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Is a combination of Tc-SPECT or perfusion weighted
magnetic resonance imaging with spinal tap test helpful
in the diagnosis of normal pressure hydrocephalus?
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Obijective: The aim of this study was to evaluate the combination of spinal tap test (STT) with cerebral
perfusion measurement assessed either by Tc-bicisate-SPECT (Tc-SPECT) or perfusion weighted MRI
(pwMR), or both, for a better preoperative selection of promising candidates for shunt operations in
suspected idiopathic normal pressure hydrocephalus.

Methods: 27 consecutive patients were examined with a standard clinical protocol (assessed by the
Homburg Hydrocephalus Scale (HHS)) as well as with 99m Tc-bicisate-SPECT (n=27) or additionally by
pWMRI (n=12) before and after STT. The results of these examinations were compared preoperatively
for each patient and correlated with postoperative clinical outcome affer shunt surgery.

Results: Nine patients showed both, a clinical improvement, and increased cerebral perfusion after
STT. They underwent shunt surgery with good to excellent results. In another nine patients increasing
cerebral perfusion was detected although they did not show a clear clinical improvement after STT. Six
of them also received a shunt operation with good to excellent outcome. Three patients of the last group
could have an operation. Nine patients did not show any clinical improvement or any kind of increas-
ing cerebral perfusion after STT. Therefore, they did not undergo surgery. The results of SPECT and
pWMRI correlated in 92 % of the patients (11 of 12).

Conclusion: It is concluded that a combination of clinical assessment with SPECT or pwMRI is helpful
in the preoperative selection of patients for shunting procedures with suspected NPH syndrome. This
combination is a minimal invasive and objective test modality that is superior to STT alone. Further stud-
ies are necessary for a comparison of the described imaging techniques with different diagnostic tests
in this difficult field of cerebral disease.

first described by Adams and Hakim.' It is characterised

by clinical presentation with gait disturbance, mnestic
deficit, urinary incontinence, sometimes in combination with
headache and dizziness.”” The differentiation of brain atrophy,
Parkinsons disease, vascular encephalopathy, Alzheimer’s dis-
ease, or Binswanger’s disease to NPH can be difficult if only
morphological criteria are used, for example, enlarged
ventricles.”® Therefore, the outcome after shunt surgery varies
considerably among different series and depends upon the
preoperative patient selection.®® The diagnostic procedures so
far consisted of morphological imaging modalities such as
magnetic resonance imaging (MRI),” computed tomography
(CT)," as well as clinical assessment before and after spinal
tap test (STT)," lumbar drainage,"” lumbar infusion tests,” and
prolonged continuous intracerebral pressure measurements."

Although there is no consensus about the preoperative
patient selection and diagnostic confirmation of NPH so far,
clinical examination before and after lumbar STT is most
widely used at present.”'" The clinical assessment consists
usually of a standard walking protocol, psychometric
testing—such as mini-mental state test (MMS)—and inconti-
nence protocol.® ” The clinical results after STT are sometimes
difficult to interpret and are partially investigator dependent.
There may be sometimes false negative results, because in a
certain number of patients the clinical assessment is
ambiguous.” ”

Since as early as 1969 it was proposed that the NPH
syndrome is caused by a decreased cerebral perfusion.'
Different methods of cerebral perfusion imaging such as cer-
cbral angiography,” Xenon-CT,"”"” *™Tc-HMPAO SPECT”
(123 I) IMP-SPECT* showed a positive correlation between

The idiopathic normal pressure hydrocephalus (NPH) was

increased cerebral blood flow (assessed by different imaging
modalities) and clinical improvement after CSF shunting pro-
cedures.

Perfusion weighted magnetic resonance imaging (pwMRI)
is a comparatively new imaging modality that offers a
measurement of changes in cerebral perfusion.

The purpose of this study was to combine the image data
provided by SPECT or pwMRI, or both, with the clinical results
before and after STT. The question was whether the additional
perfusion data can help to improve the selection of promising
candidates for successful shunting procedures in suspected
NPH syndrome.

