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ABSTRACT: Background: In the absence of a biological marker for Alzheimer's disease (AD), diagnosis has to be achieved using 
clinical criteria sets such as those outlined in DSM-IV, NINCDS-ADRDA, or ICD-10. As these criteria are quite broadly defined, there 
may be inter-rater variability in interpretation. Methods: Using a previously published CT scan measuring technique which correlates 
well with diagnoses achieved using the NINCDS-ADRDA criteria as interpreted at our clinic, we chose to independently examine and 
reach a diagnosis in patients selected for participation in clinical trials of therapeutic agents for the treatment of AD. Forty-four CT 
scans from six investigators across Canada were examined using this model. All patients had been diagnosed as having AD by 
NINCDS-ADRDA criteria and were deemed acceptable to participate in a clinical trial. Results: The diagnostic concordance achieved 
in the original published model was 91.5%. The diagnostic concordance in the population currently being studied was 77.3%. However 
when examined by site, results ranged from 57.1% to 100%. Using the model, an index of atrophy and a probability of diagnosis of 
AD can be determined. Across sites, there were statistically significant differences in these measures (p < 0.035). The mean probability 
of diagnosis of AD across sites ranged from 0.56 to 0.94. Although the sites with lower probabilities had slightly lower mean ages and 
slightly less atrophy, there was no overall correlation of the atrophy measures with age. Conclusions: Current results raise the possibil
ity that the selection of patients for AD clinical trials using current diagnostic criteria sets may not be adequate and conclusions with 
respect to agent efficacy could be flawed. 

RESUME: Evaluation des criteres de selection utilises pour les essais cliniques dans la maladie d'Alzheimer. Introduction: Comme 
il n'y a pas de marqueur biologique de la maladie d'Alzheimer (MA), le diagnostic est pose au moyen de criteres cliniques dont ceux du 
DSM-IV, du NINCDS-ADRDA, ou du ICD-10. Comme ces criteres ont une definition large, il peut y avoir une variabilite interobserva-
teur dans leur interpretation. Methodes: Nous avons examine independamment des patients selectionnes pour participer a des essais de 
pharmacologic clinique pour le traitement de la MA et nous avons pose un diagnostic en utilisant une technique deja publiee de mesure 
par CT scan dont la correlation avec le diagnostic pose au moyen des criteres du NINCDS-ADRDA tels qu'interprdtes a notre clinique est 
bonne. Quarante-quatre CT scans founds par six investigateurs a travers le Canada ont ete examines au moyen de ce modele. Tous les 
patients avaient re?u un diagnostic de MA, selon les criteres du NINCDS-ADRDA et etaient considered comme admissibles a un essai 
clinique. Resultats: La concordance diagnostique realisee dans le modele original publie etait de 91.5%. La concordance diagnostique 
dans l'6chantillon que nous avons etudie etait de 77.3%. Cependant, quand les rfoultats etaient etudies par centre, les resultats variaient de 
57.1% a 100%. Un index d'atrophie et la probabilite du diagnostic de MA peuvent etre determines au moyen de ce modele. II y avait des 
differences statistiquement significatives dans ces mesures (p < 0.035) entre les centres. La probabilite moyenne d'un diagnostic de MA 
variait de 0.56 a 0.94, selon les centres. Bien que les patients des centres qui avaient une probabilite diagnostique plus faible avaient un 
age moyen I6gerement plus bas et un peu moins d'atrophie, il n'y avait pas en general de correlation des mesures d'atrophie avec Page. 
Conclusions: Ces resultats soulevent la possibilite que, pour les essais therapeutiques, la selection des patients au moyen des criteres diag-
nostiques en usage courant ne soient pas adequats et que les conclusioins quant a l'efficacite de ces agents soient inexactes. 
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Alzheimer's disease (AD) is becoming more prevalent as our 
population ages. This is due to the fact that people are living 
longer and that the population therefore has a larger proportion 
of older individuals. Advancing age is the greatest risk factor for 
the development of AD.1"3 Although recent therapeutic advances 
hold considerable promise, 4"12 there is still no definitive therapy 
for this disease. There are many new medications on the horizon 
that are based on interventions in the known pathophysiology of 
AD. In order to properly evaluate these, an accurate diagnosis of 
individuals with this illness is imperative. 

