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ABSTRACT 
 

Glioblastoma remains a poor‐prognosis cancer. We review research showing 
evanescent opening of the blood‐brain barrier, BBB, after electroconvulsive treatment, 
ECT. ECT as currently used in psychiatry for treatment‐resistant depression has been in 
continuous use throughout the world since introduction in the late 1930’s. Post-ictal BBB 
opening phenomenon might be safe enough to use to deliver chemotherapeutic agents 
that would not otherwise cross the BBB. Although the main mass of tumor in 
glioblastoma has a relatively leaky BBB, the invasive paucicellular migratory 
microsatellite glioblastoma cells that become the origin of recurrent tumor are supplied 
by normal poorly‐permeable capillaries, preventing ready access of potentially useful 
chemotherapy drugs like doxorubicin or methotrexate. These microsatellites go on to kill. 

Review Article 



 
 
 
 

British Journal of Medicine & Medical Research, 3(4): 1798-1805, 2013 
 
 

1799 
 

Modern ECT uses deep neuromuscular blockade and cardiovascular stabilizing drugs 
such that muscular contractions and increases in intracranial pressure are minimized, yet 
the electroencephalogram shows a typical grand mal seizure. Post‐ECT BBB opening 
allows transgression of > 4 kDa peptides, potentially comfortable enough to give free 
access to brain tissue of doxorubicin or methotrexate for example. Even drugs that are 
said to cross the BBB, such as temozolomide, the current mainstay chemotherapy drug 
in glioblastoma, do so only at ~20% of plasma levels. Many potentially useful drugs 
achieve brain tissue levels <1% of blood levels. We conclude that if careful step-wise 
study can establish safety, by delivering chemotherapy immediately after ECT we may 
open new and more effective treatment avenues for glioblastoma. 
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1. INTRODUCTION 
 
To dare is to momentarily lose footing- by not daring we lose ourselves. [At vove er at miste 
fodfæstet et kort øjeblik - ikke at vove er at miste sig selv.] Søren Kierkegaard, 1813-1855. 
 
Glioblastoma is a difficult-to-treat cancer, prognosis having improved little in the last decades 
[1]. In this short paper we review data showing that electroconvulsive therapy, ECT, as used 
to treat severe depression, opens the blood-brain barrier, BBB that could result in better 
access of cancer chemotherapeutic drugs to glioblastoma. Although controversial among a 
minority, ECT is currently [anno 2012] accepted by most in the medical community and used 
as an orthodox third-line treatment of resistant depression around the world [2‐6]. Not 
controversial is that glioblastoma is a deadly cancer, the prognosis for which hasn’t improved 
a lot in the last decade despite much effort at finding new treatments, often at the cost of 
high morbidity and some mortality from treatment itself [7,8]. Comments from 1998 on 
glioblastoma such as “Disease relapse after both radiotherapy and chemotherapy is 
invariably due to recurrence within 2 cm of the original lesion” [9] when median overall 
survival was 9 months, remain largely true today in the temozolomide era when median 
overall survival is 15 months [10]. 
 
One reason for glioblastoma’s treatment resistance is the special capillaries comprising the 
BBB [11‐13]. Brain capillaries have tighter junctions between endothelial cells allowing less 
free passage [both ways] of solutes, including chemotherapy agents, than do capillaries in 
other organs. For example, the main chemotherapeutic drug for glioblastoma currently is 
temozolomide. This achieves brain tissue levels about a fifth of that obtained in blood or 
other organs [11,14,15]. Secondary drugs like irinotecan achieve even less [16]. 
 
Although BBB within the main glioblastoma mass are inherently quite leaky, areas of 
surrounding, otherwise normal brain that bear centrifugally migrating single glioblastoma 
cells have intact BBB. Even after apparent total resection these microsatellites invariably go 
on to kill patients, so it is the intact BBB of otherwise normal brain within several cm. of the 
resection cavity that are the target of BBB opening efforts in glioblastoma treatments. 
 
