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Abstract: Aim of this study was to study the changes in regional cerebral perfusion following
administration of the drug piracetam using single photon emission computed tomography (SPECT) in
patients with postconcussion syndrome (PCS). Twenty consecutive male patients 18-65 years of age,
with mild traumatic brain injury and PCS who had an normal initial CT head but an abnormal SPECT
scan (carried out within 72 hours of the injury), were included in the study. Patients were randomized
to either receive a daily dose of 2.4g of piracetam for six weeks (n=10) (piracetam group), or no
piracetam (n=10) (control group). A repeat SPECT scan was performed at six weeks of follow up and
any subjective improvement in symptoms (if any) noted. While the pre-treatment mean ratio for the
piracetam treated group (0.86) and controls (0.85) did not differ significantly (p = 0.304; 95% ClI -
0.041, .0136), there was a significant rise in the post treatment ratio in the piracetam group (mean:
0.959) as compared to the controls (mean: 0.882) (p= <0.001; 95% CI -.0114, -0.038). Nine patients
(90%) also had improvement in their symptoms of PCS, compared to only three patients in the test
group (Fisher exact test; 2 tailed: p=0.01). Our study suggests that the cerebral perfusion defects
seen on SPECT imaging may per se be responsible for the clinical manifestations of PCS. Low-dose
piracetam appears to improve regional cerebral blood flow and reverse perfusion abnormalities in
these patients. This study paves the way for further randomized, placebo controlled trials with
piracetam for more definitive results.
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INTRODUCTION

Up to 60% of patients with minor traumatic brain injury
(MTBI) will suffer from post concussion syndrome (PCS)
characterized by persistence of symptoms such as
headache, fatigue, memory difficulties and emotional
lability. These symptoms of which can prove to be very
distressing to such patients and despite new insights
gained into the pathophysiology of mild traumatic brain
injury and the realization that there may be profound
brain perfusion abnormalities existing behind a seemingly
normal CT head of such ‘minor’ head injury patients
with postconcussion syndrome, most neurosurgeons can
do little except giving reassurance and prescribing
analgesics and anti-vertigo medication.

Piracetam, a cyclic derivative of GABA is known to
have anti-ischemic properties, and has been shown to
reverse perfusion abnormalities in cases of stroke and
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dementia!, as well decrease the amount of cellular loss
induced by focal ischemic injury®. Although it has been
used in postconcussion syndrome for more than 25
years®, it has not gained acceptance due to lack of
objective evidence of benefits in this condition. Previous
studies have relied on subjective criteria such as
symptoms for assessing its benefits’, and its therapeutic
efficacy in postconcussion syndrome using more
scientific methods has not been yet studied. This study
was designed to look for cerebral perfusion changes on
serial SPECT imaging in patients with postconcussion
syndrome, and correlate it with symptomatic
improvement (if any) following administration of
piracetam.

MATERIALS AND METHODS

This study was carried out prospectively in the
departments of neurosurgery and nuclear medicine in
our institution over a twelve-month period. Ethical
clearance was obtained from the institute’s ethics
committee and the study was performed under approval
of the research review board of the institute. Only male
patients who were greater than 18 years and less than 65
years of age were considered for the study. All patients
who were included in this study agreed to participate
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and informed consent was taken from all. Patients were
defined as having mild traumatic brain injury according
to the criteria published by the members of the Mild
Traumatic brain injury Interdisciplinary Special Interest
Group (BISIG) of the American Congress of
Rehabilitation Medicine®, which states that in MTBI:

1. Loss of consciousness should not exceed 30 minutes.

2. After 30 minutes the initial GCS score should be
between 13 and 15.

3. DPosttraumatic amnesia should not exceed 24 hours.

Patients with MTBI were admitted in the department
of neurosurgery and underwent a non-contrast scan
(NCCT) of the head as well as single photon emission
computed tomography (SPECT) scan of the brain within
72 hours of the injury. Patients having any parenchymal
injury on the CT scan were excluded from the study.
Detailed history and examination findings were recorded
and patients with previous history of concussion or head
injury, or an associated medical disorder were excluded
from the study.

