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Volume growth rate of acoustic neurinomas 
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Summary. Of 79 acoustic neurinomas seen between 
June 1980 and June 1984, at least two CT scans were 
available for each of 23 tumours (21 patients); the 
scans were performed at intervals of at least 
6 months. The volume growth rate of the tumours 
was either moderate, with a volume doubling time 
ranging from 205 to 545 days, or slow, with a dou- 
bling time ranging from 1090 days to no observable 
growth. No single clinical, radiological or histologi- 
cal feature correlated with any type of growth rate. 
However, some conclusions were drawn. If a pri- 
mary CT scan is negative, at least 1 year should 
elapse before it is worthwhile taking another scan, 
even though audiological findings suggest growth; 
after an an apparently radical removal, at least 
3 years should elapse before a check CT scan is 
worthwhile; and if a small acoustic neurinoma is di- 
agnosed, but for some reason not operated upon, a 
second CT scan should be carried out 1 year later in 
order to reassess the case. 
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Radiological diagnosis of acoustic neurinoma is very 
accurate nowadays [1-6] and will obviously continue 
to improve [7-10]. Audiological diagnosis has also 
improved [2, 11]. It is important to find these tu- 
mours when they are small, as the operation is so 
much easier and success has even been reported with 
removal of small acoustic neurinomas with preserva- 
tion of hearing [12-15]. However, there are still so 
many risk factors in these sensitive operations that it 

is a moot point whether to advise operation for the 
patient whose small acoustic neurinoma has just 
been diagnosed and who has useful hearing in that 
ear. Furthermore, these patients with small tumours 
may have had symptoms for years, and there is no 
clear-cut correlation between tumour size and the 
duration of symptoms [15-17]. These considerations 
led us to try to assess the growth rate of a series of 
acoustic neurinomas. 

Patients and methods 

A total of 79 acoustic neurinomas were diagnosed in 
the Division of Radiology, Department of Neuro- 
surgery, Helsinki University Central Hospital, in the 
4 years from June 1980 to June 1984. These numbers 
include patients in whom the primary CT scan was 
done in another hospital. In 21 of these patients, 
6 men and 15 women, no operation was performed, 
or it was delayed for at least 6 months, and a second 
CT scan was done, permitting calculation of the vol- 
ume growth rate of the tumour. Between them these 
21 patients have (or have had) 28 acoustic neurino- 
mas altogether, 5 of which had been operated on ear- 
lier, leaving 23 neurinomas for our study. 

The reasons for not operating were as follows: 
2 patients had, and 5 had had, bilateral tumours, so 
that there was delay with the operation for the other 
one; in 9 instances the patient wanted time to decide 
in favour of or against an operation; 4 patients were 
either too old or too ill with some other disease; and 
in one instance a 0.38 cm 3 tumour was not diagnosed 
at first, in another hospital. 

The CT scans were done with nine different scan- 
ners, ranging over seven different brands from 
E MIMkI I  to GE8800; the majority, however, were 
done with the Philips Tomoscan 300 of this division. 
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Table 1. Tumour doubling time in 23 acoustic neurinomas, measured from two subsequent CT investigations 

Patient Sex Age Interval between CTs Initial volume Second volume Tumour doubling Comments  
no. (years) (t2 - tl, days) (V~, cm 3) (V2, cm 3) time (Td, days) 

1. F 43 254 0.80 a 1.92 205 Rck b 
2. F 11 660 0.41 3.46 220 Rck, left side 
3. M 57 434 0.38 a 1.44 225 
4. M 17 252 1.45 a 2.94 a 240 Rck 
5. F 20 318 0.88 2.00 250 Rck 
6. F 64 170 29.2 a 47.0 265 
7. F 58 326 (0.13) c 0.30 270 
2a. d F 11 660 0.26 1.24 295 Rck, fight side 
8. M 43 356 2.16 4.52 330 
9. F 61 436 0.06 a 0.14 a 385 

