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Abstract
Objective:In	epilepsy	surgery,	which	aims	to	treat	seizures	and	thereby	to	im-
prove	the	lives	of	persons	with	drug-	resistant	epilepsy,	the	chances	of	attaining	
seizure	relief	must	be	carefully	weighed	against	 the	risks	of	complications	and	
expected	adverse	events.	The	 interpretation	of	data	 regarding	complications	of	
epilepsy	surgery	and	invasive	diagnostic	procedures	is	hampered	by	a	lack	of	uni-
form	definitions	and	method	of	data	collection.
Methods:Based	on	a	review	of	previous	definitions	and	classifications	of	compli-
cations,	we	developed	a	proposal	for	a	new	classification.	This	proposal	was	then	
subject	to	revisions	after	expert	opinion	within	E-	pilepsy,	an	EU-	funded	European	
pilot	 network	 of	 reference	 centers	 in	 refractory	 epilepsy	 and	 epilepsy	 surgery,	
later	incorporated	into	the	ERN	(European	Reference	Network)	EpiCARE.	This	
version	was	discussed	with	recognized	experts,	and	a	final	protocol	was	agreed	to	
after	further	revision.	The	final	protocol	was	evaluated	in	practical	use	over	1 year	
in	three	of	the	participating	centers.	One	hundred	seventy-	four	consecutive	pro-
cedures	were	included	with	35	reported	complications.
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1 |  INTRODUCTION

Balancing	the	risks	and	benefits	may	be	demanding	in	epi-
lepsy	surgery,	which	irrevocably	alters	targeted	brain	net-
works	with	the	ultimate	aim	of	improving	quality	of	life	as	
well	as	reversing	the	morbidity	and	disabilities	associated	
with	epilepsy.	Monitoring	adverse	effects	 is	essential	 for	
quality	control	and	for	counseling	patients,	families,	and	
caregivers	before	surgery.	Ideally,	data	on	adverse	effects	
should	 be	 obtained	 in	 a	 standardized	 and	 reproducible	
manner	to	allow	comparisons	between	different	surgical	
procedures	 and	 centers.	 Prospective	 data	 collection	 re-
duces	the	chances	of	selective	reporting.	As	highlighted	in	
several	reviews,	published	rates	of	adverse	effects	in	epi-
lepsy	surgery	vary	markedly,	in	part	due	to	differences	in	
definitions	and	data	collection.1–	4

The	 Clavien-	Dindo	 classification	 of	 complications	
(1992/2004)	has	been	used	widely	 in	many	fields	of	sur-
gery,	 defining	 complications	 as	 any	 deviation	 from	 the	
normal	 postoperative	 course.	 Complications	 are	 graded	
based	on	the	interventions	needed	to	correct	their	effects,	
and	a	suffix	may	indicate	whether	the	patient	has	a	com-
plication	at	the	time	of	discharge.5–	7	As	of	today,	this	clas-
sification	has	not	been	used	in	studies	of	epilepsy	surgery.

For	 general	 neurosurgery,	 a	 similar	 system	 has	 been	
proposed	 by	 Landriel	 Ibañez	 et	 al.8	 Here,	 complications	
are	 graded	 based	 on	 the	 invasiveness	 of	 the	 measures	
needed	 to	 reverse	 the	 complication.	 A	 suffix	 indicates	
whether	 any	 new	 neurological	 deficit	 improves	 within	
30 days	of	the	surgical	procedure.	Houkin	et	al.9	classify	
adverse	effects	in	terms	of	predictability	and	avoidability,	
and	in	a	recent	proposal,	neurosurgical	complications	are	
classified	based	on	their	hypothesized	cause.10

In	 epilepsy	 surgery,	 several	 authors	 have	 classified	
complications	 as	 transient	 vs	 permanent,	 or	 minor	 vs	
major,	 based	 on	 whether	 any	 neurological	 deficits	 per-
sist	beyond	a	certain	time	of	follow-	up,	such	as	1 year	or	
3  months.11,12	 Other	 authors	 have	 graded	 complications	

based	on	both	 the	need	 for	 intervention	and	 the	perma-
nence	of	neurological	deficits,	and	if	invasive	monitoring	
had	to	be	aborted	prematurely.13–	15	Further	classifications	
have	 taken	 into	 account	 whether	 the	 hospital	 stay	 was	
prolonged	 and	 whether	 the	 Glasgow	 Coma	 Scale	 score	
was	 affected.16	 A	 recent	 study	 applied	 the	 four-	graded	
classification	of	Landriel	Ibañes	et	al.	in	parallel	with	the	
dichotomy	of	transient	vs	permanent	morbidity.17

As	 seen,	 complications	 in	 epilepsy	 surgery	 can	 be	
graded	based	on	direct	patient-	related	factors,	such	as	per-
sistence	of	neurological	morbidity,	or	based	on	procedure-	
related	 factors,	 such	 as	 revision	 of	 planned	 monitoring	
and	hospital	stay.	An	alternative	to	a	single	severity	scale,	
which	so	 far	has	not	been	 implemented	 in	epilepsy	sur-
gery,	is	a	multidimensional	classification	protocol,	where	
several	of	these	factors	are	taken	into	account.