In the absence of biological markers for AD, diagnosis has to 
be achieved using clinical criteria sets such as those outlined in 
DSM-IV, NINCDS-ADRDA, or ICD-10.1316 These diagnostic 
check lists use broad criteria that could be open to interpretation 
by different clinicians, especially when one considers that these 
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individuals may have widely varying types and depth of train
ing. In centres with a great deal of experience in the diagnosis of 
AD, the criteria are reliable,1718 but this may not be the case in 
centres with relatively less experience. In such instances, gener
al application of these criteria may lead to misdiagnosis, particu
larly in disorders such as some of the frontal lobe dementias and 
Lewy body dementia.19 This may introduce sufficient variability 
to distort patient selection for clinical trials, which may not be 
consistent across sites in a multicentre trial. 

Although autopsy confirmation would be the most reliable test 
of these criteria sets, it is not always possible to obtain. Previous 
clinical neuropathological correlation studies have generally 
shown good correlation of the autopsy findings with the clinical 
criteria.20"26 These studies were done in large specialty centres with 
clinical diagnosis often reached by a team consensus. Perhaps the 
best diagnostic-neuropathologic correlations are obtained in the 
centres involved in the CERAD protocols.26 This is likely due to 
the standardization of clinical and neuropathological assessments. 
With the rapid development of new medications to be tested in 
dementias, new clinical sites are being recruited at an increasing 
rate. Some of these sites may not have as much diagnostic experi
ence as those involved in the initial correlation studies. 

There has been some discussion, particularly in the CERAD 
groups, of standardizing radiological protocols. Davis et al.27 have 
shown good correlation of specific radiological measurements, 
particularly those of the temporal lobes, with neuropathological 
findings in AD. Jobst et al.28"30 have shown good clinical and neu
ropathological correlation with a CT scan model that looks at tem
poral lobe structures. 

Based on these contentions, we decided to test the NINCDS-
ADRDA criteria in a number of clinical centres across Canada, 
against an independent tool, a previously published CT scan mea
suring technique.31 This model correlates well with diagnoses 
achieved using the N1NCDS-ADRDA criteria as interpreted at our 
site. A key measurement in this model is the diameter of the tem
poral horns. Davis et al.27 have shown that temporal horn enlarge
ment in particular is important in individuals with AD. 

METHODS 

Using the CT scan model, we chose to independently exam
ine and reach a diagnosis in patients selected for participation in 
clinical trials of therapeutic agents in AD. The CT slices and 
measurements used in the model are identical to those outlined 
by Willmer et al.31 The diagnostic concordance achieved in the 
original published model was 91.5%. 

Forty-four CT scans from six sites across Canada were 
examined using the model. All patients had been diagnosed as 
having probable AD by NINCDS-ADRDA criteria and were 
deemed acceptable to participate in a clinical trial. Age and sex 
distribution of the groups is shown in Table 1. There was no sta
tistically significant difference in age across the groups. 

A standard scanning protocol was used at all sites. Scans 
were conducted at an angle of positive 20 degrees to the can-
thomeatal line to get better visualization of the temporal lobes 
and the temporal horns.32 A series of cuts five millimetres thick 
spaced at five millimetre intervals were obtained, extending 
from the cranial floor to the first cut which did not contain any 
portion of the lateral ventricles. Three slices were chosen for 
measurements. Slice 1 was chosen as that showing the widest 

Table 1: Age and Sex by Site. 