There is however a caveat. We review data below behind previous recommendations not to 
use ECT in the presence of intracrainial tumors. We review past research data indicating 
ECT as used by psychiatry for the last six decades, but using modern neuromuscular 
blockade and cardiovascular stabilization, and maneuvers to keep intracrainial pressure from 
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rising, might indeed allow ECT be of low enough risk that the benefits outweigh these risks in 
this otherwise uniformly fatal disease. 
As in the Kierkegaard quote above, we are not advocating heedless daring but rather a 
thoughtful, careful evaluation of an idea that may initially generate a loss of footing. 
Delivering ECT to patients with glioblastoma just prior to chemotherapy is admittedly at first 
glance disconcerting. However, with step-wise study to determine safety, ECT may allow us 
better treatment options for glioblastoma and other intracrainial malignancies. 
 
2. MODERN ECT 
 
Modern ECT is safe and effective in treating severe depressions that have not responded to 
standard medical treatment algorithms [2‐5]. The American Psychiatric Association lists ECT 
during “conditions associated with increased intracrainial pressure such as [large] brain 
tumors”...as being “theoretically of great concern” [17] but also go on to say “Most reports of 
dire outcomes are from the distant past”...when wide blood pressure excursions were 
allowed to occur. We agree with these views. 
 
Older ECT methods did not use general paralysis and cardiovascular stabilizing drugs that 
are now standard practice [6]. Many reports document safe and uneventful ECT in patients 
with intracranial aneurysms, tumors, and other states where an iatrogenic increase of 
intracranial pressure could be catastrophic [18-21]. In a recent review of the last decade of 
ECT use to treat psychiatric illness there were no ECT-related deaths in any VA [USA 
military veteran’s] hospital between 1999 and 2010 [18]. The estimated ECT-related 
mortality was less than 1 death per 73,440 treatments [18]. Morbidities found in this VA 
study were minor [18]. A single detail‐poor case report of glioblastoma in an 80 year‐old 
woman treated with ECT who did poorly post‐ECT is of concern but difficult to evaluate or 
generalize upon [22] but this does warrant extreme caution in approaching this technique for 
better glioblastoma treatment. We must proceed carefully, on a basis of solid rodent study to 
establish safety likelihood. The current standard view in psychiatry and the American 
Psychiatric Association is that there are no absolute contraindications to ECT [4,14]. 
  
In ECT without neuromuscular blockade, as practiced in the first few decades after its 
introduction to clinical practice, hypoxia, hypercarbia, acidosis, and generalized clonic‐tonic 
grand mal seizures were allowed to occur making earlier data on ECT difficult to compare to 
modern results where these phenomena are eliminated or minimized. 
Electroencephalographic signs of seizure remain identical to an un‐medicated seizure [23, 
24]. ECT can be given, albeit with some trepidation, to refractory depressed patients with 
intracrainial pathology that would make increases in blood pressure catastrophic, for 
example the case report of uneventful ECT course in a 54 year old woman with an 
unruptured 5 mm saccular basilar aneurysm [24]. 
 
3. ECT AND THE BBB 
 
The recent remarkable finding of Zimmerman et al. [25] that peripheral blood beta amyloid 
levels [>4 kDa] increase after ECT, indicates robust BBB opening. Although circulating beta 
amyloid has not been considered a standard marker for BBB patency, we believe that 
Zimmerman et al. have given reason to reconsider this. ECT given for psychiatric indications 
was recognized as opening the BBB in 1977 [6], with a long history since then confirming 
this [27-29] yet also confirming no brain parenchyma damage occurs [28,30,31]. We have 
indirect MRI evidence of evanescent post-ECT increased brain water content as indirect 
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evidence of BBB loosening [32]. Ultrastructural and physiological characteristics of disrupted 
BBB function after ECT as well as after non‐iatrogenic seizures was recognized in the 
1980’s [28,29]. Perhaps the most telling study to date showed T1 signal increasing after 
ECT, reaching a maximum 4‐6 hour’s post‐ictally, returning to normal several hours later 
[28]. Together these reports indicate that a certain amount of post‐ECT edema is occurring 
and should be of concern for our intended use of ECT in opening the BBB for better 
chemotherapy access to glioblastoma. But potential benefits may outweigh these risks. Only 
careful step-wise study can establish whether ECT can indeed be safely used in 
glioblastoma. The relentlessly reliable trajectory and short median overall survival in 
glioblastoma allows exploration of a disconcerting treatment process that at first seems 
counterintuitive. The Kierkegaard quote applies. 
 
