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Summary. Intravenous digital subtraction angiogra­
phy (IV DSA) was performed on 3,146 patients in the
period between February 1989 and March 1994. They
were retrospectively investigated to detect unruptured
cerebral aneurysms (An) to determine its incidence and
the usefulness of this test to be used for screening
purposes. These patients had slight or mild neurological
problems but had no history indicative of cerebral Ans.
From them, 2,730 (86.8%) IV DSA studies were of
excellent image quality. Among these, 161 suggested the
presence of unruptured Ans. For these, 142 received
cerebral angiography by intra-arterial digital subtrac­
tion angiography (IA DSA). Forty-six were confirmed
to have Ans (1.9% incidence) and 33 were subjected to
surgery. The remaining 96 patients had no An (67.6%
false positive). The smallest one detected on IV DSA
was 2 mm in size. There were 10 Ans which escaped
detection by IV DSA but were confirmed by IA DSA or
during surgery (17.4% false negative). All of them were
smaller than 3 mm in size. We believe unruptured cere­
bral Ans over 5 mm in diameter, which pose a greater
risk of rupture, can be sufficiently detected by IV DSA.
For this procedure, a short catheter with a large caliber
was used for pressure injection of the contrast medium
via a femoral vein. This method proved to be very
adequate in obtaining clear images of IV DSA.

In the same period, we performed 4,609 IV DSA for
various neurological problems including the above
cases. In 4,057 of them (88.0%), the pictures were of
excellent image quality. In 57 cases (1.2%), there were
slight complications. Our study suggests that IV DSA is
a useful means of detecting unruptured cerebral Ans for
screening purposes.

Correspondence: Satoshi Kobayashi, M.D. Kobayashi Neurosur­
gical Hospital, 1-5-21 Miwa, Nagano 380, Japan.
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INTRODUCTION

Subarachnoid hemorrhage from ruptured cerebral
aneurysms (Ans) is a serious disease leading to high
rates of mortality (50 to 60%) and morbidity (20 to
30%).1~7) The catastrophe comes without warning to
apparently healthy, unsuspecting people; about half
of them die in the following one month period, and
the remainder die or suffer major sequelae without
definitive treatment. 7

-
10

) Despite this, there has been
no ideal screening method for Ans, and the develop­
ment of a reliable technique has been in great demand.

Lately, magnetic resonance angiography (MRA)
has achieved remarkable progress in the diagnosis of
cerebrovascular conditions. However, its reliability
as a screening test for Ans is questioned by many
researchers. Il
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) In our institution we occasionally
also use MRA, but feel it is only useful as an adjun­
ctive method.

On the other hand, intravenous digital subtraction
angiography (IV DSA) has proved to be a useful means
in evaluating the cerebrovascular diseases. 15
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) It is
minimally invasive, fairly accurate and a less expen­
sive method for examinig the intracranial vascula­
ture on an outpatient basis. However, there has been
a limited number of reports of its usefulness and
limitations in detecting unruptured cerebral Ans in
recent years. 22,23)

This paper describes our experience of IV DSA to
detect unruptured cerebral Ans mainly on an out­
patient basis, as well as an evaluation of its reliability
as a screening test. A method to improve the quality
of the pictures from a technical aspect is provided
and complications are reviewed.
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PATIENTS AND METHODS

Patients

From February 1989 to March 1994, 4,609 IV DSA
studies were performed at our institution in patients
with neurological disorders. Among them, 3,146
patients whose history met the following criteria
were selected for the present study: 1) A history of
slight to mild neurological problems were complained
of, including habitual or persistent headache, speech,
visual or sensorimotor impairment including tran­
sient ischemic attack (TIA), reversible ischemic neu­
rological deficits (RIND), cranial nerve palsy, epi­
sodes of unconsciousness or epileptic attack; 2)
Patients were suspected of having cerebrovascular
disease but their computed tomograms (CTs) were
negative for ruptured or unruptured cerebral Ans and
they had no history suggestive of ruptured cerebral
An; 3) Other organic neurological disorders were
excluded; and 4) Patients had no heart diseases in­
cluding arrhythmias.

The sex and age distribution are shown in Table l.
Eighty-five percent were outpatients.

vein, through a 14 gauge, 6.4 cm long teflon catheter
commercially available. This catheter was curved to
facilitate its advance into the venous cavity (Fig. 1).
After the confirmation that the catheter was properly
placed, 45 ml of nonionic contrast medium iohexol
(Omnipaque 350; Daiichi Co., Tokyo, Japan) was in­
jected at a rate of 30 ml/sec.

