
 

———————————————————————————————————————————————————

WWW.SIFTDESK.ORG 171 Vol-3 Issue-1 

SIFT DESK  

Received Date: 19th  Apr   2019 

Accepted Date: 09th  May  2019 

Published Date:13th  May  2019 

1Department of Nuclear Medicine, Lanzhou University Second Hospital, Lanzhou, 

730000, China 

2 Epilepsy Department, Lanzhou University Second Hospital, Lanzhou, 730000, 

China 

 

CITATION 

Xuehong Chen, Jiangyan Liu, Jianzhong Feng, Weimin Wang, Clonidine and Depriva-

tion of Sleep Provoked Discharges - A New Diagnostic Procedure in Obtaining Ictal 

Brain SPECT in Patients with Epilepsy(2019) SDRP Journal of Cellular and Molecular 

Physiology 3(1) p:171-176 

 
 
ABSTRACT 
Truly ictal SPECT studies are not routinely performed owing to technical difficulties. 

This study was to investigate the feasibility of clonidine and sleep deprivation for pro-

voking ictal brain SPECT in patients with epilepsy. Fifty-two epileptic patients were 

given oral application of clonidine and deprived of sleep to provoke seizures. Techneti-

um-99m ethyl cysteinate dimer (99mTc-ECD) was injected within 30 s after clinical 

signs and/or typical EEG discharges were recognized, then brain SPECT were per-

formed after 30 min. 75% patients were provoked successfully by clonidine in combina-

tion with sleep deprivation. The difference displayed statistical significance (c2=13.614 

P<0.05). In 37 of the 39 patients provoked with clonidine and sleep deprivation, the 

brain SPECT images showed regions of hyperperfusion. It was concluded that the oral 

administration of clonidine combined with sleep deprivation may be considered as an 

effective diagnostic approach for obtaining ictal brain SPECT in patients with epilepsy. 
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1. INTRODUCTION 

Functional neuroimaging plays more and more im-

portant roles in seizure localization(Calcagni et al., 

2002). Ictal single-photon emission computed tomog-

raphy (SPECT) could capture the abnormal regional 

cerebral blood flow (rCBF) perfusions when the im-

aging agent is intravenously injected during seizures. 

It can be used to localize the epileptogenic zone non-

invasively and is particularly useful in MR-negative 

epilepsy(Van Paesschen, 2004). Although the clinical 

value of ictal SPECT for presurgical evaluation has 

been admitted, truly ictal SPECT studies are not rou-

tinely performed owing to technical difficulties. Ictal 

SPECT brain images are obtained by injecting tech-

netium-99m ethyl cysteinate dimer (99mTc-ECD) 

within 30 s after clinical signs and/or typical EEG 

discharges are recognized. Therefore, the best way 

for obtaining ictal brain SPECT is provoking seizures 

pharmacologically as for example with pentylene-

tetrazol, etomidate, etc (Pastor et al., 2008). The ob-

jective of this study was to investigate the feasibility 

and clinical value of clonidine and sleep deprivation 

for provoking ictal brain SPECT in patients with epi-

lepsy. 

 

2. MATERIAL AND METHODS 

2.1. Patients 

Patients suffering from epilepsy were divided into 

two groups. One group, consisting of 52 patients 

(male 31, female 21), aged from 14 to 53, were given 

oral application of clonidine and deprived of sleep to 

provoke seizures during video-EEG monitoring. 
99mTc-ECD was injected within 30 s after clinical 

signs and/or typical EEG discharges were recognized; 

then brain SPECT was performed after approximately 

30 min. According to the 1989 International League 

Against Epilepsy (ILAE) classification of Epilepsies 

and Epileptic Syndromes, 5 patients suffered from 

simple partial seizures, 7 patients from partial sei-

zures to generalized tonic clonic seizures, 24 patients 

from complex partial seizures, 14 patients from gen-

eralized tonic clonic seizures and 2 patients from ab-

sence seizures. Meanwhile, 47 patients (aged from 14 

to 60 years) were selected as a control group; they 

were provoked by deprivation of sleep only. Of these 

patients, 4 patients suffered from simple partial sei-

zures, 23 patients from complex partial seizures and 

20 patients from generalized tonic clonic seizures. 

Patients constituted the present study must follow the 

criterions of 1) aged from 14 to 60; 2) blood pres-

sure>90/60mmHg, pulse>60/min; 3) without cardiac 

and cerebrovascular diseases. 