METHODS

Patient population

Between 1998 and 2000, 29 patients with suspected idiopathic
NPH syndrome were included in the prospective study. Two
patients had to be excluded from the study because the imag-
ing examinations could not be performed due to incompliance
(severe movement artefacts occurred in these patients). The
remaining 27 patients, 15 men and 12 women with a mean
age of 69.2 years (range 39-82 years) were evaluated The
patients gave their informed consent to participate in the
study.

Abbreviations: NPH, normal pressure hydrocephalus; MRI, magnetic
resonance imaging; CT, computed fomography; STT, spinal tap test;
PWMRI, perfusion weighted magnetic resonance imaging; HHS, Homburg
hydrocephalus scale; IM, index map; MTT, mean transit time; NI,
negative integral; SPECT, “"Tc-bicisate single photon emmision
tomography; TTP, time to peak.
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Figure 1 Symptoms of the patients. All patients 100% suffered
from GD (gait disturbance), 89% suffered from MD (mnestic deficit),
69 % showed different degrees of urinary incontinence.

Inclusion criteria

All patients were suffering from one of the following
symptoms of NPH syndrome or a combination of them: gait
disturbance (100%), mnestic deficit (84%), urinary inconti-
nence (69%). Figure 1 shows the different combinations of
clinical symptoms that led to the inclusion of patients in this
study. Most of patients were suffering from the classic clinical
trias—the so called Hakim trias." Some 33% of the patients
showed additionally further symptoms of chronic hydro-
cephalus such as dizziness and headache. The duration of
symptoms ranged from three months to two years with a
mean duration of one year. In all patients a previous CT or MRI
scan, or both, showed communicating hydrocephalus with an
extended ventricular system. In the evaluated patients no fur-
ther major cerebral abnormality was found except peri-
ventricular lucency and different degrees of deep white matter
hyperintensities as a sign of vascular white matter lesions.

Clinical examination

All patients were examined by the same investigator before
and after STT. The clinical examination protocol consisted of a
standardised neurological examination, a walking test, a psy-
chometric examination (MMS) and the Homburg Hydro-
cephalus scale (HHS),* as well as an incontinence protocol. For
the walking test the patient had to navigate a flat route of 20
metres of length three times. The middle pulse length and the
required steps were measured.

Additionally, the patients were clinically assessed according
to the HHS. The five symptoms were tested as previously
described*: memory deficit and intellectual impairment; gait
disturbance; urinary and bowel incontinency; headache; and
dizziness. All examinations were performed before and after
STT. A decrease of at least four points on the HHS scale after
STT was rated as a clear clinical improvement (STT positive), a
change of two or three points was rated as a questionable
result (STT questionable). If the score changed less than two
points no clinical improvement was assessed (STT negative).
In addition to the routine follow up examinations, infor-
mation was also obtained from relatives and care givers.

The clinical outcome after shunt operation was evaluated
according to the Black rating scale for shunt assessment.* This
scale includes six categories (excellent, good, fair, transient,
poor, or dead).

Examination protocol
All 27 patients were examined by a combination of clinical
assessment before and after STT, either with *"Tc-bicisate-
SPECT only (n=15), or with a combination of *"Tc-bicisate-
SPECT and pwMRI (n=12).

At days 1 and 3 all patients were examined by clinical
assessment and Tc-bicisate-SPECT. Twelve patients were
additionally examined with pwMRI on both days.
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Figure 2 Tcbicisate SPECT of a patient with suspected NPH
syndrome. The regions of interest are shown.

On the the second day, at least 40 cc of CSF were released by
lumbar puncture and CSF pressure was measured. All patients
had CSF pressure levels below 140 mm H,O (80-130 mm H,O).

