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Summary 
We present a further evaluation of an improved recording meth- 

od for the acoustic detection of intracranial aneurysms (ADA). A 
sensor was applied to the patient's eyes. Two measures were 
derived to summarize the power spectral density functions of the 
sound frequencies that were obtained from each patient: the power 
median (PM), the median of the power spectral density function, 
and the mean difference error (MDE), a measure of the difference 
between the normalized, logarithmically transformed spectra of the 
patient and a template, the normal spectrum. The capability of these 
two measures (alone or combined) to discriminate between patients 
with and without an intracranial aneurysm was tested in a series of 
89 patients harbouring a total of 109 aneurysms and 73 controls, 
using multiple logistic regression analysis. When PM and MDE 
were combined, the accuracy of the predictions amounted to 79%. 
Individualized threshold values of the likelihood ratio of harbour- 
ing an aneurysm, for ordering four-vessel angiography are suggest- 
ed, depending on the prior probability of harbouring an aneurysro, 
the risks of unnecessary angiography and the risk of living with an 
undetected aneurysm. Our decision analysis suggests that using 
these recommendations, employing acoustic detection results in a 
small gain in quality adjusted life expectancy (0.01 life year) for 
patients aged between 40 and 60, compared to no diagnostic test- 
ing, and 0.02 life year compared to angiography, which cannot be 
recommended. For patients with a three times increased prior risk 
of harbouring an intracranial aneurysm, the benefit of ADA com- 
pared to angiography increases to 0.05 life year. We conclude that 
acoustic detection has the potential of becoming a useful tool in the 
non-invasive diagnosis of occult, asymptomatic intracranial aneu- 
rysms. 

Keywords: Intracranial aneurysm; non-invasive diagnosis; 
sound recording; decision analysis. 

Introduction 

Aneurysmal subarachnoid haemorrhage (SAH) 
occurs at a population rate of 1/10,000 annually, with 
a mortality of more than 50% [2, 11, 23]. Unruptured 
intracranial aneurysms are present in at least one per- 

cent of the general population, and they constitute a 
major risk to health [18, 38, 39]. Screening for unrup- 
tured intracranial aneurysms has been advocated or 
carried out in high risk groups, such as relatives of 
patients with SAH [4] and patients with autosomal 
dominant polycystic kidney disease [5, 37]. However, 
a convenient diagnostic procedure is not yet available 
for routine clinical use. 

Angiography has a risk of complications and is 
expensive and time-consuming, because it is usually 
an in-hospital investigation. Not only should a screen- 
ing strategy preferably be non-invasive, but it should 
also be reliable and accurate. High resolution CT 
scanning lacks sensitivity for smaller aneurysms [19, 
27, 30], magnetic resonance imaging and magnetic 
resonance angiography have not yet been evaluated 
properly [3, 21, 26], and both are expensive proce- 
dures. 

It has long been known that aneurysms emit 
sounds, although early reports may actually have con- 
cerned bruits caused by vasospasm in patients with a 
ruptured aneurysm [25]. Later studies which made 
use of electronic stethoscopes suggested that the 
aneurysm itself generates vibration, probably because 
of turbulence of the aneurysmal blood flow. However, 
the sensitivity of such procedures seemed to be low, 
i.e., less than 50% [16, 17, 20, 28, 29]. We present 
further results of the evaluation of an improved 
acoustic detection technique for intracranial aneu- 
rysms (ADA). We evaluated its diagnostic accuracy 
and analysed the clinical indications for its use with 
decision theory, taking into account the benefits of 
treatment of an unruptured aneurysm, and the risk of 
angiography and aneurysm surgery. 
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Methods and Patients 
Patients 

Eighty-nine patients with a total of 104 aneurysms who were 
consecutively admitted to the neurosurgical department of the 
Groningen University Hospital with aneurysmal subarachnoid hae- 
morrhage (n = 77), or with an unruptured aneurysm (n = 12) were 
evaluated with the acoustic detection technique. All aneurysms 
were confirmed by angiography. The control group consisted of 73 
patients without known intracranial pathology; they were admitted 
to the clinic for spinal abnormalities: disc protrusion, spinal steno- 
sis or carpal tunnel syndrome. The results on the first 26 controls 
and aneurysm patients have been published earlier [31], and 
another sample of these patients was used as controls in a study of 
patients with brain tumours [33]. 

