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Effect of Lumbar Drainage on Cortical
Excitability in Normal Pressure
Hydrocephalus

Aakash Agrawal*, Amitabh Bhattacharya*, Nitish Kamble, Ravi Yadav,
Pramod Kumar Pal

Abstract Background: Idiopathic normal pressure hydrocephalus (iNPH) is characterized by the clinical triad of gait disturbance,
urinary incontinence, and memory impairment with normal cerebrospinal fluid (CSF) pressure. Transcranial magnetic stimulation (TMS)
has been used to assess the corticospinal motor pathways in patients with iNPH with conflicting results. Methods: Our study included 11
patients with iNPH and 13 healthy controls. All the subjects underwent TMS and resting motor threshold (RMT), central motor
conduction time (CMCT), short-interval intracortical inhibition (SICI), intracortical facilitation, and silent period (SP) were recorded in
the upper limb. Besides, RMT and CMCT in lower limb were also recorded. Cognitive assessments were done using mini-mental status
examination, Montreal cognitive assessment (MoCA), and Addenbrooke’s cognitive evaluation III (ACE III). Same parameters were
recorded 24 h of CSF (lumbar puncture, LP) drainage. Results: Mean age of the iNPH patients was 69.00 + 6.71 years with age at onset
being 66.64 + 7.10 years. Duration of disease was 1.80 + 1.25 years. A significant difference was noted in CMCT for the lower limb
(CMCT-LL), SICI, and ipsilateral SP between pre-LP NPH and controls. Also, there was a significant difference in MoCA and ACE III
between pre-LP NPH and controls. A significant reduction was observed in lower limb RMT between pre- and post-LP NPH patients.
Post LP, there was a reduction in the lower limb CMCT and improvement in SICI. Conclusion: A significant prolongation of CMCT-LL
was observed in NPH patients. Lumbar CSF drainage in them resulted in a significant reduction in lower limb RMT thereby suggesting an
increase in cortical excitability.

RESUME: Effet du drainage lombaire sur I’excitabilité corticale dans des cas d’hydrocéphalie a pression normale. Contexte : L hydrocépha-
lie a pression normale idiopathique (HPNI) se caractérise par une triade clinique de troubles de la marche, de symptomes d’incontinence urinaire et de
troubles de la mémoire avec une pression normale du liquide céphalo-rachidien (LCR). A ce sujet, la stimulation magnétique transcrénienne (SMT) a été
utilisée pour évaluer les voies motrices corticospinales de patients atteints de HPNI et donnant & voir des résultats contradictoires. Méthodes : Notre étude
ainclus 11 patients atteints de HNPI et 13 témoins en santé. La totalité€ d’entre eux ont fait I’objet d’un examen de SMT. Pour leurs membres supérieurs, on
a ainsi enregistré des résultats concernant leur seuil moteur au repos (SMR), leur temps de conduction du moteur central (TCMC), leur inhibition
intracorticale (ICI) a court intervalle, leur facilitation intracorticale (FIC) et leur période corticale silencieuse (silent period ou PCS). Pour leurs membres
inférieurs, on a aussi enregistré des résultats portant sur leur SMR et leur TCMC. Les évaluations d’ordre cognitif ont été par ailleurs effectuées au moyen
du test de Folstein (mini-mental status examination), de I’Evaluation cognitive de Montréal (MoCA) et de I’examen cognitif d’ Addenbrooke 111 (ACE III).
Les mémes parameétres ont permis d’enregistrer 24 heures de pression du LCR au moyen de la technique de ponction lombaire. Résultats : L.’age moyen
des patients atteints de HNPI était de 69,00 + 6,71 ans ; leur 4ge moyen a I’apparition des premiers signes cliniques était de 66,64 + 7,10 ans. La durée de
la maladie s’est établie quant a elle a 1,80 + 1,25 ans. Avant d’effectuer une ponction lombaire, on a observé une différence notable entre les patients
atteints de HPNI et les témoins en ce qui concerne le TCMC des membres inférieurs, I'ICI a court intervalle et la PCS ipsilatérale. De plus, on a pu noter
une différence significative de résultats aux tests MoCA et ACE III entre ces mémes patients et les témoins. Enfin, une réduction importante du SMR des
membres inférieurs a été observée chez les patients atteints de HPNI avant et aprés une ponction lombaire. A la suite d’une telle ponction, une réduction du
TCMC de leurs membres inférieurs et une amélioration de leur ICI a court intervalle ont également été notées. Conclusion : Une prolongation significative
du TCMC des membres inférieurs a été observée chez des patients atteints de HPNI. La ponction lombaire du LCR a aussi entrainé chez eux une réduction
notable du SMR des membres inférieurs, ce qui suggere une augmentation de I’excitabilité corticale.
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INTRODUCTION

