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Emma FrameEmma Frame

Emma Agnes Frame died on 24 November 2001 Emma Agnes Frame died on 24 November 2001 
at at WishawWishaw General Hospital in Lanarkshire. She General Hospital in Lanarkshire. She 
was five years old.was five years old.
Known to have asthma Known to have asthma –– on high dose on high dose 
fluticasonefluticasone 1500mcg = 3000mcg BDP1500mcg = 3000mcg BDP
She presented at She presented at WishawWishaw General (DGH) with General (DGH) with 
abdominal pain and vomitingabdominal pain and vomiting
She had a seizureShe had a seizure
Despite medical care she continued to Despite medical care she continued to 
deteriorate and dieddeteriorate and died
Cause of death initially was inconclusiveCause of death initially was inconclusive



CallumCallum FrameFrame

7 year old Sibling of Emma7 year old Sibling of Emma

Known to have asthma, on high dose ICSKnown to have asthma, on high dose ICS

developed sore stomach and vomitingdeveloped sore stomach and vomiting

Parents took him to GP Parents took him to GP –– HospitalHospital

Deteriorated Deteriorated –– found to have cerebral oedema found to have cerebral oedema ––
ventilated but improvedventilated but improved

Abnormality on a random Abnormality on a random cortisolcortisol

Attended for Short Attended for Short SynacthenSynacthen Test as an Test as an 
outpatientoutpatient



Findings Findings –– adrenal insufficiency due to adrenal insufficiency due to 
drug treatment used to control his asthmadrug treatment used to control his asthma

EmmaEmma’’s death was attributed to adrenal s death was attributed to adrenal 
insufficiency. (adrenal glands very small insufficiency. (adrenal glands very small 
on PM)on PM)



CSM statement 2002CSM statement 2002







Adrenal GlandAdrenal Gland

CortisolCortisol is a steroid hormone and is vital is a steroid hormone and is vital 
for health.  for health.  

Main functions include:Main functions include:

Helping to regulate blood pressureHelping to regulate blood pressure

Helping to regulate the immune systemHelping to regulate the immune system



Helping to balance the effect of insulin in Helping to balance the effect of insulin in 
regulating the blood sugarregulating the blood sugar

Helping the body to respond to stressHelping the body to respond to stress



Steroid burdenSteroid burden



High dose inhaled steroidsHigh dose inhaled steroids
PrednisolonePrednisolone (repeated courses or (repeated courses or 
maintenance)maintenance)
IM IM TriamcinaloneTriamcinalone

But need to consider overall steroid burden:But need to consider overall steroid burden:
NasalNasal
TopicalTopical
OccularOccular



PathophysiologyPathophysiology

Pituitary gland senses circulating Pituitary gland senses circulating cortisolcortisol
(natural or synthetic (natural or synthetic –– can not can not 
differentiate)differentiate)

If the circulating levels are high then its If the circulating levels are high then its 
sends a message to ACTH sends a message to ACTH 
((Adrenocorticotropic hormone)Adrenocorticotropic hormone)

ACTH sends a message to Adrenal cortex ACTH sends a message to Adrenal cortex 
to reduce production of cortisolto reduce production of cortisol



Adrenal glands reduce/ stop producing Adrenal glands reduce/ stop producing 
cortisolcortisol
The adrenal glands shrivel The adrenal glands shrivel 
This process can only be reversed when This process can only be reversed when 
steroid load is reducedsteroid load is reduced

BUTBUT
We need to maintain good asthma control We need to maintain good asthma control 
so its maintaining a balanceso its maintaining a balance



Good asthma control v normal Good asthma control v normal 
adrenal functionadrenal function

Asthma ControlAsthma Control

Adrenal functionAdrenal function



TestingTesting

Insulin Tolerance Test (ITT) is the gold standard Insulin Tolerance Test (ITT) is the gold standard 
investigation for adrenal insufficiency: correlates investigation for adrenal insufficiency: correlates 
with adrenal response to surgical stresswith adrenal response to surgical stress
BUT: BUT: 
unpleasant and potentially dangerousunpleasant and potentially dangerous

Short Short SynacthenSynacthen Test is main challengerTest is main challenger
CortisolCortisol at 0 and 30 at 0 and 30 minsmins ±± 60 60 minsmins

Concordance between ITT and SST widely Concordance between ITT and SST widely 
reported, with peak reported, with peak cortisolcortisol at 30 at 30 minsmins
correlating, but discordance foundcorrelating, but discordance found