Imaging modalities

SPECT

For the SPECT scan, 740 MBq 99mTc-bicisate (Dupont) were
administered intravenously after blocking of the thyroid gland
by Irenat. (Bicisate is an equivalent substance to HMPAO as an
agent for demonstrating cerebral blood flow). The radiotracer
was injected in a silent room with the patients eyes closed.
After four hours, the patients were scanned with a Toshiba
single head gammacamera (128x128 matrix) in 6° steps every
30 seconds in 60 projections (full circle). Reconstructions were
done in horizontal, sagittal, and coronal direction after filtered
backprojection with a Butterworth filter (9BW 8.0.11). The
transversal slices of the examinations were matched and
identical. Eight regions of interest (ROIs) were evaluated
(counts per pixel) in five reconstructed slices (fig 2). The count
density was normalised to the cerebellum and a ratio was cal-
culated before/after STT.. An global increase of tracer
consumption of at least 20% in more than half of the ROIs was
evaluated as an improvement.*

pwWMRI

Routine T1 and T2 weighted MR sequences were performed to
image morphology of the brain on a standard 1.5 T clinical
scanner (Gyroscan ACS-NT, Philips Medical Systems, Best,
Netherlands) with a standard quadrature head coil. A suscep-
tibility based MR perfusion sequence was performed as a 3D
segmented EPI technique with the readout shifted to the next
TR, resulting in TE>TR (PRESTO, TR: 19.8 ms, minimum TE:
9.5 ms, actual TE: 29 ms, flip angle 8°) as described
previously.” Twenty five slices covering the entire brain
(matrix size: 64x64) were acquired with a time resolution of
1.9 seconds. The total scan time was 1:17 minutes to acquire
40 dynamic scans. A bolus of gadodiamid (0.5 mmol/ml, 0.2
mmol/kg bw) (Omniscan, Nycomed, Norway) was adminis-
tered with an injection rate of 8 ml per second followed by a
flush of 20 ml saline.

Data processing and image analysis of pwMRI

All perfusion data were transferred to a workstation (Easy
Vision 4.2, Philips Medical Systems, Best, Netherlands) and
processed with commercially available software. Perfusion
parameter maps were calculated using segmentation analysis
(negative integral (NT), index map (IM), time to peak (TTP),


http://jnnp.bmj.com

Diagnosis of normal pressure hydrocephalus by Te-SPECT and MRI

Figure 3 Perfusion weighted MRI in a patient with increasing rCBV
through spinal tap test. Before (left) and after (right) spinal tap test.
This patient was shunted with an excellent result.

time of arrival (TOA), median transit time (MTT)). ROIs were
additionally defined by an operator. These curves were
computed from the measured signal intensity changes and
fitted to a gamma-variate function to correct for recirculation.
Perfusion parameter maps were computed on a voxel by voxel
basis comparable to other previously described techniques.
The so called NI represents the area under the fitted curve. NI
corresponded to the regional cerebral blood volume (rCBV).
The IM that corresponded to rCBF was calculated as the ratio
of NT and MTT.

The parameter maps (NI, IM, MTT) with identical scale and
ROI measurements before and after STT were compared. The
scale of each parameter was adjusted individually in the first
examination to visualise significant parameter changes and
was retained for the following examination. For the NI map
and the IM the scale was selected such that the change from
the blue to the green colour represents at least doubling of the
value of the rCBV and rCBF. The colour scale of the time curves
(MTT, TO, TTP) was determined to show differences from two
to five seconds. The perfusion changes were visually analysed
and quantitatively evaluated by ROI analysis. ROI measure-
ments were performed on both sides in the cerebellum and the
periventricular white matter and cortex. Then mean values of
the cerebellum and periventricular region were computed
from these data. The perfusion data were analysed semiquan-
titatively and an improvement was rated visually in consensus
by two neuroradiologists. They were blind to the clinical
results.

Surgery
The patients who improved after STT either clinically, or by
increasing perfusion in SPECT or pwMRI, respectively, were
selected for surgery. These patients received ventriculoperito-
neal shunts (Miethke Dual-Switch valves 10/30, 10/40). The
first number of the dual switch valve determines the opening
pressure in an horizontal, the second one in the upright
patient position.*

Follow up examinations were performed at least three
months after surgery.

Statistical analysis

To assess the relation of clinical changes (improved, not
improved) and perfusion changes (improved, not improved)
Fisher’s exact test was performed. (SPSS 9.0.1).”
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Figure 4 Perfusion weighted MRI before (left) and after spinal tap
test (right). There is no significant change in rCBV through spinal tap
test.

RESULTS

Clinical examination

Nine of the 27 patients showed a marked clinical improvement
after STT in the HHS. In the remaining 18 patients the clinical
examination before and after STT was rated without any
noticeable change.

