
of June 16, 2025.
This information is current as

Detecting High-Risk Intracranial Aneurysms
Postcontrast Vessel Wall Imaging in
Contrast-Enhanced MR Imaging and 
Complementary Roles of Dynamic

Sun and H. Chen
H. Qi, X. Liu, P. Liu, W. Yuan, A. Liu, Y. Jiang, Y. Li, J.

http://www.ajnr.org/content/40/3/490
https://doi.org/10.3174/ajnr.A5983doi: 

2019, 40 (3) 490-496AJNR Am J Neuroradiol 

http://www.ajnr.org/cgi/adclick/?ad=57959&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fanjpdfjune25
https://doi.org/10.3174/ajnr.A5983
http://www.ajnr.org/content/40/3/490


ORIGINAL RESEARCH
ADULT BRAIN

Complementary Roles of Dynamic Contrast-Enhanced MR
Imaging and Postcontrast Vessel Wall Imaging in Detecting

High-Risk Intracranial Aneurysms
X H. Qi, X X. Liu, X P. Liu, X W. Yuan, X A. Liu, X Y. Jiang, X Y. Li, X J. Sun, and X H. Chen

ABSTRACT

BACKGROUND AND PURPOSE: Individual assessment of the absolute risk of intracranial aneurysm rupture remains challenging. Emerging
imaging techniques such as dynamic contrast-enhanced MR imaging and postcontrast vessel wall MR imaging may improve risk estimation
by providing new information on aneurysm wall properties. The purpose of this study was to investigate the relationship between
aneurysm wall permeability on dynamic contrast-enhanced MR imaging and aneurysm wall enhancement on postcontrast vessel wall MR
imaging in unruptured intracranial aneurysms.

MATERIALS AND METHODS: Patients with unruptured saccular intracranial aneurysms were imaged with vessel wall MR imaging before
and after gadolinium contrast administration. Dynamic contrast-enhanced MR imaging was performed coincident with contrast injection
using 3D T1-weighted spoiled gradient-echo imaging. The transfer constant (Ktrans) was measured adjacent to intracranial aneurysm and
adjacent to the normal intracranial artery.

RESULTS: Twenty-nine subjects were analyzed (mean age, 53.9 � 13.5 years; 24% men; PHASES score: median, 8; interquartile range,
4.75–10). Ktrans was higher in intracranial aneurysms compared with the normal intracranial artery (median, 0.0110; interquartile range,
0.0060 – 0.0390 versus median, 0.0032; interquartile range, 0.0018 – 0.0048 min�1; P � .001), which correlated with intracranial aneurysm size
(Spearman � � 0.54, P � .002) and PHASES score (� � 0.40, P � .30). Aneurysm wall enhancement, detected in 19 (66%) aneurysms, was
associated with intracranial aneurysm size and the PHASES score but not significantly with Ktrans (P � .30). Aneurysms of 2 of the 9 patients
undergoing conservative treatment ruptured during 1-year follow-up. Both ruptured aneurysms had increased Ktrans, whereas only 1 had
aneurysm wall enhancement at baseline.

CONCLUSIONS: Dynamic contrast-enhanced MR imaging showed increased Ktrans adjacent to intracranial aneurysms, which was inde-
pendent of aneurysm wall enhancement on postcontrast vessel wall MR imaging. Increased aneurysm wall permeability on dynamic
contrast-enhanced MR imaging provides new information that may be useful in intracranial aneurysm risk assessment.

ABBREVIATIONS: AWE � aneurysm wall enhancement; DCE � dynamic contrast-enhanced; IA � intracranial aneurysm; IQR � interquartile range; Ktrans � transfer
constant; PHASES � Population, Hypertension, Age, Size, Earlier Subarachnoid Hemorrhage, and Site; WEI � wall enhancement index

Intracranial aneurysm (IA) is a common vascular malformation,

affecting approximately 3.2% of the general population.1,2 IA

rupture is the most common cause of spontaneous subarach-

noid hemorrhage, and 80% of aneurysmal SAHs result in death or

permanent neurologic deficits.3 Thus, the role of prevention in the

clinical management of IAs cannot be overemphasized. Although

preemptive treatment with either surgical or endovascular interven-

tion is effective in preventing IA rupture, it also subjects patients to

the risk of iatrogenic complications.4,5 Thus, individual risk assess-

ment is needed to justify preventive treatment in high-risk patients to
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avoid aneurysmal SAH and predict those who do not need invasive

treatment to avoid iatrogenic complications. A number of patient-

specific and aneurysm-specific risk factors have been proposed from

large prospective cohort studies.4 Yet estimating the absolute risk of

IA rupture remains difficult.

