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Analysis of plasma adrenocorticy p
step in differential diagnosis 
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ACTH measurement is of gre
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the causes of Cushing’s syndrom
in circulating ACTH concentra
pituitary or an ectopic tumourpituitary or an ectopic tumour

otropic hormone (ACTH) is a kp ( )
of hypothalamic-pituitary-adren

eat clinical significance for bo
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ed value in distinguishing betweg g
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To distinguish between ACTH
i d d t C hi ’ dindependent Cushing’s syndro
Differential diagnosis of pitui
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I. Measurement of ACTH in sub
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V.Differentiation of primary andV.Differentiation of primary and
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Quality assurance in ACTQuality assurance in ACT

Pre-analytical phasePre-analytical phase

A l i l h  Analytical phase

I. Post- analytical phase

TH measurementTH measurement



Pre- analytical consideration
Patient preparation

Sampling timep g
Circadian rhythms

CTH and corticosteroids the most stri
vels occurring between 6:00 and 8:00

Pulsatile secretion
CTH d ti t id t lCTH and corticosteroids : strong puls
he mean pulse frequency for men & w

Avoiding stress (such as poorly perfo
History of prior administration of corHistory of prior administration of cor

ons 

king circadian rhythm with the peak 
 & a nadir at midnight

b t 12 ti 24 hes occur about 12 times every 24 h.
women is 18 & 10 per 24h, respective

ormed venipuncture)
rticosteroidsrticosteroids



ighly pulsatile secretary patt
oth in term of pulse frequenoth in term of pulse frequen

ability of plasma ACTH measurem
om an indwelling venous catheter 
s reliable estimates of plasma A

btained only through multiple sa

tern
cy and pulse amplitudecy and pulse amplitude 

ments. Results of repeat sampling
over 60 min in healthy individua

ACTH concentrations can be 
ampling.



Pre- analytical consideration
Sampling & sample processing

CTH is labile in blood due to pCTH is labile in blood, due to p
ust be taken during the pre-analis recommended that blood is col
bes with the tri-potassium (K3) sa
Immediately placed on ice and 

ossible. 

o prevent degradation of ACTH

p ( )
id  (K3/EDTA) as anticoagulant o
CTH sticks to glass.
Using refrigerated centrifuge (4
A speed equivalent to 1000-150

se of inappropriate sample collect
normally low ACTH concentratio

p q
Immediate separation of the spe
Immediate transferring to a plasg p
Using protease inhibitors such 
tioxidants such as mercaptoethap

ons
ng

proteolytic degradation so careproteolytic degradation, so care 
lytical phase.lected into prechilled plastic 
alt of ethylenediaminetetraacetic
should be processed as soon as 

, it is best to: 

y
or siliconized glass tubes as 4° C)
00 g for 5-10 min
tion containers usually results in 
ons.

g
ecimen 
stic tube
as aprotonin (Trasylol) & 
anol is also suggestedgg



Sample temperature during p p g
the preanalytical phase 
appears to have less pp
influence on measured 
ACTH concentrations than 
does time to centrifugation.



ondition A: K3/EDTA tube in icondition A: K3/EDTA tube in ic
ondition B: K3/EDTA tube  + a

diti C K3/EDTA t b +ondition C: K3/EDTA tube + ap
aliquot for each time point: time
ection) and 1, 2, 3 and 4 h after 

ce/water;ce/water; 
aprotinin kept in ice/water
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e 0 (immediately after blood 
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Analytical phase
ACTH assays
Bioassayy

omplex, expensive, difficult , limited t

R tReceptor assay 
e solubilized binding proteins obtaine
adrenocortical cells

nly biologically active ACTH is meas
omplex, lability of receptor preparatio
laboratorylaboratory 

Immunoassay y

to research laboratories

ed from normal or neoplastic

sured
ons, limited application in the clinical



Analytical phase
ACTH assays

mmunoassayy
Radioimmunoassay  The measure
difficult due to:

Th i d f hi h idThe rarity and expense of high-avid
Difficulties associated with reliably
radioligand Iodination of ACTH cradioligand. Iodination of ACTH c
recommended that shorter iodinati
only one of the two tyrosine residu
Th l t ti f i l tThe low concentrations of circulat

he sensitivity of RIAs is not adequa
ncentrations of circulating ACTH.ncentrations of circulating ACTH. 

ement of ACTH by RIA has prove

di idity antisera.
y producing a high-quality 

can cause instability and it iscan cause instability, and it is 
on times are used in order to label 

ues.
ti ACTH i l bj tting ACTH in normal subjects. 
ate for determination of subnormal



