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Objective: To evaluate the temporal evolution and diagnostic values of the diffusion tensor imaging (DTI) and the high b
value diffusion weighted imaging (DWI) in the early permanent and transient cerebral ischemia.

Materials and Methods: For permanent or 30-minute transient-ischemia induced 30 rats, DTI and DWIs at both high b (b =
3000 s/mm?) and standard b value (b = 1000 s/mm?) were obtained at the following conditions: at 15, 30, 45, 60 minutes
after the occlusion of what for hyperacute permanent ischemia; at 1, 3, 5, 7, 9 hours after the occlusion for acute
permanent ischemia; and at 15 minutes before reperfusion, 0.5, 2.5, and 24 hours after reperfusion for transient ischemia.
The diffusion parameters and their ratios were obtained and compared between different b values, and among different
time points and groups, respectively.

Results: For both b values, the apparent diffusion coefficient (ADC) ratio decreased for first three hours, and then slightly
increased until 9 hours after the occlusion during a gradual continuous increase of DWI signal intensity (SI) ratio, with
excellent correlation between ADC ratios and DWI SI ratios. The DWI showed a higher contrast ratio, but the ADC map
showed a lower contrast ratio for permanent ischemia at high b value than at standard b value. Fractional anisotropy (FA)
increased for 1 hour, then gradually decreased until 9 hours after the occlusion in permanent ischemia and showed transient
normalization and secondary decay along with change in ADC in transient ischemia.

Conclusion: This study presents characteristic initial elevation and secondary decay of FA, higher contrast ratio of DWI,
and lower contrast ratio of ADC map at high b value, in addition to the time evolutions of diffusion parameters in early
permanent and transient ischemia.

Index terms: Ischemia; Diffusion weighted imaging; Diffusion tensor imaging; Apparent diffusion coefficient; Fractional
anisotropy
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often been debated (3, 5-7). In addition, it is still unknown
how differently high b value DWI evolutes with time, which
may give basic information about the time window for the
thrombolytic treatment, and how beneficial it is in the
evaluation of early permanent and transient ischemia as
compared with standard b value DWL.

Diffusion tensor imaging (DTI), which captures
anisotropic diffusion and provides structural information,
has also been used to evaluate many diseases including
cerebral infarct (8-10). However, as of yet, we do not know
exactly how fractional anisotropy (FA) changes according to
time, in relation to the apparent diffusion coefficient (ADC)
in early permanent and transient ischemias (11-13). Hence,
reevaluation of the diffusion parameters of early permanent
and transient ischemia using these new modalities is
warranted.

In this study, we present the temporal changes of DWI
signal intensity (SI) and ADC at high b value and FA,
and evaluate their diagnostic values in comparison with
standard b value DWI, in rat models with early permanent
and transient cerebral ischemia.

MATERIALS AND METHODS

Animal Model

The Animal Research Committee of Seoul National
University Hospital approved this study. Forty five male
Sprague-Dawley rats (Daehan Biolink Co., Eumseong,
Korea) were initially allocated to the hyperacute permanent
ischemia group (n = 15), the acute permanent ischemia
group (n = 15), and the 30 minute transient ischemia group
(n = 15). Because of the technical limitations including
death during ischemia (n = 9) and failure of inducing
ischemia (n = 6), the study enrolled 30 male Sprague-
Dawley rats (636 + 140 g) comprised of 22 rats of the
permanent ischemia group (9 hyperacute and 13 acute) and
8 rats of the 30 minute transient ischemia group.

Arbitrarily, we decided the time point between the
hyperacute group and the acute group as 1 hour after
occlusion of middle cerebral artery (MCA) , referring to
Neumann-Haefelin et al. (14) results that the occlusion of
MCA until 1 hour could show reversibility in a rat model
although the reversibility was transient.

In all rats, MCA occlusion was induced by advancing a
silicone coated monofilament nylon suture (4-0 Ethilon,
Ethicon Inc., Someville, NJ, USA) tip rounded by flame
heating to the anterior cerebral artery through the
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carotid bifurcation, referring to the previously described
intraluminal suture occlusion models in rats (15, 16). For
the transient ischemia group, the rats were reperfused
by withdrawing the suture after 30 minute occlusion.
Anesthesia was induced with a 1 : 1 mixture of Ketamine
hydrochloride (5 mg/100 g) and xylazine hydrochloride
(1 mg/100 g) during surgery and imaging scanning.
Body temperature was monitored with a rectal probe and
maintained at 37.5 + 0.5°C with a warm air circulation
system. Pulse oximetry was used to monitor oxygen
saturation and heart rate. Respiration and heart rate were
also monitored, as all animals were allowed to breathe
spontaneously throughout the experiment. All of the
physiological parameters of both groups remained within
the normal range.