Idiopathic normal pressure hydrocephalus (iNPH) is one of the
most common forms of hydrocephalus observed in adults. It equally
affects men and women and the average age of onset seen so far is
around 70 years." It is usually characterized by the Adams triad of
disturbance of gait, cognitive impairment, and urinary incontinence.
Gait disturbance is the most pertinent and predominant symptom
present in the majority of the patient population. Cognitive impair-
ments occur later in the disease.” The most effective treatment plan
in iNPH is the cerebrospinal fluid (CSF) tap.> Around 60%—80% of
patients improve following CSF tap in these patients ', Although
the clinical importance for this disease is known, the pathophysiol-
ogy of gait impairment remains unclear.*

Previous studies have demonstrated that impaired functional
connectivity between the prefrontal regions, the basal ganglia,
and the motor cortex is responsible for abnormal gait in iNPH.>”
Transcranial magnetic stimulation (TMS) has been used as a
tool to assess the corticospinal motor pathways in the pathophys-
iology of gait disturbance in patients with iNPH.® Short-interval
intracortical inhibition (SICI) has also been found to be abnormal
in them.*

In the present study, we aimed to study the cortical inhibition
and facilitation properties of the brain in patients with iNPH
that may help in understanding the pathophysiology of gait
impairment in these patients.

METHODS

The study was conducted in the Department of Neurology at
the National Institute of Mental Health and Neurosciences
(NIMHANS), Bengaluru, India. The study was approved by the
Institute Ethics Committee and written informed consent was
obtained from all the participants. Our study included 11 patients
with iNPH (probable NPH) and 13 healthy controls (HCs). The
diagnostic criteria proposed by Relkin et al. was used to select the
patients.9 All the patients with iNPH had symptoms of gait
abnormality, urinary disturbance, cognitive impairment, and
evidence of NPH on MRI brain.” Patients with a history of
epilepsy, presence of cardiac pacemakers, cochlear implants, and
any other metallic implants in the body were excluded. Patients
with a chronic medical illness such as cardiovascular, renal and
hepatic diseases, and diabetes mellitus were also not considered
for the study. The severity of parkinsonism was assessed using
the unified Parkinson’s disease rating scale (UPDRS) motor part
IIT in ON and OFF state for all the patients. In addition, the iNPH
grading scale (iNPHGS) and the gait scale were used to assess the
severity of gait dysfunction. The iNPHGS assesses cognition
impairment and urinary disturbance in addition to gait distur-
bance. The gait scale consists of walking score, step score, and
time score. Cognitive performance of all the participants was
assessed using mini-mental status examination (MMSE),
Montreal cognitive assessment (MoCA), and Addenbrooke’s
cognitive evaluation III (ACE-IIT).''? Subjects underwent the
handedness criteria as per Edinburgh’s handedness inventory."?

TMS Methodology

TMS was done using Magstim 200 stimulator with a hand-held
figure-of-eight coil. Standard procedure and precautions were
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followed for all measurements based on the recommendations of
the IFCN committee.'* TMS was performed in the sitting position
while subjects relaxed in a comfortable chair. The optimal scalp
position (“hot spot”) for the left motor cortex for hand and leg area
was identified separately and marked. The area was then stimulated
to elicit motor responses in the contralateral first dorsal inteross-
eous (FDI) muscle in the hand and tibialis anterior (TA) in the leg.
Two Ag—AgCl electrodes were used to record the surface muscle
response. For recording motor evoked potentials (MEPs) in the
upper limb, the electrodes were placed in a belly-tendon montage
with the active electrode placed over the belly of the right FDI and
the reference electrode was placed on the metacarpophalangeal
joint of the right index finger. For recording MEPs in the lower
limb, the electrodes were placed on the right TA muscle in a similar
belly-tendon montage. The surface muscle responses were moni-
tored to ensure lack of significant muscle activity. The coil was
positioned over the motor area of the hand such that the handle was
pointing backwards at an angle of 45° to the sagittal plane to
stimulate the FDI, and for the leg motor area stimulation, the coil
was placed horizontally over the vertex with the handle pointing
backwards at 180° to the sagittal plane.