ProcedureProcedure

Insertion of Insertion of cannulacannula
Rest for 30 Rest for 30 minsmins
Baseline bloodBaseline blood
Administer Administer synacthensynacthen
Blood samples at 30 minute intervalsBlood samples at 30 minute intervals

Rearrange test if the child is unwellRearrange test if the child is unwell
Withhold oral steroids on morning of testWithhold oral steroids on morning of test



EvidenceEvidence



National Questionnaire through National Questionnaire through 
BSPEDBSPED

39 of 92 39 of 92 centrescentres responded = 42% responded = 42% 
response rateresponse rate

46% 46% DGHsDGHs, 54% tertiary , 54% tertiary centrescentres



What dose of What dose of synacthensynacthen??

250 mcg 250 mcg supraphysiologicalsupraphysiological
5 mcg gives similar response to 250mcg5 mcg gives similar response to 250mcg
1 mcg probably maximally stimulates too, with 1 mcg probably maximally stimulates too, with 

same peak at 30 same peak at 30 minsmins but ? less at 60 but ? less at 60 minsmins
No real evidence to support the reliability of No real evidence to support the reliability of 
Low Dose testLow Dose test
Advocates of LDSST say it may detect more Advocates of LDSST say it may detect more 
subtle defectssubtle defects
Detractors say may give false positive resultsDetractors say may give false positive results



Standard Short Standard Short SynacthenSynacthen test v test v 
Low dose SSTLow dose SST

3 meta3 meta--analysesanalyses

Agreed SSST has no advantage over LDSTAgreed SSST has no advantage over LDST

2 of the 3 thought LDST may have advantages2 of the 3 thought LDST may have advantages

Increase in SST test since alert re risk of adrenal Increase in SST test since alert re risk of adrenal 
suppression of high doses inhaled suppression of high doses inhaled 
corticosteroids (HDICS): guidance advocates corticosteroids (HDICS): guidance advocates 
LDSSTLDSST



BTS/SIGN GuidelineBTS/SIGN Guideline

The low-dose ACTH test is considered to 
provide a physiological stimulation of 
adrenal responsiveness but it is not known 
how useful such a sensitive test is at 
predicting clinically relevant adrenal 
insufficiency
Covar RA, Spahn JD, Martin RJ, Silkoff PE, Sundstrom DA, Murphy J,et al. 
Safety and application of induced sputum analysis in childhood asthma. J 

Allergy Clin Immunol. 2004;114(3):575-82.
Bernstein D AD. Evaluation of tests of hypothalamic-pituitary-adrenal axis 
function used to measure effects of inhaled corticosteroids. Ann Allergy 
Asthma Immunol 2007;98(2):118-27.



LDSST or SSST?LDSST or SSST?



Questionnaire SurveyQuestionnaire Survey

Evaluate current usageEvaluate current usage

Only 250mcg currently available Only 250mcg currently available 
commercial preparationcommercial preparation

If If centrescentres do LDSST then also asked re do LDSST then also asked re 
method of dilutionmethod of dilution



Use of SSTUse of SST

82% use LDST82% use LDST

87% use SSST87% use SSST

69% use both69% use both

18% use SSST only18% use SSST only

13% use LDST only13% use LDST only



Marked variability in reporting how make up Marked variability in reporting how make up 
drug for LDSTdrug for LDST
14 different methods by 23 (72%) of 14 different methods by 23 (72%) of centrescentres
Single dilution method n = 8Single dilution method n = 8
Double or triple dilutions n = 6Double or triple dilutions n = 6
DiluentDiluent volume varied from 10 ml to 1 volume varied from 10 ml to 1 litrelitre
Volume of Volume of synacthensynacthen vial varied from whole vial varied from whole 
1ml vial; 0.5 ml or less was used in 5 of 1ml vial; 0.5 ml or less was used in 5 of 
methods describedmethods described



ConclusionsConclusions

Very varied practice! (except baseline and Very varied practice! (except baseline and 
30 min samples)30 min samples)
Quite good correlation re peak resultsQuite good correlation re peak results
Assay variability must be used when Assay variability must be used when 
determining cut offsdetermining cut offs
14 different methods for LDST will cause 14 different methods for LDST will cause 
marked variation in dose givenmarked variation in dose given
–– synacthensynacthen is inherently unstable at room is inherently unstable at room 

temp, degrades with light, sticks to plastic etctemp, degrades with light, sticks to plastic etc



What do we do in Scotland?What do we do in Scotland?