A bi-directional feed-back relationship exists between BBB leak and seizures. BBB leak 
promotes epileptogenesis and seizures while seizures promote opening of the BBB for 
several hours post-ictally [33‐36]. Recognition of this reciprocal relationship [33,36,37] lead 
to the successful exploration of the antibiotics minocycline [38] and dapsone [39] as 
innovative and successful anti‐seizure adjuncts by virtue of their anti‐cytokine [40-42] and 
hence BBB tightening attributes. Similarly dexamethasone has anti‐seizure properties by i.a. 
tightening the BBB [43]. BBB damage and inflammatory cytokine activation are both a 
consequence of seizure as well as being a predisposing or causal element of seizure 
generation [28, 34-37]. Reassuringly, repeated ECT as used in treating depression has been 
shown to not increase long term risk of epilepsy [44]. 
 
To not further complicate potential for intracrainial overpressure problems during use of ECT 
opening of the BBB, this should not be explored in the post-operative period but rather 
studied only after resection-induced edema has subsided and skin healed. 
 
4. CONCLUSION 
 
ECT may open the BBB enough to allow better chemotherapy access to the surgical cavity 
wall brain tissue wherein the centrifugally migrating glioblastoma cells reside. Due to 
post‐ECT opening of BBB some post‐ictal edema does occur and would be of concern for 
our intended use. Only study can establish the safety of this approach. 
  
Considering giving ECT to open the BBB during chemotherapy of glioblastoma is not as 
radical as it at first sounds. In a study from the Mayo Clinic, eight patients with unrepaired 
abdominal aortic aneurysm were given ECT without incident or enlargement of their 
aneurysms [45]. Maltbie et al reviewed all published case reports of ECT delivered to 
patients with gliomas or metastases to brain up until 1980, finding high rates of deterioration 
after ECT [46]. As Maltbie et al’s data was all from the pre-CT [and pre-MRI] era, and had 
space occupying malignancy we have grounds to consider modern post-resection ECT will 
be safer. Patkar et al. in 2000 reported an uneventful ECT course given to a 61 y/o man with 
an unresectable large left temporal astrocytoma with edema and mass effect [21]. Patker et 
al. in referring to older studies showing morbidity after ECT commented  “None of these 
patients, however, received specific attention to diminish the ECT-associated risk“ and that 
they felt proper pharmacologic attention to preventing increased intracranial pressure ECT 
can be safer than previously thought [21], a conclusion reached by others as well [47]. 
 
Given the reliably deadly progression of glioblastoma currently, study of an approach such 
as this is warranted, but on first look is disconcerting- we lose our footing somewhat. Recent 
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experience indicates that post‐ECT edema in brain tumor patients can be managed. Case 
reports of successful and uneventful use of ECT in patients harboring brain tumors give 
cause for optimism. With small enough steps and careful pre-clinical study to assure no 
increase in intracrainial pressure can be achieved, further study of ECT as a new drug 
delivery modality can be undertaken. 
 
CONSENT STATEMENT 
 
This was a review of past research with presentation of a new method to open the blood-
brain barrier based on that review. No patients or animals were involved.  
 
ACKNOWLEDGEMENTS 
 
Dr Lewczuk is supported by the German Bundesministerium für Bildung und Forschung 
(grant 01ED1203D) within the BiomardAPD Project of the JPND. 
 
COMPETING INTERESTS 
 
The authors have no conflicts of interest. This was unfunded research. 
 