In most previous studies,4,6 IAs were characterized using

luminal imaging, which provides little information on patho-

physiologic changes or the integrity of the aneurysm wall,

which could be more directly associated with IA rupture than

IA morphology. Histologic studies of surgically resected IAs

showed evidence of aneurysm wall remodeling.7,8 Further-

more, during an operation, focal wall thinning of the aneurysm

dome was noticeable as translucent regions, which may pre-

cede rupture.9 Vakil et al10 performed dynamic contrast-en-

hanced (DCE) MR imaging in patients with unruptured IAs

and found that the contrast extravasation rate (transfer con-

stant [Ktrans]) was high in the adjacent region of clinically de-

fined high-risk IAs, indicating a leaky aneurysm wall as a po-

tential marker of high-risk unruptured IAs. On the other hand,

with high-resolution vessel wall MR imaging, postcontrast an-

eurysm wall enhancement (AWE) has been observed, which

was also shown to be a marker of high-risk IAs.11,12 It is unclear

whether increased Ktrans on DCE-MR imaging may result from

an enhanced aneurysm wall. To better understand the nature

of increased Ktrans in unruptured IAs, this study sought to

investigate the relationship between aneurysm wall permeabil-

ity by DCE-MR imaging and AWE by vessel wall MR imaging.

MATERIALS AND METHODS
Study Population
This observational study was approved by the institutional eth-

ics committee of Tsinghua University. Signed consent forms

were acquired. Patients referred to the neurosurgery clinics

who were diagnosed with unruptured saccular IAs by digital

subtraction angiography were invited to participate. Exclusion

criteria were contraindications to MR imaging or gadolinium

contrast injection. Thirty-two patients (24 women; mean age,

54.2 � 13.1 years) with a total of 41 unruptured saccular aneu-

rysms were recruited. Clinical risk assessment was performed by

evaluating morphology characteristics on

DSA, including IA size,13 location (ante-

rior or posterior circulation), and blebs.

The Population, Hypertension, Age, Size,

Earlier Subarachnoid Hemorrhage, and

Site (PHASES) score,14 which aggregates

multiple clinical risk factors to provide a

more accurate estimate of individual risk

(Table 1), was calculated. Twenty-three

patients received preemptive surgical

treatment (clipping: n � 5; coiling: n �

18). The remaining 9 patients who refused

or were not eligible for preemptive surgery

were treated conservatively and followed

for 1 year.

Imaging Protocol
Patients were scanned on a 3T whole-
body scanner (Achieva TX; Philips

Healthcare, Best, the Netherlands) with

a 32-channel head coil. First, the target

aneurysm was localized by a 3D time-of-

flight MRA sequence. For patients with

multiple IAs, the referring clinician indi-

cated the target aneurysm for imaging.

This was necessary because to ensure

FIG 1. Measuring aneurysm wall permeability by DCE-MR imaging. Signal intensity in the lumen
was measured on DCE imaging series (red contour in A) to obtain contrast concentration in
plasma at different time points, which gave the arterial input function Cp(t) (red curve in C). The
concentration-time curve of tissue C(t) was fitted voxel by voxel using the extended Kety/Tofts
model, which generated parametric maps that were overlaid onto DCE images (B). ROIs were
placed on the slice with highest Ktrans to measure Ktrans in the region adjacent to intracranial
aneurysms (IA-ROI, white contour on Ktrans map in B) and near a normal artery. The concentration-
time curves of points 1 and 2 (red dots in B) are shown in D. ref-ROI indicates reference ROI.

