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Thirty-eight enhancing intracranial neoplasms were evaluated with a dual kilovoltage 
technique to measure the change of effective atomic number (~Z) , and linear attenua
tion coefficients with the use of iodinated contrast material. The change of effective 
atomic number was found to separate intracranial neoplasms into three major groups: 
gliomas, meningiomas, and metastases. Other parameters, including linear attenuation 
coefficients and CT numbers, varied from less accurate to inaccurate. The change of 
effective atomic number with contrast enhancement not only predicted the appropriate 
histologic group of the neoplasm , but also aided in the differential diagnosis of 
neoplasms without a characteristic ~Z value. 

We have described a sensitive method for histologically grouping intracranial 
neoplasms preoperatively using computed tomography (CT) [1]. The effective 
atomic number and change of that number with contrast enhancement was found 
for each of 15 tumors using two different kilovoltage sett ings during CT. These 
values were correlated with the pathologically determin ed histology. This tech
nique allowed the neoplasms to be effectively separated into three histologic 
groups: gliomas, meningiomas , and metastases with a high degree of statistical 
significance. Although the initial series of cases was small , thi s did not detract 
from the statistical significance, however, a larger experience was necessary to 
test the efficacy of the method in a greater variety of neoplasms. We describe 
this additional experience. 

Materials and Methods 

Case Material 

There were 38 intracran ial neoplasms evaluated in 37 patients: one pat ient had two 
metastatic lesions. Of the lesions, 15 were described previously [1], and 23 new cases 
have been added. The histology of each is listed in table 1. There were 14 gliomas , seven 
meningiomas, and five metastases. In add ition, there were six neurinomas, primarily 
acoustic; three histiocytic lymphomas; two pituitary tumors ; and one pin ealoma. Two 
neuropathologists reviewed all pathologic material for histologic diagnosis, inc luding grad
ing of degree of malignancy. 

All tumors had increased attenuation coefficients relat ive to the normal brain either 
before or after contrast enhancement, and had varying degrees of enhancement. No 
neoplasm had lesser attenuat ion than the normal brain . Contrast enhancement was accom
plished in all cases with a 50 ml bolus of meglumine diatri zoate (14 g iodine) (Hypaque 60, 
Winthrop Labs.), followed by a 300 ml infusion of Reno-M -DIP (4 2 g iod ine, Squibb) given 
over 4-5 min . Children received lesser amounts, not more than 3 ml of 60% contrast / kg . 
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TABLE 1: Intracranial Neoplasms Case Material 

Pathology/Case No. ')bIlZ ~ spread " ""gO 

Astrocytoma: 
Grade 1: 

1 7.1 23.0 0.5 
Grade 1-2: 

2 6 .2 0 .0 2.3 
3 9 .9 17.1 3 .8 

Grade 2-3: 
4 . . . . . . . . . . . . 18.4 41.0 3 .9 

Grade 3 : 
5 7.2 11 .0 1.4 

Grade 4 : 
6 7.4 13.0 1.4 
7 ...... . . 2.8 1.7 1.0 
8 7.0 11.7 3.3 
9 ...... . . . 7 .0 16.6 2.3 

)0 17 .1 36 .0 2.9 
Brainstem astrocytoma: 

Grade 2: 
11 17.8 41 .6 6.6 

Grade 1: 
12 0 .0 0 .0 0.5 

Medulloblastoma: 
13 8.7 18.0 2 .8 
14 . . . . . . . . . . . . . . 16.4 32.0 3.8 

Meningioma: 
15 15.0 30.0 2.4 
16 17.0 32.0 2.6 
17 17.0 43.0 6.9 
18 . . . . . . . . . . . . . . . . 12.0 29.0 3.5 
19 17.1 36.3 5.2 
20 . ......... 17.1 38.0 4.8 
21 13.9 25.0 1.9 

Pituitary adenoma: 
22 15.0 33.0 3.0 
23 9 .9 20.0 1.5 

Neurinoma: 
Trigeminal: 