The	 rate	 of	 complications	 will	 be	 influenced	 by	 how	
they	 are	 defined.	 Some	 reports	 of	 adverse	 events	 of	 ep-
ilepsy	 surgery	 and	 diagnostic	 procedures	 regard	 any	
untoward	 event	 during	 the	 postoperative	 course	 as	 a	
complication,	 whereas	 others	 exclude	 certain	 types	 of	

Results:This	report	presents	a	multidimensional	classification	of	complications	
in	epilepsy	surgery	and	invasive	diagnostic	procedures,	where	complications	are	
characterized	 in	 terms	 of	 their	 immediate	 effects,	 resulting	 permanent	 symp-
toms,	and	consequences	on	activities	of	daily	living.
Significance:We	propose	that	the	protocol	will	be	helpful	in	the	work	to	promote	
safety	in	epilepsy	surgery	and	for	future	studies	designed	to	identify	risk	factors	
for	complications.	Further	work	is	needed	to	address	the	reporting	of	outcomes	as	
regards	neuropsychological	function,	activities	of	daily	living,	and	quality	of	life.

K E Y W O R D S

adverse	effects,	adverse	events,	intracranial	EEG,	invasive	EEG,	Wada	test

KeyPoints
•	 Multicenter	 studies	 with	 uniform	 protocols	

are	 necessary	 for	 studying	 the	 complications	
of	 epilepsy	 surgery	 and	 invasive	 diagnostic	
procedures

•	 Previous	 definitions	 and	 classifications	 are	
reviewed

•	 A	multidimensional	protocol	for	reporting	com-
plications	is	proposed

•	 Complications	are	registered	in	terms	of	imme-
diate	consequences,	permanent	symptoms,	and	
consequences	of	permanent	disability	on	activi-
ties	of	daily	living
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neurological	worsening,	if	judged	as	expected,	and	consid-
ered	an	acceptable	trade-	off	in	preoperative	counseling.

Previous	studies	have	identified	a	number	of	risk	fac-
tors	for	complications,	for	example,	increased	number	of	
electrodes	 in	 invasive	 monitoring1,18,19	 and	 older	 age	 at	
the	 time	of	 the	operation	 in	epilepsy	 surgery.13,20–	22 The	
limited	number	of	cases	with	adverse	events	identified	in	
each	center	hampers	the	relevance	or	robustness	of	statis-
tical	analysis.	A	Swedish	population-	based	study	reported	
an	association	between	complications	related	to	invasive	
monitoring	 and	 complications	 in	 subsequent	 epilepsy	
surgery.	Due	to	the	small	number	of	cases,	 the	potential	
causes	for	this	association	remained	elusive.23 To	include	
the	 number	 of	 patients	 necessary	 for	 exploring	 such	 as-
sociations,	larger	multicenter	studies	with	uniform	proto-
cols	are	needed.

The	 primary	 aim	 of	 this	 report	 was	 to	 propose	 an	
evidence-	based	 protocol	 for	 prospective	 registering	 of	
complications	in	invasive	diagnostic	procedures	and	epi-
lepsy	surgery,	which	will	be	useful	in	future	studies	iden-
tifying	 risk	 factors	 for	 complications.	 In	 the	 proposed	
protocol,	only	unexpected	adverse	events	are	regarded	as	
complications.	A	secondary	aim	was	to	evaluate	the	use-
fulness	of	this	protocol	in	a	feasibility	study.

2 	 | 	 METHODS

2.1	 |	 Literaturesearch

In	 order	 to	 review	 previous	 definitions	 and	 classifica-
tions	of	complications,	we	conducted	a	 literature	search	
in	 PubMed,	 Scopus,	 and	 Cochrane	 Library	 for	 articles	
published	up	to	January	1,	2017,	with	the	term	“epilepsy	
surgery”	and	“adverse	effect*”,	“adverse	event*”,	or	“com-
plication*”	 in	 the	 title	 and/or	 abstract.	 As	 there	 are	 no	
MeSH	 terms	 for	 invasive	 investigations,1	 we	 conducted	
a	test	search	including	various	terms	for	specific	invasive	
investigations	(such	as	“intracranial	EEG”,	“SEEG”,	and	
“Wada	 test”)	 without	 significant	 numbers	 of	 additional	
results.

