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Evaluation of Intraaneurysmal Blood Velocity by
Time-Density Curve Analysis and Digital
Subtraction Angiography
Hiroshi Tenjin, Fumio Asakura, Yoshikazu Nakahara, Keigo Matsumoto, Takamasa Matsuo,
Fumihiro Urano, and Satoshi Ueda

PURPOSE: Our purpose was to evaluate intraaneurysmal blood velocity by using timedensity curve analysis and digital subtraction angiography.
METHODS: In 31 aneurysms, aneurysmal blood velocity was examined with digital subtraction angiography to determine mean transit time (MTT), peak density time (time to peak
opacification) (PDT), and time to half-peak opacification (T1⁄2). Thirty frames per second were
acquired, and the time-density curve was calculated. Regions of interest were drawn on the
proximal parent artery, on the distal parent artery, and on the aneurysm itself.
RESULTS: There was no significant difference in MTT of blood velocity in the proximal site
on the parent artery, in the distal site on the parent artery, and in the aneurysm. Similarly,
there was no significant difference in PDT in the parent artery, in the distal site on the parent
artery, and in the aneurysm; nor was there a significant difference in T1⁄2 in the parent artery,
in the distal site on the parent artery, and in the aneurysm; that is, intraaneurysmal blood
velocity was similar to that in the parent artery. PDT and T1⁄2 of small aneurysms were faster
than that of large aneurysms; that is, blood velocity of small aneurysms was faster than that of
large aneurysms.
CONCLUSION: Intraaneurysmal blood velocity in small aneurysms is similar to that in the
parent artery; consequently, the central stream probably reaches the aneurysmal wall. Intraaneurysmal blood velocity in large aneurysms appears to be somewhat slower than that in small
aneurysms.
A causative relationship between an increase in
blood velocity and formation of a cerebral aneurysm
has been suggested (1, 2). Furthermore, a cooperative
study has shown that peaks of arterial hypertension
can precipitate aneurysmal bleeding (3). Hypertension induces high blood velocity, and blood velocity is
related to several biological reactions (4, 5); therefore, estimations of blood velocity may be useful for
predicting the natural course of an aneurysm. However, there have been few systematic clinical investigations of these hemodynamic factors. The ability to
estimate intraaneurysmal blood velocity in situ might
have an impact on patient care (6). Current advances
in the electronics industry have facilitated the development and application of a new technology known

as digital imaging. Digital subtraction angiography
allows evaluation of hemodynamics by accessing rapidly acquired quantitative data (7). In the present
study, we evaluated intraaneurysmal blood velocity
through the application of time-density curves and
digital subtraction angiography.

Methods
Between 1994 and 1996, 31 aneurysms in 29 patients were
examined with digital subtraction angiography in regard to
aneurysmal blood velocity. Subjects consisted of 10 men and 19
women, 44 to 82 years old. Aneurysmal sites included the
anterior communicating artery (n 5 2), the internal carotid
artery (n 5 14), the internal carotid artery bifurcation (n 5 1),
the middle cerebral artery (n 5 10), the basilar artery bifurcation (n 5 3), and the superior cerebellar artery/basilar artery
(n 5 1). Eight patients were examined within 48 hours after
subarachnoid hemorrhage while in the other 23 patients, aneurysms were examined in the chronic stage or as unruptured
sacs. The size of the aneurysm was estimated by its maximal
diameter.
Digital angiography was performed on an Angiorex Super
Series (Toshiba, Tokyo, Japan) unit with a pixel matrix of
512 3 512. The tip of the catheter was advanced into the
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FIG 1. A, Digital subtraction angiogram
of an aneurysm in the middle cerebral artery. The size was determined by correcting for magnification.
B, Regions of interest were drawn on
the proximal parent artery, on the distal
parent artery, and on the aneurysm itself.