24 6.8 7 .7 3 .3 
Acoustic : 

25 23.9 41 .6 3 .8 
26 20.0 33.0 4 .2 
27 58.0 167.0 12.0 
28 42.0 100.0 10.5 
29 24.7 58.0 4.8 

Pinealoma (germinoma): 
30 3.7 7.0 2 .4 

Histiocytic lymphoma: 
31 15.0 34.0 3.8 
32 13.6 52.0 5.2 
33 26.0 58.3 4.7 

Metastasis 
Prostate: 

34 24.0 48.0 3 .8 
Lung: 

35 29.0 68.0 4 .2 
36 . . . . . . . . . , 18.0 34.0 2 .6 
37 19.0 35.0 4 .0 
38 18.3 50.0 4.9 

Note.-Cases 35 and 36 are the same patient. 

No patient had been operated on or had received chemotherapy, 
radiation therapy, or steroid medication which might change the 
blood-brain barrier. At least 24 hr elapsed between the patient's 
enhanced CT scan and the dual kilovoltage study . 

MathematicaTOeterminations 

The mathematical derivations of the effective atomic number and 
electron density of a material have been determined by several 
investigators [2-4), and the techniques for finding these values for 
intracranial tumors has been reported [1). Briefly, a probable intra
cranial neoplasm was identified on an enhanced CT scan. After an 
interval of at least 24 hr, a representative area of the tumor as seen 
on the original study was rescanned before the administration of 
contrast at two different kilovoltage settings. Contrast material was 
admin istered and scans made at the same level, again with the two 
kilovoltage sett ings, so that a total of four scans was performed. All 
scanning was done on a Pfizer 0100 scanner, using 90 and 130 
kVp. 

The average linear attenuation coefficient, Ji., of a 9 x 9 mm (36 
pixels) area of the neoplasm was determined on each scan. Only 
areas of enhancement within the tumor were evaluated, with a 
portion selected that appeared to be homogeneous in its enhance
ment . Once an area on the enhanced scan was selected, the same 
area was found by its coordinates on the unenhanced scan and 
evaluated . Frequently, multiple areas were evaluated and averaged 
to insure that a representative portion of the tumor wa~ sampled . 
Only an area of enhancement in tumors with a "ring sign " was 
evaluated; care was taken to avoid partial volume errors by including 
low density regions within the ring . 

Because the Pfizer 0100 scanner is not calibrated against a 
standard material during each translation , its number scale is ex
pressed in relative rather than absolute terms. As explained previ
ously [1) , we have used normal brain as a standard for determining 
the linear attenuation coefficients within the tumor. We selected an 
area of normal brain in the opposite hemisphere in a position 
symmetrical to the neoplasm to use as this internal standard. 

The effective atomic number, Z , before contrast was determined 
by applying the ratio of the coeffic ients at the two energy levels to 
a graph which relates the attenuation coefficient ratio to the effective 
atomic number [1). The process was repeated for values following 
contrast enhancement. The percentage change of Z after enhance
ment relative to the precontrast values is expressed as: 

Zcontrast-Zno contrast x 100 
%62= -------,,-------

zno contrast 

The linear coefficients, used to calculate the effective atomic 
number, can themselves be evaluated. The " Ji.-shift " of the tumor is 
defined as the percentage change of the average linear attenuation 
coefficient at one kilovoltage setting after enhancement relative to 
the precontrast value, shown as follows for 90 kVp : 

"'''''90 = "90 (contrast)--"90 (no contrast) x 100 

"90 (no contrast) 

The " Ji.-shift " at 130 kVp is determined in similar fashion. The 
" Ji.-spread " represents the change of precontrast linear attenuation 
coefficients with enhancement and also takes into account the 
change of kilovoltage. It is expressed as: 

("90-"130) contrast-("90-" 130) no contrast 
Ji.-spread = -----:::-::--:--::-.,.--::-::-:----...,-----

("90-"1 30) no contrast 

Analysis of variance was used to compare mean CT scan mea
surements among different histologic categories. 