Acoustic Detection o f  Aneurysms 

Our procedure for the recording of intracranial sound has been 
described earlier [15, 31]. Briefly, microphones were placed over 
the closed eyes of each patient, using ultrasonic transmission geI 
(Fig, 1). The sound signals from the microphones were amplified 
and filtered (band pass 200-1250 Hz, 2nd order), and sent to a per- 
sonal computer. An electrocardiogram signal was recorded simul- 
taneously to obtain a trigger signal. A delay of 200 ms between 
trigger and sampling procedure was chosen, because the maximum_ 
blood-flow velocity, and therefore, the maximum sound amplitude 
in the intracranial vessels occurs between 200 and 300 ms after the 
R-wave of the QRS-complex. With a real-time Fast Fourier Trans- 
form procedure the time series were transformed into power peri- 
odograms. Approximately 50 periodograms were obtained and 
averaged. The resulting power spectra (relative power spectral den- 
sity as a function of the frequency), were shown from 
200-1250 Hz, and normalized to their maximum value. An auto- 
matic clipping technique was used for selectively removing loud 
signals such as from breathing, eye blinking or movement. One 
measuring cycle, consisting of sampling, FFT and averaging had a 
duration of 850 msec; the total diagnostic procedure took 10-15 
minutes. 

Two measures were used to summarize the power spectral den- 
sity functions of the sound frequencies that were obtained from 
each patient. The first, the power median (PM), is the median of the 
power spectral density function: the frequency at which the area 
below the power spectrum on the left equals the area below the 
power spectrum on the right. The choice of this parameter was 
based on the observation in previous experiments that the medians 
of the spectra in normal patients were rather shifted to the left, 
whereas every disturbance of the smoothly descending curve 
results in a shift of the right. To obtain one parameter per measure- 
ment, the medians of the power spectra of the left and right eye 
were simply added. The second measure, the mean difference error 
(MDE), is a measure of the difference between two normalized, 
logarithmically transformed spectra: the patient's spectrum and a 
template, the normal spectrum. This normal spectrum was derived 
by averaging 9 spectra from independent control subjects, who 
were not included in the present study. To obtain one parameter per 
measurement, we took the mean of the MDE of the right and left 
eye. 

Statistical Analysis 

We used multiple logistic regression analysis to determine the 
discriminatory ability of the PM and MDE, alone and combined. In 
logistic regression analysis, the post-test odds Op of an aneurysm 
are expressed as: 

Log2(Op) = ([Jo+l'J]vl+...+~iv,), 
where each term consists of the product of a regression coeffi- 

cient [5 and a parameter v (for example the PM or the MDE). * For 
ease of interpretation, we used base 2 logarithms (loga). Each point 
increase of the log2 odds doubles the posterior odds. ** Logistic 

* Odds are defined as O = p/( l -p) ,  where p stands for probabil- 
ity. In particular, odds of 1 correspond to a probability of 50%. In 
order to go back from odds to probability, once calculates 
p = 0 / (1+0) .  

** In order to go from log2 odds to loge odds one computes: 
log~(O) = log2(O)Xloge(2) = log2(O)XO.693. 
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Fig. 2. Decision tree for the management of patients suspected of harbouring an unruptured intracranial aneurysm 

regression models with linear and quadratic terms were considered. 
The models were evaluated using a log-likelihood ratio test and the 
crude error rate, i.e., the rate of patients that were misclassified 

[121. 

Decision Analysis 

A simple decision rule would advise action as if an aneurysm 
would be present when the post-test odds of an aneurysm would be 
larger than 1, and act as if an aneurysm would not be present when 
the post-test odds of an aneurysm would be smaller than 1. These 
are called the diagnostic threshold odds. 