MRI

Immediately after occlusion, the rats were transferred to
a 3.0 T MRI scanner (Signa; GE Medical Systems, Milwaukee,
WI, USA). DTI and high and standard b value DWIs were
performed at 15, 30, 45, 60 minutes for the hyperacute
permanent ischemia group, at 1, 3, 5, 7, and 9 hours for
the acute permanent ischemia group, and at 15 minute
before reperfusion, 0.5, 2.5, and 24 hours after reperfusion
for the 30 minute transient ischemia group. All MR images
were obtained using 8 channel head coil with the following
parameters: FOV = 8 x 8 cm, matrix = 64 x 128, and section
thickness = 3 mm. With TR/TE = 1000/60 ms and 1 NEX,
the perfusion-weighted imaging (PWI) was performed using
spin-echo echo planar imaging to follow the passage of a
bolus injection of 0.3 mmol/kg gadolinium dimeglumine
(Magnevist, Schering AG, Berlin, Germany) through the tail
vein.

Imaging parameters for DTI were as follows: b = 0 and
700 s/mm?, 6 directions, TR/TE = 6000/78.9 ms, and NEX
= 32. For high b value: b = 0 and 3000 s/mm?, TR/TE=
6000/99.6 ms, and NEX = 15. For standard b value: b =0
and 1000 s/mm?, TR/TE = 6000/79 ms, and NEX = 8. ADC
maps were generated by a two-point linear fit approach on
a pixel basis. As the increase of b value results in the loss
of SNR at DWI, we increased NEX to be greater at the high
b value than at the standard b value (6).

Successful occlusion was assessed by the region of
interest (ROI) analysis of SI on PWI 10 minutes after
occlusion, and successful reperfusion was assessed on
PWI 10 minutes after reperfusion. Following the last MRI
protocol, the rats were deeply anaesthetized and euthanized
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by decapitation. The brains were then removed from the
skull and incubated for 30 minutes in a 2% solution of
triphenyltetrazolium chloride at 37°C, as well as fixation
by immersion in a 10% buffered formalin solution. The
brains were then inspected for evidence of hemorrhage and
evaluated for adequate infarct.

Because hemorrhage was found in 2 rats and adequate
infarction was not found in 4 rats, 6 rats were regarded
as failures of inducing ischemia and were excluded in the
analysis.

Data Analysis

To measure FA, ADC, and DWI SI, two circular ROIs (0.87
+ 0.16 cm?) of the same size were chosen at the ADC map
and copied to the corresponding maps, one in the center
of the ischemic lesion (caudoputamen) and the other in
the contralateral normal tissue at the level of anterior
commissure. The SNR of DWI was obtained by dividing DWI
SI by the standard deviation of background SI as measured
on the ROI (2.25 + 0.32 cm?). Values at the ipsilateral
ischemia were normalized by contralateral normal values to
produce FA, ADC, and DWI SI ratios.

Contrast ratios and degrees of decrease were calculated as
follows:

Contrast ratios at b = 1000 or 3000 s/mm?: |SI;emia -
SLomall / SToorma [1]

Degrees of decrease in ischemia or normal tissue when b
values were increased from:

1000 s/mm? to 3000 s/mm?: |SL;1000 = SThs000] / SIpioe X
100 (%) [2]

where SI is ADC or SNR of DWI.

Statistical Analysis

Continuous variables were presented as means + standard
deviations. Differences of all parameters and their ratios
between different b values, different time points, and
different groups were calculated using the paired t test or
student t test as appropriate. Pearson correlation coefficient
analysis was performed between the different b value DWIs
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and ADCs. A p < 0.05 was considered to indicate statistical
significance. All analyses were performed using SPSS version
13 software for Windows (SPSS Inc, Chicago, IL, USA).