Table 1: Components of the PHASES score14

PHASES Aneurysm Risk Score Points
(P) Population

North American, European (other than Finnish) 0
Japanese 3
Finnish 5

(H) Hypertension
No 0
Yes 1

(A) Age
Younger than 70 yr 0
70 yr or older 1

(S) Size of aneurysm
�7.0 mm 0
7.0–9.9 mm 3
10.0–19.9 mm 6
�20.0 mm 10

(E) Earlier SAH from another aneurysm
No 0
Yes 1

(S) Site of aneurysm
ICA 0
MCA 2
ACA/PcomA/posterior circulation 4

Note:—ACA indicates anterior cerebral arteries (including the anterior cerebral ar-
tery, anterior communicating artery, and pericallosal artery); ICA, internal carotid
artery; MCA, middle cerebral artery; PcomA, posterior communicating artery; SAH,
subarachnoid hemorrhage.
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high temporal and spatial resolution, the DCE-MR imaging used

in this study had a limited longitudinal coverage, which made it

difficult to simultaneously image multiple IAs that might exist.

The imaging parameters of 3D time-of-flight were the fol-

lowing: TR/TE � 25/3.5 ms; flip angle � 20°; FOV � 200 �

200 � 84 mm3; reconstructed voxel size � 0.35 � 0.35 � 0.7

mm3. Before DCE-MR imaging, a 3D black-blood T1-

weighted volume isotropic turbo spin-echo acquisition se-

quence15 was performed to acquire precontrast vessel wall im-

ages with the following parameters: TR/TE � 700/30 ms; TSE

factor � 49; FOV � 160 � 160 � 54 mm3; voxel size � 0.6 �

0.6 � 0.6 mm3; 90 transverse slices. DCE-MR imaging was

performed with the imaging slab centered on the target aneu-

rysm. For DCE-MR imaging, precontrast T1 mapping was per-

formed using a 3D variable flip angle sequence with optimized

flip angles: 2°, 4°, 9°, and 25°.16 B1 mapping was also performed

to correct variations of the prescribed flip angle using the ac-

tual flip angle method.17 Then, DCE images were acquired

using a 3D T1-weighted spoiled gradient-echo sequence: TR/

TE � 3.9/2 ms; flip angle � 15°; FOV � 160 � 160 mm2; spatial

resolution � 0.8 � 0.8 mm2; slice thickness � 2 mm; number

of slices � 10; time resolution � 8.8 seconds. Coincident with

the fifth dynamic scan, a bolus of 0.1 mmol/kg of Gd-DTPA

(Magnevist; Bayer HealthCare Pharmaceuticals, Wayne, New

Jersey) was injected intravenously at a rate of 1.5 mL/s, fol-

lowed by a 20-mL saline flush at the same rate. The total scan

time of DCE-MR imaging was about 6 minutes. During the

DCE acquisition, a spatial saturation band was positioned

proximal to the imaging plane to induce T1 weighting for flow-

ing blood. After DCE-MR imaging, the 3D black-blood T1-

weighted volume isotropic turbo spin-echo acquisition se-

quence was repeated for postcontrast vessel wall images with

the same imaging parameters as for the precontrast

acquisition.

Image Analysis
The extended Kety/Tofts model18 was used to describe the phar-

macokinetics of the contrast agent in DCE-MR imaging:

1) C(t) � Ktrans�
0

t

e�Ktrans/Ve � (t � �)Cp(�)d� � VpCp(t),

where Ktrans (min�1) is the transfer rate of contrast agent from

the intravascular space to the extracellular extravascular space;

Ve is the extracellular extravascular fractional volume; Vp is the

fractional plasma volume; C(t) is the tissue concentration of

contrast agent, calculated using signal intensity values in DCE

images and precontrast T1 mapping data; and Cp(t) is the

plasma concentration of contrast agent or arterial input func-

tion.19 The kinetic model was fitted for each pixel using the

least-squares method to generate parametric maps including

Ktrans and Vp (Fig 1). To measure aneurysm wall permeability,

we selected the slice showing the highest Ktrans near the aneu-

rysm. An ROI immediately adjacent to the aneurysm was de-

fined by 2 concentric contours: The first was drawn to just

enclose the aneurysm, and the second was drawn by expanding

the first one 3 pixels away from the aneurysm. Aneurysm wall

permeability was measured as mean Ktrans within the ROI ex-

cluding pixels with blood signal contamination (Vp � 0.5).10

To measure normal intracranial artery permeability, we placed

a reference ROI immediately adjacent to a normal intracranial

artery on the same slice.