The likelihood ratio, which represents the diagnostic informa- 
tion obtaimed from the results of acoustic detection, is computed 
by taking the ratio of the post-test odds Op and the prior odds Oi: 

LR = Op/Oi. 
The lower the prior odds, the higher the LR must be to let the 

post-test odds meet the threshold odds. The likelihood ratio that, for 
a certain prior, leads to a certain threshold odds, is called the 
threshold likelihood ratio (TLR). We adjusted the TLR to the clin- 
ical situation (population prevalence) using age-adjusted prior odds 

of an intracranial aneurysm. The diagnostic threshold likelihood 
ratio should also be adjusted for the risk/benefit ratio of acoustic 
detection. When the benefit from surgically treating an aneurysm- 
patient is much higher than the loss from undergoing "unneces- 
sary" angiography in a patient without an aneurysm, one would be 
inclined to choose a lower diagnostic threshold, in order to maxi- 
mize the benefit from aneurysm detection. The lower the loss 
incurred by angiography compared to the benefit of aneurysm sur- 
gery, the lower the threshold likelihood ratio for an aneurysm 
might be at which angiography may be ordered, and the other way 
around. 

The expected loss from "unnecessary" angiography was 
expressed in quality adjusted life years, and depended on the 
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Table 1. Probabilities and Utilities Estimated for the Decision Tree Analysis of Angiography al~d Surgical Treatment of Um'upmred 
lntracranial Anew\vsms 

Point Plausible range 
estimate 

Prior probability of an unruptured IA [6, 18] 
age 0-I 0 0.1% 0.05%-0.2% 
age 11-20 0.2% 0.1%-0.5% 
age 21-30 0.5% 0.25%-1% 
age 3 1 4 0  1% 0.5%-2% 
age 41-50 4% 2%-8% 
age 51-60 6% 3%-12% 
age 6 t -70  7.5% 3%-15% 
age 71-80 8% 4%-16% 

Annual rate of aneurysm rupture [9, 13, 35, 36, 38, 39] 1% 0.5%-2% 
Mortality from rupture [l, 11, 23, 24] 55% 50%-60% 
Morbidity from rupture 15 % 10%-20% 
Surgery [7, 10, 14, 22, 24, 40] 

Mortality 2% 1%-4% 
Morbidity 6% 4%-10% 

Angiography [6] 
Sensitivity 85% 70%-99% 
Specificity 100% - 
Mortality 0.025 % 0.01%-0.05 % 
Permanent disability 0.25% 0.1%-0.5% 
Transient morbidity 5% 1%- l 0% 
Time loss from transient morbidity after angiography 7 days - 
Time loss from angiography 3 days - 

Utility considerations [32] 
Utility of disability 0.75 0.625-0.875 
Annual discount rate 5% 0%-10% 

mortality from angiography, the risk of permanent morbidity and 
the value of living with permanent neurological disability, the risk 
of transient morbidity and the time spent with transient morbidity 
in days, and the time loss from angiography itself, as a function of 
the normal life expectancy. 

The benefit of treating a patient with an aneurysm, who was 
correctly classified (by angiography) as harbouring an aneurysm, 
was determined by the difference ~ in expected utility between no 
surgical treatment EU (WAIT) and surgical treatment EU (SUR- 
GERY). This quantity has to be multiplied by the probability that 
angiography indeed would have shown the aneurysm, the sensitiv- 
ity of angiography Se. (Angiography needs to be done in any 
patient considered to harbour an aneurysm, in order to locate the 
aneurysm and determine the neurosurgical technique and the test 
characteristics of angiography are assumed to be independend to 
those of ADA.) 