Analytical phase
ACTH assays

Immunometric assays. Immunometric assays
he two-site immunometric assay
nding two different epitopes ofnding two different epitopes of 
IRMAs have overcome the nec
b h lbecause they employ excess an
competitive assay), they overco
hi h ff i ib d i dhigh-affnity antibody as is need

y relies on two antibodies 
the ACTH peptidethe ACTH peptide.
essity for iodinating ACTH and
ib d (ntibody (excess reagent or non-

ome the problem of requiring a 
d d f RIAded for RIA.



fferent assay methodsy
Comparison between competitive
sandwich, two-site immunometric,
contains different ACTH species 
results. 
I f t i t i ftIn fact, immunometric assays ofte
than RIA in patients with Cushing
In most laboratories, RIA has beeIn most laboratories, RIA has bee
diometric or chemiluminescent as
some will yield up to 20 % highe
fact, although correlation betwee
sound, deviances in the lower ass
significant for the differential diasignificant for the differential dia

e, single-antibody RIA and 
c revealed that human plasma p
which can variably affect assay 

i ld d hi h ACTH len yielded higher ACTH values 
g’s disease. 
en superseded by non-competitiveen superseded by non competitive
ssays but, even among the latter, 
r measurements than others. 

en measurements was statistically
say range may prove clinically 
agnosis of Cushing’s syndromeagnosis of Cushing s syndrome.



terference in ACTH assa
nterference by tube and stopper 
h l th f ti th bl d i ihe length of time the blood is in 
imal

i f th t b t i tversion of the tube to mix : gent
uld always be stored upright
rage should be for no longer tha
nsider adsorption of the analyte
TH is readily adsorbed on to gla

ayy
components

t t ith th t h ldcontact with the stopper should

tl t th fi titly not more than five times

an 24h at low temperature (2-8°
on to the tube,
ass, so plastic tubes must be use



ntrference by collectiontrference by collectio

Filling of EDTA-sample tubesFilling of EDTA-sample tubes 
easurements by the DPC Immu

The physical masking of the an
oils present in some blood colle
fibrin in plasma samples, can p
antigen-antibody binding.

on device or tubeson device or tubes  

to ≤50% affects ACTHto ≤50% affects ACTH
ulite assays. 

ntibody by lipids and silicone 
ection devices or tubes, or by 
hysically interfere with 



HemolysisHemolysis

Will interfere with antigen-antibWill interfere with antigen-antib

S ll d f h l i iSmall degrees of hemolysis is u
including : ACTH, insulin, gluc

igastrin.

body reactionsbody reactions 

bl f ll idunacceptable for small peptides
cagon, calcitonin, PTH, & 



Antibody interference 
mmunoassay
Antibody interference in clinicalAntibody interference in clinical 
larm clinicians, confound immu
hallenge paraclinicians.hallenge paraclinicians.
terfering antibodies:

specific to the assay reagents (anspecific to the assay reagents (an
specific to the analyte (autoanti

l )ecule). 
weak polyspecific antibodies (h

in ACTH 

immunoassay continuesimmunoassay continues
unoassay manufacturers and 

nti animal antibodies)nti-animal antibodies)
ibodies if to an endogenous

heterophilic antibodies)



Antibody interference 
mmunoassay
alsely increased results with coalsely increased results with co

ntibodies which sequester tracerClinicians and the laboratory co
ntinuously vigilant and view lab

Crosslinking of capture and dete

ntinuously vigilant and view lab
hen they are inconsistent with th

ys also leads to false-positive re
echanism for the false-positive 
This approach is paramount, es
tomation and ever-diminishingtomation and ever-diminishing 
ocessing.

in ACTH 

mpetitive immunoassays bympetitive immunoassays by 
r or block the assay antibody. ommunity need to be 
boratory results with caution

ction antibody in two site

boratory results with caution 
he clinical picture.

esults, and this is the likely 
ACTH result.

specially at a time of increasing 
scientist involvement in samplescientist involvement in sample



Method specificity/crosMethod specificity/cros
Erroneous results of suppresseErroneous results of suppresse
concentrations following synthe
been reported.p
Cross reactivity with pro-ACT
Negative interference by highNegative interference by high 
precursors (>= 4200 pmol/L) &
ACTH results in conditions wh
such as in the ectopic ACTH sy
and patients with large invasive

ss reactivityss reactivity
d endogenous ACTHd endogenous ACTH 
etic ACTH1-24 infusion have 