Accuracy of the Method 

The Pfizer 0100 scanner has an exposure time of 4.5 min, long 
by today 's standards. Because the study began in 1976 and ex-
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tended through 1978, consistency of equ ipment variables requ ired 
the cont inued use of the same scanner . With such a long exposure 
time, patient motion might have introduced significant inaccuracy. 
However, motion was held to a minimum with sedat ion, and the 
scans obtained were surprisingly free of motion art ifact ; cases were 
discarded if there was significant motion . 

An area of 36 pixels was used to determine the mean linear 
attenuation coefficient within th e tissue evaluated. Initially, sample 
areas up to 100 pixels were used, but the results did not differ 
significantly from those using 36 pi xe ls, and the mathematics were 
easier with the smaller volume. Others [5] have indicated that the 
standard deviation about a mean value (noise) is relatively indepen
dent of sample size if 25 or more pixe ls are used in the sampling. 

We verified the effective atomic number by scanning a series of 
pins of different composition within a water phantom and comparing 
our results to published values. As indicated earlier [1], our method 
is accurate to about 3%, similar to accuracies reported by others 
[2]. We have determined experimentally that beam-hardening ef
fects by fortuitous position of the tumor within the sku ll may amount 
to 3%. Such an error should not be a considerat ion here, however, 
since the symmetrical area of normal brain in the opposite hemi
sphere, used as an internal standard , would be subjected to the 
same beam hardening and therefore cancel the effect on the tumor 
values. 

Results 

The values of %~Z , /l-spread, and /l-shift at 90 kVp are 
listed for each of the 38 tumors in table 1. To test these 
values in the preoperative prediction of histology, the 26 
cases of gliomas, meningiomas, and metastases have been 
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Fig . 2. -Preoperati ve prediction of histology based on frequency distri
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Fig . 3. -Preoperative prediction of histology based on frequency dist ri 
bution of " ""90. 

graphed in frequency distributions as a fun ction of %~Z (fig. 
1), /l-spread (fig. 2) , and ,u-shift-90 (fig . 3). 

It is evident from figure 1 that %~Z produces excellent 
separation of the three c lasses of neopl asms with four 
exceptions. Case 4 was an aggressive g lioma in a child; 
case 14 was an extremely vascular and aggressive medul
loblastoma in a child ; case 11 was a large exophytic brain
stem astrocytoma in an ad ult ; and case 10 was a tumor 
whose histology was d ifficult to interpret. The last was so 
anaplastic that differentiation between a metastasis and a 
g lioblastoma was difficult , with the latter diagnosi s favored . 
The ch ildhood tumors acted in a malignant fashion , with 
early death , as did the fourth case with the problematic 
histology. If these four cases are excluded , the three groups 
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are totall y separated using %LlZ. The differences among 
means of the three groups, even wi th the four cases in
c luded, are stati sti cally significant with p < 0 .0005. 

Figure 2 shows the predic tive value of the /.t-spread func
tion. There is no overl ap between the gliomas and menin
giomas if the four cases mentioned are excl uded; however, 
men ingiomas and metastases do overl ap. While there is a 
c lose correlati on between %LlZ and /.t-spread (r = 0 .96), as 
might be expected from the similarity of the terms in the 
equations, the differences among means for /.t-spread are 
slightly less significant (p < 0 .001) and the overl ap of groups 
is apparent. 

Figure 3 demonstrates the frequency distributions using 
%Ll/.t at 90 kVp. There is much overl ap of tumor c lasses, 
and no stati sti cally significant separation. Previous work [1] 
showed even less separati on using %Ll/.t at 130 kVp. 

The 14 cases of g liomas were evaluated separately, cor
relating predominant histolog ic grade with %LlZ . As shown 
in figure 4, there is overl ap of the %LlZ values, so that while 
%LlZ is effective in predicting the presence of a glioma, it is 
not useful in predicting its histologic grade. 

