. Cochrane Database Syst Rev. 2013;6:CD001770.

  3.  Hamano S, Yamashita S, Tanaka M, Yoshinari S, Minamitani M, 
Eto Y. Therapeutic efficacy and adverse effects of adrenocorti-
cotropic hormone therapy in west syndrome: differences in dos-
age of adrenocorticotropic hormone, onset of age, and cause. J 
Pediatr. 2006;148:485– 8.

  4.  Okanishi T, Sugiura C, Saito Y, Maegaki Y, Ohno K, Togari H. 
Long- term weekly ACTH therapy for relapsed West syndrome. 
Pediatr Neurol. 2008;38:445– 9.

  5.  Nakata M, Kato T, Ide M, Saito K, Yoshida T, Awaya T, et al. Long- 
term weekly ACTH therapy for relapsed West syndrome in tuber-
ous sclerosis complex: a case report. Brain Dev. 2016;38:431– 4.

  6.  Inui T, Kobayashi T, Kobayashi S, Sato R, Endo W, Kikuchi A, et 
al. Efficacy of long term weekly ACTH therapy for intractable 
epilepsy. Brain Dev. 2015;37:449– 54.

  7.  Ito M, Aiba H, Hashimoto K, Kuroki S, Tomiwa K, Okuno T, et 
al. Low- dose ACTH therapy for West syndrome:  initial effects 
and long- term outcome. Neurology. 2002;8(58):110– 4.

  8.  Yanagaki S, Oguni H, Hayashi K, Imai K, Funatuka M, Tanaka 
T, et al. A comparative study of high- dose and low- dose ACTH 
therapy for West syndrome. Brain Dev. 1999;21:461– 7.

  9.  Hrachovy RA, Frost JD Jr. Glaze DG. High- dose, long- duration 
versus low- dose, short- duration corticotropin therapy for infan-
tile spasms. J Pediatr. 1994;124:803– 6.

 10.  Mortimer KJ, Tata LJ, Smith CJ, West J, Harrison TW, Tattersfield 
AE, et al. Oral and inhaled corticosteroids and adrenal insuffi-
ciency: a case- control study. Thorax. 2006;61:405– 8.

 11.  Perheentupa J, Riikonen R, Dunkel L, Simell O. Adrenocortical 
hyporesponsiveness  after  treatment  with  ACTH  of  infantile 
spasms. Arch Dis Child. 1986;61:750– 3.

 12.  Ross  DL.  Suppressed  pituitary  ACTH  response  after  ACTH 
treatment of infantile spasms. J Child Neurol. 1986;1:34– 7.

 13.  Rao  JK,  Willis  J.  Hypothalamo- pituitary- adrenal  function  in 
infantile  spasms:  effects  of  ACTH  therapy.  J  Child  Neurol. 
1987;2:220– 3.

 14.  Mytinger  JR,  Bowden  SA.  Adrenal  function  testing  following 
hormone therapy for infantile spasms: case series and review of 
literature. Front Neurol. 2015;6:259.

 15.  Baba S, Okanishi T, Homma Y, Yoshida T, Goto T, Fukasawa T, 
et al. Efficacy of long- term adrenocorticotropic hormone ther-
apy for West syndrome: a retrospective multicenter case series. 
Epilepsia Open. 2021;6:402– 12.

 16.  Yanase  T,  Tajima  T,  Katabami  T,  Iwasaki  Y,  Tanahashi  Y, 
Sugawara A, et al. Diagnosis and treatment of adrenal insuffi-
ciency including adrenal crisis: a Japan Endocrine Society clin-
ical practice guideline. Endocr J. 2016;63:765– 84.

 17.  Goto M, Shibata N, Hasegawa Y. Efficacy of single serum corti-
sol reading obtained between 9 AM and 10 AM as an index of 
adrenal function in children treated with glucocorticoids or syn-
thetic  adrenocorticotropic  hormone.  Clin  Pediatr  Endocrinol. 
2016;25(3):83– 9.

https://orcid.org/0000-0002-6760-6766
https://orcid.org/0000-0002-6760-6766
https://orcid.org/0000-0003-4199-0728
https://orcid.org/0000-0003-4199-0728
https://orcid.org/0000-0003-4199-0728


200 |   UEDA et al.

 18.  Lhatoo  SD,  Faulkner  HJ,  Dembny  K,  Trippick  K,  Johnson  C, 
Bird JM. An electroclinical case- control study of sudden unex-
pected death in epilepsy. Ann Neurol. 2010;68:787– 96.

 19.  Tanaka T, Hibi I, Shimizu N, Imura H, Tanaka K, Fukata J, et al. 
Evaluation  of  hypothalamo- pituitary- adrenocortical  function 
in children by human corticotropin releasing hormone (MCI- 
028) test. Endocr J. 1993;40:581– 9.

 20.  Sakaguchi  Y,  Shimura  K,  Miyama  S,  Goto  T.  Evaluation  of 
hypothalamo- pituitary- adrenocortical  function  after  ACTH 
therapy for infantile spasms (West syndrome). No to Hattatsu. 
2020;52:11– 5.

How to cite this article: Ueda Y, Fujishige S, 
Goto T, et al. Adrenal function during long- term 
ACTH therapy for patients with developmental and 
epileptic encephalopathy. Epilepsia Open. 
2022;7:194– 200. https://doi.org/10.1002/epi4.12566

https://doi.org/10.1002/epi4.12566