Site Age ± Std. Dev. (yrs.) Male/Female 

A 71.3 + 3.6 3/3 

B 78.0 ± 6.5 2/4 
C 67.0 ± 7.4 2/5 
D 72.1 ±6.0 6/2 
E 72.5 ±4.2 1/3 
F 68.0 ± 8.1 4/9 

cross section of the temporal horns, slice 2 showed the widest 
spacing of the frontal horns and slice 3 showed the greatest mea
surement of the lateral ventricular waist. Three measurements 
are necessary for the diagnostic equation. One investigator (JW) 
made all measurements. From slice one, the sums of the left and 
right temporal horns were measured perpendicularly to the 
longest axis seen on the CT scan at the widest point. From slice 
2, the widest distance between the caudate nuclei at their mid
points was measured. From slice 3, the narrowest point or ven
tricular waist was measured. All measurements were expressed 
as ratios of the internal skull diameter (from inner table to inner 
table) measured horizontally at the same level as the measure
ment. This gave three variables named TH, BC, and LV respec
tively. From the original model, classification equations can be 
defined as follows: 

A = (-6.6) TH + (235.19) BC + (88.94) LV -41.91 
N = (-81.54) TH + (208.98) BC + (51.46) LV -24.99 

A diagnosis of AD is predicted when A > N. Furthermore, the 
probability of diagnosis of AD can be calculated as follows: 

P = expA/(expA + expN) 

An atrophy index was calculated based on the three ratios as 
follows: 

Al = TH + BC + LV 

Tests of difference were applied to the six sites for the variables; 
diagnostic concordance, probability of diagnosis of AD and atro
phy index. Due to the small and unequal groups in the study, 
nonparametric tests of difference were chosen. The Kruskal-Wal-
lis test was used to look at over all group differences, and the 
Kolmogorov-Smirnov test was used for pairwise comparisons. 

RESULTS 

The diagnostic concordance between the NINCDS-ADRDA 
diagnosis and that obtained from the CT model was 77.3% over
all. However when examined by site, results ranged from 57.1% 
to 100% (Table 2). The atrophy index and probability of diagno
sis of AD are also shown. The mean probability of diagnosis of 
AD across sites ranged from 0.56 to 0.94. There were statistical
ly significant differences in these measures (p < 0.035) using the 
Kruskal-Wallis test. The means for each site for the two vari
ables are shown graphically in Figures 1 and 2. 

The differences between pairs of sites for these two variables 
can be calculated using the Kolmogorov-Smirnov test. The 
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Table 2: Diagnostic Accuracy, Mean Probability of Diagnosis of AD 
and Mean Atrophy Index by Site. 

Site Concordance (%) Probability* Atrophy Index** 

A 
B 
C 
D 
E 
F 

100.0 
83.3 
57.1 

100.0 
75.0 
61.5 

0.94 
0.91 
0.56 
0.93 
0.78 
0.63 

0.58 
0.60 
0.45 
0.58 
0.54 
0.50 

* Differences significant at p = 0.035 
** Differences significant at p = 0.026 

probabilities of difference between pairs of sites are shown in 
Tables 3 and 4. Although the sites with lower probabilities had 
slightly lower mean ages and slightly less atrophy, there was no 
overall correlation of the atrophy measures with age. 

DISCUSSION 

Current results suggest that there are substantial differences 
in Alzheimer patient populations between sites when the pattern 
of cerebral atrophy as measured by our CT scan model is used. 
A number of explanations for these discrepancies can be sug
gested. Some of the variability between sites could be explained 
by the fact that the scans were all done on different scanners. 
The CT scan model maybe measuring something different than 
the clinical criteria alone, leading to selection of different sub-
populations. Thus, different subgroups of AD maybe present at 
different sites. The CT model reflects structural changes while 
the clinical criteria generally reflect functional changes. There is 
correlation between the two; however, some cases do not fit 
well. The changes seen on the CT scan reflect atrophy, which is 
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Figure 2: Mean atrophy index by site (showing standard error bars). 