REFERENCES 
 
1. Bartek J, Jr, Ng K, Bartek J, Fischer W, Carter B, Chen CC. Key concepts in 

glioblastoma  therapy. J Neurol Neurosurg Psychiatry. 2012;83(7):753-60. 
2. van Schaik AM, Comijs HC, Sonnenberg CM, Beekman AT, Sienaert P, Stek ML. 

Efficacy and safety of continuation and maintenance electroconvulsive therapy in 
depressed elderly patients: a systematic review. Am J Geriatr Psychiatry. 
2012;20(1):5‐17. 

3. Rasmussen KG. Electroconvulsive therapy and melancholia: review of the literature 
and suggestions for further study. J ECT. 2011;27(4):315‐22. 

4. BolwigTG. How does electroconvulsive therapy work? Theories on its mechanism. 
Can J Psychiatry. 2011;56(1):13‐8. 

5. Sienaert P. What we have learned about electroconvulsive therapy and its relevance 
for the practicing psychiatrist. Can J Psychiatry. 2011;56(1):5‐12. 

6. Mirzakhani H, Welch CA, Eikermann M, Nozari A. Neuromuscular blocking agents for 
electroconvulsive therapy: a systematic review. Acta Anaesthesiol Scand. 
2012;56(1):3‐16. 

7. Becker KP, Yu J. Status Quo‐Standard‐of‐Care Medical and Radiation Therapy for 
Glioblastoma. Cancer J. 2012;18(1):12‐9. 

8. Rock K, McArdle O, Forde P, Dunne M, Fitzpatrick D, O'Neill B, Faul C. A clinical 
review of treatment outcomes in glioblastoma multiforme ‐ the validation in a non‐trial 
population of the results of a randomised Phase III clinical trial: has a more radical 
approach improved survival? Br J Radiol. 2012;85(1017):e729-33 

9. Management of Primary Malignant Brain Tumours. I R Whittle. J Neurol Neurosurg 
Psychiatry. 1996;60:1 2-5 doi:10.1136/jnnp.60.1.2 

10. Nagasawa DT, Chow F, Yew A, Kim W, Cremer N, Yang I. Temozolomide and other 
potential agents for the treatment of glioblastoma multiforme. Neurosurg Clin N Am. 
2012;23(2):307-22. 

11. Zhang J, Stevens MF, Bradshaw TD. Temozolomide: Mechanisms 228 of Action, 
Repair and Resistance. Curr Mol Pharmacol. 2012;5(1):102-14. 



 
 
 
 

British Journal of Medicine & Medical Research, 3(4): 1798-1805, 2013 
 
 

1803 
 

12. Agarwal S, Sane R, Oberoi R, Ohlfest JR, Elmquist WF. Delivery of molecularly 
targeted therapy to malignant glioma, a disease of the whole brain. Expert Rev Mol 
Med. 2011;13:e17. 

13. Mellinghoff IK, Lassman AB, Wen PY. Signal transduction inhibitors and 
antiangiogenic therapies for malignant glioma. Glia. 2011;59(8):1205‐12. 

14. Kast RE. Use of FDA approved methamphetamine to allow adjunctive use of 
methylnaltrexone to mediate core anti‐growth factor signaling effects in glioblastoma. J 
Neurooncol. 2009;94(2):163‐7. 

15. Kast RE. Using blood brain barrier disruption by methamphetamine for drug delivery. J 
Neurooncol. 2007;85(1):109‐10. 

16. Blaney SM, Takimoto C, Murry DJ, Kuttesch N, McCully C, Cole DE, Godwin K, Balis 
FM. Plasma and cerebrospinal fluid pharmacokinetics of 9‐aminocamptothecin (9‐AC), 
irinotecan (CPT‐11), and SN‐38 in nonhuman primates. Cancer Chemother 
Pharmacol. 1998;41(6):464‐8. 

17. Recommendations for Treatment, Training, and Privileging (A Task Force Report of 
the American Psychiatric Association), Second Edition, ISBN 978-0-89042-206-9, 
American Psychiatric Association. 2001;27. 