Original	 publications	 and	 systematic	 reviews	 regard-
ing	 epilepsy	 surgery	 and	 invasive	 diagnostic	 procedures	
with	populations	>30	were	eligible	for	review	in	full	text	
if	 complications	 or	 other	 adverse	 events	 were	 reported	
as	 indicated	 in	 the	 abstract.	 Studies	 reporting	 only	 neu-
ropsychological	 and	 psychiatric	 adverse	 events	 were	 ex-
cluded,	 as	 were	 studies	 reporting	 only	 adverse	 events	
related	 to	 neurostimulation	 procedures.	 We	 compiled	
definitions	and	classifications	encountered	when	review-
ing	the	full	text	and	searched	the	relevant	articles	for	fur-
ther	citations.	Major	reviews	were	searched	for	additional	
references.1–	3,24

2.2	 |	 Preparationoftheprotocoland
reachingconsensus

We	 propose	 a	 multidimensional	 protocol	 for	 reporting	
complications,	where	the	consequences	of	complications	
are	registered	in	terms	of	their	immediate	consequences,	
resulting	 permanent	 symptoms,	 if	 any,	 and	 the	 conse-
quences	 of	 permanent	 disability	 on	 activities	 of	 daily	
living.

The	 protocol	 addresses	 complications	 related	 to	 in-
vasive	 diagnostic	 procedures,	 including	 the	 Wada	 test	
and	 invasive	 electroencephalography	 (EEG)	 monitor-
ing	 procedures,	 and	 epilepsy	 surgery.	 Adverse	 effects,	
which	are	also	seen	in	noninvasive	seizure	monitoring—	
for	 instance,	 falls,	 fractures,	 status	 epilepticus,	 and	
psychiatric	 disorders—	will	 require	 separate	 registra-
tion.25,26 Neurostimulation	procedures	are	not	addressed	
in	this	protocol.27,28

The	 protocol	 was	 designed	 as	 follows.	 Based	 on	 the	
literature	 search,	 previously	 used	 classifications	 of	 com-
plications	in	epilepsy	surgery	and	known	risk	factors	for	
complications	were	reviewed	to	identify	relevant	items	to	
include	in	the	protocol.

Three	of	the	authors	(JB,	BR,	and	KM)	prepared	a	first	
version	of	the	protocol.	This	was	presented	to	the	European	
consortium	 of	 epilepsy	 surgery	 centers	 within	 the	 EU-	
funded	project	E-	pilepsy,	a	European	pilot	network	of	ref-
erence	centers	in	refractory	epilepsy	and	epilepsy	surgery,	
later	 incorporated	 into	 the	 ERN	 EpiCARE	 (https://epi-	
care.eu/thera	peuti	cs/8-	surge	ry-	e-	pilep	sy/).	After	a	revision	
based	on	expert	opinion	from	the	E-	pilepsy	consortium,	the	
proposed	 classification	 has	 been	 further	 discussed	 by	 the	
International	League	Against	Epilepsy	(ILAE)	Commission	
on	Surgical	Therapies	and	the	ILAE	Task	Force	on	Pediatric	
Epilepsy	Surgery	2013–	2017.	A	final	version	was	agreed	to	
by	members	of	the	E-	pilepsy	consortium.

2.3	 |	 Feasibilitystudy

To	 evaluate	 the	 functionality	 of	 the	 protocol,	 three	 of	
the	centers	(Great	Ormond	Street	Hospital	 for	Children,	
Hospices	Civils	de	Lyon,	and	the	Sahlgrenska	University	
Hospital)	 agreed	 to	 participate	 in	 a	 feasibility	 study.	 All	
patients	who	underwent	epilepsy	surgery	or	 invasive	di-
agnostic	procedures	at	the	participating	centers	during	a	
1-	year	evaluation	period	were	consecutively	included.	In	
accordance	with	the	protocol,	the	patients	were	evaluated	
for	 complications	 and	 neurological	 function	 at	 the	 time	
of	surgery	and	6 months	after	surgery.	Only	unexpected	
adverse	events	were	reported	as	complications	according	
to	the	definition	in	the	protocol	(see	below).	Anonymized	
forms	were	sent	to	one	of	the	authors	(JB)	for	compilation	
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and	analysis.	The	regional	boards	of	ethics	of	each	center	
considered	this	activity	as	a	quality	control	measure	that	
did	not	require	individual	consent.

3 	 | 	 RESULTS

3.1	 |	 Literaturereview

After	 removing	 duplicates,	 the	 initial	 literature	 search	
rendered	3953	 results,	 from	which	304	articles	were	ob-
tained	and	reviewed	in	full	text.	Of	these,	125	articles	were	
found	where	a	definition	(68	articles)	and/or	classification	
(107	articles)	was	stated	in	the	Methods	or	Results	section.	
The	definitions	and	classifications	found	are	summarized	
in	Appendix	S1.

3.2	 |	 Protocol

Separate	 protocols	 are	 proposed	 for	 invasive	 diagnostic	
procedures	 and	 for	 epilepsy	 surgery.	 The	 headings	 are	
listed	 in	 Table	 1	 for	 invasive	 diagnostic	 procedures	 and	
Table	2	for	epilepsy	surgery,	whereas	all	items	can	be	seen	
in	Appendices	S2	and	S3,	 respectively.	The	protocol	can	
be	integrated	in	each	center's	 follow-	up	database,	which	
provides	access	to	basic	demographic	data,	and	allows	it	
to	 elucidate	 relationships	 if	 complications	 occur	 during	
invasive	monitoring	and	surgery	in	the	same	patient.