The stimulus intensity was increased gradually in 5% incre-
ments until a satisfactory MEP was obtained. This was repeated
for 10 consecutive trials and the responses recorded and saved.
For this study, TMS parameters such as the resting motor
threshold (RMT), central motor conduction time (CMCT),
contralateral and ipsilateral silent periods (cSPs and iSPs),
short-interval intracortical inhibition (SICI), and intracortical
facilitation (ICF) were recorded in the upper limb and RMT and
CMCT in the lower limb.

RMT (expressed as %) was defined as the minimal stimulus
intensity required to evoke a MEP of at least 50pV from peak-
to-peak in a relaxed muscle in 50% of 10 consecutive trials.
RMT was acquired for both the upper and lower limb. CMCT
was determined by eliciting the MEP using stimulus intensity
of 120% of RMT. Spinal stimulation was done above the C7
vertebral spinous process for recording MEP in the upper limb
and over the lower thoracic spinous processes for the recording
of MEP in the lower limb. CMCT was then calculated as the
difference between the latencies of MEP obtained by cortical
and spinal stimulation. CMCT was expressed in milliseconds.
SP was recorded using suprathreshold stimulus intensity ap-
plied during voluntary contraction of the FDI. Both cSP and
iSP were measured in 5 out of 10 consecutive trials. SICI was
recorded using subthreshold conditioning stimulus that was
80% of the RMT and test stimulus of 120% of RMT separated
by an interstimulus interval (ISI) of 2 msec and ICF was
recorded with ISI of 10 msec under the same stimulation
condition.

Cognitive Assessment

Neuropsychological assessment was done using a combina-
tion of three dementia screening questionnaires, i.e., MMSE,
MOCA, and ACE-III, Indian version in all the subjects. iNPH
patients were assessed at baseline and within 24 h of drainage
lumbar puncture (LP) to note any difference in scores immedi-
ately following CSF drainage. The scores were compared
between them to record the pattern of cognitive impairment
between the groups.
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Table 1. Demographic and clinical details of patients with iNPH and HC

iNPH (pre-LP) iNPH (post-LP) HC Significance Significance Significance
(N=11) (N=11) (N=13) Pre-LP versus HC Post-LP versus HC | Pre-LP versus post-LP
Age 69.00 + 6.71 69.00 + 6.71 54.38 + 4.43 0.01°%* 0.01°%*
Age at onset (years) 66.64 + 7.10 66.64 + 7.10
Duration of disease 1.80 + 1.25 1.80 + 1.25
(years)
UPDRS III (OFF) 2791 + 6.41 22.82 +8.33 0.13
UPDRS III (ON) 23.22 + 6.33 18.45 + 8.13 0.18
MOCA 17.09 + 6.64 17.73 +7.02 26.77 + 3.79 0.00%* 0.00%* 0.84
MMSE 21.73 + 6.02 22.18 + 5.04 22.62 + 6.69 0.26 0.32 0.74
ACE-III 63.00 + 16.57 64.64 + 16.71 79.85 = 19.59 0.01%* 0.00%* 0.76
iNPHGS 7.31 £ 0.75 6.23 + 0.60 0.01%*
10-minute walk test 38.92 +9.19 29.31 + 5.34 0.01%%*
(step count)
10-minute walk test 29.69 + 12.41 20.54 + 6.24 0.01%*
(time count)
Step score 8.31 + 1.32 6.38 + 1.50 0.01%*
Time score 7.85 +2.23 5.69 +2.32 0.01°%*

ACE-III = Addenbrooke’s cognitive evaluation III; HC =healthy control; iNPH = idiopathic normal pressure hydrocephalus; iNPHGS = idiopathic
normal pressure hydrocephalus grading scale; MMSE = mini-mental status examination; MOCA = Montreal cognitive assessment; Post-LP = post-
lumbar puncture; Pre-LP = prior to lumbar puncture; UPDRS III = Unified Parkinson’s disease rating scale.

%p <0.05, **p <0.01.

Lumbar Drainage Procedure

Patients with iNPH underwent lumbar drainage with the
removal of 30-40 ml of CSF. The procedure was done under
aseptic precautions with the patient lying in the lateral position.
Routine cytology and biochemical analysis of the CSF was
performed. Post procedure, the clinical assessment (iNPHGS
and gait scale) was done at 6, 12, and 24 h to look for improve-
ment in the symptoms. Those patients who improved after the
CSF drainage underwent repeat TMS and cognitive evaluation
using the same protocol 24 h of the procedure.