18. Watts BV, Groft A, Bagian JP, Mills PD. An examination of mortality and other adverse 
events related to electroconvulsive therapy using a national adverse event report 
system. J ECT. 2011;27(2):105‐8. 

19. Gursky JT, Rummans TA, Black JL. ECT administration in a patient after craniotomy 
and gamma knife surgery: a case report and review. J ECT. 2000;16(3):295‐9. 

20.  Rasmussen KG, Perry CL, Sutor B, Moore KM. ECT in patients with intracranial 
masses. J Neuropsychiatry Clin Neurosci. 2007;19(2):191‐3. 

21. Patkar AA, Hill KP, Weinstein SP, Schwartz SL. ECT in the presence of brain tumor 
and increased intracranial pressure: evaluation and reduction of risk. J ECT. 
2000;16(2):189‐97. 

22. Fischer CE. Experience of electroconvulsive therapy in a case of glioblastoma 
multiforme. Psychiatry Clin Neurosci. 2004;58(6):671. 

23. Begec Z, Toprak HI, Demirbilek S, Erdil F, Onal D, Ersoy MO. Dexmedetomidine 267 
blunts acute hyperdynamic responses to electroconvulsive therapy without altering 
seizure duration. Acta Anaesthesiol Scand. 2008;52(2):302-6. 

24. Viguera A, Rordorf G, Schouten R, Welch C, Drop LJ. Intracranial haemodynamics 
during attenuated responses to electroconvulsive therapy in the presence of an 
intracerebral aneurysm. J Neurol Neurosurg Psychiatry. 1998;64(6):802-5. 

25. Zimmermann R, Schmitt H, Rotter A, Sperling W, Kornhuber J, Lewczuk P. Transient 
increase of plasma concentrations of amyloid β peptides after electroconvulsive 
therapy. Brain Stimul. 2012;5(1):25‐9. 

26. Diehl DJ, Keshavan MS, Kanal E, Nebes RD, Nichols TE, Gillen JS. Post‐ECT 
increases in MRI regional T2 relaxation times and their relationship to cognitive side 
effects: a pilot study. Psychiatry Res. 1994;54(2):177‐84. 

27. Westergaard E, Hertz MM, Bolwig TG. Increased permeability to horseradish 
peroxidase across cerebral vessels evoked by electrically induced seizures. Acta 
Neuropathol (Berl.) 1978;41(1):73-80. 

28. Marchi N, Teng Q, Ghosh C, Fan Q, Nguyen MT, Desai NK, Bawa H, Rasmussen P, 
MasarykTK, Janigro D. Blood‐brain barrier damage, but not parenchymal white blood 
cells, is a hallmark of seizure activity. Brain Res. 2010;1353:176‐86. 

 
 



 
 
 
 

British Journal of Medicine & Medical Research, 3(4): 1798-1805, 2013 
 
 

1804 
 

29. Bolwig TG. Blood‐brain barrier studies with special reference to epileptic seizures. 
Acta Psychiatr Scand Suppl. 1988;345:15‐20. 

30. Devanand DP, Dwork AJ, Hutchinson ER, Bolwig TG, Sackeim HA. Does ECT alter 
brain structure? Am J Psychiatry. 1994;151(7):957-70. 

31. Agelink M W, Andrich J, Postert T, Würzinger U, Zeit T, Klotz P, Przuntek H. Short 
report Relation between electroconvulsive therapy, cognitive side effects, neuron 
specific enolase, and protein S-100. J Neurol Neurosurg Psychiatry. 2001;71(3):394-
396. doi:10.1136/jnnp.71.3.394 

32. Mander AJ, Whitfield A, Kean DM, Smith MA, Douglas RH, Kendell RE. Cerebral and 
brain stem changes after ECT revealed by nuclear magnetic resonance imaging. Br J 
Psychiatry. 1987;151:69‐71. 

33. Friedman A. Blood‐brain barrier dysfunction, status epilepticus, 305 seizures, and 
epilepsy: a puzzle of a chicken and egg? Epilepsia. 2011;52(Suppl 8):19‐20. 