Following	previous	reports,	complications	are	defined	
as	unwanted,	unexpected,	and	uncommon	events	directly	
related	to	an	invasive	diagnostic	procedure,	surgical	resec-
tion,	or	disconnection.

Complications	are	reported	in	a	step-	by-	step	fashion	as	
follows.

3.3	 |	 Complicationsrelatedtoinvasive
diagnosticprocedures

1.	 For	invasive	diagnostic	procedures	(Wada	test	and	inva-
sive	EEG	monitoring),	the	protocol	requires	a	detailed	
characterization	of	the	performed	procedure,	including	
number,	 type,	 and	 localization	 of	 electrode	 contacts,	
when	 relevant,	 and	 the	 duration	 of	 monitoring.	 For	
instance,	 the	 use	 of	 subdural	 grids	 has	 been	 shown	
to	carry	an	increased	risk	for	complications	compared	
to	 subdural	 strips	 and	 depth	 electrodes,23,29	 which	 in-
creases	 with	 longer	 duration	 of	 monitoring,30  larger	
number	of	electrodes,1,18,19	and	size	of	subdural	grids.31

2.	 It	 is	 specified	 whether	 prophylactic	 antibiotics	 and/
or	 medical	 venous	 thromboembolism	 (VTE)	 prophy-
laxis	are	given.	It	has	been	suggested	that	the	duration	

of	 prophylactic	 antibiotic	 treatment	 may	 influence	
the	 risk	 of	 infective	 complications	 in	 invasive	 moni-
toring,32	 although	 this	 has	 been	 questioned	 in	 other	
studies.33,34  The	 role	 of	 VTE	 prophylaxis	 in	 invasive	
monitoring	and	epilepsy	surgery	has	been	insufficiently	
studied.	According	 to	a	 recent	 review,	controversy	 re-
mains	 as	 to	 whether	 the	 efficacy	 of	 VTE	 prophylaxis	
outweighs	the	risk	of	hemorrhage	in	patients	who	un-
dergo	craniotomy	for	brain	tumor	resection.35	Because	
invasive	 monitoring	 necessarily	 involves	 a	 certain	 de-
gree	of	immobilization,	we	judged	it	important	to	assess	
the	 possible	 influence	 of	 VTE	 prophylaxis.	 Up	 to	 this	
point,	the	details	of	the	procedure	are	reported	identi-
cally	whether	a	complication	occurs	or	not,	in	order	to	
provide	adequate	controls	for	cases	with	complications.

3.	 Complications	 are	 affirmed	 or	 denied	 in	 a	 multiple-	
choice	 fashion.	 The	 potential	 complications	 are,	 for	
clarity,	 divided	 into	 surgical	 complications	 and	 acute	
medical	complications.	The	choice	of	complications	 is	
based	on	previous	reviews	to	include	the	most	common	

T A B L E  1 	 Proposed	classification	of	complications	related	to	
invasive	diagnostic	procedures

1.	Specify	invasive	diagnostic	procedure

1.1.	Wada	test

1.2.	Invasive	monitoring	procedures	(specify	number	of	
monitoring	days	and	number	and	localization	of	electrode	
contacts)

1.2.1.	Subdural	grids

1.2.2.	Subdural	strips

1.2.3.	Foramen	ovale	electrodes

1.2.4.	Depth	electrodes	(excluding	stereo-	EEG)

1.2.5.	Stereo-	EEG

2.	Prophylactic	medication

2.1.	Antibiotics

2.2.	VTE	prophylaxis

3.	Complications

3.1.	Surgical	complications

3.2.	Acute	medical	complications	requiring	intervention

3.3.	Neurological	deficits	(only	new,	unexpected	deficits	or	
unexpected	significant	worsening	of	preoperative	deficits)	
and	other	major	unexpected	symptoms

4.	Impact	of	perioperative	complications	(additional	
unplanned	surgical	intervention,	unplanned	readmission	
or	prolongation	of	existing	hospitalization,	potentially	life-	
threatening	complication,	death,	if	any	of	the	above)

5.	Permanent	symptoms	(only	new,	unexpected	neurological	
deficits	or	unexpected	significant	worsening	of	preoperative	
deficits	persisting	at	6 months	postoperatively,	or	major	
unexpected	symptoms,	such	as	cosmetic	deficits)

6.	Consequences	of	permanent	neurological	deficits	on	
dependency	and	activities	of	daily	living
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and	serious	complications.1,3,20,23	Any	unlisted	compli-
cation,	for	instance,	any	of	the	adverse	effects	that	are	
specifically	 related	 to	 the	 Wada	 test36–	38	 or	 postopera-
tive	headache	of	unexpected	nature	or	intensity,39	can	
be	 specified.	 Several	 complications	 can	 be	 chosen	 for	
each	patient,	if	relevant.	If	no	complication	occurs,	the	
reporting	process	stops	here.