Statistical Analysis

The statistical analysis was performed using R software.'> The
normality of data was checked using the Shapiro—-Wilk test. For
comparison of mean values among patients and controls, the
Mann—Whitney U test was used. Spearman’s correlations were
performed to check the relationship between clinical, cognitive
variables, and TMS measures. A Bonferroni corrected value of
<0.05 was taken as statistically significant.

REsuLTS
Demography

Eleven patients with iNPH (2 females and 9 males) and
13 HCs (7 females and 6 males) were included in the study.
The mean age of the patients was 69.00 + 6.71 years for iNPH
and 54.38 + 4.43 years for controls. The mean scores of MOCA,
MMSE, ACE-III, and UPDRS III score (OFF and ON) between
iNPH and controls were recorded and shown in Table 1. In the
pre-LP iNPH group, there was no significant difference in the
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UPDRS-III ON and OFF score (p =0.23). Six patients were on
L-dopa therapy but none of them had any response to therapy.

Transcranial Magnetic Stimulation
Comparison of Pre-LP iNPH and HC

There were significant differences found only in the CMCT
for the lower limb (CMCT-LL) when compared with controls
(22.43 + 7.21 vs, 14.59 + 5.66, p <0.01) (Table 2). We also
found significant differences in the iSP between patients and
controls (56.43 + 20.02 vs, 29.63 + 14.14, p <0.01) and SICI
was decreased significantly as compared to controls (1.26 + 1.10
vs, 0.40 + 0.53, p <0.01).

Comparison of Pre- and Post-LP iNPH Patients

There was a significant improvement in the RMT of lower
limb stimulation (p =0.012) (Figure 1). There was also a reduc-
tion in the lower limb CMCT after LP (from 22.43 + 7.21 to
18.75 + 11.26), but it was not significant (p =0.19). Also, the
SICI normalized after LP, but the result was not significant
(» =0.69) (Figure 2).

Comparison of Post LP NPH and HC

There was a significant difference in the lower limb RMT
between the controls and the post-LP iNPH patients
(69.09 + 12.69 vs. 55.82 + 9.64, p<0.01) (Figure 1). There
was a mild prolongation of the lower limb CMCT in patients with
iNPH (18.75 + 11.26) when compared with HC (14.59 + 5.66)
but was not statistically significant (p =0.57). SICI regained
(0.51 £ 0.35 vs. 040 = 0.53, p=0.30), however, was not
significant (Figure 2).
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Table 2. Comparison of TMS parameters of patients of iNPH with HC

iNPH (pre-LP) iNPH (post-LP) Significance Significance Significance
(N=11) (N=11) (N=13) Pre-LP versus HC Post-LP versus HC | Pre-LP versus post-LP
RMT-UL 37.45 + 7.65 33.00 + 11.23 42.38 + 8.03 0.22 0.01%* 0.22
RMT-LL 69.09 + 12.69 55.82 + 9.64 76.46 + 11.55 0.08 0.01%* 0.01°%*
CMCT-UL 8.12 + 3.46 8.34 + 3.64 7.06 + 1.99 0.84 0.39 0.94
CMCT-LL 22.43 + 7.21 18.75 + 11.26 14.59 + 5.66 0.01%* 0.57 0.18
cSP 111.51 + 57.32 110.49 + 65.64 116.49 + 44.09 0.57 0.27 0.92
iSP 56.43 + 20.02 44.65 + 2291 29.63 + 14.14 0.00%* 0.14 0.25
SICI 1.26 + 1.10 0.51 + 0.35 0.40 = 0.53 0.01%* 0.3 0.69
ICF 091 + 1.07 0.82 + 0.68 1.98 + 2.68 0.87 0.51 0.99

CMCT-LL = central motor conduction time for the lower limb; CMCT-UL = central motor conduction time for the upper limb; cSP = contralateral
silent period; HC = healthy control; ICF = intracortical facilitation; iNPH = idiopathic normal pressure hydrocephalus; iSP = ipsilateral silent period;
Pre-LP = prior to lumbar puncture; Post-LP = post-lumbar puncture; RMT-LL = resting motor threshold for the lower limb; RMT-UL = resting motor
threshold for the upper limb; SICI = short latency intracortical inhibition; TMS = transcranial magnetic stimulation.

#p < 0.05, *¥p < 0.01.