Postconcussion syndrome

To assist with the diagnosis of PPCS, World health
Organization published a set of guidelines and defined
PCS is defined as “. . . history of head trauma with loss
of consciousness [that] precedes symptom onset by a
maximum of four weeks with three or more symptoms
of the following: headache, dizziness, malaise, fatigue,
noise intolerance; irritability, depression, anxiety,
emotional liability; subjective concentration, memory,
or intellectual difficulties without neuropsychological
evidence of marked impairment; insomnia; reduced
alcohol tolerance; and preoccupation with above
symptoms and fear of brain damage without
hypochondriacal concern and adoption of sick role™.

Amongst these patients of mild traumartic brain injury,
twenty consecutive patients who had postconcussion
syndrome and an abnormal SPECT scan only were further
considered for this study. Those patients who had
symptoms of postconcussion syndrome but a normal
brain SPECT were excluded from the study. The included
subjects were randomly allocated into two groups using
computer generated random numbers into a test group
(n=10) and control group (n=10). In both the groups
patients were again evaluated for the presence of features
of postconcussion syndrome at the end of six weeks of

follow up.
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Piracetam treated group

Subjects received a total daily dose of 2.4 g of piracetam
(Cerecetam®, Intas Pharmaceuticals Ltd., Ahmedabad,
India) orally, divided in three equal doses for a period of
six weeks. A repeat SPECT scan was done at the end of
this period.

Control Group

Subjects in this group were not given piracetam and
underwent SPECT scan similarly within 72 hours of
admission and at the end of six weeks of follow up.

SPECT

SPECT was done on a dual headed rotating scintillation
gamma camera (Elscint, Varicam), 30-90 minutes after
injection of 15-25 mCi (10 MBq /kg) of 99m-Tc-ECD
intravenously in a silent room with eyes open. Acquisition
was done using 128 X 128 matrix, 360--°, 120 projections,
60 projection per head, 25 seconds per projection, using
low energy ultrahigh resolution fan beam collimator or
low energy high resolution parallel hole collimator.
Transaxial (oriented in frontocerebellar plane), coronal
and sagittal slices with an image resolution of 1 cm were
reconstructed using Butterworth filter, Nyquist(cyc/cm)
0f 1.404, and cutoff frequency of 0.56. Chang attenuation
correction of 0.11cm™ was applied. Final data was
displayed on a 10 grade color scale and semiquantitative
analysis of the data done u---sing semiautomatic brain
quantification programs (Xpertpro, Entegra with
Neurogam). Circular region of interest (ROI) with a
radius of 9.1mm (6 pels) in the basal ganglia, thalamus,
temporal lobe, visual cortex and brain stem were used.
ROI with radius of 11.2 mm (7 pels) were used in frontal,
parietal, occipital and cerebellar lobes. Side-to-side
difference of radiotracer uptake (counts) more than 10%
between the regions of interest was taken as a significant
for reduced perfusion. If both the lobes were affected,
the cerebellum was considered as the reference. This
method is within the guidelines of Society of Nuclear
Medicine.

The relative improvement in the cerebral perfusion
was calculated by comparing the ratio of the average
counts in affected and unaffected lobe, in the initial
SPECT with that done at six weeks of follow up. Data
was analyzed using statistical software ‘Epi Info 2000
ver 1.1.2°
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RESULTS

The control group was found matching with the
piracetam treated group in age and sex (Table 1 & Table
2). While the pre-treatment ratio for the piracetam treated
group (mean: 0.86) and controls (mean: 0.85) did not
differ significantly (p = 0.304; 95% CI -0.041, .0130),
there was a significant rise in the post treatment ratio in
the piracetam treated group (mean: 0.959), as compared
to the controls (mean: 0.882) (p= <0.001; 95% CI -
.0114, -0.038) (Fig 1A&B). Clinically too, on assessing
for postconcussion syndrome, nine patients (90%) in
the piracetam treated group had complete resolution of
their symptoms on follow up, compared to only three
patients in the control group having relief from
postconcussion syndrome, and this was also statistically
significant (Fisher exact test; 2 tailed: p=0.01).