z~ = [EU(SURGERY)-EU(WAIT) XSe. 
These expected utilities were again expressed in (discounted) 

quality adjusted life years, and they were determined by decision 
tree analysis. Figure 2 shows the decision tree. It is adapted from 
previous decision-analytic studies of screening for and therapeutic 
management of unruptured (familial) intracranial aneurysms [6, 
32]. In the decision tree each strategy is described in an orderly 
way. Time flows from left to right. A square node represents the 
point in time where a decision must be made. Chance nodes (cir- 
cles) represent events that cannot be influenced directly by the 

decision marker. Outcome nodes (rectangles) represent the health 
states that result from each chain of events and decisions. In NO 
TEST the aneurysm (if present) may rupture and cause SAH result- 
ing in death, serious permanent neurological disability, or recov- 
ery. Compared to the calculations in the acutal analysis, the time 
aspect has been simplified in the decision tree representation. Sub- 
arachnoid haemorrhage, which may occur at any time in the future, 
has been collapsed into one branch. It is assumed that after a non- 
fatal SAH the aneurysm is clipped, completely preventing haemor- 
rhage. 

When angiography is uneventful and the presence of an intra- 
cranial aneurysm is confirmed, surgery may follow. Neurosurgical 
treatment may be uncomplicated and the patient will lead a normal 
life, without risk of SAH. Surgery may also lead to serious, perma- 
nent neurological disability, or even death. The probabilities and 
utilities have been estimated and described before [6] (Table l). 
Outcomes are expressed in discounted quality adjusted life expec- 
tancy [6, 8]. ADA may indicate the presence of an aneurysm, and 
the same sequence of events will follow as in the case when angio- 
~aphy was ordered directly. When ADA does not indicate an 
aneurysm, no specific action is assumed to follow. 

R e s u l t s  

H i g h l y  s i g n i f i c a n t  d i f f e r e n c e s  in  m e a n  d i f f e r e n c e  

e r r o r  ( M D E )  a n d  p o w e r  m e d i a n  ( P M )  w e r e  f o u n d  
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Table 2. Results of  the Acoustic Detection Procedure in Patients 
(N= 89) and Controls (IV = 73) 

Patients Controls 

Power median 
Median 837 620 ~ 
P25-P75 719-896 571-689 
Range 482-1122 512-965 

Mean difference error 
Median 403 114 a 
P25-P75 169-655 61-165 
Range 18-1842 16-1198 

Table 4. Diagnostic Threshold Likelihood Ratio TLR as a Function 
of Prior Odds and Risk~Benefit Ratio, Rounded to the Nearest Inte- 
ger" 

Age Prior odds RB/ratio TLR 

0-10 1 : 1221 0.028 42 
11-20 1 : 488 0.029 17 
21-30 1 : 243 0.032 9 
31-40 1 : 121 0.038 6 
41-50 1 : 29 0.048 2 
51-60 1 : 19 0.072 2 
61-70 1 : 15 0.159 3 
71-80 1 : 14 -1.54 - 

a Test for equality of medians p<0.0001. 

be tween  cases and controls (Table 2). A scatterplot 

(Fig. 3) suggested that comb in ing  the in format ion  of 

the two measurements  might  enhance  the diagnost ic  

per formance  of ADA,  because  pat ients  with high val-  

ues for both PM and MDE seem to be at high risk of 

harbour ing  an aneurysm.  Three l inear  logistic regres-  

s ion models  were fitted to these data. These three 

models  were all h ighly  s ignif icant  and did not  differ 

much  in d iscr iminatory  abili ty: 39, 38 and 40 patients 

out of 162 were misclass i f ied (Table 3). The disper- 

s ion of the data in Fig. 3 suggested a quadrat ic  rela- 

t ion be tween  the l ikel ihood of harbour ing  an aneu-  

rysm and the PM and the MDE.  The  fourth quadrat ic  

model  of Table 3 indeed performed better than the 

previous  thress (34 patients misclassif ied,  for an over-  

all accuracy of 79%). The fit of  each model  was deter- 

mined  by ordering the patients according to the pre- 

dicted probabi l i ty  of harbour ing an aneurysm,  then 

dividing the pat ients  in 4 equal ly sized groups, and 

compar ing  the expected n u m b e r  of aneurysms 

according to the model ,  and the observed n u m b e r  of 

aneurysm in the data (Table 3). Model  IV als had the 

best  fit. 