4.	 Any	 neurological	 deficits	 during	 the	 perioperative	 pe-
riod	 are	 reported.	 Following	 the	 definition,	 only	 new,	
unexpected	 deficits	 or	 unexpected	 significant	 worsen-
ing	of	preoperative	deficits	are	noted.	Deficits	are	listed	
as	 major	 groups	 as	 in	 previous	 reports.1–	3,11,12,20  The	
protocol	adds	a	new	item,	that	is,	major	cosmetic	deficit,	
being	 an	 outcome	 of	 potential	 importance	 for	 the	 pa-
tient's	quality	of	life.	Furthermore,	it	is	possible	to	spec-
ify	any	deficit	that	is	not	reported	appropriately	under	
the	major	headings.	As	will	be	discussed	later,	cognitive	
sequelae	are	not	included.

5.	 The	 impact	of	complications	 is	characterized	 in	 terms	
of	 whether	 they	 result	 in	 any	 additional	 unplanned	
surgical	 procedures,	 unplanned	 readmission	 or	 pro-
longation	of	hospital	stay,	or	death,	or	 if	 they	are	 life-	
threatening;	or	none	of	the	above.	The	choice	of	factors	
was	made	to	include	the	major	items	used	in	previous	
classifications.6–	9,14,16

6.	 Any	permanent	neurological	morbidity	is	described	in	
terms	of	new,	unexpected	deficits	or	unexpected	signifi-
cant	worsening	of	preexisting	deficits	 (as	noted	above	
for	 the	 perioperative	 period),	 which	 persist	 6  months	
after	surgery.	Persistent	major	cosmetic	deficits	are	also	
reported	at	this	point.	The	6-	month	limit	proposed	here	
was	reached	by	consensus,	as	recovery	is	mostly	com-
plete	beyond	this	time.

7.	 The	 consequences	 of	 permanent	 morbidity	 on	 activi-
ties	 of	 daily	 living	 and	 dependency	 are	 reported.	 This	
important	aspect	of	complications	has	not	been	 taken	
into	account	in	previous	reports	in	epilepsy	surgery	or	
invasive	 diagnostic	 procedures.	 We	 agreed	 to	 use	 the	
modified	 Rankin	 Scale	 (mRS),	 which	 has	 been	 used	
and	validated	in	several	neurological	and	neurosurgical	
conditions.40,41

3.4	 |	 Complicationsrelatedto
epilepsysurgery

For	 epilepsy	 surgery	 procedures	 (resective	 and	 discon-
nective),	 the	 type	 and	 localization	 of	 the	 procedure	 are	
reported	in	the	first	step.	Commonly	performed	types	of	
epilepsy	surgery	are	listed	in	the	protocol.42 Very	rare	pro-
cedures,	such	as	multiple	subpial	transections,	are	regis-
tered	as	“other”	and	specified	manually.

This	is	followed	by	specifying	surgical	and	acute	med-
ical	 complications,	 perioperative	 neurological	 deficits,	
impact	of	complications,	permanent	morbidity,	and	con-
sequences	of	permanent	morbidity,	 in	 the	same	manner	
as	for	invasive	diagnostic	procedures.

3.5	 |	 Feasibilitystudy

During	the	inclusion	period,	174	procedures	were	performed.	
Of	these,	53	were	invasive	diagnostic	procedures	(52	stereo-	
EEG	(SEEG)	procedures	and	one	exploration	with	grid	and	
depth	electrodes)	and	121	epilepsy	surgery	procedures	(36	
temporal	 resections,	 30	 frontal	 resections,	 14  hemispher-
otomies,	9	parietal	 resections,	7	complete	callosotomies,	6	
multilobar	 resections,	 6	 multilobar	 disconnections,	 4	 hy-
pothalamic	hamartoma	procedures,	2	insular	resections,	2	
thermocoagulations,	 and	 5	 other	 procedures).	 Ninety-	six	
(55%)	of	the	patients	were	male.	Patients’	ages	ranged	from	
11 months	 to	54 years	 (mean	18 years).	Forty-	eight	 (28%)	
of	the	patients	had	a	previous	neurological	deficit.	Twenty-	
seven	(16%)	had	previous	intracranial	surgery	(18	epilepsy	
surgery,	6	invasive	EEG,	2	both,	and	one	other).	Duration	of	
invasive	registrations	was	3–	17 days	(mean	10 days).