Table 1: Piracetam treated group showing the ratio of the radiotracer
count between the uninvolved and the involved lobe, within 72
hours (baseline) and after six weeks of treatment with piracetam.

PIRACETAM TREATED GROUP

Patient | Age | Involved lobe | Baseline ratio | Ratio at six weeks | Symptoms
1 25 | Lt Temporal 0.812121 0.972222 Improved
2 25 | Rt Temporal 0.880952 0.96 Improved
3 26 | Rt Temporal 0.9 0.972028 Improved
4 23 | Rt Temporal 0.886076 0.954955 Improved
5 35 | Lt Temporal 0.888158 0.96063 Improved
[ 25 | Ri Frontal 0.827586 0.935484 Improved
7 30 | Rt Temporal 0.857143 0.969325 Improved
8 27 | Lt Frontal 0.868132 0.957317 Improved
9 32 | Lc Temporal 0.88 0.949153 Same
10 29 | Lt Temporal 0.851064 0.961538 Improved

Table 2: Control group showing the ratio of the radiotracer count
between the uninvolved and the involved lobe, within 72 hours
(baseline) and after six weeks of head injury. The change in symptoms
is also given for each patient.

CONTROL GROUP
Patient | Age | Involved lobe | Baseline ratio | Ratio at six weeks | Symptoms
1 17 | ReFrongal 0.829787 0.816327 Same
26 | Re Temporal 0.869318 0.954315 Improved
3 28 | Lt l'emporal 0.896104 0.917647 Same
4 26 Lt Frontal 0.822222 0.833333 Same
5 33 | R 'Temporal 0.897059 0.916667 Same
6 23 | Re'l'emporal 0.863636 0.95625 Improved
7 40 | Rc Temporal 0.813953 0.829268 Same
8 25 | Lt Frontal 0.857143 0.92 Improved
9 32 Rt Temporal 0.820225 0.823529 Same
10 28 | R 'Temporal 0.842975 0.857143 Same
DISCUSSION

Postconcussion syndrome can prove to be both chronic
and disabling in patients with mild traumatic brain injury,
and despite being a common cause of neurological
consultation, has remained an enigma to treat. Physicians
tend to waive off patients symptoms as purely
psychological in nature and a normal radiological picture
such as a CT scan only further strengthens this belief.

Fig 1A: SPECT scan showing temporal hypoperfusion (white
arrow) in a patient with postconcussion syndrome.

Fig 1B: SPECT scan of the same patient showing improvement in
perfusion following six weeks treatment with piracetam.

Nothing however could be further from the truth. As
recent research has shown’, patients with postconcussion
syndrome have neuropathological, neurophysiological and
neuropsychological changes overlaid with physical and
emotional aspects which can make the management very
complex and prolonged.

Various modalities ranging from neuropsychological
testing®, evoked potential testing’, to newer radiological
techniques such as PET, SPECT and MRI have been
investigated as tools to correlate cerebral dysfunction
with postconcussion syndrome symptoms #'°. Umile et
al. tried to correlate dynamic imaging (PET and SPECT)
findings with static imaging (CT and MRI) as well as
with neuropsychological testing in 19 patients with minor
head injury and postconcussion syndrome, and found
that 90% had abnormal findings on PET or SPECT
imaging'!. Though PET is slightly superior to SPECT in
terms of spatial resolution, SPECT is much more
affordable and widely available making it atcractive as a

Indian Journal of Neurotrauma (IINT), Vol. 4, No. 2, 2007

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.