RESULTS

Temporal Evolution and Contrast Ratio: High vs. Standard
b Value DWI

Early Permanent Ischemia

There were no statistical differences in the values all
of 1 hour parameters (FA, SNR of DWI and ADC at both b
values) and their ratios between the hyperacute permanent
ischemia group and the acute permanent ischemia group.

Table 1 presents the serial ADC changes at b = 1000 and
b = 3000 s/mm? during the early permanent ischemia. At all
time points, both ADCs and SNRs of DWI SI decreased when
b-values increased from 1000 s/mm? to 3000 s/mm?* in both
ischemia and normal tissue (p < 0.0001).

Figures 1 and 2 illustrate the characteristic MRI patterns
and the average changes in SI ratios on ADC maps, DWI,
and FA maps in the permanent ischemia.

At both b values, ADC ratios decreased for 3 hours and
then rebounded until 9 hours after occlusion. ADC ratios
were higher at b = 3000 s/mm? than at b = 1000 s/mm? at
all time points (p < 0.0001). Conversely, contrast ratios of
ADC maps at b = 3000 s/mm?* were lower than those at b =
1000 s/mm?’ at all time points (0.25 + 0.10 at b = 3000 s/
mm? vs. 0.38 + 0.09 at b = 1000 s/mm?, p < 0.0001). The
degrees of ADC decrease in ischemia were lower than those
in normal tissue at all time points (25.9 + 4.3% in ischemia
vs. 38.63 + 3.27% in normal tissue, p < 0.0001).

At both b values, DWI SI ratios increased continuously
from 15 minutes until 9 hours after occlusion. DWI SI
ratios were higher at b = 3000 s/mm? than at b = 1000 s/
mm? at all time points, with statistical significances from
1to 9 hours (p = 0.0048 at 1 hour, < 0.0001 at 3 to 9
hours). Contrast ratios of DWI were higher at b = 3000 s/
mm? than b = 1000 s/mm? at all time points (0.67 + 0.34

Table 1. Serial Apparent Diffusion Coefficient Changes at b = 1000 s/mm? and b = 3000 s/mm? during Early Permanent Ischemia

B value . ADC (x 10 mm?/s) at Each Time Point (Hour after Occlusion)
2 Location
(s/mm°) 0.25 0.5 0.75 1* 3 5 7 9
1000 Ischemia 0.47 £ 0.05 0.44 +0.04 0.40 +0.04 0.36 +0.05 0.32+0.03 0.34+0.03 0.35+0.04 0.35+0.05
Normal 0.60 £ 0.03 0.60+0.03 0.60+0.02 0.60 +0.04 0.60+0.03 0.59+0.03 0.61+0.04 0.60+0.05
3000 Ischemia 0.32+0.03 0.31+0.03 0.29 £0.02 0.27 +0.03 0.24 +0.02 0.26 +0.02 0.27 + 0.03 0.27 +0.03
Normal 0.36 + 0.03 0.36 +0.03 0.37 +0.02 0.37 £0.03 0.37 +£0.02 0.38+0.02 0.39 +£0.02 0.38 +£0.03

Note.— *Presented values are mean and standard deviation of 1 hour data from both hyperacute and acute permanent groups.
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30 min 45 min
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DWI at
b = 1000 s/mm”*

DWI at
b = 3000 s/mm”’

ADC map at
b = 1000 s/mm’

ADC map at
b = 3000 s/mm’

FA map

C

Fig. 1. Serial MRI patterns of hyperacute (A) and acute (B) ischemia on DWIs and ADC maps, at b = 1000 s/mm? and b = 3000 s/
mm?; and FA map in two representative rats, with rat brain (C) stained with triphenyltetrazolium chloride 9 hours after occlusion.
DWI hyperintensity and ADC hypointensity at both b values are seen in left cerebral hemisphere from 15 minutes to 9 hours. Compared with
lesion contrast at b = 1000 s/mm?, that at b = 3000 s/mm? is higher on DWI but lower on ADC map. FA in left cerebral hemisphere is higher than
normal tissue for 1 hour. It decreases to value lower than that of normal tissue at 9 hours. Rat brain stained with triphenyltetrazolium chloride
shows pale brain area, suggesting adequate infarct of middle cerebral artery. ADC = apparent diffusion coefficient, DWI = diffusion weighted

imaging, FA = fractional anisotropy

at b = 3000 s/mm? vs. 0.54 + 0.24 at b = 1000 s/mm?),
with statistical significances from 30 minutes to 9 hours (p
< 0.0001). The degree of DWI SI decrease in ischemia was
lower than that of normal tissue at all time points (53.0
+ 2.46% in ischemia vs. 56.47 + 2.88% in normal tissue),
with statistical significances from 30 minutes to 9 hours (p
<0.0001).