The pre- and postcontrast 3D T1-weighted volume isotro-

pic turbo spin-echo acquisition images were reformatted into

2-mm slices that matched the DCE-MR images. Blinded to

DCE-MR imaging analysis, we evaluated the presence of aneu-

rysm wall enhancement by comparing pre- and postcontrast

vessel wall images.20 Additionally, the wall-enhancement in-

dex (WEI)21 was measured to provide a quantitative measure-

ment of aneurysm wall enhancement:

2) WEI �

SI_Wallpostcontrast

SI_Brainpostcontrast
�

SI_Wallprecontrast

SI_Brainprecontrast

SI_Wallprecontrast

SI_Brainprecontrast
,

where SI_Brainprecontrast and SI_Brainpostcontrast were measured in

brain white matter for signal intensity normalization. All imaging

measurements were repeated by a second reader to assess inter-

reader reproducibility or reliability.

Data Analysis
Categoric variables were summarized as count (percentage). The

PHASES score was summarized as median (interquartile range,

[IQR]). The Kolmogorov-Smirnov test was used to test each con-

tinuous variable for whether a normal distribution could be as-

sumed, after which the variable was summarized as mean � SD or

median (IQR) as appropriate. The Wilcoxon signed rank test was

used to compare Ktrans between aneurysms and normal arteries.

The Mann-Whitney U test was used to compare Ktrans among

different aneurysm groups. The Spearman correlation coefficient

was used to evaluate the correlation between Ktrans and WEI as

well as the relationships of Ktrans and WEI to age, aneurysm size,

and the PHASES score. To assess interreader reproducibility or

reliability, we used the intraclass correlation coefficient (2-way

model) for Ktrans and WEI, while the Cohen � was used for the

presence of conspicuous wall enhancement. All statistical analyses

were conducted as 2-tailed tests in SPSS (IBM, Armonk, New

York). P � .05 was defined as statistical significance.

RESULTS
Patient Demographics
Three patients were excluded from DCE analysis because of signal

contamination from the cavernous sinus after contrast injection.

Clinical characteristics of the remaining 29 patients (mean age,

53.9 � 13.5 years; male sex, 24%) are summarized in Table 2. Of

the 29 IAs, 18 (62%) were located in the anterior circulation (in-

ternal carotid artery, n � 13; anterior communicating artery, n �

4; middle cerebral artery, n � 1), and 11 (38%) were located in the

posterior circulation (basilar artery, n � 10; posterior cerebral

artery, n � 1). Twenty-three (79%) patients had a PHASES score

of �4.
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Aneurysm Wall Permeability by DCE-MR Imaging
Ktrans measured adjacent to an IA was higher than that measured

adjacent to a normal intracranial artery (median, 0.0110; IQR,

0.0060 – 0.0390 versus median, 0.0032; IQR, 0.0018 – 0.0048

min�1; P � .001). Substantial variations in aneurysm wall perme-

ability were present (Fig 2). Spearman correlation analysis

showed that Ktrans was moderately correlated with IA size (� �

0.54, P � .002; Fig 3) and the PHASES score (� � 0.40, P � .030).

Other clinical and imaging characteristics were not significantly

associated with Ktrans.

Aneurysm Wall Enhancement
Conspicuous wall enhancement was detected in 19 (66%) aneu-

rysms. IA size and the PHASES score were significantly different be-

tween aneurysms with and without AWE (IA size: median, 15.0 mm;

IQR, 9.0–22.1 mm versus median, 5.1 mm; IQR, 4.3–8.5; P � .001;

PHASES score: median, 10; IQR, 8–10.75 versus median 3.5; IQR,

2–5; P � .001). As a quantitative measure of AWE, the median WEIs

were 4.0 (IQR, 2.4–6.7) and 1.4 (IQR, 1.1–1.5) in aneurysms with

and without conspicuous wall enhancement, respectively; P � .001.