Following	 the	 definition	 in	 the	 protocol,	 only	 unex-
pected	adverse	events	were	reported	as	complications.	In	

T A B L E  2 	 Proposed	classification	of	complications	related	to	
epilepsy	surgery

1.	Location	of	resection/lesionectomy,	or	specify	disconnection

1.1.	Resection/lesionectomy

1.2.	Hemispheric	procedure

1.3.	Callosotomy

1.4.	Other

2.	Prophylactic	medication

2.1.	Antibiotics

2.2.	VTE	prophylaxis

3.	Complications

3.1.	Surgical	complications

3.2.	Acute	medical	complications	requiring	intervention

3.3.	Neurological	deficits	(only	new,	unexpected	deficits	or	
unexpected	significant	worsening	of	preoperative	deficits)	
and	other	major	unexpected	symptoms

4.	Impact	of	perioperative	complications	(additional	
unplanned	surgical	intervention,	unplanned	readmission	
or	prolongation	of	existing	hospitalization,	potentially	life-	
threatening	complication,	death,	if	any	of	the	above)

5.	Permanent	symptoms	(only	new,	unexpected	neurological	
deficits	or	unexpected	significant	worsening	of	preoperative	
deficits	persisting	at	6 months	postoperatively,	or	major	
unexpected	symptoms,	such	as	cosmetic	deficits)

6.	Consequences	of	permanent	symptoms	on	dependency	and	
activities	of	daily	living
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total,	 35	 patients	 (20%)	 had	 complications,	 which	 were	
related	to	5	of	the	53	invasive	diagnostic	procedures	(9%,	
all	SEEG),	and	30	of	the	121	epilepsy	surgery	procedures	
(25%)	(Table	3).	Eight	complications	had	an	impact	on	the	
postoperative	 course:	 (1)	 in	 SEEG	 implantations,	 man-
agement	of	a	superficial	wound	infection	in	one	case	and	
electrode	removal	in	two	cases;	(2)	in	epilepsy	surgery,	un-
planned	 readmission	 or	 prolongation	 of	 hospital	 stay	 in	
three	cases,	bone	flap	removal	in	one	case,	and	readmis-
sion	to	intensive	care	due	to	a	life-	threatening	complica-
tion	in	one	case.

In	nine	cases	 (5.2%	of	all	procedures),	one	SEEG	im-
plantation	 and	 eight	 resections,	 symptoms	 persisted	
6  months	 after	 the	 procedure.	 These	 symptoms	 were	 a	
mild	sensory	disturbance	after	SEEG	implantation,	diabe-
tes	 insipidus	after	a	hypothalamic	hamartoma	resection,	
partial	 sensory	 loss	 after	 two	 parietal	 resections,	 dyses-
thesia	after	an	insular	resection,	diplopia	after	an	anterior	
temporal	lobe	resection,	dysnomia	after	an	anterior	tem-
poral	 lobe	 resection,	 reading	 difficulties	 after	 a	 parieto-	
opercular	resection,	and	reading	difficulties	and	disabling	
vertigo	after	a	 temporo-	occipito-	basal	resection.	Two	pa-
tients,	one	of	whom	had	a	perioperative	complication,	did	
not	have	follow-	up	at	6 months	because	they	lived	abroad.

The	 reporting	 was	 complete	 for	 most	 items	 with	 the	
following	exceptions.	For	many	SEEG	implantations,	the	
number	 of	 electrode	 contacts	 or	 number	 of	 monitoring	
days	was	lacking.	Some	participating	centers	reported	this	
information	 to	 be	 not	 easily	 available.	 In	 some	 cases,	 it	
was	not	reported	whether	VTE	prophylaxis	was	given,	but	
this	could	be	clarified	by	contacting	the	center.	Outcome	
according	 to	 the	 mRS	 was	 not	 specified	 for	 2	 of	 the	 35	
cases	with	complications.

4 	 | 	 DISCUSSION

The	main	advantage	of	the	proposed	protocol	is	its	com-
prehensive	coverage	of	patient-		and	procedure-	related	fac-
tors,	which	are	relevant	to	the	identification	of	risk	factors	
for	complications.	In	an	internet-	based	setting,	data	could	
easily	be	retrieved	for	further	analysis	and	applied	for	dif-
ferent	purposes.	No	existing	severity	scale	has	been	incor-
porated	 into	 the	 protocol,	 but	 the	 information	 for	 such	
stratification	can	be	extracted.	For	instance,	classification	
of	complications	into	major	symptoms	(symptoms	persist-
ing	after	6 months)	and	minor	symptoms	(symptoms	re-
solving	within	6 months)	could	easily	be	performed	based	
on	 the	 database,	 as	 well	 as	 classification	 accounting	 for	
the	need	for	interventions.