The Pearson correlation study showed excellent correlation

in ADC ratios and DWI SI ratios between both b values (Fig. 3).

30 min Transient Ischemia
Figures 4 and 5 illustrate the characteristic MRI patterns
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and the average changes in SI ratios on ADC maps, DWI,
and FA maps in the 30 minute transient ischemia.

After 30 minute transient ischemia, DWI SI ratios and
ADC ratios at both b values were transiently normalized
to the contralateral normal tissue level at 30 minutes and
2.5 hours after reperfusion. At 24 hours after reperfusion,
the DWI SI ratios at both b values reincreased and the ADC
ratios at both b values redecreased.

Temporal Evolution of FA in Early Permanent and
Transient Ischemia
The FA increased for 1 hour, then gradually decreased
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until 9 hours after occlusion in the permanent ischemia.

As for transient ischemia, FA ratios showed initial
elevation, then transiently normalized to the contralateral
normal tissue level at 30 minutes after reperfusion and
maintained this level until 2.5 hours after reperfusion.
There was a significant decrease in FA ratio at 30 minutes
after reperfusion in the 30 minute transient ischemia group
compared to that at 1 hour in the permanent ischemia
group, which were at the same time points, 1 hour after

2.57
. -# DWI SI ratio at
l b = 3000 s/mm?
-=- DWI SI ratio at
1.5 b = 1000 s/mm?

- FA ratio

=& ADC ratio at
b = 3000 s/mm?

0.5 B
I == ADC ratio at
b = 1000 s/mm?
0 ‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\
0.25 1 3 5 7 9

Time (hour)

A

Fig. 2. Time curves of ratios of DWI signal intensity, ADC, and
FA in hyperacute and acute permanent ischemia groups.

Values of 1 hour parameters are mean of both hyperacute and acute
permanent ischemia groups (arrows). Values at ipsilateral ischemia
were normalized by contralateral normal values to produce ratios

of all parameters. Error bars reflect standard error of mean. ADC =
apparent diffusion coefficient, DWI = diffusion weighted imaging, FA =
fractional anisotropy, SI = signal intensity
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initial occlusion (1.01 + 0,08 vs. 1.23 + 0.22; p = 0.0128).
At 24 hours after reperfusion, the FA ratio decreased as the
ADC ratio decreased, suggesting secondary decay.

DISCUSSION

Temporal Evolution and Contrast Ratio: High vs. Standard
b Value DWI

In the present study, the 3 hour mark was the time point
with the lowest ADC value after occlusion in the early
permanent rat ischemia, and is concordant with the results
of several previous studies (17, 18).

We also observed that when the b-values increased, there
were decreases in the ADC and SNR of DWI in both the
ischemia and normal tissues, which was also reported in
a study by Meyer et al. (5). This can be explained by the
suggestion that ADC decreases biexponentially rather than
monoexponentially along with the b value increases (1, 2).

The ADC ratio and DWI SI ratio at b = 3000 s/mm? were
higher than those at b = 1000 s/mm?. And while the
contrast ratio of ADC maps at b = 3000 s/mm?* was lower
than that at b = 1000 s/mm?, the contrast ratio of DWI at b
= 3000 s/mm? was higher than that at b = 1000 s/mm’.

These observations can be postulated as follows:

As the degree of ADC decrease in ischemia was smaller
than that in normal tissue from the results section,

(ADCischemia-bNOO - ADCischemia-b3000) / ADCischemia-blOOO

< (ADcnormal»bIOOO - ADcnormal-bSOOO) / ADCnormal-blOOO’
It can be shown as the following inequality:
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Fig. 3. Scatterplots of correlation in ADC ratios and DWI SI ratios between b = 3000 s/mm? and b = 1000 s/mm?.
Strong correlation in ADC ratios (A) and DWI SI ratios (B) between both b values is seen. ADC = apparent diffusion coefficient, DWI = diffusion

weighted imaging, SI = signal intensity
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Reperfusion after 30 min occlusion