There was no significant difference in both groups between
the HHS scores before STT (7.94 in the positive group
compared with 7.22 in the negative group).

The mean CSF pressure values before STT was 100 mm H,0
(80-140 mm H,0). There was also no difference in CSF pres-
sure values between the positive and the negative group.

SPECT and pwMRI examinations
Eighteen of the examined 27 patients were rated as improved
according to the imaging techniques.

In those patients who were rated as imaging positive, a glo-
bal increase of cerebral blood flow was seen in SPECT and of
cerebral blood volume in pwMRI (fig 3). These differences
were seen in the CBF in SPECT, as well as in the NI as a
parameter for cerebral blood volume in pwMRI. Visually, we
did not notice any differences in other parameters of pwMRI
(IM, MTT, TTP). In the other nine patients no perfusion
changes were detected (fig 4). (Figures 3 and 4 show examples
of perfusion weighted MRI (negative integral corresponding
to the relative cerebral blood volume, rCBV). In these figures,
a change between two colours (blue to green, green to yellow,
yellow to red) corresponds to a doubling of rCBV.)

No visible differences were found between subcortical and
cortical improvement in pwMRI. A clear distinction between
white and grey matter was not possible in the SPECT scans
(fig 2).

The results of SPECT and pwMRI correlated in all but one
patient (11 of 12). This patient showed a clear clinical response
to STT and pwMRI was positive, but the results in SPECT did
not change in any way after the STT. Remarkably, this patient
had another STT in another clinic three weeks before our
examination.

During the study, we did not see any negative side effects
caused by ”"Tc-bicisate-SPECT or pwMRI, respectively.

Because we had to use a single head gammacamera for the
SPECT investigations, we had a scanning time of at least 30
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Figure 5 This figure shows the different groups according to the
results of imaging and STT. Group 1 (35%): clinical and imaging
results were positive after STT, all patients were operated. Group 2a
(23%): imaging was positive. Although there was no clear clinical
effect after STT, the patients were operated with good results. Group
2b (12%): in this group imaging was also positive, but the patients
were not operated because they refused the operation (n=2) or it
was not possible (n=1) because of some other medical reasons. In
group 3 (31%) neither the imaging, nor the clinical results showed
any improvement after STT.

minutes, compared with the scanning time in MRI of around
20 minutes for all sequences and just around two minutes
additional time for the perfusion weighted sequences.

Relations of perfusion imaging and clinical
examinations

Nine of the 27 patients showed a clear clinical improvement,
and a positive result in the imaging modalities (group 1) (fig
5). Another nine patients were assessed as negative or
questionable according to HHS before and after STT, whereas
the imaging data suggested a perfusion improvement (group
2 a and b) (fig 5). The last nine patients did not show any
clinical improvement after STT, or any positive results in
imaging modalities (group 3) (fig 5) The statistical analysis
showed a highly significant association between the clinical
assessment and the perfusion changes (p<0.01, w=0.5).

Results of shunting

All nine patients who were rated positive in imaging and
clinical assessment (group 1) received a ventriculoperitoneal
shunt as described above. In two patients the result was excel-
lent, four showed a good, two a moderate, and one patient at
least a temporary good result according to the Black rating
scale for shunt assessment,” which was evaluated three
months postoperatively (fig 6). In the last patient, the shunt
had to be removed six weeks after the operation because of a
shunt related infection.

Of the second group (imaging positive, STT negative or
questionable), six of nine patients received a shunt operation
(group 2a). One showed an excellent, three a good, one a
moderate, and one only a temporary clinical improvement
according to the evaluation three months after the operation
(fig 6). This last patient died from an intestinal infarction,
eight weeks after the shunt operation. This was not related to
the operation.

The remaining three patients of this group (group 2b) did
not receive a shunt, because two patients refused the
operation, and one patient suffered from a deep venous
thrombosis with consecutive multiple lung embolisms. She
had to be treated permanently with cumarins and therefore
the risk for a shunt operation was to high.

Additionally to the above mentioned shunt infection, we
had no further operation related complications. Especially,
there were no clinical or radiological signs of overdrainage.
The mean hospitalisation was seven days postoperatively
(5-14 days).