The	number	of	items	in	the	proposed	protocol	may	ap-
pear	demanding.	However,	as	judged	from	our	feasibility	
study,	detailed	reporting	of	complications	according	to	the	

protocol	is	possible	if	performed	routinely	in	a	center.	For	
the	majority	of	patients	who	do	not	have	any	complica-
tions,	only	the	nature	of	the	procedure	has	to	be	reported	
and	the	occurrence	of	complications	negated.	For	patients	
who	have	a	complication,	with	or	without	persistent	mor-
bidity,	detailed	background	information	on	the	procedure	
performed	and	the	nature	of	 the	complication	is	needed	
for	informative	analysis.	For	instance,	a	number	of	studies	
on	 invasive	monitoring	 lack	 information	on	the	number	
of	 electrodes	 and	 the	 duration	 of	 monitoring	 that	 have	
been	associated	with	an	increased	risk	for	complications.1

4.1	 |	 Definitions

It	 is	 important	 to	note	 that	 in	 the	present	protocol,	only	
new	 and	 unexpected	 neurological	 deficits	 or	 significant	
unexpected	worsening	of	preoperative	deficits	are	reported	
as	complications.	The	Swedish	National	Epilepsy	Surgery	
Register	 defines	 a	 complication	 as	 an	 “unwanted,	 unex-
pected,	and	uncommon	event	after	a	diagnostic	or	thera-
peutic	 procedure.”12,20	 Similarly,	 Behrens	 et	 al.11	 stated	
that	 short-	lasting	 and	 reversible	 deficits	 that	 occurred	
after	surgery	in	the	immediate	vicinity	of	functionally	im-
portant	 brain	 areas	 were	 not	 regarded	 as	 complications,	
nor	were	persistent	deficits,	which	were	judged	to	be	in-
evitable	and	discussed	with	 the	patient	prior	 to	 surgery,	
for	example,	hemianopia	after	occipital	lobe	resection.

Conversely,	when	prospectively	monitoring	complica-
tions	 in	 pediatric	 invasive	 investigations,	 Blauwblomme	
et	al.16	followed	a	previous	definition	of	a	complication	as	
“any	untoward	event	related	to	a	child's	admission	which	
had	 the	 potential	 to	 increase	 their	 stay	 in	 hospital	 and/
or	produce	a	temporary	or	permanent	worsening	of	their	
health.”43	 Such	 a	 definition	 will	 be	 more	 inclusive	 com-
pared	to	when	expected	adverse	events	are	not	reported.	
In	invasive	EEG	investigations,	small,	asymptomatic	hem-
orrhages	 are	 common	 and	 the	 rate	 of	 this	 complication	
will	depend	on	whether	these	are	reported.44–	46

Clavien	et	al.	defined	three	types	of	negative	outcome	
in	surgery:	complications,	sequelae,	and	failures	of	surgi-
cal	therapy.	Sequelae	were	defined	as	alterations	in	body	
function	that	are	inherent	to	the	nature	of	the	procedure,	
whereas	 failures	 indicate	 that	 the	 purpose	 of	 the	 proce-
dure	is	not	fulfilled,	that	is,	recurrence	of	a	tumor.6

In	 epilepsy	 surgery,	 failure	 of	 surgery	 would	 often	
amount	 to	 lack	 of	 worthwhile	 seizure	 reduction,	 de-
pending	 on	 the	 preoperative	 goal.	 Obvious	 examples	 of	
sequelae	 are,	 as	 in	 any	 type	 of	 surgery,	 scars	 and	 a	 cer-
tain	amount	of	postoperative	pain.	We	also	believe	that	in	
epilepsy	surgery,	some	neurological	deficits	are	very	com-
mon	and	should	be	regarded	as	inherent	to	the	procedure,	
and	hence	as	sequelae.	For	instance,	 loss	of	useful	hand	
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function	is	an	expected	consequence	of	hemispheric	sur-
gery,	which	will	be	discussed	preoperatively	and,	in	some	
cases,	 lead	to	the	decision	to	perform	a	more	limited	re-
section.47,48	Similarly,	minor	visual	field	deficits	occur	in	
48%–	100%	of	patients	who	undergo	temporal	lobe	surgery	
for	epilepsy,	and	most	of	them	are	asymptomatic.	On	the	
other	hand,	major	visual	field	defects	occur	in	a	minority	
of	patients,	with	impact	on	daily	function,	quality	of	life,	
and	 eligibility	 to	 drive.49	 Consequently,	 some	 minor	 vi-
sual	field	deficits	should	be	regarded	as	expected	adverse	
effects	 in	 the	 context	 of	 temporal	 lobe	 surgery,	 whereas	
hemianopia	is	to	be	counted	as	a	complication.

Over	time,	the	introduction	of	new	techniques	in	sur-
gery	and	radiology	may	reduce	the	rate	of	visual	field	de-
fects.49,50	In	general,	the	rate	of	complications	in	epilepsy	
surgery	 has	 decreased	 dramatically	 over	 30  years.24  We,	
therefore,	 acknowledge	 a	 certain	 degree	 of	 subjectivity	
regarding	what	is	to	be	expected	from	epilepsy	surgery	in	
terms	of	neurological	worsening	or	other	adverse	events.	
In	borderline	cases,	we	suggest	 that	 the	event	should	be	
reported	as	a	complication.6