Cognitive Evaluations

Comparison of pre LP NPH and HC

The mean MoCA, MMSE, and ACE III scores were
17.09 + 6.64, 21.73 + 6.02, and 63.00 + 16.57, respectively,
in the iNPH patients (Table 1). Similarly, the mean MoCA,
MMSE, and ACE III scores were 26.77 + 3.79, 22.62 + 6.69,
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Figure 1. Box plot showing the RMT of lower limb in pre- and post-LP
NPH patients and controls.
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and 79.85 + 19.59, respectively, in HC. There was a significant
difference observed in the MoCA between iNPH and HC
(»p =<0.01) and in ACE-III scores (p =<0.01).

Comparison of Pre and Post LP iNPH

There was no change in the cognitive scores (MMSE, MoCA,
and ACE III) between the two groups.
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Figure 2. Box plot showing the SICI in pre- and post-LP NPH patients
and controls.
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Comparison between Post LP iNPH and HC

The mean MoCA, MMSE, and ACE III scores were
17.73 + 7.02, 22.18 + 5.04, and 64.64 + 16.71, respectively,
in the iNPH patients. Similarly, the mean MoCA, MMSE, and
ACE 1III scores were 26.77 + 3.79, 22.62 + 6.69, and
79.85 + 19.59, respectively, in HC. There was a significant
difference observed in the MoCA between iNPH and HC

(» =<0.01) and in ACE-III scores (p =< 0.01).

Correlations

Correlations for the pre-LP group revealed that MOCA
was negatively correlated with the RMT for the upper limb
(RMT-UL) (r = —0.65, p < 0.05) and the CMCT-LL parameter
(r = —0.68, p <0.05). The mean MMSE scores also negatively
correlated with the RMT-UL parameter (r = —0.62, p <0.05).
The RMT for the lower limb (RMT-LL) positively correlated
with the age of onset (r=0.73, p <0.01) and negatively corre-
lated with the duration of disease (r = —0.83, p <0.01).

Correlations for the post-LP group found significant
correlations between RMT-LL and age (r=0.60, p <0.05), age
at onset (r=0.79, p < 0.01), and duration of disease (r = —0.85,
p <0.01). The CMCT-LL was significantly correlating with age
of the patients (r=0.64, p <0.05). The cSP was significantly
correlating with the age (r=0.74, p <0.01) and age at onset of
the patients (r=0.65, p <0.05).

Discussion

In our study, we evaluated RMT, CMCT of both the upper and
lower limbs, iSP and c¢SP for upper limbs using single pulse, and
SICI and ICF of upper limbs using the paired-pulse protocol. In
our study, the baseline RMT-UL and RMT-LL were less when
compared to HC, which reduced further following LP drainage.
In addition, the CMCT-LL also reduced following LP. There was
a minimal reduction in the cSP and iSP following LP. There were
an abnormally reduced SICI found in the pre-LP stage. Enhance-
ment in SICI was noted after LP but did not reach significance
and there was no change in the ICF. Our study demonstrates that
the RMT-LL was significantly reduced in the patients with iNPH
post LP. The gait score improved significantly along with the step
score and time score. There were no significant differences in
cognitive parameters post LP. The mean scores of MOCA and
ACE-III were significantly different when compared to controls.

Whether gait dysfunction is a result of an imbalance in
neurotransmitter systems localized to the cortex with resultant
changes in excitability in NPH and vascular parkinsonism has
long been a matter of debate. TMS with its various single- and
paired-pulse protocols and even triple stimulation technique
seems to be an ideal method to answer these questions. The
RMT-LL parameter was significantly low in iNPH pre and post
which continues to be the most prominent feature in the disease
suggesting that there might be a reduced skull-to-cortex distance
due to ventricular enlargement.”’ Furthermore, the low RMT-LL
can be attributed to the hyperexcitability of the motor cortex due
to weak inhibition from subcortical regions.* RMT values at
baseline were similar to controls, and the lower limb and upper
limb values decreased further after LP, contrary to observations
made by Chistyakov et al.* Their study postulated that restoration
of cortical GABA receptor-mediated inhibition as the most likely
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explanation for their results, which were obtained 1 month post
successful shunt surgery, where the RMT values progressed
toward higher values of HCs. We postulate that there might be
a transient increase in cortical excitability post LP, mediated by
sodium channels, in cortical or sub-cortical motor networks
which tends to normalize over a while, especially after successful
shunt placement, largely due to enhanced GABAergic transmis-
sion.* This needs to be confirmed with studies having a large
sample size or a meta-analysis of a few such studies as ours. This
large difference or a shift from sodium channels to GABA-
mediated output is difficult to explain and requires further
exploration by a serial prospective study in a large number of
patients, inducted immediately following surgery. SPs, both cSP
and iSP, were unaffected in both of these groups which are in
agreement with all previous studies. SP reflects GABAg activity
and is probably unaltered in iNPH. In a recent study with TMS,
Raffaele Nardone et al. (2019) studied cholinergic transmission
with short latency afferent inhibition and found that its reduction
in iNPH patients correlated with gait and memory problems.
They also confirmed the presence of reduced RMT and SICI in
pre-surgical iNPH patients as seen in our patients.'’