Each solid l ine in Fig. 3 divides the cases in those 

who have a more  than 50% ( O p > l )  chance of har- 

bour ing  an aneurysm and those who do not, according 

Table 3. Results of  the Logistic Regression Analysis 

A Model I Model II Model III Model IV 

Logistic equation -1.4+0.6 • -10.5+1.5XPM -9.3+1.2• 
0.3• 

LLR ~41.3 -60.6 -63.9 
Improvement X 2 - - 6.6, p = 0.01 
Errors FN/FP 28/10 21/18 17/23 
Enor rate 0.235 0.24 0.247 

-2.8-1.8 • • 
+0.4•215 MDE 
-69.9 
12.0, p<0.001 
30/4 
0.21 

B Model I Model II Model III Model IV 

expected observed expected observed expected observed expected observed 
Group 1 (N = 40) 12.6 14 8.1 11 8.8 12 10.9 10 
Group 2 (N = 40) 15.8 10 t4.8 13 13.9 11 13.3 13 
Group 3 (N = 40) 23.3 28 28.2 25 27.5 26 24.2 26 
Group 4 (N = 42) 37.3 37 37.9 40 38.9 40 40.8 40 

A: Statistical significance, false negative and false positives, error rate. Legend: PM power median of the power spectral density function, 
MDE mean difference error of the normalized logarithmically transformed power spectral density function and a normal template, LLR log 
likelihood ratio, FN false negatives, FP false positives. 
B: Fit of the four logistic regression models. The fit is determined by sorting the subjects according to increasing predicted likelihood of har- 
bouring an aneurysm according to the model, and dividing them in equally sized groups. For each regression model, the expected and ob- 
served number of cases per group is listed. 



A. C. van Bruggen et al.: Acoustic Detection of Intracranial Aneurysms 1153 

20 
19 
18 
17 
16 
15 
14 
13 

x.~l  0 
tu 9 
O 8 

7 
6 

~ 
41 
3 
2 
1 
0 

IV II 

,~149 

t . _, **" .. 
�9 . . , , j ' � 9 1 7 6  �9 :" 

e | � 9 1 4 9  

I * * *  �9 ~ �9 

4 5 6 8 9 10 11 12 
PM (xl00) 

Fig. 3. Results of acoustic detection of aneurysms. X-axis; power- 
median (PM), Y-axis: mean difference error (MDE). Filled circles: 
controls (n = 73), asterisks: (cases n = 89) and results of the logis- 
tic regression analyses: unadjusted diagnostic threshold likelihood 
ratios according to four logistic regression models (see Table 3). 
The lines represent unadjusted diagnostic threshold likelihood 
ratios that lead to post test odds for an intracranial aneurysm of 1, 
according the four logistic regression models (I-IV) 

to the regression models. However, as we argued in 
the methods section, this threshold may not be ade- 
quate for the application of ADA in clinical practice. 
Adjustment factors for the diagnostic threshold likeli- 
hood ratio are therefore suggested in Table 4, taking 
into account the population-based (age-dependent) 
prior odds of an intracranial aneurysm and the (age- 
dependent) risk-benefit ratio related to angiography 
and surgical treatment. For patients in the age catego- 
ry between 41 and 60, these two factors almost bal- 
ance each other. This table lists the benefits or losses 
incurred when using the acoustic detection in patients 
without increased risk of harbouring an intracranial 
aneurysm. Angiography would lead to a small loss, 
and ADA would lead on average to a small benefit in 
patients aged less than 70, especially in those aged 
between 41 and 60. 

Discussion 

We evaluated an acoustic detection technique to be 
used in screening for unruptured intracranial aneu- 
rysms in a controlled study. Logistic regression anal- 
ysis was used to determine the diagnostic accuracy 
and decision theory to establish indications for the use 
of acoustic detection in clinical practice. 