112 Deepak Agrawal, NK Gowda

cost-effective investigative and diagnostic tool in
postconcussion syndrome. In our study SPECT has
shown a sensitivity of 80% which is excellent when
compared to the abysmally poor sensitivities of 9% for
MRI and 46% for CT scan recorded by others®''. As
our own control group shows, perfusion abnormalities
do not correct spontaneously over time in a significant
number of patients, and changes in cerebral perfusion
on SPECT have been found to persist for as long as one
year following mild traumatic brain injury'.

All patients with postconcussion syndrome in our
study had temporal or frontal hypoperfusion on brain
SPECT and no patient showed hyperperfusion. This
finding of areas of hypoperfusion in minor head injury
has been described previously'™'®, and may result from
vasospasm, direct vascular injury and perfusion changes
due to alterations in remote neuronal activity
(diaschisis)'®. There is evidence to show that brain is
more vulnerable to ischemic injury after minor head
injury', and it has been hypothesized that SPECT
findings representing hypoperfusion may in fact lead to
secondary ischemic injury, clinically manifesting as
postconcussion syndrome'.

Our preliminary results show that piracetam
successfully reverses the hypoperfusion successfully in
patients with mild traumatic brain injury as compared
to the control group and taken in conjunction with the
symptomatic improvement, these findings can be
considered particularly significant. Piracetam has been
shown to reverse perfusion abnormalities in cases of
stroke and dementia’, and has also been tried previously
in postconcussion syndrome®. However, it was never
accepted for general neurosurgical use due to absence of
any objective evidence of its benefits, and this in turn
was due to lack of a suitably sensitive investigative
modality that could be used for carrying out necessary
trials. As our study shows, serial SPECT scanning can
provide an ideal platform to test the efficacy of various
drugs (including piracetam) in reversing perfusion
abnormalities in postconcussion syndrome.

Piracetam, a nootropic agent, has a unique mode of
action that though not entirely clear, may be explained
by its neuroprotective properties, mediated through
effects on the cell membrane’. Piracetam improves
membrane bound cell functions including ATP

2021 Tt also

production and secondary messenger activity
has been shown that piracetam has beneficial effects on

the cerebral blood flow, by decreasing the adhesivity,

Indian Journal of Neurotrauma (IINT), Vol. 4, No. 2, 2007

aggregation, and deformability of erythrocytes along with
flow thrust tension of the blood??. Various placebo-
controlled trials have shown piracetam to improve
learning, memory?’, and vertigo**®*. Due to its
exceptional benign safety profile, more than 12 g of
piracetam has been given as daily dose in acute stroke
without significant side effects®. In our study a relatively
modest dose of 2.4 g per day was given for six weeks,
and even at this dose there was a highly statistically
significant improvement in cerebral perfusion in the
piracetam treated group. Clinically too, on assessing for
postconcussion syndrome, 90% of the patients in the
piracetam treated group had complete resolution of their
symptoms at six weeks of follow up. This resolution of
postconcussion symptoms in the piracetam treated group,
when compared to the control group was also found to
be statistically significant.

Our study shows that low dose piracetam successfully
reverses cerebral perfusion deficits and may result in
accelerated symptomatic improvement in patients with
postconcussion syndrome. However, as the study number
is small, before recommending piracetam for clinical
use in postconcussion syndrome, placebo-controlled trials
using larger number of patients are required.

CONCLUSIONS

Our results show that cerebral perfusion defects occur
in majority of the cases of postconcussion syndrome
following mild traumatic brain injury. These perfusion
defects per se may be responsible for the clinical
manifestations of postconcussion syndrome and this is
further borne out by the improvement in regional blood
flow and the reversal of perfusion abnormalities on
SPECT, along with alleviation of clinical symptoms of
postconcussion syndrome, following administration of
piracetam. Serial SPECT may, therefore, also serve as a
platform for testing the efficacy of various
neurobehavioral and pharmacological interventions. This
study paves the way for more randomized, placebo
controlled trials with piracetam for more definitive
results.
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