TH & POMC
concentration of ACTHconcentration of ACTH 

& subsequent erroneously low 
here ACTH precursors are high,p g
yndrome, Nelson’s syndrome 
e pituitary macro-adenomas.
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Widely differing normal ranges reWidely differing normal ranges re
ranging from <46 pg/ml (<10 p
pmol/l) are an intuitive index opmol/l), are an intuitive index o

hi f i demographic factors, i.e., age and
women present slightly lower A
b h i h l h i di id l dboth in healthy individuals and 
disease. 

d reference valuesd reference values

eported by assay manufacturerseported by assay manufacturers
pmol/l) to 10–90 pg/ml (2.2–19.
of lack of assay standardizationof lack of assay standardization

d l i l l hd sex, play a minor role althoug
ACTH concentrations than men

i i i h C hi ’in patients with Cushing’s 
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Internal quality control of ACTInternal quality control of ACT

l li fExternal quality assessment of

CTH measurementCTH measurement
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Quality assessment of ACTH
Internal quality control ofInternal quality control of 
ue to the labile nature of ACTH in ser
says presents particular problemssays presents particular problems. 
Care should be taken in the preparatio
for ACTH assays. y
QC samples should either be stored fr
small aliquots at -70°C. 
At the preparation stage, a sufficient 
produced for the full lifetime of the Q
Storage of QC samples in large volumStorage of QC samples in large volum
ACTH concentration may occur on th
As for all internal QCs, the range of AQ , g
should be relevant to that encountered

H measurement
f ACTH assaysf ACTH assays

rum, the QC of all available ACTH 

on and storage of internal QC sample

freeze-dried or, if in liquid form, in 

number of aliquots should be 
QC material. 
mes should be avoided as changes inmes should be avoided, as changes in
hawing and refreezing of the samples
ACTH concentration in the samples p
d in clinical samples.



Quality assessment of ACTH
Internal quality control of q y
There are a few commercial supp
S f ACTH illSome users of ACTH assays will 
provided with the assay kit or wil
I i i h h fIt is important that the nature of t
assay performance may be influen
being measuredbeing measured.
It is important that the matrix of 

ibl th t f th ti t ’as possible that of the patients’ sa
different assay performance chara
especially if preservatives or stabespecially if preservatives or stab

H measurement
f ACTH assaysy
pliers of ACTH QC material.

ith l QC leither employ QC samples 
ll prepare in-house QC material. 
h d d i l i kthe standard material is known, a

nced by the ACTH preparation 

the QC sample matches as closel
l hamples as some assays may have 

acteristics with different matrices
bilizers have been addedbilizers have been added.



Quality assessment of ACTH
External quality assessmenExternal quality assessmen
A major problem with the pj p p
scheme for ACTH is the ins
plasma.plasma.

EQA in other countries sho
(geometric coefficient of va(g
major methods show accept
agreementagreement.

H measurement
nt of ACTH assaysnt of ACTH assays
provision of an external QA p Q
stability of the hormone in 

ows poor overall agreement 
ariation 25%),  however ),
table between laboratory 



25 fresh-frozen plasma samples collected from pa
concentrations 
7 different assays by 35 different laboratoriesy y
Assay precision, method agreement, and result cla
Results: 
Inter- and intra-assay coefficient of variation varie

Conclu
eld ACTH assays have to be interpreted with cauti
Overall method agreement was good (mean ratio 
large excursion (lower and upper limits of agreem
Both differences between assays and between lab
agreement

eld ACTH assays have to be interpreted with cauti
n fail to correctly identify patients with suppressed

he endocrine community has to include ACTH assagreement. 
Assays correctly classified most patients with nor
and 95% (95% CI 86–100%) respectively) 
Only 60% (95% CI 52–67%) of measurements fro

tl

y

correctly.

atients with either high, low, or normal ACTH 

assification were estimated.

ed considerably 
usions:
ion as they are burdened by high variability and
versus target value 1.02) but subject to exceeding

ment at 0.13 and 1.91 respectively). 
boratories contributed to variability of method 

ion as they are burdened by high variability and 
d ACTH secretion.

says among those requiring standardization.
rmal and high ACTH levels  (90% (95% CI 82–97

om patients with low ACTH values were assigned 

y g q g
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Challenges in ACTH assChallenges  in  ACTH ass

Progress in different assay methProgress in different assay meth
The inherent variability in ACT

k f h i iLack of harmonization among 
Lack of harmonization among r
Commutability of assays perfo
laboratories

hese issues mandates carefuhese issues mandates carefu

saysay 

hodologyhodology
TH secretion

dassay procedures 
reference ranges 

ormed in different or even same
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