10. F 16 484 0.07 0.18 390 Rck 
11. F 61 310 0.25 a 0.44 395 
12. F 15 166 7.55 a 9.75 ~ 455 Rck 
13. F 50 354 0.31 a 0.52 455 
14. F 62 292 1.08 ~ 1.70 a 465 
15. F 57 892 7.05" 21.7 545 
16. M 43 198 1.71 1.92 1090 
17. M . 26 970 1.19 2.16 1130 Rck, left side 
17 a. M 26 970 0.87 1.41 1370 Rck, right side 
18. F 55 336 (0.80) c 0.92 1700 
19. F 66 392 3.00 a 3.61 2900 
20. F 71 190 (29.0) c 28.7 ~ ~o 
21. M 44 174 0.11 0.09 oo 

a Tumour volume was calculated from the three diameters and from the specific enlargement factor o f  the CT equipment  
b Neurofibromatosis Recklinghausen 
c Initial volume V1 extrapolated from the second volume V2 on the basis o f  the perpendicular  heights of  the tumour 
a Another  side of  patient no. 2 

Tumour volumes were measured on contrast-en- 
hanced scans taken within 5 min of the injection [18, 
191. The slice thickness varied from 1.5 to 8 mm. Sev- 
en computer tomographic air cisternograms were al- 
so available, but could not be directly compared to 
ordinary CT scans. In examinations with our own 
scanner - 27 scans - volume measurements were 
done with a built-in Programme [20]. For 16 scans 
done elsewhere, we measured three perpendicular 
diameters of the tumour, calculated the volume, and 
applied the enlargement factor specific to every 
scanner [21]. In the remaining three scans the thick- 
ness of the tumour perpendicular to the posterior 
surface of the petrous bone was the only measure 
that was reasonably certain, so it was used as the ba- 
sis of the volume calculation. With the Tomoscan 300 
programme the volume was measured three times 
from every slice and the averages were then added 
together [22-24]. The tumour doubling time in days, 
Td, was calculated according to the formula: 

Td = 1og102(t2-- tl) 
1Ogl0 V2 - log10 V o '  

in which tl and t2 are the dates of the CT scans, and 
V1 and V2 the extracanalicular volumes of the tu- 
mours measured from the CTs [25, 26]. The intracan- 
alicular part of the tumour was left out of these cal- 

culations in every instance, as the measurement of 
this space appeared to be rather uncertain. However, 
in two young patients the porus and meatus defi- 
nitely became wider between CT scans, within 16 
and 22 months, respectively. 

Results 

The tumour doubling times, Td, for 23 acoustic neu- 
rinomas in 21 patients are shown in Table 1. The tu- 
mours are divided into two categories: 16tumours 
with a moderate volume growth rate, Td 
200-550days, and 7 with a slow growth rate, Td 
3 years or more (Figs. 1, 2). Tumours showing no ob- 
servable growth were included in the latter category. 

Of the 6 men in our series, 3 had tumours with a 
slow volume growth rate, compared with only 3 of 
the 15 women. No other clinical, radiological or his- 
tological feature predicted either moderate or slow 
growth rate. The duration of clinical symptoms - 
mainly loss of hearing - did not correlate with pri- 
mary tumour volume V1 or with tumour doubling 
time, Td. Tumour calcifications (3 tumours) or cysts 
(3 tumours) or the primary tumour volume, Vz, did 
not correlate with any type of Td, nor did any histo- 
logical detail in the routine reports. 
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Fig. I a, and b. (Patient 8, M 43). A right-sided acoustic neurinoma 
that doubled in volume between the two CT investigations 

Fig.2a, and b. (Patient 21, M44). No visible growth in a left-sided 
acoustic neurinoma between the two CT investigations during an 
interval of 6 months 

Bilateral tumours and central neurofibromatosis 
were diagnosed in 7 patients. A moderate growth 
rate was found in 6 of these 7. The 2 patients with un- 
operated bilateral neurinomas (patients2 and17) 
had a T~ of 220 and 295days, and 1130 and 
1395 days, respectively, the difference between the 
sides being 25% and 20%. 

In patient2, the growth rates were initially 
220 days on the left and 315 days on the right, the dif- 
ference between the sides being 30%. This patient 
then received stereotactic radiation therapy to her 
left acoustic neurinoma in the Department of Neuro- 
surgery, Karolinska Hospital, Stockholm, Sweden. 
No change in the volume growth rate of this tumour 
was seen during the 7 months following radiother- 

apy. The growth rates were 215 days on the left and 
265 on the right (difference 19%). 