Although not significant, SICI enhanced post LP which can be
attributed to the dysfunction of K-aminobutyric acid-A which
plays a key role in mediating the effects of frontal lobe dysfunc-
tion on motor tasks. This study demonstrates disinhibition as a
possible mechanism of gait dysfunction which is normalized
following successful shunt placement. SICI is thought to mediate
by GABA neurotransmitter system and its decrease is a non-
specific finding in many neurologic conditions. However, its
restoration following shunt placement, correlating with improve-
ment in gait dysfunction, seems to be a promising marker in
predicting post-surgical outcomes, if demonstrated in the imme-
diate post CSF tap test when gait improvement is most likely to
occur, i.e., first 24 h.*

ICF, on the other hand, which represents cortical glutamater-
gic activity, is influenced by both GABAA agonist and NMDA
antagonist.'® ICF in our study was decreased post LP within 24 h
of the procedure. Hence, we postulate that reduced facilitation in
our study, post LP could be due to restoration of GABAergic
activity. This is similar to the study by Chistyakov et al., where
they found restoration of inhibition in patients 1 month following
shunt placement with significant changes in SICL*

In our study, there were significant differences in the CMCT-
LL between pre-LP iNPH patients and controls; however, a
non-significant reduction in CMCT-LL was observed between
pre- and post-LP patients. This may be attributed to the TMS
done after 24 h in comparison to Chistyakov et al. who performed
the test after 1 month of shunt placement. In patients with NPH,
due to the ventricular dilatation that may cause stretching of the
lower limb corticospinal fibers causing impairment of conduction
(Yakovlev’s hypothesis).'” This may suggest that there may be
involvement of the lower limb corticospinal tracts due to the
ventricular dilatation and can be useful in pre-surgical prediction.
As our sample size was small, large studies can provide a better
picture. In a study by Zaaroor et al., patients with prolonged
CMCT did not improve following shunt surgery, while those
patients with normal CMCT did improve.® This is contrary to our
observations. This study does not support the theory of pyramidal
tract involvement as a cause of gait impairment. Hence, it is likely
that in addition to the impaired conduction in the stretched
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corticospinal fibers, there may be other unknown mechanisms
that cause prolonged CMCT, gait impairment, and subsequent
improvement after lumbar drainage.

In our study, the MMSE and MoCA negatively correlated with
the RMT-UL. This suggests that an increase in the RMT, i.e.
reduced cortical excitability, is probably associated with cognitive
impairment. This may be a unique feature in patients with iNPH as
patients with Alzheimer’s dementia have reduced RMT.***!

The fact that our study had a small sample size and TMS was
done within 24 h of LP, even though successful, could be the
most plausible explanation for such a dichotomy. Studies with
large sample size and follow-up starting immediately after shunt
placement and continuing for a long period can help us under-
stand this paradox. In our study, we did not include patients who
did not improve after CSF drainage, which could have provided
predictive information in relation to intervention.

CONCLUSIONS

Patients with pre-LP iNPH had a significant prolongation of
the lower limb CMCT when compared to controls. In addition,
these patients had significant prolongation of iSP and reduced
SICI with no difference in the RMT-LL. Lumbar CSF drainage in
them resulted in a significant reduction in lower limb RMT when
compared to both the controls and pre-LP status, thereby suggest-
ing an increase in cortical excitability. Post LP, there was an
enhancement of SICI. These results support the view that im-
paired control of the motor output due to altered connectivity in
the motor network is related to gait disturbances in iNPH. In
addition, a non-significant reduction in the CMCT-LL following
lumbar drainage may suggest an improvement in corticospinal
conduction. This indicates that TMS can be a very useful tool in
evaluating lower body parkinsonism. However, larger studies are
warranted to validate our findings.
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