The author's method of femoral vein catheteriza­
tion was derived from the preliminary studies, which
indicated that using a shorter length and larger cali­
ber catheter made it possible to send bolus amount of
contrast medium. This is carried as a fast moving
mass and migrates into the cerebral arteries at a
relatively high concentration. Views were obtained
routinely at anteroposterior (AP) and slightly oblique
projections: 80 to 10° which made stereoscopic view
possible. Lateral or oblique projection might be added
in some patients if they had normal renal function.
The studies were carried out in the conscious state to
obtain the cooperation. Intra-arterial digital subtrac­
tion angiography (IA DSA) was done by transfemoral
catheterization technique. Omnipaque 300, 4 to 6 ml
each time, was injected selectively into three or four
vessels.

Table 1. Patients included for screening of unruptured
cerebral Ans by IV DSA

Ags were between 22 and 88 years, with the mean being 57
years.

Equipment and methods

The IV DSA examinations were performed using a
DSA imaging system (Toshiba Co., Tokyo, Japan FDP­
40 A, image memory 64 M byte, magnetic disk 264.8
M byte, X-ray generator KXO-1250, X-ray tube DXB­
1024 CH). It was used routinely with a 0.6 mm focal
spot and a 9 inch image intensifier mode. Exposure
factors were determined by video peak detector and
were generally at 100 rnA and 65-75 kVp. The video
signal was stored in a 1024 X 1024 X 8 resolution. The
serial images were obtained at a rate of 3.25 frames/
sec.

Contrast medium was injected into the femoral

Age

20 to 29
30 to 39
40 to 49
50 to 59
60 to 69
70 to 79
80 to 89

Total

Male

92
136
292
409
404
339

37

1,809

Female

36
62

204
310
389
270

66

1,337

Total

128
198
496
719
893
609
103

3,146

Table 2. False positive and false negative cases in the diagnosis of unruptured
cerebral An by IV DSA

False positive False negative
96/142=67.6% 8/46=17.4%

No. of patients 95/142 1/142 2/13 4/33 2/33

IV DSA + -

IA DSA - + + +
Operation no operation - no operation +
Number of Ans 121 false 1 false 3 5 2

+An finding present, - absent
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Fig. 1. Insertion method of a 14 gauge 6.4 cm long teflon catheter into the femoral vein.

Data analysis

The quality of the IV DSA pictures was then
checked; if they were considered of good quality, the
findings were compared to those of IA DSA. The
resolution of IV DSA compatible with IA DSA was
considered as a golden standard. The number and
incidence of Ans was determined on IV and IA DSA.
The size of the An was corrected by its enlargement
ratio.

The sensitivity, true and false prediction value of
Ans in IV DSA were analysed on the basis of the
findings of IA DSA as follows;
Sensitivity = Number of pictures with Ans found/All
patients with Ans, True predictability = Number of
patients with Ans/All patients with Ans on IV DSA,
False predictability = Number of patients with false
Ans/All patients with Ans on IV DSA (False positive
ratio),
The range of the size of Ans was determined to see
the resolution limit of IV DSA.

Finally, comparisons of the findings of IV and IA
DSA were analysed. Infundibular dilatation, when
certain, was not counted as An. Ordinarily it was not
the target for surgery.

RESULTS

(1) The quality of IV DSA, and incidence of Ans in
IV DSA

In 2,730 of the 3,146 patients (86.8%), IV DSA pictures
readily visualized major vessels in good resolution
and 2 mm An, if present, could be demonstrated
clearly.

In them, Ans including questionable ones were
found in 161 patients (5.9%). Of these, 142 patients
received IA DSA as described in paragraph (2). In­
cluding the series of cases presented here, we have
done 4,609 IV DSA studies for various neurological
problems during the period from February 1989 to
March 1994. From these studies, we obtained very
clear pictures in 4,057 cases (88.0%). This is higher
than those reported by others, which ranged from 42
to 85%.16,18.19,22,24~27)

(2) Comparison between IV DSA and IA DSA

Of 142 patients, the presence of Ans was confirmed in
46 patients (32.4% true predictability). An was absent
in the remaining 96 patients (67.6%, false positive). In
46 patients, An was confirmed by IA DSA among
estimated population of 2,408 (=2,730 X 142/161) with
clear IV DSA. The chance of diagnosing An in a
group of patients who met our selection criteria was
1.9% (46/2,408). Although angiographic criteria was
less well defined, other authors reported series sug­
gesting an incidence of about 1 to 5%.28-33)

(3) Predictability and false predictability of Ans

If we count the number of Ans instead of patients, the
true predictability of Ans by IV DSA was 29.7%.
Since 142 patients had 172 questionable Ans in IV
DSA and, among them, 46 patients had 51 Ans con­
firmed by IA DSA.