Our results can be used in deciding whether the 
results of ADA in a certain patient warrant four-ves- 
sel cerebral angiography. For example, when a 
healthy 45-year-old man underwent screening with 
ADA, the power median might be 700, and the mean 
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Fig. 4. Age-dependent threshold likelihood ratios of an intracranial 
aneurysm after the acoustic detection procedure, as a function of 
the mean difference error MDE (X-axis) and the power median PM 
(Y-axis). Above the lines and to the right, angiography is recom- 
mended, and below and to the left, no angiography 

difference error 550, leading to a likelihood ratio of 1, 
which does not exceed the threshold for ordering 
angiography (see Fig. 4). Therefore, these results 
would not justify recommending angiography to this 
patient. The situation would be different when PM 
would have been 800 and the MDE 500 in this patient. 
With such a test result, angiography would surely be 
warranted. When the patient would have an increased 
risk of harbouring an intracranial aneurysm, for 
example because he had a first degree family member 
with SAH, this would lead to an approximate three- 
fold increase in prior odds of harbouring an IA [4]. 
The TLR could then be adjusted downward to 1/3 of 
its original value, and angiography should be recom- 
mended, according to this analysis. If the patient had 
been 75 years old, then aneurysm surgery could never 
be recommended because the risk/benefit ratio would 
be negative and angiography should not be performed 
(Table 4). 

Table 5 shows that the population prevalence is 
lower than the probability that is minimally needed to 
justify angiography: the difference in expected utility 
between no testing and angiography is always nega- 
tive, i.e., in favour of no testing. On average, a tiny 
amount of quality adjusted life expectancy will be 
gained by ADA, especially in the age group of 40-60. 
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Table 5. Comparison of  the Results of  Detection of  Intracranial Aneurysms in Patients without Increased Risk with Angiography or the 
Acoustic Detection Device (ADA) 

Prior Angiography ADA 
Age probability detected IA ~EU1 detected IA gEU2 

0-10 0.1% 0.1% -0.026 0.0% 0 
11-20 0.2% 0.2% -0.024 0.1% 0 
21-30 0.5% 0.4% -0.022 0.2% 0.002 
31-40 1.0% 0.9% -0.019 0.4% 0.003 
41-50 4.0% 3.4% -0.005 2.2% 0.011 
51-60 6.0% 5.1% -0.005 3.4% 0.010- 
61-70 7.5% 6.3% 0.012 4.0% 0.004 

Listed are the prior probability of an intracranial aneurysm as a function of age, the probability of being detected and operated on, and the 
difference in quality adjusted life expectancy between angiography and no testing (6EU1) and between ADA and no testing (6EU2). 

This provides the rationale for detection of aneurysms 
with a non-invasive, riskless device such as ADA, in 
order to select patients for angiography. 

In our study, control patients did not undergo 
angiography. Thus, it cannot be excluded that one or 
more control patients actually harboured an intracra- 
nial aneurysm. This is not such a great problem, 
because the prevalence of aneurysms in asymptomat- 
ic patients is just a few percent. The alternative would 
have been to let all control patients undergo angiogra- 
phy, thereby exposing them to unnecessary risks. Per- 
haps a future study confined to patients at high risk of 
harbouring an IA, angiography may be carried out 
prospectively, and independently to acoustic detec- 
tion. Most cases were patients with ruptured aneu- 
rysms, who were studied before they were operated 
on. Rupture of the aneurysm, but also vasospasm may 
have changed the spectrum of intracranial sounds. 
Vasospasm was excluded by repeated transcranial 
doppler studies in our patients. The observer was not 
blind to the diagnosis, because of practical circum- 
stances, However, as we used an objective measure- 
ment, the results could scarcely have been influenced 
by knowledge of the actual diagnosis. On the other 
hand, we did not consider the possibility that abnor- 
mal test results may also point at intracranial patholo- 
gy other than aneurysms, such as meningiomas or 
other brain tumours, arteriovenous malformations, 
etc. In clinical practice, a false-positive result may 
thus have unexpected consequences, and perhaps 
even be advantageous to the patient. 