By contrast, Ktrans was not significantly associated with AWE (me-

dian, 0.0157; IQR, 0.0065–0.0421 versus median, 0.0089; IQR,

0.0059–0.0338 min�1; P � .30; Fig 4). The scatterplot in Fig 4 shows

a poor concordance between Ktrans and the WEI in individual pa-

tients despite a statistically significant correlation coefficient in the

overall sample (� � 0.39, P � .040).

Follow-Up Findings
During the 1-year follow-up, 2 of the 9 patients undergoing con-

servative treatment had aneurysmal SAH at 1 month and 5

months, respectively. Figure 5 shows the inhomogeneous Ktrans

maps and vessel wall images of the 2 aneurysms that ruptured

within a year. Notably, both ruptured aneurysms had high Ktrans

in the region adjacent to the aneurysm, whereas only 1 had obvi-

ous wall enhancement on baseline MR imaging. In fact, the 2

ruptured aneurysms had the highest and second highest baseline

Ktrans among the 9 aneurysms that were followed. Baseline Ktrans

was significantly higher in the ruptured aneurysms than in the

other aneurysms (P � .040), whereas IA size, the PHASES score,

and WEI were not significantly different between the 2 groups

(P � .56, �.99, and .38, respectively).

Repeat Measurements
All MR imaging measurements were repeated by an independent

reader to evaluate interreader reproducibility or reliability. The

intraclass correlation coefficients were 0.991 (95% CI, 0.981–

0.996) and 0.74 (95% CI, 0.51– 0.87) for Ktrans and WEI, respec-

tively. The Cohen � for the presence of conspicuous wall enhance-

ment was 0.79 (95% CI, 0.56 –1.00).

DISCUSSION
DCE-MR imaging and high-resolution vessel wall MR imaging

are emerging techniques that may pro-

vide information about aneurysm wall

properties relevant to IA rupture.10,20,21

However, the nature of the imaging

findings by these techniques remains

elusive given the difficulties with histo-

pathologic validation. To our knowl-

edge, this is the first study to evaluate the

relationship between increased Ktrans on

DCE-MR imaging and AWE on vessel
wall MR imaging. Our observations sup-
port increased Ktrans as a distinctive
finding in high-risk IAs rather than ex-

plaining it by the coexisting AWE.

Therefore, increased Ktrans likely repre-

sents contrast leakage from the aneurysm

into the adjacent region captured by time-

resolved imaging. Measuring aneurysm

wall permeability has the potential to al-

low more precise risk assessment of IA

rupture.

DCE-MR imaging collects a time-se-

FIG 2. Enhanced aneurysm wall with and without increased permeability. Case 1: A 51-year-old
woman who presented with a 19.5-mm aneurysm in the internal carotid artery. Pre- and postcon-
trast vessel wall images show conspicuous wall enhancement. DCE-MR imaging shows increased
wall permeability (Ktrans � 0.0346 min�1). Case 2: A 61-year-old woman who presented with a
9-mm aneurysm in the anterior communicating artery. Pre- and postcontrast vessel wall imaging
shows conspicuous wall enhancement, but DCE-MR imaging did not show increased wall perme-
ability (Ktrans � 0.0096 min�1).

Table 2: The demography and aneurysm characteristics of the
study sample (N � 29)a

No. (%), Mean,
or Median (IQR)

Age (yr) 53.9 � 13.5
Male sex 7 (24%)
Current smoking 5 (17%)
Hypertension 11 (38%)
Diabetes 2 (7%)
Location

Anterior circulation 18 (62%)
Posterior circulation 11 (38%)

Size
�7.0 mm 7 (24%)
7.0–9.9 mm 8 (28%)
10.0–19.9 mm 7 (24%)
�20.0 mm 7 (24%)