In SPEG guideline In SPEG guideline –– only SST.only SST.
Bloods at 0,30, 60 Bloods at 0,30, 60 minsmins
Pass  = peak of > 650 if < 6yrsPass  = peak of > 650 if < 6yrs
Pass = peak of > 470 if aged 6 Pass = peak of > 470 if aged 6 –– 18 yrs 18 yrs 
(RHSC use >400)(RHSC use >400)

About to change so all children regardless About to change so all children regardless 
of age will be expected to achieve lower of age will be expected to achieve lower 
peak valuepeak value



TestingTesting

Know your analyser!  Results are Know your analyser!  Results are 
interpreted according to equipment interpreted according to equipment 
specific reference rangesspecific reference ranges

Two types Two types --

Abbott Architect Abbott Architect CortisolCortisol Assay (peak 400)Assay (peak 400)

Siemens Siemens adviaadvia centaur centaur cortisolcortisol assay assay 
(peak 470)(peak 470)



ResultsResults

BorderlineBorderline

SuptoptimalSuptoptimal response response –– sick day cover sick day cover 
onlyonly

Complete lack of response Complete lack of response –– maintenance maintenance 
dose & sick day coverdose & sick day cover

Presumed to be Presumed to be adrenallyadrenally suppressedsuppressed



Sick day coverSick day cover



When it gets confusingWhen it gets confusing……

If a child is on If a child is on 
maintenance maintenance 
prednisoloneprednisolone of of 
varying doses or varying doses or 
triamcinolonetriamcinolone



Patient informationPatient information





IM Hydrocortisone IM Hydrocortisone 



SchoolSchool





Points to considerPoints to consider

AdherenceAdherence

Poor adherencePoor adherence

Respiratory TeamRespiratory Team

Endocrine TeamEndocrine Team



Impact of adherence Impact of adherence 

Strategies to screen for adrenal Strategies to screen for adrenal 
suppression in children with asthma suppression in children with asthma 
should take account of compliance with should take account of compliance with 
inhaled corticosteroids.inhaled corticosteroids.

Brodie M, McMurray A, Crofton PM, Bath Brodie M, McMurray A, Crofton PM, Bath 
L, Cunningham S.L, Cunningham S.

European Journal of Pediatrics. 2007 European Journal of Pediatrics. 2007 
May;166(5):493May;166(5):493--44



Measured adherence with treatment via Measured adherence with treatment via 
GP repeat prescribing and the dose taken GP repeat prescribing and the dose taken 
was approximately half was approximately half 



Risk ManagementRisk Management

Listed on NHS Lothian risk registerListed on NHS Lothian risk register

Recognised as a risk in the British Recognised as a risk in the British 
Guideline on the Management of Asthma.Guideline on the Management of Asthma.

Alerts on TRAK (hospital IT programme)Alerts on TRAK (hospital IT programme)

Scottish Ambulance Service (will not give Scottish Ambulance Service (will not give 
IM hydrocortisone unless they have an IM hydrocortisone unless they have an 
individualised plan)individualised plan)

Healthcare plan for schoolHealthcare plan for school



MHRA statement 2006MHRA statement 2006

High dose inhaled High dose inhaled 
steroids: new advice on steroids: new advice on 

supply of steroid supply of steroid 
treatment cardstreatment cards

Patients who require Patients who require 
prolonged high dose prolonged high dose 
inhaled steroids inhaled steroids 

are at risk of systemic are at risk of systemic 
side effects and should side effects and should 
be issued be issued 

with a steroid treatment with a steroid treatment 
cardcard



Practical tipsPractical tips

Joint working approach with endocrine Joint working approach with endocrine 
teamteam
Decide which patients need to be seen by Decide which patients need to be seen by 
endocrine and which patients you can endocrine and which patients you can 
manage within respiratorymanage within respiratory
Ongoing monitoringOngoing monitoring
If child is suppressed If child is suppressed –– regularly review regularly review 
plan and reiterate message about plan and reiterate message about 
hydrocortisone replacementhydrocortisone replacement



Be aware of prescribing practice of other Be aware of prescribing practice of other 
colleagues in primary and secondary carecolleagues in primary and secondary care

Be aware of steroid burden and rationalise Be aware of steroid burden and rationalise 
treatment to lowest possible doses to treatment to lowest possible doses to 
maintain controlmaintain control





Thanks to Louise Bath and the Endocrine Thanks to Louise Bath and the Endocrine 
Team at RHSCTeam at RHSC

Julie Westwood, Asthma Nurse RHSCJulie Westwood, Asthma Nurse RHSC