 

2.2. Ictal SPECT 

The experimental protocol was approved by the Eth-

ics Committee of Lanzhou University Second Hospi-

tal. After obtaining informed consent in writing, each 

patient was deprived of sleep for 24 h, and given oral 

application of clonidine. Clonidine doses were adjust-

ed to body weight accordingly (150 ug for body 

weight<60 kg; 225 ug for 60–80 kg; 300 ug for>80 

kg) (Kettenmann et al., 2005). A line was inserted 

into the antecubital vein and were monitored by video

-EEG. Monitoring of blood pressure and heart rate 

was performed every 30 min up to 180 min after oral 

administration of the drug. 740MBq of 99mTc-ECD 

was intravenously injected within 30 s by a trained 

EEG technician after clinical signs and/or typical 

EEG discharges were recognized. The injection time 

was determined from the seizure onset to the comple-

tion of tracer injection. Based on analysis of the video

-EEG recordings, the injection was performed within 

30 s in all cases, then brain SPECT scans were per-

formed 30 min after the injection of 99mTc-ECD, 

while lying supine in a dimly lit room with eyes 

closed  using a single-head gamma camera system 

equipped with low-energy high-resolution collimators 

(E.CAM, Siemens Erlangen, Germany). The acquisi-

tion parameters included: a rotational radius of 15 

cm, a 15% energy window centered on 140 KeV, an 

acquisition time of 25 s per projection, and a 128x128 

matrix.  

 

3. RESULTS 

3.1. Video-EEG 

Patients in the two groups were monitored by Video-

EEG for 8 h in the Epilepsy Centre and the results 

were presented in table 1. Thirty-nine/52 patients 

(75%) provoked by clonidine and sleep deprivation 

presented typical EEG discharges between 1 and 2 h 

after oral application of clonidine, and 3 patients with 

clinical seizures, which were confirmed that the pro-
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voked seizure was the same as his or her habitual fit. 

In patients deprived of sleep only, 38.3% (18/47) pa-

tients show abnormal discharges, and in whom 4 pa-

tients experience clinical signs. Most importantly, the 

appearance of abnormalities provoked by deprivation 

of sleep only are not predictable. 

 
Table 1. Administration of clonidine and sleep depri-
vation versus sleep deprivation only 

Ictal brain SPECT images 

In 37 of the 39 patients (94.9%) with clonidine and 

sleep deprivation, the brain SPECT images showed 

regions of hyperperfusion. Thirty-five of the 37 pa-

tients (95%) presented a single region of hyperperfu-

sion, and the remaining 2 patients presented multiple 

regions of hyperperfusion. In all patients, 6 presented 

with hyperperfusion of the basal ganglia. 

Fig. 1 Showed a representative example of ictal brain 

SPECT. 99mTc-ECD was injected within 30 s when 

typical Video-EEG showed generalized discharges. 

 

 

Fig.2 The fusion imaging showed hyperperfusion in 

the right frontal lobe. MRI of the patient was nega-

tive.  

 

 

3.3. MRI scan 

30/39 patients (76.9%) underwent MRI scan with the 

aim of identifying structural lesions. Only 6 patients 

showed anatomical lesions, of whom 1 patient had 

temporal atrophy, which was consistent with ictal 

SPECT. 

 

3.4. Statistic analysis 

Ictal brain SPECT was performed in study patients 

provoked successfully by clonidine and deprivation 

of sleep. SPSS10.0 software was used to compare the 

provoked seizures by Chi-square test between study 

and control group, and the abnormalities were 75.0% 

and 38.3% respectively. The difference had statistical 

significance (c2=13.614, P=0.000<0.05). Besides, the 

difference of clinical seizures between the two groups 

had no statistical significance 

P=0.263>0.05).  

  

4. DISCUSSION 

The precondition for a successful epilepsy surgery 

largely depends on the accurate localization of epilep-

togenic zones(la Fougere et al., 2009). Although ad-

vances in structural and functional MRI allow for 

identification of subtle lesions, 20-30% of patients 

with temporal epilepsy and 20-40% of those with ex-

tratemporal epilepsy have no clear lesion on MRI, 

even if it shows focal lesions, which are different 

from epileptic seizures at times. 

Groups No. of 
patients 

Provoked 
seizures 
(%) 

Subclini-
cal sei-
zures (%) 

Clinical 
seizures 
(%) 

Clonidine and 
sleep depriva-
tion 

52 75.0 92.2 7.8 

Sleep depriva-
tion only 

47    38.3       91.5       8.5 
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SPECT is the only modality practically suited for 

imaging brain activity changes during an actual sei-

zure(Knowlton, 2006). Ictal SPECT has been proved 

to be significantly more sensitive and specific than 

interictal SPECT. It is clinically useful in the defini-

tion of the epileptogenic zone(Oliveira et al., 1999). 

Researchers agree that the approach to obtain an ictal 

SPECT is injecting 99mTc-ECD within 30 s when 

clinical signs and/or typical EEG discharges are rec-

ognized, because early ictal SPECT injections mini-

mize the problem of seizure propagation. At present, 

the most common method to obtain ictal SPECT is to 

inject the tracer as soon as possible during Video-

EEG monitoring, which is usually provoked by depri-

vation of sleep. This study showed that the reported 

method is not predictable. Furthermore, the provoked 

rate is low (38.3% in present study), all of them will 

increase the difficulty to obtain truly ictal SPECT by 

deprivation of sleep. 