Blebs 3 (10%)
PHASES score 8 (4.75–10)
Ktrans (min�1) 0.0107 (0.0060–0.0390)
Aneurysm wall enhancement 19 (66%)

a See Table 1 for details of the PHASES score.
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ries of contrast-enhanced images on intravenous injection of gad-

olinium contrast. Data are then subject to pharmacokinetic mod-

eling to estimate the contrast extravasation rate (Ktrans), which

reflects vessel permeability. In a recent study, Vakil et al10 applied

DCE-MR imaging to 27 unruptured IAs and noted that some

aneurysms appeared to be “leaky,” supported by increased Ktrans

in the region adjacent to aneurysm. In vivo detection of leaky

aneurysm walls may allow us to capture an asymptomatic, pre-

cursor stage of IA rupture, with important implications for the

prevention of aneurysmal SAH. However, the relationship be-

tween increased Ktrans on DCE-MR imaging and AWE on vessel

wall MR imaging needs to be clarified. First, high Ktrans can result

from AWE in the presence of partial volume effects and/or aneu-

rysm wall motion. Second, assessing AWE is easier to do clinically

than measuring Ktrans. Thus, Ktrans must provide pathologic in-

formation different from that provided by AWE to justify its clin-

ical utility.

Consistent with Vakil et al,10 we also observed that Ktrans mea-

sured adjacent to the IA was higher (leakier) than that measured

adjacent to the normal intracranial artery. Of note, 66% of the

studied aneurysms had conspicuous wall enhancement (AWE),

with a median WEI of 4.0 (IQR, 2.4 – 6.7) compared with 1.4

(IQR, 1.1–1.5) in those without AWE. Nonetheless, further anal-

yses indicated that high Ktrans adjacent to an IA was unlikely due

to AWE. First, about half of the aneurysms with AWE did not have

increased Ktrans, while aneurysms without AWE could have in-

creased Ktrans. Second, although Ktrans had a statistically signifi-

cant association with WEI, the correlation was weak (� � 0.39,

P � .040). In fact, the correlation of Ktrans with IA size appeared

stronger (� � 0.54, P � .002), suggesting that Ktrans and WEI are

unlikely to represent different imaging measurements of the same

pathology. Most interesting, IA rupture was seen during fol-

low-up in the 2 aneurysms with the highest baseline Ktrans, but

only 1 had AWE. Overall, our data support increased Ktrans, re-

flecting a pathophysiologic phenomenon that is different from

AWE.

The exact pathophysiology of increased IA wall permeability

remains speculative. Nonetheless, histopathologic findings, intra-

operative observations, and patient symptoms appear to support

the existence of focally present, thin, and leaky wall regions that

may predispose to rupture. Kataoka et al8 compared 44 ruptured

and 27 unruptured IA specimens and found that ruptured aneu-

rysms more often had disrupted endothelial linings and hyaline-

like wall structures that may result from inflammatory cell infil-

tration. Kadasi et al22 described translucent wall regions under an

intraoperative microscope that represented focal wall thinning

and correlated with the distribution of low wall shear stress. Fur-

thermore, many patients with aneurysmal SAH recalled that they

had a warning headache before SAH, which is thought to indicate

a minor leak.23,24 Alternatively, a vasa vasorum, which has been

noted in the histologic examination of aneurysm walls,25 may be

the source of contrast medium leakage into the surrounding CSF.

In atherosclerotic plaque, a vasa vasorum has been shown to be

leaky on DCE-MR imaging, particularly under inflammatory

conditions.26 Radiologic-pathologic correlation studies are criti-

cally needed to elucidate the underlying pathophysiologic mech-

anism of increased IA wall permeability on DCE-MR imaging.

Ktrans measured in this study was lower than that reported by

Vakil et al.10 This finding can be explained by the different meth-

ods that the 2 studies used to measure mean Ktrans on parametric

maps. While the previous study used a single contour to define an

ROI (�10 pixels) that was placed adjacent to aneurysm wall to

measure the “Ktrans hotspot,” the present study used 2 concentric

FIG 3. Associations between aneurysm wall permeability and size (A)
and the PHASES score (B). Spearman correlation analysis shows that
Ktrans is positively correlated with aneurysm size (� � 0.54, P � .002)
and the PHASES score (� � 0.40, P � .030).