FIG 2. A, Time-density curve (top) and integration curve (bottom) for contrast medium. The time to half-peak of the integration curve
was defined as the mean transit time.
B, The time-density curve was fitted to a g-variate function, and the peak density time was determined.
C, The time-density curve was fitted to an exponential function, and the time to half-peak was determined.

common carotid artery or vertebral artery, and 4 to 7 mL of
contrast medium was delivered at 1.2 to 2.0 mL/s via an automatic pressure injector. Thirty frames per second were acquired for 10 seconds. Projections were chosen that showed the
aneurysm in profile and without superimposition of adjacent
arteries. Large veins were avoided. Two projections were acquired if possible. Regions of interest (ROIs) were drawn on
the proximal parent artery, on the distal parent artery, and on
the aneurysm itself. When the aneurysm was large enough to
draw several ROIs, they were drawn on the orifice of the
aneurysm and on the tip of the aneurysm. The average of the
values obtained at the orifice and the tip was used to define
the flow of the aneurysm. Each ROI had a diameter of 3 to 5
mm. Because the circle of Willis, where aneurysms are often
found, is in the center of the skull, the sella turcica (anteroposterior view) and midline (lateral view) were used as landmarks of the aneurysm. Magnification was determined from
the distance between the sella turcica or midline and the image
intensifier. The error was less than 0.5 mm (Fig 1).
Blood velocity rates were determined by the time-density
curve; that is, by measuring density as contrast medium passed
points in the parent artery and aneurysm (7). Time-density
curves were obtained in each ROI. To subtract the background
density from each frame, we determined the density in the area
not perfused by contrast medium. The initial time was defined
as the time at which each curve took an upward turn in the ROI
of the proximal parent artery, and the entire first-pass curve
was established without any recirculation. Mean transit time

(MTT) was determined as S(0 –`)Ct/S(0 –`)C, where C is the
quantity of contrast medium remaining at the site (Fig 2A) (8).
The time-density curve was fitted by the g-variate function. The
time to peak opacification was defined as peak density time
(PDT) (Fig 2B), and the time to half-peak opacification (T1⁄2)
was defined as the time from peak opacification to half washout of contrast medium (Fig 2C) (9).
Blood velocity studies were evaluated as follows: 1) the
difference between ROIs on the proximal site of the parent
artery, on the distal site of the parent artery, and on the
aneurysm; 2) the difference between ROIs in the aneurysmal
orifice and in the tip of the aneurysm; 3) the difference between acute and chronic cases (acute cases were those observed
within 48 hours after the onset of subarachnoid hemorrhage,
while chronic cases were those examined in the chronic stage or
as unruptured aneurysms); 4) the difference between side-wall
and bifurcation aneurysms (side-wall aneurysms included those
in the internal carotid artery– ophthalmic artery, the internal
carotid artery–posterior communicating artery, and the basilar
artery–superior cerebellar artery, while bifurcation aneurysms
included those in the internal carotid artery bifurcation, middle
cerebral artery, anterior communicating artery, and basilar
artery bifurcation); and 5) the difference between small and
large aneurysms (small aneurysms were defined as those less
than 10 mm in diameter, while large aneurysms were greater
than 10 mm in diameter) (10). Analysis of variance (ANOVA)
was used to assess differences. A P value of less than .05 was
considered significant.
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TABLE 1: Average blood velocity in the proximal site of the parent
artery, in the distal site of the parent artery, and in the aneurysm
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TABLE 3: Average blood velocity in acute and chronic cases
Blood Velocity Rates, s

Blood Velocity Rates, s

MTT
PDT
T1⁄2

Proximal Site
of Parent Artery

Distal Site
of Parent Artery

Aneurysm

1.82 6 0.39
1.39 6 0.31
0.64 6 0.26

2.09 6 0.51
1.56 6 0.37
0.93 6 0.53

1.91 6 0.44
1.53 6 0.38
0.83 6 0.52

Note.—MTT, mean transit time; PDT, time to peak opacification;
T1⁄2, time to half-peak. Differences were not significant.
TABLE 2: Average blood velocity in two regions of interest in the
aneurysm

MTT
PDT
T1⁄2

MTT
PDT
T1⁄2

Aneurysmal Tip

1.88 6 0.45
1.56 6 0.43
0.88 6 0.45

1.88 6 0.44
1.55 6 0.40
0.89 6 0.55

Note.—MTT, mean transit time; PDT, time to peak opacification;
T1⁄2, time to half-peak. Differences were not significant.