 

There were reports concerning clonidine induced 

spike or sharp-wave activity which indicated that sei-

zures provoked by pharmacological means are identi-

cal to the patient's habitual seizures in their focus of 

onset(Kirchberger et al., 1998; Schmitt et al., 1999; 

Scaramuzza et al., 2000; Kettenmann et al., 2005; 

Feron et al., 2008). It is accepted that sleep can in-

crease the chance of discharges. Therefore, the study 

combined with sleep deprivation to provoke seizures 

as to obtain ictal brain SPECT in epileptic patients. 

75% patients were provoked successfully by 

clonidine in combination with sleep deprivation and 

38.3% by deprivation of sleep only. The difference 

displayed statistical significance (c2=13.614 

P=0.000<0.05), however, there was no statistical dif-

ference in clinic seizures between the two groups 

( c2=1.253,P=0.263>0.05), which showed that 

clonidine as a spike inducing agent is safe and effec-

tive. The EEG abnormalities appeared between 1 and 

2 h after oral application of clonidine, which may be 

associated with the maximum plasma concentration. 

The results of this study are consistent with those of 

Kettenmann et al4. Monitoring of blood pressure and 

heart rate was performed every 30 min up to 180 min, 

after oral administration of the drug, and no side-

effects were found with the exception of five patients 

who noted dry mouth around 30 min after clonidine 

administration. Therefore, using this feasible proce-

dure, it was possible to localize the focus, and to 

avoid the limitations due to the unpredictability of 

seizures, so as to avoid late injection. In this study, 39 

patients were injected 99mTc-ECD less than 30 s, and 

the localization of ictal SPECT was 94.9%, and 95% 

of these patients showed single hyperperfusion. It is 

reported that drug-resistant epileptic patients with 

single hyperperfusion, which is concordant with the 

site of surgical resection was an independent predic-

tor of seizure-free outcomes(Brinkmann et al., 2000). 

In particular, the hypo-hyperperfusion pattern may 

help in identifying the epileptogenic zone. 

 

MRI showed anatomical lesions in 6/30 patients 

(20%), this also confirmed that functional neuroimag-

ing was superior to MRI for seizure localization. 

Then, the effectiveness of provoked SPECT was con-

firmed by comparison with video-EEG data in pa-

tients with partial seizures. There was agreement be-

tween ictal SPECT and video-EEG monitoring in 

19/23 partial epilepsy patients (82.6%). Thomas et al 

reported that it was possible to obtain localization in 

patients with normal MRI using a combination of 

EEG patterns and an ictal SPECT study(Thomas et 

al., 2002). 

 

This study revealed that clonidine and sleep depriva-

tion were useful in obtaining ictal SPECT. They 

greatly increased the probability of recording ictal 

and interictal epileptic activity during limited acquisi-

tion time, which gave the opportunity to inject 99mTc-

ECD within 30 s to obtain truly ictal SPECT. It main-

ly provoked subclinical seizures, a type of seizure in 

which an EEG trace will show abnormal brain activi-

ty, but which does not present any noticeable clinical 

signs. The study proved clonidine and sleep depriva-

tion can be considered as another safe and effective 

method in obtaining ictal brain SPECT. However, 

there were three main limitations in the study. 1) Be-

cause of clinical reasons, the control subjects were 

not matched to the study patients, especially in terms 

of the types of epilepsy, nor were the subjects in this 

study randomized to either group. The study patients 

had more generalized tonic-clonic seizures and ab-
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sence seizures than the control group, which may in-

fluence the results of provoked discharges; 2) The 

SPECT study interpreters were not blinded to other 

clinical information; 3) Firstly diagnosed epilepsy 

patients were selected to test the feasibility of the 

method in this pilot study. Patients in the two groups 

were monitored by Video-EEG for 8 h. It is accepted 

as the most accurate method to validate the localizing 

value of SPECT scans is intracranial electrode stud-

ies, and/or the results of epilepsy surgery. However, 

no subjects in this pilot study underwent the epilepsy 

surgery. Therefore, further studies are required. 

The study suggested that when the results of patients 

who presented ambiguous or unexpected findings on 

the first ictal SPECT study, repeated ictal SPECT was 

useful. This could yield additional information con-

cerning the epileptogenic zones and provide confir-

mation as to whether the epilepsy was of multifocal 

origin (Lee et al., 2002).  

 

Accurately localizing the seizure focus is a complex 

work for patients with intractable epilepsy, which is 

strongly related to surgical outcome. So far, no single 

technique appears clearly superior overall to any of 

the others, and multimodal approaches are concerned 

primarily because epileptogenic zone is verified only 

in case of the concordance of different imaging mo-

dalities. Therefore, although ictal SPECT is capable 

of demonstrating ictal neural activation and is a non-

invasive marker of the ictal onset zone, combining it 

with other investigation tools for seizure localization 

is imperative. 

 

5. CONCLUSIONS 

In conclusion, oral administration of clonidine com-

bined with sleep deprivation increased the probability 

of the recording of epileptic activity during limited 

acquisition time. Therefore, clonidine and sleep depri-

vation should be considered as more effective diag-

nostic approach for obtaining ictal brain SPECT in 

patients with epilepsy. 
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