As to be expected, after implantation of dual switch valves,
no decrease of the enlarged ventricles was seen in CT/MRI
after the shunt operation.*
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Figure 6 The clinical results of the patients after a shunt operation
according to the Black rating scale for shunt assessment. Excellent,
equivalent to the premorbide state. Good, slight difficulties in the
activities of daily living. Moderate, gradual decrease of the
symptoms. Temporary, temporary decrease of the symptoms. No
change or worse, no change or worse than before the operation.

None of the patients of the third group underwent surgery,
because there was no preoperative evidence for possible
improvement after shunt operation.

DISCUSSION

It has become evident that a careful preoperative selection of
patients with clinical suspected idiopathic NPH syndrome is
crucial for the outcome in CSF shunting procedures.”* *

Since the first description of NPH Adams and Hakim in
1965, a number of tests and diagnostic procedures for a
proper selection of promising candidates for shunting
procedures have been described. However, it is difficult to dis-
tinguish NPH from brain atrophy, using morphological imag-
ing as CT or MRI alone, because with both methods, ventricu-
lar enlargement can be seen.”*

In this paper, we describe a combination of a clinical test
and functional imaging modalities in the selection of promis-
ing candidates for shunting procedures in patients with
suspected idiopathic NPH syndrome.

Our data suggest that perfusion measurement (independ-
ent of the imaging method) is a positive predictor of shunt
responsiveness in NPH syndrome.

According to different authors, the symptoms in NPH are
caused by diminished cerebral perfusion in relation to an
imbalance of CSF production and resorption,' "' which
might be one of the pathophysiological mechanisms in the
NPH syndrome.

The detection of changes in cerebral perfusion after release
of CSF (as detected here by SPECT or pwMRI, or both) also
shows the capacity of cerebral blood flow improvement.

In the literature, the results of cerebral perfusion measure-
ments in NPH with different methods (for example SPECT,
Xe-CT, angiography) are partially inconsistent. So far, most of
the studies dealing with cerebral perfusion imaging in NPH
compared perfusion parameters before and after CSFshunting
procedures.” **** In most of the patients a noticeable clinical
improvement postoperatively correlated positively with in-
creasing cerebral perfusion.” ””** However, in other patients
groups such as patients with neurodegenerative disorders, the
reverse occurred after CSF removal—that is, a decrease in cer-
ebral blood flow after surgery.”* Possible mechanisms for
decreased CBF might be stretching and compression of intra-
parenchymatous capillaries due to a disbalance of CSF
production and resorption, and therefore enlarged ventricular
system. Sympathetic influences such as reflectory constriction
of the vessels are also discussed, as well as stretching of the
cholinergic projection fibres of the basal nucleus with
consecutive impairment of the autoregulatory capacity of
CBF.” 29
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So far, only a few studies examined the effect of temporary
CSF release on cerebral perfusion.'” ***** In three of these
reports, CBF—measured by Xe CT—increased significantly
after temporary CSF release.” * *' Only in two of these studies,
CBF measurement was used as a predictor for the outcome
after shunt surgery.” * Increased CBF after temporary CSF
release correlated positively with the clinical outcome after
shunt surgery."”

However, the studies of Kristensen et al and Kushner et al
failed to show an increasing CBF according to temporary CSF
release.”

The reasons for the negative results in their studies might
be attributable to differences in technical details, as well as in
the timing of their measurements. Kristensen et al* injected
only a dose of 550 mBq Tc (compared with 740 mBq in our
study), which might have been resulted in a decreased signal
to noise ratio. In the second study, Kushner et al’® performed
their CBF measurements within one hour after CSF release.
Another reason for the different results of Kushner et al might
be attributable to the data analysis of the different patients
groups. In their paper the perfusion data of the patients with
idiopathic NPH were analysed altogether without differentia-
tion of a responder and non-responder group. So, the mean
value of perfusion measurements was given for all NPH
patients. In contrast we observed two different groups of per-
fusion patterns (improved compared with not improved).
Therefore, the mean value in the referred study might hide the
individual changes of perfusion.