Out of 121( = 172-51) false An in various locations
as shown in Table 2, 104 (86%) were due to arterial
loops in spite of two different angle views being
obtained customarily. The rest were due to artifacts
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a b

Fig. 2. a. IV DSA suggests the presence of an An of the Rt. Internal carotid artery (IC) (arrow). b. IA DSA
reveals a looping vessel (arrow), not an An (AP view).

a b

Fig. 3. a. IV DSA suggests Rt. middle cerebral artery (MC) An (arrow). b. IA DSA reveals Rt distal
anterior cerebral artery (AC) An (arrows), and no MC An (*).



IV DSA and Unruptured Cerebral Aneurysms 29

Fig. 4. a. On IV DSA, Rt. MC An (arrow) and anterior communicating artery (Acorn) An (arrow) are
suspected. b. IA DSA proves the presence of Rt. MC An (arrow) and a small Rt. IC junctional dilatation
(arrow) and the absence of Acorn An (*).

b

Fig. 5. a. IV DSA suggests Rt. vertebral artery (VA) An (arrow). b. Vertebral IA DSA strongly indicated
a diagnosis of An, but surgery revealed a complicated loop of a dilated artery (arrow).
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a

Fig. 6. a. IV DSA suggests an An at the top of the basilar artery (BA) (arrow). b. Vertebral IA DSA gives
no conclusion as to diagnosis (arrow).

b

Fig. 7. a. IV DSA suggests an An (arrow) in the proximal Lt. A 1 segment. b. IV DSA, oblique view. This
was an artifact and there was no An (*).
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Fig. 8. a. On IV DSA an An was suspected in Lt. Me bifurcation (arrow). b, c, d. The IA DSA pictures could
be mistaken for an arterial loop, because of the intraluminal laminar flow, although it was an An (arrow).
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a b

Fig. 9. a. IV DSA shows an An of the Lt. IC (arrow). b. IA DSA oblique view (arrow). This 5 mm An was
arrowhead-shaped because of an indentation created by its impinging upon an oculomotor nerve.

Table 3. Complications in IV DSA studies for 4,609 cases

(5) Complications

We encountered 57 (1.2%) minor complications in
4,609 IV DSA studies, but none of them was serious
(Table 3). Thirty-seven of them seemed to be due to
a hypersensitive reaction to the contrast medium.
However, none of them needed intensive treatment.
Oxygen inhalation and the administration of steroids
were given in 16 cases after which symptoms soon
disappeared. There were 19 cases of slight local
hematoma at the site of puncture but resolved spon­
taneously. In one case, a hematoma was evacuated
and lacerated small arterial branch had to be ligated.

or due to overlapping with other vessels. There was
one An-looking structure which was diagnosed as An
by IV DSA and IA DSA but at surgery to be
a complicated loop of a dilated artery. False predict­
ability (False positive ratio) was 67.6%.

Among false negative cases, there were three Ans
in 13 cases which were not shown on IV DSA but seen
on the IA DSA. They were not surgical candidates. In
the surgical group of 33 patients, there were five Ans
which were not shown on the IV DSA but apparent
on IA DSA. Two small Ans of 2 mm in diameter each
not recognized on either IV DSA or IA DSA were in­
cidentally found during clipping procedure for other
known Ans. All 10 false negative Ans by IV DSA
were 3 mm or less in size. False negative ratio was
17.4%. The causes of false positive and false negative
diagnosis were patients' motion, arterial loop, over­
lapping with other structure and artifacts. The repre­
sentative cases are shown in Fig. 2 through 9.

(4) Ranges of size of Ans

All 51 Ans of the 46 patients confirmed by IA DSA
were larger than 2 mm. The diameter of the smallest
An recognized by IV DSA in this study was 2 mm at
the proximal portion of the right anterior cerebral
artery (Fig. 10). As mentioned above, all 10 Ans that
escaping detection by IV DSA were 3 mm or smaller
in size.

Nausea
General discomfort
Chest discomfort
Heat sensation in the face or body
Chills
Skin eruption
Slight hypotension
Slight dyspnea
Local hematoma

Total

10
4

2

11

2

6
1

1

20

57(1.2%)
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a b

c

DISCUSSION

The surgical treatment of unruptured cerebral An
remains controversial since its natural history is not
well known. However, in order to determine whether
or not screening examination and consequent prophy­
lactic surgery is needed, it is necessary to clarify the
incidence and natural history of cerebral Ans in the
general population.

Fig. 10. a, b. IV DSA shows a 2 mm An in the proximal
portion of Rt. AC (arrow) and its magnified view (arrow).
c. IA DSA; same An confirmed (arrow).