MR-angiography seems to be developing into the 
preferred non-invasive detection procedure for intra- 
cranial aneurysms. MR-angiography is more expen- 
sive than ADA. Moreover, its sensitivity may be 
impaired because of superimposition of vessels 

(venous and arterial), a technical problem that is not 
yet solved. Clinicians and health care managers alike 
should not rest content with the fact that this tech- 
nique has not yet been formally evaluated with regard 
to diagnostic accuracy and costs for detection of intra- 
cranial aneurysms. 

The results of any decision analysis, particularly of 
the present one, should be considered as a recommen- 
dation, which is blinded to the details of the clinical 
situation. The judgment whether the recommendation 
should be followed depends on the treating physician. 
The management of the patient always remains the 
responsibility of the doctor, it is he or she who gathers 
and judges the clinical information and weighs the 
evidence. Perhaps the decision model should best be 
integrated with the software for sampling the sound 
frequencies in the acoustic detection device, so that 
the management recommendation could be produced 
alongside with the power spectral density functions 
and its derived measures, the PM and MDE. 

To obtain reasonable certainty that ADA really is 
worthwhile from a clinical point of view, an indepen- 
dent study should be able to reproduce the results we 
presented here, and costs should also be taken into 
account. Such a study, in which MR angiography is 
also evaluated, is currently being carried out. The 
results of the present study suggest that acoustic 
detection has the potential of becoming a useful tool 
in the non-invasive diagnosis of occult, asymptomat- 
ic intracranial aneurysms. 
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C o l n i n e n l s  

The authors describe a method for acoustic detection of intra- 
cranial aneurysms with microphones applied to the patient's eyes. 
The accuracy of prediction of an intracranial aneurysm was 79%. 
They conclude that this method could be a useful tool for the non- 
invasive diagnosis of occult, asymptomatic intracranial aneurysms. 

It would be interesting in a future study to combine the acoustic 
method with MR-angiography even though more expensive, but 
also a non-invasive method for comparison of the acurracy of the 
prediction of an asymptomatic aneurysm. Maybe MR-angiography 
would be a second method after acoustic investigation in patients 
with doubtful results by the first method. 

R. Seller 

Van Bruggen et al. previously described a technique for the 
acoustic detection of aneurysms (Neurosurgery 29: 845-849, 
1991). In the current manuscript, they attempt to use data from this 
technique to decide whether angiography is indicated. Overall, the 
decision analysis is quite difficult to follow and the accuracy of the 
technique is unimpressive. The results describe highly significant 

differences in power median (PM) and the mean different error 
(MDE) values between aneurysm and control patients, but the 
overall diagnostic accuracy using the best decision methods is 
79%; 34 of the 162 patients were misclassified. This is a low level 
of accuracy for a screening examination. Furthermore, according to 
their analysis, the gain in adjusted life expectancy by performing 
this test is minuscule (0.01 life years). 

Adjustment factors for the diagnostic threshold likelihood ratio 
(TLR), specifically patient age, apparently make the technique 
more applicable clinically. However, when a technique which is 
based on the acoustics of turbulent flow in an aneurysm requires 
adjustment factors such as patient age and cannot stand on physi- 
cal-anatomical properties alone, it becomes suspect. 

Magnetic resonance angiography (MRA) has become the non- 
invasive diagnostic study of choice for unruptured intracranial 
aneurysms. This study is superior to acoustic detection techniques 
because it provides vascular anatomical data. In addition, MRA has 
diagnostic sensitivities and specificities around 90% and 90%, 
respectively, for 5-mm diameter aneurysms; these values increase 
with aneurysm size. One component lacking from the current paper 
is any discussion of aneurysm sizes in the 89 patients. As the 
authors note, MRA is indeed more expensive than acoustic detec- 
tion studies. However, MRA at our institution costs $ 500 and only 
an additional $ 200 for an accompanying brain MR image scan. 
The authors do not describe the costs of their studies in the manu- 
script. Nonetheless, before neurosurgeons change their aneurysm 
screening practices, they must have data that demonstrate superior 
accuracy of acoustic detection over MRA at lower costs. 
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