34. Vezzani A, Granata T. Brain inflammation in epilepsy: experimental and clinical 
evidence. Epilepsia. 2005;46(11):1724‐43. 

35. van Vliet EA, da Costa Araújo S, Redeker S, van Schaik R, Aronica E, Gorter JA. 
Blood‐brain barrier leakage may lead to progression of temporal lobe epilepsy. Brain. 
2007;130(Pt 2):521‐34. 

36. Marchi N, Tierney W, Alexopoulos AV, Puvenna V, Granata T, Janigro D. The 
etiological role of blood‐brain barrier dysfunction in seizure disorders. Cardiovasc 
Psychiatry Neurol. 2011;2011:482415. 

37. Li G, Bauer S, Nowak M, Norwood B, Tackenberg B, Rosenow F, Knake S, Oertel 
WH, Hamer HM. Cytokines and epilepsy. Seizure. 2011;20(3):249‐56. 

38. Nowak M, Strzelczyk A, Reif PS, Schorlemmer K, Bauer S, Norwood BA, Oertel WH, 
Rosenow F, Strik H, Hamer HM. Minocycline as potent anticonvulsant in a patient with 
astrocytoma and drug resistant epilepsy. Seizure. 2012;21(3):227-8. 

39. Lopez‐Gómez M, Corona T, Diaz‐Ruiz A, Ríos C. Safety and tolerability of dapsone 
for the treatment of patientswith drug‐resistant, partial‐onset seizures: an open‐label 
trial. Neurol Sci. 2011;32(6):1063‐7. 

40. Kast RE, Lefranc F, Karpel-Massler G, Halatsch ME. Why dapsone stops seizures and 
may stop neutrophils' delivery of VEGF to glioblastoma. Br J Neurosurg. 2012 May 2. 
[Epub ahead of print]. PubMed PMID: 22551309. 

41. Kast RE, Scheuerle A, Wirtz CR, Karpel-Massler G, Halatsch ME. The rationale of 
targeting neutrophils with dapsone during glioblastoma treatment. Anticancer Agents 
Med Chem. 2011;11(8):756-61. 

42. Kast RE. Minocycline in cerebral malaria. J Neurosci Res. 2008;86(15):3257. 
43. Marchi N, Granata T, Freri E, Ciusani E, Ragona F, Puvenna V, Teng Q, 340 

Alexopolous A, Janigro D. Efficacy of anti‐inflammatory therapy in a model of acute 
seizures and in a population of pediatric drug resistant epileptics. PLoS One. 
2011;6(3):e18200. 

44. Blackwood DHR, Cull RE, Freeman CPL, Evans JI, Mawdsley C. A study of the 
incidence of epilepsy following ECT. J Neurol Neurosurg Psychiatry 
1980;43(12):1098-1102. doi:10.1136/jnnp.43.12.1098 

45. Mueller PS, Albin SM, Barnes RD, Rasmussen KG Jr. Safety of electroconvulsive 
therapy in patients with unrepaired abdominal aortic aneurysm: report of 8 patients. J 
ECT. 2009 Sep;25(3):165-9. doi: 10.1097/YCT.0b013e31819a61e5. 

 
 
 



 
 
 
 

British Journal of Medicine & Medical Research, 3(4): 1798-1805, 2013 
 
 

1805 
 

46. Maltbie AA, Wingfield MS, Volow MR, Weiner RD, Sullivan JL, Cavenar JO Jr. 
Electroconvulsive therapy in the presence of brain tumor. Case reports and an 
evaluation of risk. J Nerv Ment Dis. 1980;168(7):400-5. 

47. Mattingly G, Figiel GS, Jarvis MR, Zorumski CF. Prospective uses of ECT in the 
presence of intracranial tumors. J Neuropsychiatry Clin Neurosci. 1991;3(4):459-63. 

 
© 2013 Kast et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution 
License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution, and reproduction 
in any medium, provided the original work is properly cited. 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sciencedomain.org/review-history.php?iid=205&id=12&aid=1507 