Rupture is more likely to occur in Ans greater than
5 mm in diameter.33- 40) Winn et aLZ,8,41,42) reported
that the chance of aneurysmal rerupture was 1 to 4%
per year after the initial rupture. Once it occurs,
there is a high risk of mortality and severe morbidity
in survivors. 1

-
7) The value of screening depends on

how individual neurosurgical teams manage the
patients with unruptured Ans. Thomas et al. elabor­
ated their opinion, taking the most recent literature
into consideration, that a reasonable surgical candi­
date who has a life expectancy of at least 3 years
should have surgery.33)

The author advocates the surgical treatment for
unruptured Ans because of its low operative mortal­
ity and morbidity.l,7,37,43,44) However, the surgical indi-
cation of unruptured cerebral Ans should be carefully
decided upon, depending on the individual situation.

For IV DSA to be used for screening unruptured
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Ans, there are several important points. The most
basic is to obtain a high quality picture. As described,
the author's method of pressure injection of larger
amount of contrast medium into the comparatively
thick and the near centrally situated femoral vein
serves the purpose. Many investigators practice the
peripheral injection technique for IV DSA study.18-20,
22-26,45.46) Other authors used a central catheterization
technique. 16.27,46-48) We believe, however, that if the
contrast medium injection is made into a small
peripheral vein or through a long thin catheter into a
central vein, the resistance in pressure injection is
great and flow rate becomes restricted, then the bolus
effect would ordinarily be diminished. Complications
such as vein rupture could occur in these circum­
stances. Our method has overcome these shortcom­
ings. Then needless to say, the cooperation of the
patients to remain still during picture taking through
their cooperation is essential. Motion during each
injection caused misregistered subtraction artifacts
between the mass image and the contrast containing
image, which was the cause of most of uninterpreta­
ble IV DSA images. For uncooperative patients, we
occasionally used venous anesthesia with thiopental
sodium. Patients with heart trouble, especially atrial
fibrillation, are usually very unfavorable subjects for
IV DSA because the contrast medium becomes dilut-
ed due to slow circulation.

The arterial loop is actually the main problem in
screening the Ans. This usually projects a heavier
shadow on the film and arouses the examiner's atten­
tion. However, if not solved by another view, one has
to resort to the next step of IA DSA. Middle cerebral
artery (MC) bifurcation area was the most suscep­
tible place for this type of misinterpretation. Also,
vertebral artery (VA) and basilar artery (BA) were
unfavourable areas since occasionally the imaging
contrast is poorer and superimposition occurs with
anterior circulation.

Overlapping with other vessels is also a common
factor in misinterpreting images. However, this can
be recognized since it also casts a heavier shadow.
This kind of observation is generally more common
with IV DSA than IA DSA since the concentration of
the contrast media is thinner and the contrast effect
of overlapping structure will be accentuated.

Artifacts in IV DSA are another problem but
usually additional projections from different angles
will solve this.

The smallest An found in our series was 2 mm in
diameter. The author believes An of this size will be
found by our method with high probability. Also, 2
mm was the smallest limit of aneurysmal size in our
IA DSA series. We believe important roles of the IV

DSA as a screening method should be basically to
choose questionable cases from a large group.

As one becomes more meticulous in interpreting IV
DSA pictures, the false positive cases will increase
and accordingly the chance of missing true Ans
decreases, since a detailed study will follow these
cases. Therefore, we are not concerned about a high
ratio of false positive. In this series. chance of finding
An by IV DSA was 32.4%. This figure is lower than
that reported by other authors. 22.23 )

In spite of number of the above mentioned limita­
tions of IV DSA for the screening of Ans, we believe
its considerably high reliability and feasibility out­
weighs these shortcomings. Such screening tests,
which can be casually and repeatedly conductible for
follow-up study would be in great demand. This is
especially so in view of the common knowledge of
newly developing An, rapidly growing An, familial
An and rather high incidence of multiple Ans.

This study indicates that 2 mm An could be seen
and all 10 false negative Ans were 3 mm or less in
diameter. Accordingly, the author assumes that the
Ans with a diameter of about 4 mm or larger can be
detected by means of IV DSA with good accuracy.
Therefore, it would seem reasonable that most
asymptomatic unruptured Ans large enough to pose a
considerable risk for their rupture, i.e. 5 mm in
diameter, can be identified on IV DSA.

This study indicates that IV DSA performed by the
author's method is a useful means of detecting un­
ruptured cerebral Ans for screening purposes.

A summary of the beginning part of this study was
presented by the author at the 49th Annual Meeting of
The Japan Neurosurgical Society on October 25, 1990 in
Tokyo.
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