a neuropathological process. This highlights the need for even
tual autopsy correlation of the model. At this point in time, only 
one of the original subjects in the initial study31 has been fol
lowed until death. AD was neuropathologically confirmed. 
There is however support for this type of approach using CT 
scanning, and there is correlation with neuropathological 
changes in the temporal lobe.2728 

While neuropathological validation of the CT scanning 
model is important, the aim of the present investigation was to 
use this model as an independent assessment tool. Data support
ing the notion that the model correlates well with our own inter
pretation of the NINCDS-ADRDA criteria have been published 
previously.31 Hence any differences noted in the interpretation 
between groups would indicate that other sites participating in 
the current study were perhaps interpreting the diagnostic crite
ria differently than us. 

The different sites may be applying the NINCDS-ADRDA 
criteria differently, again resulting in different subsets of AD, or 
in the worst case, perhaps not all with equal accuracy. This may 
result in some sites having a lower proportion of true AD 
patients. These points suggest possible diagnostic implications. 
The model may be a useful adjunct in the diagnosis of AD, and 

Figure 1: Mean probability of diagnosis of AD by site (showing stan
dard error bars). 

Table 3: Probability of Sim 
ty of Diagnosis of AD. 

Site 

A 
B 
C 
D 
E 
F 

A 

1.000 
0.333 
0.009 
1.000 
0.944 
0.149 

B 

_ 
1.000 
0.009 
0.778 
0.944 
0.149 

laxity Between Pairs of Sites for Probabili-

C 

_ 
-

1.000 
0.004 
0.125 
0.265 

D 

_ 
-
-

1.000 
0.875 
0.098 

E 

_ 
-
-
-

1.000 
0.479 

F 

_ 
-
-
-
-

1.000 
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Table 4: 
Index. 

Site 

A 
B 
C 
D 
E 
F 

Probabi 

A 

1.000 
0.778 
0.009 
0.906 
0.944 
0.149 

ity of Simi 

B 

_ 
1.000 
0.009 
0.437 
0.500 
0.149 

larity Between Pairs of Sites for Atrophy 

C 

_ 
-

1.000 
0.004 
0.125 
0.265 

D 

_ 
-
-

1.000 
0.875 
0.132 

E F 

_ _ 
-
-
-

1.000 
0.479 1.000 

particularly, may be useful in patient selection for therapeutic tri
als in AD. Non-clinical criteria such as those in the CT model 
could be used to supplement the diagnostic criteria rather than 
replace them. In light of the previous discussion, using these cri
teria in addition to the clinical ones may better reflect the under
lying neuropathology of AD. A follow up study is being planned 
to re-evaluate the diagnoses given to these patients at the start of 
the clinical trial by examining them again at least twelve months 
later. These data will then be compared to the diagnosis achieved 
by the model to see if there has been a change. Ultimately, how
ever, the true test will be to follow these patients to autopsy. 

It is still unknown how the model as a diagnostic tool com
pares with other biological markers. Until recently their sensitiv-
ity has been rather low but newer indicators such as 
apolipoprotein E (Apo-E) and P97 may be more selective.3335 It 
will be important to determine if the differences between our CT 
model and the criteria based diagnosis are reflected in one or 
more of these markers. 

If these explanations are valid, the selection of patients for 
Alzheimer clinical trials using current diagnostic criteria sets 
may not be adequate and conclusions with respect to agent effi
cacy could be flawed. As the NINCDS-ADRDA criteria have 
been shown to be reliable in expert hands and that there may be 
correlation of the CT model with diagnosis achieved using 
them, it may well be a useful adjunct in accurately and consis
tently selecting patients for clinical trials. The model uses scan
ning parameters close to those used in standard clinical scans, 
and hence should be easily performed in any centre with a CT 
scanner. The measurement techniques can be easily learned and 
we believe them to be reliable and reproducible. We recommend 
that selection criteria for future clinical trials utilize this model 
as an adjunct to the clinical diagnosis of AD. 
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