The %LlZ values for the remaining 12 cases proved helpful 
in most instances. All acousti c neurinomas had values above 
the meningioma range, extending into the values of the 
metastatic tumors. Since the radiographic appearances 
were not those of metastases, the values would help in 
differentiating between the two common cerebellopontine 
angle masses, acousti c neurinoma and meningioma. Two of 
the three histiocytic lymphomas had values in the menin
gioma range . The intraparenchymal location of the tumors 
exc luded meningioma, but the %LlZ values suggested a 
lesion other than the typi cal gliomas or metastasis . There
fore, whil e a characteristi c % LlZ value was not found for 
each tumor type, the values did aid in the differential diag
nosis, given the appropriate radiographic presentation. 

Three cases illustrate the help in differential diagnosis. 
Figure 5 (case 9) demonstrates a left temporal mass with 
slightly inc reased density before contrast and a homoge
neous degree of enhancement of a well demarcated tumor . 
The lack of more dramatic mass effect considering the size 
of the lesion suggested its slow growth . Angiography 
showed a diffuse and persisting blush, and the radiographic 
diagnosis was a meningioma. However, the determinations 
of %LlZ and /.t-spread suggested another diagnosis. Z with
out contrast was 7.1 , Z with contrast was 7 .6, and %LlZ was 
7.0 ; /.t-spread was 16.6. These values were in the glioma 
range, not the meningioma group. At surgery, a well circum
sc ribed glioma was found which was infiltrating into the 
insul ar parenchyma. Histologically, this was a grade 4 as
trocytoma (glioblastoma). 

Figure 6 (case 8) demonstrates two ringlike lesions with 
abundant cerebral edema in the left frontal lobe . Two con
ti guous metastases were considered , although no other 
intracranial lesions were found . However, the %LlZ value of 
7 .0 and the /.t-spread value of 11.7 were in the glioma 
category , not the metastatic group. At surgery, a horseshoe
shaped gl ioblastoma was found . In figure 7 (case 3 1), a 
poorly marg inated neoplasm of the superior cerebellum is 
shown in a 75-year-old man. While not as circumscribed as 
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Fig . 4 .-Evaluation of 14 cases of glial tumors. Predominant histolog ic 
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A 8 
Fig . 5. - Case 9 . A, Large left temporal lobe mass is slightly dense on 

nonenhanced CT scan. B , Scan with contrast materi al shows sharp bord ers 
and homogeneous enhancement . Square (arrow) denotes area sampled to 
determine I'- and Z . Left carotid angiography (not shown) demonstrated 
diffuse tumor blush that persisted through venous phase. Preoperative diag
nosis was meningioma. 

most hematogeneous metastases , primary gliomas of the 
cerebellum are not common in this age group. Nevertheless, 
these were the two primary radiographic diagnoses. The 
%LlZ value of 15.0, however, was not in either the glioma or 
metastasis group , suggesting another diagnosis. The /.t
spread value of 34 .0 was less helpful, since there was 
overlap of the glioma and metastasis groups in the 30-40 
range. At surgery, a histiocytic lymphoma was found. One 
other histiocytic lymphoma had a similar %LlZ value, while 
a third case had a value in the metastatic range . 

Discussion 

The determination of the change of effective atomic num
ber with contrast enhancement is a sensitive technique for 
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Fig. 5. - Case 8. Enhanced 
scan shows two apparentl y sepa
rate cysti c or necrotic masses in 
left frontal lobe. Differential d iag
nosis inc luded two metastases and 
irregularl y shaped g lioma. Square 
(arrow) is sampled area. 