FIG 4. Association between Ktrans and aneurysm wall enhancement.
Ktrans shows no statistically significant association with the presence
of aneurysm wall enhancement (A) and a poor concordance with the
wall enhancement index (B).
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contours to define an ROI that enclosed the entire circumferential

region. In the former, ROIs of different sizes may generate differ-

ent Ktrans measurements from the same Ktrans map. The ROI in

the latter method is more objectively defined, which may facilitate

comparison of Ktrans measurements among subjects. However, it

is possible that the risk of IA rupture could be determined by a

leaky wall segment that is focally present. Therefore, both meth-

ods may have limitations. Similar results were found (data not

shown) when image review was redone using the single-contour

method. Nonetheless, a standardized method to obtain segmental

wall permeability (eg, fixed size ROI) of an IA may be worth ex-

ploring in the future.

The International Study of Unruptured Intracranial Aneu-

rysms reported that the risk of IA rupture increased with in-

creased IA size.4 Currently, IA size is arguably the most important

factor clinically to determine the risk of IA rupture. However,

given the much higher prevalence of small IAs than large ones,

aneurysmal SAH most frequently results from small IAs.27,28 Re-

cent efforts have attempted to aggregate multiple risk factors into

clinical risk scores, such as the PHASES score.14 External data

indicated that the PHASES score may only have moderate sensi-

tivity (75%) and specificity (64%) in detecting high-risk IAs,29

which would translate into 25% of high-risk IAs left untreated and

36% of treated IAs being low-risk ones. In this context, the mod-

erate correlations of Ktrans with IA size and the PHASES score add

to the expectation that assessing aneurysm wall permeability may

eventually allow clinicians to better identify individuals at risk of

IA rupture than current risk markers. However, this expectation is

beyond the scope of the present study and will await future large-

scale investigations as more centers accrue experience with the

technique.

Several important limitations of this study are worth mention-

ing. First, this is a proof-of-concept study with a relatively small

sample size. Despite the promising results, the robustness of

DCE-MR imaging in measuring IA permeability remains to be

explored more extensively in future research to understand fac-

tors that may compromise the accuracy of the Ktrans measure-

ment, especially if Ktrans is studied for potential use in the man-

agement of individual patients. To

eliminate any influence from aneurysm
wall motion, cardiac triggering using
electrocardiography or a peripheral
pulse unit may be used in data acquisi-

tion. However, because cardiac gating
will reduce the imaging efficiency and
increase the scan time, different k-space
trajectories and advanced reconstruc-
tion algorithms may be required to ac-

celerate DCE-MR imaging.30 Second,
the DCE-MR imaging sequence used in
this study provides limited longitudinal
coverage (20 mm). It is impossible to
cover multiple aneurysms in 1 DCE-MR
imaging scan. Thus, a priori selection of

the target aneurysm is necessary in pa-

tients with multiple aneurysms. Fur-

thermore, image analysis for certain ICA

aneurysms can be difficult due to strong

enhancement of the cavernous sinus. Third, associations of imag-

ing findings with intraoperative observations and/or histologic

findings were not performed, which could have provided further

insights into the nature of increased Ktrans on DCE-MR imaging.

Last, the test-retest reproducibility of Ktrans remains to be studied.

The interreader reproducibility of Ktrans was found to be excel-

lent; the outcome was not surprising because most steps in

DCE-MR imaging analysis were automatic. However, it will be

critical to evaluate its test-retest reproducibility.

CONCLUSIONS
In our series of unruptured IAs referred to the neurosurgery clin-

ics, DCE-MR imaging showed increased Ktrans in the adjacent

region of the IA compared with the normal intracranial artery.

Such increases in Ktrans were not explained by AWE on vessel wall

MR imaging, though both were associated with large IA size.

Therefore, increased Ktrans likely represents a real phenomenon of

increased aneurysmal wall permeability, which provides different

information from AWE. Future studies are warranted to evaluate

its prognostic value independent of clinical risk assessment.
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