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We thank Dr Kim and colleagues for 
their interest in and valuable com-
ments about our article (1). As they 
indicated, CEST including APT has 
various challenges: respiratory motion 
artifacts in human lung, low sensitiv-
ity of the APT signal, and effectiveness 
of B1 power. We agree that the addi-
tion of experiments regarding interim-
age agreement between two images 
of the same lesion would have further 
strengthened our study.

With regard to the normalized satu-
ration effect of Ssat/S0, the values more 
than 1 are no greater than 1.05 or 5%, 
which is considered within the normal 
error range. We have set Ssat/S0 as 1 as 
measured at either end of a farthest 
frequency of 110 or 210 ppm from the 
center frequency; therefore, almost no 
saturation effect is observed. The vari-
ation of offset frequency values for the 
lung could be caused by respiratory 
motion artifacts (2). When compared 
with that in the stationary brain, the 
variation in the lung is expected to be 
greater due to respiratory and cardiac 
motion. We have used the subtraction 
between the values at 13.5 ppm and 
23.5 ppm for MTRasym and presented 
the absolute value; therefore, we were 
not concerned with the elevated signal 
in the z-spectrum.

Regarding the suggestion of a phan-
tom experiment to further evaluate the 
saturation effect, we have performed 
an egg white phantom experiment to 
investigate the CEST effect as a prelim-
inary experiment. We found that the 
MTRasym value at 3.5 ppm by using a 
B1rms of 1.0–2.0 mT yields an increas-
ing APT value (unpublished data, Oc-
tober, 2016). Respiratory motion ar-
tifact is most likely the cause for the 
CEST color map in the lesion showing 
a large area with a MTRasym value of al-
most 10%. This drawback should have 
been stated as one of the limitations in 
our study.

Because of the limitation in the 
number of figures, we were not able 
to include MTRasym spectra and a CEST 
sequence diagram. We certainly appre-
ciate these valuable comments made 
and will consider them in our future in-
vestigations.
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Editor:
We read with much interest the article 
by Dr van de Haar and colleagues in 
the November 2016 issue of Radiology 
(1) regarding blood-brain barrier (BBB) 
leakage in patients with early Alzheim-
er disease.

Reportedly, dynamic contrast ma-
terial–enhanced (DCE) magnetic res-
onance (MR) imaging is promising for 
the exploration of BBB leakage (2). 
However, some technical issues in the 
current study may limit its conclusions.

First, the use of a venous input ar-
tificially displaced the vascular peak, 
which is visualized after the tissue peak, 
as shown in figure 1. It may provide cal-
culated-related artifacts, which might be 
corrected by adding a negative temporal 
delay parameter. An arterial input func-
tion remains more accurate than a ve-
nous input function for the calculation of 
DCE imaging parameters (3).

Second, the pharmacokinetic two-
compartments model used to calculate 
BBB leakage employed the Patlak tech-
nique, which provides data only on the 
permeability (or leakage rate) and the 
blood plasma volume (4). This model 
assumes that the contrast agent con-
centration is equal in the large ves-
sels and in the vascular compartment 
of the tissue. In case of minor leakage 
rates, the contrast agent concentration 
in the gray matter should be propor-
tional with the contrast agent concen-
tration in the venous blood, which is 
not in line with the curves shown in 
figure 1. The attenuation of the initial 
peak in the gray matter may be ex-
plained by a limited blood flow, which 
is not included in the model.

Third, the evaluation of the blood 
volume may be underestimated with 
the Patlak technique, leading to a pos-
sible overestimation of the leakage 
rate. To limit this effect, the “equili-
bration time” or t* has to be defined, 
and points before t* are commonly re-
moved (5). Such a correction is not 
mentioned here.

Fourth, the assumption of Gaussian 
distribution used to estimate and cor-
rect the noise is interesting but might 
not be relevant because of the previ-

Dr Lecler and colleagues comment on 
theoretical aspects of the kinetic mod-
eling used in our study on BBB leakage 
measurements (1). Models employed 
in imaging studies are frequently dis-
cussed and should always be carefully 
designed, validated, and tested for re-
producibility (2). Therefore, we are 
happy to respond to these comments.

First, they noted the time delay of 
the venous input function to the first 
tissue peak and prefer an arterial input 
function. Ideally, the arterial input func-
tion would be used to model the tran-
sit of contrast agent from the artery, 
through capillaries into the vein. How-
ever, measurement of the arterial input 
function is less stable than venous mea-
surements (3,4).