30 min after
reperfusion

15 min before
reperfusion

2.5 hr after
reperfusion

DWI at
b = 1000 s/mm”

DWI at
b = 3000 s/mm’

ADC map at
b = 1000 s/mm’

ADC map at
b = 3000 s/mm”*

FA map

24 hr after
reperfusion

Fig. 4. Serial MRI patterns of transient ischemia on DWI and ADC maps at b = 1000 s/mm? and b = 3000 s/mm?, and FA map.
After 30 minute transient ischemia, normalizations of DWI hyperintensity and ADC hypointensity at both b values, as well as normalization of
FA hyperintensity at left caudoputamen area are seen during first 2.5 hours, with the exception of some peripheral portions. ADC = apparent
diffusion coefficient, DWI = diffusion weighted imaging, FA = fractional anisotropy

ADCischemia-blOOO / ADCnormal-blOOO < ADCischemia»b3000 / ADCnormal»b3000
Such means that ADC ratio at b = 3000 s/mm? is larger

than that at b = 1000 s/mm?. This was also shown in Figure 2.
From here, we can deduce the following:
1 - ADCischemia-bioon / ADCromatbiono > 1 = ADCigchemiacbiooo /
ADC omat-b3o00
Because ADC in normal tissue is larger than that in
ischemia at both b values, the following formula can be
stated:
|ADC,ormat-b1000 = ADCischemia-iooo] / ADCromatbiono >

|ADcnormal»b3000 - ADCischemia-bBOOOl / ADCnormal-b3000
In other words, the contrast ratio of ADC map at b = 1000

s/mm? is larger than that at b = 3000 s/mm°.
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As with the previous mathematical deduction, as the
degree of DWI SI decrease in ischemia was smaller than
that in normal tissue from the results section,

(DWischemia-1000 = DWisehemia-bz000) / DWlischemia-biooo

< (DWI,ormatb1000 = DWiomatb3o00) / DWigmatniooo

It can be shown as the following inequality:

DWIischemia-blOOO / DWInormal—blOOO < DWIischemia-b3000 / DWInormal-b3000
Such means that DWI ratio at b = 3000 s/mm? is larger
than that at b = 1000 s/mm?. This was also shown in Figure 2.

From here, we can deduce the following:

1 - DWEischemia-b1000 / DWligmatbiooo > 1 = DWIischemia-b3000 /
DWInormal—b3000

As DWI SI in normal tissue is smaller than that in
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A B

Fig. 5. Time curves in transient ischemia group and Comparison of ADC and FA in permanent and transient groups.

(A) Time curves of DWI signal intensity, ADC, and FA ratios in transient ischemia group. After 30 minute transient cerebral ischemia, initial high
DWI SI and FA ratios reach plateau of near 1 during first 2.5 hours after reperfusion, followed by reincrease of DWI SI ratio and decrease of FA
ratio at 24 hours. Initial low ADC ratio reaches plateau of near 1 during first 2.5 hours after reperfusion, followed by redecrease of ADC ratio

at 24 hours. (B) Comparison of ADC and FA in permanent and transient groups. At 30 minutes after 30 minute occlusion in transient ischemia
group, which is comparable to 1 hour after occlusion in permanent ischemia group, FA decreased and ADC increased significantly, resulting in
normalized values. ADC = apparent diffusion coefficient, DWI = diffusion weighted imaging, FA = fractional anisotropy, SI = signal intensity

ischemia at both b values, the following formula can be
stated:
|DWIn0rmal-b1000 - DWIischemia-blOOO' / DWInormal-blOOO <

|DWInormal-b3000 - DWIischemia-b3000| / DWInormal—b3000
In other words, the contrast ratio of DWI at b = 1000 s/

mm? is lower than that at b = 3000 s/mm?,

From the above inequalities, we can reason that the
higher contrast ratio of DWI and lower contrast ratio of ADC
map at higher b value are due to the smaller degrees of
ADC and DWI decrease in ischemia than those in the normal
tissue.

Although the reason for this difference between the
normal tissue and ischemia may not be easily explained, it
may be due to the slow diffusing component fraction, which
may be reflected more on the higher b value imaging, being
smaller in the normal tissue than in ischemia, as Brugiéres
et al. (19) presented.