Discussion 

A matter of ethics should be broached immediately: 
why were these patients not operated on when the tu- 
mour was initially diagnosed? The general reasons 
are given in "Patients and methods". In addition, all 
tumours except 6, 12, 15, and 20 were small (Table 1) 
and none of the operations for a small tumour was 
considered urgent. Patients 6 and 20 Were elderly and 
in a poor general condition; both patients had a 
shunt and were later readmitted for a new CT scan 
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and clinical assessment, but were still considered too 
unfit. Patient 15 had a pulmonary condition preclud- 
ing any major operation, and as there were no signs 
of increased intracranial pressure, no shunt was in- 
serted. Patient 12 had bilateral tumours; the second 
tumour was left until the facial nerve recovered after 
the removal of the first tumour. 

A systematic error is difficult to quantify in a 
method based on logarithms. We must accept that 
the error may well be + 25%, especially in small tu- 
mours [25]. The slice thickness used in CT scan is the 
critical limit. If the tumour radius is less than the 
slice thickness, tumour volume analysis is very un- 
certain [26], as are the chances of even diagnosing the 
tumour. Overlapping slices do not help much. Vol- 
ume measurement on the basis of the three diameters 
of the tumour seems a relatively good approxima- 
tion, and the error of this method probably does not 
differ much from direct volumetry. However, the cal- 
culated volumes based only on the thickness of the 
tumour (patients 7, 18 and 20) must be regarded as 
highly uncertain. 

A third factor may contribute to the uncertainty 
of volume growth analysis, especially if the time be- 
tween the two CT scans is long: over long periods the 
tumour growth rate is probably not linear, as as- 
sumed here, but more like the f-curve of a normal 
distribution sample [27, 28]. It is also well known that 
some tumours in patients with neurofibromatosis 
suddenly grow fast, while others may remain dor- 
mant; puberty appears to start off a good many 
[29-31] and so may pregnancy; the effect of the men- 
opause on these tumours is not known. Our series is 
also biased, with more bilateral and small tumours 
than a "normal" acoustic neurinoma series (cf. [16, 
17, 321). 

Reports on brain tumour volume growth rate 
concern mainly malignant tumours [22, 23] with tu- 
mour doubling times as short as 20 days [33]. Benign 
tumours have a different time scale for their growth, 
so we preferred the terms "moderate" and "slow" 
growth rate [34]. 

Why do these tumours fall into two categories, 
moderate and slow, as regards growth rate? There is 
no straightforward answer, and we do not even know 
whether this division is real. However, three conclu- 
sions can be drawn. 
1. If there is a strong suspicion of acoustic neurino- 
ma on audiological grounds, but the primary CT is 
negative, a CT check by the same method may reveal 
the tumour at the earliest after 1 year, and it may be 
preferable to let 2 years pass; a decision to do an air 
CT cistemogram will depend on local availability 
and experience. 
2. If an acoustic neurinoma is very small, e.g. its 

thickness is at the most 6 mm, an observation time of 
1 year will mean at most a 3-mm increase in thick- 
ness (--2volume doublings, each leading to a 25% 
increase in the thickness of the tumour). 
3. After an apparently radical removal of an acoustic 
neurinoma, it will take at least 3 years before a recur- 
rence might be visible in a CT scan - so no "routine" 
checks should be done before at least this time has 
elapsed. 

As an example, let us examine the figures of pat- 
ient 5. Her tumour recurred and had a volume of 
2.00 cm 3 77 months after the primary operation; at 
67 months after the operation the volume of the tu- 
mour had been 0.88 cm 3, i. e. a tumour doubling time 
of 250 days = 8.2 months. By extrapolation her tu- 
mour volume would have been about 0.06 cm 3 at 
36 months after the primary operation. A tumour 
with a volume of 1 cm 3 has a diameter of 13 mm [1]; a 
hemispherical tumour of 0.06 cm 3 has a diameter of 
6 mm and a thickness of 3 mm - just visible in a CT 
slice with a thickness of 3 mm [8]. 

So far, we have not been able to draw any far- 
reaching conclusions with regard to the clinical man- 
agement of patients with acoustic neurinoma. When 
a small acoustic neurinoma is diagnosed radiologi- 
cally, the first concern is the patient's hearing; if this 
has been fading, there seems a good chance that it 
will continue to do so, and the best course may well 
be to suggest early operation, with an attempt at 
preservation of what there is left of hearing in the ear. 
However, if operation is deferred for some reason, 
we strongly suggest a follow-up CT scan in I year; it 
may then be possible to give a well-founded progno- 
sis, and the more CT scans there are available for 
comparison, the more accurate the prognosis will be. 
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