Second, it is suggested that more 
advanced models should be used incor-
porating flow. However, previous sim-
ulations convincingly showed that the 
Patlak approach provided the best low 
leakage measurements (5,6) indepen-
dent of flow (7).

Third, the blood and tissue time 
courses in figure 1 become nearly pro-
portional after the so-called equilibrium 
time. At earlier phases, the flow indeed 
affects both blood and tissue curves and 
we accounted for this effect by using ro-
bust linear regression. This algorithm 
determines the slope from the later 
data points as the earlier points were 
more variable (8). These later data 
points are independent of flow and de-
lay in venous input function. In fact, by 
using fast sampling before the equilib-
rium time, the integral of the vascular 
input function (abscissa of Patlak plot) 
can be accurately calculated, avoiding 
overestimation of blood volume. More-
over, realistic blood plasma volumes 
were obtained approximating those in 
the literature (9).

Fourth, we see that the noise 
classification was not completely under-
stood. The calculated histogram of leak-
age rates is highly symmetric, but has 
not necessarily a Gaussian shape. We 
disagree that the concentration curves 
should follow Rician noise as these are 
calculated from MR signals with a suffi-
ciently high signal-to-noise ratio.

ously described potential overestima-
tion of the leakage rate and the Rician 
noise in the tissue, especially at the end 
of the tissue curves.

In conclusion, one should remain 
cautious when interpreting these re-
sults, which must be confirmed with 
further studies.
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Currently, no consensus on the ex-
act implementation of kinetic modeling 
of subtle BBB leakage has been reached 
and in vivo validation remains diffi-
cult. Some of the suggested corrections 
would influence the numerical values, 
but the group effects and conclusion 
of increased BBB leakage in Alzheimer 
disease will remain the same, which is 
confirmed by another research site (10).
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Second, and more importantly, neu-
rotoxicity assessments were not speci-
fied, making comparison with indepen-
dent studies impossible. Stereological 
evaluation would allow quantification of 
neuronal cell number and volume (4). 
Furthermore, only standard hematoxy-
lin-eosin (H-E) stains were mentioned, 
which have limited sensitivity in detect-
ing subtle changes associated with po-
tential gadolinium-related neurotoxicity 
such as impaired mitochondrial function 
(5). Assessment of pathologic chang-
es on this level would require methods 
such as lactate dehydrogenase immuno-
reactivity or electron microscopy. In ad-
dition, it is known that glial cells react 
to neurotoxic events (6), and previous 
studies found gadolinium to be depos-
ited mostly within or in close proximity 
to the endothelial wall (7). Therefore, a 
critical evaluation of potential gadodi-
amide-related neurotoxicity should in-
clude quantitative measures of reactive 
astrogliosis and microglial activation. 
While not strictly required for toxico-
logic assessments according to current 
guidelines (3), we believe that a state-
ment like the one made by Dr Smith 
and colleagues would need to be based 
on appropriate evaluation and quantifi-
cation of neuronal function.

In addition, gadolinium is regularly 
used in conditions with an impaired 
blood-brain barrier, leading to a differ-
ent risk profile for gadolinium accumu-
lation. For example, we and other inves-
tigators recently provided evidence of 
gadolinium deposition in patients with 
multiple sclerosis within routine clinical 
care (8). In conclusion, we do not be-
lieve that the shown representative nor-
mal -ppearing H-E images alone exclude 
gadolinium-related neurotoxicity, espe-
cially in conditions with potentially in-
creased gadolinium uptake in the brain.
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Editor:
We read with great interest the article by 
Dr Smith and colleagues on accumulation 
and partial clearance of gadolinium from 
the brain after repeated administration 
of gadodiamide in a rodent model with 
intact blood-brain barrier, which was re-
cently published online in Radiology (1). 
The authors state that there was no “de-
tectable neurotoxicity” and no “histopath-
ologic consequence” after up to 20 doses 
of intravenously administered gadodi-
amide with a cumulative dose of up to 
12 mmol/kg. While it is certainly encour-
aging that the authors could not detect 
any extensive tissue damage, we are con-
cerned that the histopathologic assess-
ment limits such conclusions.

First, contrary to guidelines for tox-
icologic histopathology, pathologists 
were not made aware of the different 
treatment groups, as is recommended 
for evaluations where a known toxic 
syndrome with a defined spectrum of 
lesions does not exist (2,3).