Results
Difference between ROIs on the Proximal Site of
the Parent Artery, on the Distal Site of the Parent
Artery, and on the Aneurysm (Table 1)
The MTT on the proximal site of the parent artery
was 1.82 seconds 6 0.39, on the distal site of the
parent artery MTT was 2.09 6 0.51, and on the
aneurysm MTT was 1.91 6 0.44. The PDT in the parent artery was 1.39 6 0.31, the PDT in the distal site
on the parent artery was 1.56 6 0.37, and the PDT in
the aneurysm was 1.53 6 0.38. The T1⁄2 in the parent
artery was 0.64 6 0.26, the T1⁄2 in the distal site on the
parent artery was 0.93 6 0.53, and the T1⁄2 in the
aneurysm was 0.83 6 0.52. There were no significant
differences.

Difference between ROIs in the Aneurysmal
Orifice and in the Tip of the Aneurysm (Table 2)
The MTT in the aneurysmal orifice was 1.88 6 0.45,
and that in the tip of the aneurysm was 1.88 6 0.44. The
PDT in the aneurysmal orifice was 1.56 6 0.43, and that
in the tip of the aneurysm was 1.55 6 0.40. The T1⁄2 in
the aneurysmal orifice was 0.88 6 0.45, and that in the
tip of the aneurysm was 0.89 6 0.55. There were no
significant differences.

Difference between Acute and Chronic Cases
(Table 3)
The MTT in acute cases was 1.85 6 0.22, and that
in chronic cases was 1.92 6 0.50. The PDT in acute
cases was 1.50 6 0.10, and that in chronic cases was
1.54 6 0.45. The T1⁄2 in acute cases was 0.90 6 0.35,
and that in chronic cases was 0.83 6 0.51. There were
no significant differences.

Chronic Cases (n 5 23)

1.85 6 0.22
1.50 6 0.10
0.90 6 0.35

1.92 6 0.50
1.54 6 0.45
0.83 6 0.51

Note.—MTT, mean transit time; PDT, time to peak opacification;
T1⁄2, time to half-peak. Differences were not significant.
TABLE 4: Average blood velocity in side-wall aneurysms and
bifurcation aneurysms
Blood Velocity Rates, s

Blood Velocity Rates, s
Aneurysmal Orifice

Acute Cases (n 5 8)

MTT
PDT
T1⁄2

Side-Wall Aneurysms
(n 5 15)

Bifurcation Aneurysms
(n 5 16)

1.86 6 0.55
1.58 6 0.51
0.83 6 0.59

1.95 6 0.32
1.48 6 0.21
0.86 6 0.35

Note.—MTT, mean transit time; PDT, time to peak opacification;
T1⁄2, time to half-peak. Differences were not significant.
TABLE 5: Average blood velocity in small aneurysms and
large aneurysms
Blood Velocity Rates, s

MTT
PDT
T1⁄2

Small Aneurysms (n 5 24)

Large Aneurysms (n 5 7)

1.86 6 0.42
1.45 6 0.30
0.75 6 0.31

2.09 6 0.52
1.81 6 0.53
1.16 6 0.77

Note.—MTT, mean transit time; PDT, time to peak opacification;
T1⁄2, time to half-peak. There was a slight but insignificant difference in
MTT; there was a significant difference in PDT (P 5 .023) and in T1⁄2
(P 5 .038).

Difference between Side-Wall and Bifurcation
Aneurysms (Table 4)
The MTT in side-wall aneurysms was 1.86 6 0.55,
and that in bifurcation aneurysms was 1.95 6 0.32.
The PDT in side-wall aneurysms was 1.58 6 0.51, and
that in bifurcation aneurysms was 1.48 6 0.21. The
T1⁄2 in side-wall aneurysms was 0.83 6 0.59, and that
in bifurcation aneurysms was 0.86 6 0.35. There were
no significant differences.

