COMMENTARY

Intracranial Pressure versus Phase-Contrast MR Imaging for

he article by Ringstad et al,’ in this issue of the American

Journal of Neuroradiology suggests that invasive intracranial
pressure monitoring is a better way to select patients for shunting
for normal pressure hydrocephalus (NPH) than phase-contrast
MR imaging. The authors advocated placing an intracranial pres-
sure (ICP) monitor through a burr-hole into the brain paren-
chyma and measuring the mean amplitude of the ICP waves
(MWA) for 8 hours while the patient is sleeping. Phase-contrast
MR imaging (PCMR), on the other hand, is performed noninva-
sively in a few minutes to determine the aqueductal CSF stroke
volume (ASV).” This technique, when properly performed, allows
the determination of the ASV, which is the average of the cranio-
caudal and caudocranial CSF flow volumes during systole and
diastole, respec'[ively.3

The basis of the elevated MWA is decreased intracranial com-
pliance (ie, a stiffer brain, which is 1 feature of NPH). The basis of
an elevated ASV is a combination of enlarged ventricles and no
atrophy. Because NPH eventually leads to atrophy, the ASV de-
creases and the patient is less likely to respond to ventriculoperi-
toneal shunting.

The authors divided 21 patients with clinical NPH into 2
groups: “shunt” (n = 17) and “conservative” (n = 4) based on
MWA elevation. Sixteen of the 17 patients with shunts responded
favorably during a year of follow-up, improving their NPH scores
from 10 to 12 (zero being the worst and 15 being the best), while
the 4 conservative patients without shunts worsened from 11 to 8
(Table 1). The authors used their finding that the ASV was higher
in the unshunted conservative group (Table 2) to denigrate the
value of PCMR. An alternate explanation of these data might be
that MWA elevation was not useful in distinguishing the patients
who should have been shunted from those who would not have
benefited from a shunt (ie, their conservative group). On the basis
of the elevated ASV, in fact, the patients in the conservative group
with NPH symptoms might have benefited from a shunt rather
than having their conditions deteriorate across time. As pointed
out by the authors, with only 4 patients in the conservative group,
this comparison is hardly statistically significant.

Our group has been using the finding of hyperdynamic CSF
flow through the aqueduct as a predictor of shunt-responsive
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NPH for >30 years. In the early days of MR imaging (1983-1984),
we used a marked aqueductal CSF flow void on conventional
proton-attenuation weighted images without flow compensation
to select patients for shunting. We found the association of hyper-
dynamic CSF flow and shunt responsiveness significant (P <
.003)."

With the subsequent ubiquitous use of flow compensation
and fast spin-echo (with the rephasing effects of the multiple 180°
radiofrequency pulses), the CSF flow void sign became less sensi-
tive (though it still remains highly specific). This result led us in
the early 1990s to use PCMR to determine the volume of CSF
flowing up or down over the cardiac cycle (ie, the ASV).” In the
mid-1990s, we evaluated 19 patients with symptoms of NPH who
were subsequently shunted.” All 13 patients with an ASV of >42
uL on that particular MR imaging system responded to shunting,
while only half of the 6 patients with an ASV of <42 uL responded
(ie, the ASV as we measured it had a 100% positive predictive
value). While we initially thought that all the patients with ASVs
of <42 ul had atrophy, Scollato et al® pointed out that some of
these patients may, in fact, have been very early in their disease
because their ASV 6 months later was increased.

Ringstad et al' pointed out that some investigators have been
unsuccessful in using the ASV to discriminate those patients who
will respond from those who will not respond to shunting for
NPH. Unfortunately, not everyone uses the same technique. Our
technique™” uses a 512 X 512 matrix over a 16-cm FOV, yielding
pixels 0.312 mm on a side. Larger pixels (like the 0.6 X 0.8 mm
used in the present study) are more susceptible to partial volume
averaging of stationary tissue in the surrounding midbrain. This
susceptibility may explain why Ringstad et al' used a velocity-
encoding factor (VENC) of only 10 cm/s, whereas we find that we
need a VENC of 10, 20, and 30 cm/s to maximize accuracy (lower
VENC) and avoid aliasing (higher VENC). While the authors fit
the data to a sinusoidal curve to remove aliasing when present,
this fitting requires manual processing, while our technique using
3 VENC:s can be processed with routine flow-analysis software
(eg, ReportCARD; GE Healthcare, Milwaukee, Wisconsin; or
NOVA; VasSol, River Forest, Illinois).

Some investigators have been critical of the specific value of
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42-uL ASV as a discriminator; however, this measurement is un-
fortunately machine- and software-dependent. To diagnose hy-
perdynamic CSF flow, one needs to first determine the normal
ASV in the elderly population. Thus, when we start using a new
MR imaging system for this determination, we always perform the
measurement on 10-20 elderly patients without enlarged ventri-
cles. We then look for a volumetric flow rate of twice the normal
rate to diagnose hyperdynamic CSF flow. We have found that this
correlates with shunt-responsive NPH in appropriately symp-
tomatic patients.

In regard to using patients without enlarged ventricles to de-
termine the normal ASV, patients who eventually develop NPH
often have had enlarged ventricles for many years before symp-
tom onset.® We call this “pre-NPH,”® while Kato et al” labeled it
“asymptomatic ventricular enlargement with features of idio-
pathic NPH on MR imaging.”

In our institution, our neurologists and neurosurgeons use
PCMR and a high-volume tap test to determine which patients
should be shunted for symptomatic NPH. However, screening
techniques vary around the world. Some sites go beyond the out-
patient tap test and use external lumbar drainage, which is a 3-day
in-patient procedure in which 10 mL of CSF is removed every
hour via a lumbar catheter with gait reassessment at the end.® In
Sweden, the saline infusion technique is often used to determine
increased resistance to inflow.” In Japan, a midcoronal MR imag-
ing scan is used to look for the disproportionately enlarged sub-
arachnoid space hydrocephalus (DESH) pattern, which includes an
Evans ratio of >0.3, enlarged Sylvian cisterns, and a tight superior
convexity subarachnoid space.'” In fact, Ishikawa et al'' have re-
ported that the tap test adds nothing to the selection of patients with
NPH for shunting if a DESH pattern is present. Since learning of the
DESH pattern 4 years ago, we have added coronal imaging to our rule
out NPH protocol. Unfortunately, we have had less success with the
DESH sign than the Japanese investigators, with DESH correlating
with neither ASV nor shunt response.

In summary, the diagnosis of shunt-responsive NPH seems to
vary by region and specialty. As demonstrated by Ringstad et al,’
neurosurgeons seem to be comfortable with placing an ICP mon-
itor in the brain to measure compliance. If you are a radiologist,
PCMR to measure the ASV may be the preferred technique. While
these tests are measuring different properties of shunt-responsive
NPH, I suspect, given the choice, that most patients would prefer
the less invasive evaluation.
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