Though SPECT and pwMRI are semi-quantitative methods,
they bear much more objectivity than clinical testing before
and after STT alone.®" * Perfusion sensitive imaging alone
without the use of STT test is not able to select proper candi-
dates for shunt operations, and does not allow to differentiate
NPH from other disorders such as Alzheimer’s disease.” How-
ever, the combination of perfusion sensitive imaging (as used
in this study) with a STT offers much more information, espe-
cially about the potential of perfusion improvement.

Other tests, as lumbar drainage, long time pressure wave
measurement, or lumbar and ventricular infusion tests show
much better results than STT only, but they are invasive and
not comfortable for the patient.””" Especially the different
kinds of infusion tests (though they show excellent results)
are invasive and time intensive.® ” Thus, they are limited to a
few patients and can only be applied in specialised centres.

In this study, we could show that the above mentioned
combination of a clinical STT with perfusion weighted
imaging (SPECT/pwMRI) is safe. It is more sensitive than the
clinical assessment before and after STT.

As shown by our data, 33% of the examined patients
showed improved perfusion without clinical improvement
after STT. Thus, the selection of promising candidates for
shunt surgery was obviously improved.

There exists a limitation in this technique: patients with
severe dementia who are not cooperative might not be
scanned by SPECT or MRI, because of movement artefacts
(n=2 in our study).

Comparing SPECT with pwMR], there is a strong advantage
with pwMRI: the correlation of anatomical details is much
better in MRI than in SPECT. Most patients with typical NPH
symptoms get an MRI scan at least once during their patient
history. The pwMRI takes just around two minutes of
additional scanning time. Furthermore, MRI allows to
combine different imaging modalities (CSF dynamics, conven-
tional MRI, pwMRYI, primary sagittal, coronal and axial scan-
ning). Therefore MRI might be more informative than SPECT
scanning alone. We could not detect real differences in the
sensitivity between both modalities with regard to cerebral
perfusion changes.

In conclusion, a combination of perfusion sensitive imaging
provided by SPECT or pwMRI and clinical assessment, before
and after STT, is helpful, to select candidates for shunt opera-
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tions in patients with suspected idiopathic NPH syndrome. It
is more sensitive than clinical testing before and after STT
only. Though it has not been compared with a variety of other
procedures in NPH diagnosis (such as long time cerebral pres-
sure measurement, lumbar drainage, different kinds of
infusion tests), so far this method is a new, promising and
minimal invasive diagnostic test.

The method described offered comparable, objective meas-
urements before and after STT in all patients. Perfusion imag-
ing contributes to the selection of patients who may benefit
from shunt procedure.
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Amoebaweb: www.vanguard.edu/faculty/ddegelman/amoebaweb
Classics in the History of Psychology: http://psychclassics.yorku.ca

A good web directory is a valuable site
that can lead you to places even “Google”

may not take you. Amoebaweb must be -
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commended as a vast directory of psycho-
logy links, maintained by Douglas
Degelman, a professor of psychology at
Vanguard University of Southern Cali-
fornia. It has a simple, no frills interface,
is mercifully free of advertising, covers a
huge range of topics within psychology,
psychiatry, and neuropsychology, and is
well worth a look.

It led me to Classics in the History of
Psychology, where full text versions of
articles by Broca, Darwin, Freud, Galton,
and Janet are available. Whole books, for
example William James’ The principles of
psychology, are also here and because they
are digital can be searched by any
textword. A search using the word “voli-
tion”, for example, obtained 95 hits
among the articles available.

It would be satisfying to see a similar
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website devoted to neurology and neuro-
surgery articles that are now past their
copyright date. The internet has the
ability to resurrect old scientific material
that currently lies out of sight—
in particular books and journals
written before Medline’s 1966 cut off.
Some encouraging steps forward in
this direction have been made by
Oldmedline (http://www.nlm.nih.gov/
databases/databases_oldmedline.html),

1965, PsycINFO

archive

www.jnnp.com

which covers journal articles from 1958—

(but no abstracts until 1981) of all issues

(http://www.apa.org/  of Brain going back to the first in 1878.

psycinfo), which has abstracts of some
articles going back to 1887 and some
books to 1938, and the 100 years of Brain
(http://brain.oupjournals.org),
which has a searchable table of contents
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