Difference between Small and Large Aneurysms
(Table 5)
The MTT in small aneurysms was 1.86 6 0.42, and
that in large aneurysms was 2.09 6 0.52; this was a
slight but not significant difference. The PDT in small
aneurysms was 1.45 6 0.30, and that in large aneurysms was 1.81 6 0.53; this was a significant difference (P 5 .023). The T1⁄2 in small aneurysms was
0.75 6 0.31, and that in large aneurysms was 1.16 6
0.77; this was also a significant difference (P 5 .038).
Blood velocity in large aneurysms was slower than
that in small aneurysms.
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Discussion
Increased blood flow has been linked to formation
of cerebral aneurysms; for example, years after ligation of the cervical carotid artery, aneurysms of the
contralateral intracranial carotid artery have been
known to develop (1, 2). Moreover, high shear stress
may induce intramural aneurysmal hemorrhage (11).
With the use of digital subtraction angiography,
blood velocity rates may be determined by calculating
time-density curves based on measurements of density obtained as contrast medium passes specific
points in the vessel (7). Formulas by which MTT,
PDT, and T1⁄2 are determined are commonly used to
measure tissue blood flow (9). Because contrast medium (iopamidol) is effectively dispersed instantaneously, the same formula is applicable. Errors in
measuring flow in a phantom tube and in experimental animals with this technique are approximately
10% (12–15). Flow measurements obtained with an
electromagnetic flow probe correlate with measurements obtained with this method (16, 17); therefore,
we think it is reasonable to use this technique for
clinical investigation.
In vitro experiments have shown various relationships between hemodynamic forces and cerebral aneurysms. In glass models, a correlation between aneurysmal shape and flow pattern has been reported
(5, 18, 19). High-velocity central streams appear to
reach the aneurysmal wall (18, 20 –22). In the present
study, no difference in blood velocity pattern was
found between the parent artery and the aneurysm, as
demonstrated by the time-density curve on digital
subtraction angiograms. This result is compatible with
prior experimental findings. Since high-velocity central streams must reach the aneurysm, intraaneurysmal blood velocity is similar to the pattern in the
parent artery. However, turbulence in human intracranial saccular aneurysms has been detected by phonocatheter (23), suggesting that some secondary flow
is induced in the aneurysm even if a central stream
reaches the aneurysmal wall.
Our study also revealed no difference in flow velocity between side-wall aneurysms and bifurcation
aneurysms. Niimi et al (18) suggested that sheer stress
was greater at the outer side wall along the curvature
of vessels. Usually, side-wall aneurysms exist on the
outer side wall along the curvature of vessels; thus,
the central stream probably reaches the aneurysm not
only in bifurcation aneurysms but also in side-wall
aneurysms.
In large aneurysms, factors related to the timedensity curve show prolongation, suggesting that vortex flow is induced in the aneurysm. Niimi et al (18)
showed that secondary flow was promoted between
the main stream and the vortex flow in a glass aneurysmal model. Other glass-model studies have also
shown that circulation in large lobular aneurysms is
not rapid (19). This finding seems paradoxical to
findings that large aneurysms rupture more often
than small ones (10, 24). However, Ferguson and
coworkers (20, 25) demonstrated that increases in

size are associated with thinning of the wall, thus
increasing stress according to the law of Laplace.
Flow in the large aneurysms must maintain a fine
balance. Jet flow into a large aneurysm may also be an
important factor for rupture, and has been demonstrated in experimental aneurysms; however, the digital subtraction angiographic apparatus at our institute could not detect it (26). Better resolution is
required to analyze aneurysmal blood velocity in detail.

Conclusion
Intraaneurysmal blood velocity in small aneurysms
is similar to that in the parent artery; consequently,
the central stream probably reaches the aneurysmal
wall, not only in bifurcation aneurysms but also in
side-wall aneurysms. Intraaneurysmal blood velocity
in large aneurysms appears to be somewhat slower
than that in small aneurysms.
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