However, the ADCs at both the high and standard b values
showed a similar pattern of chronological change except
for some differences in the ADC value. This may be because
the high b value ADC calculated on two-point linear fit
approach failed to reflect the selectively slow diffusing
component fraction.

Burdette et al. (20) suggested that a higher diffusion
gradient increased the relative contribution of ADC to the
overall MR SI, which also meant a decreased T2 shine-
through phenomenon.

The reason for the contrast ratios on DWI at the high
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b value being higher than that at the standard b value,
although the contrast ratio on ADC maps at the high b
value are lower, can be postulated based on the following
formula:

DWI SI = SO x e™** [3]

where S0 is SI in b = 0 s/mm?, and b is the diffusion-
weighting factor.

As DWI ST is influenced by both the diffusion gradient
and ADC, the higher contrast ratio on DWI can be due to
the effects of the increased diffusion gradient surpassing
the decreased ADC difference, when b-values were
increased. Although high b value imaging have the clinical
benefits in the detection and evaluation of the extent of
hyperacute and acute ischemia in addition to the higher
contrast ratio on DWI, it has tradeoffs such as inferior SNR,
change of gray to white matter SI ratio, and a low contrast
ratio on ADC maps, as shown in the present study (3, 5-7).
Therefore, the b value in the high b value imaging should
be optimized for the specific purpose of each evaluation.

Temporal Evolution of FA in Early Permanent and
Transient Ischemia

The initial transient elevation of FA ratio seen in the
hyperacute ischemia in the present study is in agreement
with the results of the previous studies (11, 21). It has
been explained that the cellular expansion and tortuosity of
the extracellular space cause a limitation of the extracellular
water motion in the initial early ischemia. It is followed by
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the loss of cellular membranous integrity and the expansion
of extracellular space with the over-accumulation of water,
ultimately resulting in the subsequent decrease of FA (11-
13).

Considering the results of Bae et al. (22) study which
presented the reduction of FA due to the injection of
contrast material in the brain tumor, the possibility of the
contrast material’s influence on the initial FA in the present
study may not be excluded but validated with the future
study in the ischemia. Transient reversibility and secondary
ADC decay of cerebral ischemia has been explained by many
causes, such as neuronal cell death caused by delayed
depletion of energy, programmed cell death, and reperfusion
injury (23). This study showed that FA can be transiently
normalized from the initially elevated value, although it is
decayed on the 1 day follow-up like the secondary decay of
ADC.

The traditional DWI-PWI mismatch has been reported
to have some limitations in the evaluation of ischemia
(24). The observations that FA increases in the hyperacute
ischemia, with a continuous decrease of ADC and integrative
interpretation of reversible ADC and FA, may provide a new
breakthrough for the evaluation of ischemic penumbra
in the early ischemia. Further studies are needed on this
aspect.

The present study has the following limitations. First, we
divided the permanent group of the study into two separate
groups, as the frequent repeated imaging acquisition while
keeping the rats alive was impossible at the given facilities.
Thus by separating the two permanent groups, we were
able to obtain hyperacute information with intervals of
15 minutes and acute information with total observation
time of up to 9 hour. Second, the use of a clinical MR
machine may be a limitation. However, the ischemic areas
on the clinical MR were well depicted as compared with
the postmortem evaluation. Chen et al. (25) have also
suggested that the performance of certain stroke-related
research in rats was feasible with the clinical MR imagers.
Third, different TEs at b = 1000 s/mm? and b = 3000 s/mm?
may have been another limitation. However, the TEs used in
the study were minimum TEs and were optimized for the 2
b-values. According to some reports, the ADC of brain water
was found to be approximately independent of TE (1, 2).

In summary, this study presents the time evolutions of
DWI ST and ADC ratios at high b value and FA ratio in early
permanent and transient ischemia. Although high b value
DWI may reflect biexponential decay, it has shown similar
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chronological patterns of DWI and ADC map on two-point
linear fit approach in the early cerebral ischemia as the
standard b value DWI. At high b value, DWI showed higher
contrast ratio, but ADC map showed lower contrast ratio
than the standard b value in the early permanent ischemia.
In addition to the initial elevation in early ischemia, FA
shows transient reversibility similar to ADC, the clinical
significance of which needs to be verified.
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