Fig . 7. - Case 3 1, 75 year-old
man. Enhanced CT scan shows 
poorl y marg inated enhanc ing 
mass in superior aspect of ce re
bellum . There is mild hydrocepha
lus. Square is sampled area. 

measuring the amount of iodinated contrast material that 
passes into and is retained by an intracranial neoplasm. 
Contrast material c rosses an abnormal blood-brain barrier 
if the lesion is within the parenchyma. Extraparenc hymal 
lesions outside the normal blood-brain barrier also coll ect 
contrast material , presumably within vascular structures 
such as sinusoids or by passing a blood-tissue interface to 
collect in the interstices of the neoplasm. Increasing the 
effective atomic number of a material , particularly with a 
high atomic numbered substance such as iodine , allows for 
a greater degree of photoelectric absorption of incoming x
rays . This makes the dual kilovoltage technique, with its 
relatively low kilovoltage settings of 90 and 130 kVp, a 
sensitive method for measuring the amount of retained 
contrast material in the neoplasm. 

At first , it may be thought that %t:.Z is a measurement of 
the degree of breakdown of the blood-brain barrier , with 
more malignant lesions having a larger %t:.Z than less ma
lignant ones. For example, metastatic tumors would have a 
greater percentage change than low grade gliomas. Authors 
[6] have suggested that the grade of a glioma could be 
predicted by the degree of enhancement, with the low grade 
gliomas showing little enhancement and the high grade 
gliomas enhancing to a marked degree. 

Thi s seems too simplistic , however. First , most benign 
extraparenchymal neoplasms outside the blood-brain bar-

ri er retain a greater amount of contrast per unit volume than 
most gliomas, benign or malignant. Thi s enhancement is not 
dependent on vascularity, in wh ich case the contrast would 
wash out relati ve ly soon, but represents re tention in the 
sinusoids or intersti ces of the tumor. Second, gliomas may 
be gross ly malignant histolog icall y, yet not have nearly the 
deg ree of enhancement as parenchymal metastases. In 
addition, the deg ree of contrast enhancement of g liomas is 
not proporti onal to the grade of the glioma. Whil e the path
ologic grading of a tumor depends on the materi al submitted 
for histo logic review , and therefore may not re fl ect the entire 
tumor, the seri es of 14 g liomas in our study ce rtainly shows 
a lack of co rrelati on between the deg ree of enhancement 
(%t:.Z) and histolog ic grade. Finall y, previous work [7] has 
shown a lack of enhancement in medium to high grade 
gliomas and metastases, many are of low densi ty due to 
microcysti c change. Thus, the lack of enhancement of a 
neoplasm does not prec lude its malignancy . 

Our results indicate that the change in effective atomic 
number with contrast enhancement correlates c lose ly w ith 
brain tumor histology . Other measurements vary from mark
edly to slightly less accurate. Measurements of the linear 
attenuation coeffi c ients themselves, and their change with 
contrast enhancement , at only one kilovoltage do not have 
the sensitivity in evaluating the amount of high atomic num
bered materi als such as iodine inherent in the dual kil ovolt
age technique. Histo logy cannot be predicted using the 
linear attenuati on coeffi c ients at only one kil ovoltage setting. 
The bas ic CT numbers are proporti onal to the linear atten
uation coeffi c ients. Previous work with these numbers and 
variou s stati sti cal manipul ati ons of them has shown the lack 
of accuracy of these values, whether before or after con
trast , in predic ting histology [1]. The "/-I-spread " method is 
similar to that used to find %t:.Z , since it uses not only pre
and postcontrast values but also the changing kil ovo ltage. 
The results are slightl y less accurate, and there is some 
overl ap of values not present in the %t:.Z method . The 
mathemati cal differences in the two methods and the rea
sons for the lesser accuracy have been discussed [1]. 

We emphas ize that evaluations of thi s type can be per
formed on any CT unit. The mathemati cs descri bed were 
developed for a who le body unit whi ch does not scan a 
standard materi al with every pass . The majority of CT units 
avail able today fit thi s descript ion and only minor mathe
mati c alterati ons would be necessary for a scanner that 
standardizes during each run . The accuracy of our method 
may suffer from pati ent moti on due to the long scanning 
time, and it wi ll be inte resting to evaluate the results on the 
rapid high reso lution systems that will allow precise mea
surements. 
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