Although	 the	 feasibility	 study	 was	 designed	 to	 assess	
the	 functionality	 of	 the	 protocol,	 we	 note	 that	 rates	 of	
complication	(9%	for	SEEG	and	25%	for	epilepsy	surgery)	
were	higher	compared	to	other	studies	with	similar	defi-
nitions	 and	 prospective	 data	 collection.12,20	 In	 a	 limited	
sample,	 the	 types	 of	 surgical	 procedures	 and	 character-
istics	of	the	patient	cohort	(such	as	a	high	proportion	of	
hemispheric	 surgeries	 and	 young	 patients	 with	 preoper-
ative	deficits)	are	 likely	 to	 influence	 the	results.	We	also	
believe	that	the	multi-	dimensional	nature	of	the	present	
proposal	may	encourage	centers	 to	 report	“minor”	com-
plications	 that	 do	 not	 alter	 the	 surgical	 course	 or	 result	
in	permanent	deficits,	as	this	difference	will	be	apparent	
from	the	classification.

4.2	 |	 Limitationsandfutureperspective

Several	 important	 adverse	 effects	 of	 the	 presurgical	 and	
postoperative	course	of	epilepsy	surgery	are	not	addressed	
in	 the	 protocol.	 Apart	 from	 the	 surgical,	 medical,	 and	
neurological	complications	reported	here,	serious	adverse	
events	 during	 seizure	 monitoring	 (such	 as	 injuries	 and	
status	 epilepticus),	 significant	 postoperative	 neuropsy-
chological	 impairments,	 and	 serious	 psychiatric	 adverse	
effects,	need	to	be	recorded	and	followed	by	each	center.	
Patient-	reported	outcomes	and	quality	of	life	are	other	im-
portant	aspects	to	be	included	in	complementary	studies.

Cognitive	changes	are	common	after	epilepsy	surgery,	
depending	on	the	side	and	type	of	surgery	as	well	as	on	
patient	age	and	cognitive	function	at	baseline.	The	most	
consistently	 reported	 cognitive	 impairment	 is	 decline	 in	

verbal	memory	after	left	(dominant)	temporal	lobe	resec-
tion	 in	 up	 to	 40%	 of	 adult	 patients,	 which	 would	 hence	
be	 regarded	 as	 an	 expected	 adverse	 effect	 rather	 than	 a	
complication.51,52	 However,	 a	 small	 number	 of	 patients	
may	have	an	unexpectedly	severe	impairment	in	cognitive	
function,	which	would	 then	be	considered	as	abnormal,	
that	is,	as	a	complication.	One	way	to	define	the	cutoff	for	
a	cognitive	complication	could	be	a	loss	of	two	standard	
deviations	or	more	in	executive	function,	verbal	memory,	
or	visuospatial	memory,	which	would	appear	in	3%	of	the	
patients	 defined	 by	 patient-	based	 norms.51	 However,	 it	
would	also	be	necessary	to	consider	the	patient's	baseline	
performance	and	decide	how	to	account	for	the	variety	of	
cognitive	 tests	used	 in	 the	presurgical	 setting.	We	 there-
fore	 judged	 that	 adding	 cognitive	 complications	 to	 the	
suggested	classification	would	be	too	complex.	How	to	de-
fine,	document,	and	report	cognitive	complications	needs	
to	be	further	and	separately	discussed.

We	acknowledge	that	apart	from	the	items	included	in	
the	present	protocol,	other	factors	may	influence	the	risk	
for	 complications,	 for	 instance,	 variations	 in	 the	 experi-
ence	of	the	surgical	team	and	the	medical	resource	avail-
ability.	In	addition	to	varying	protocols	for	prophylaxis	of	
venous	 thrombosis	 and	 infection,	 some	 surgeons	 advo-
cate	the	use	of	steroids	in	invasive	electrode	procedures.	
Prophylactic	steroids	were	not	used	in	any	of	the	centers	
participating	in	the	feasibility	study,	and	this	issue	may	be	
addressed	in	future	versions	of	the	protocol.

Regarding	 the	 feasibility	 study,	 three	 of	 the	 partici-
pating	 centers	 used	 the	 classification	 in	 several	 differ-
ent	 epilepsy	 surgery	 procedures,	 but	 there	 were	 only	 35	
complications	 registered,	 and	 invasive	 investigations	
were	with	one	exception	limited	to	SEEG	implantations.	
Therefore,	the	usefulness	of	the	protocol	must	be	demon-
strated	with	more	participating	centers	and	a	wider	range	
of	procedures.

During	the	feasibility	study,	we	found	that	information	
on	the	number	of	electrode	contacts	was	not	easily	avail-
able	for	SEEG	implantations.	We	included	this	item	in	the	
protocol	for	invasive	diagnostic	procedures	based	on	pre-
vious	studies.	However,	although	an	association	between	
the	number	of	electrode	contacts	and	infectious	complica-
tions	has	been	reported	for	subdural	electrodes,19	this	has	
not	been	suggested	for	SEEG	and	depth	electrode	implan-
tations.	We	also	find	this	intuitively	less	likely,	as	the	num-
ber	 of	 electrode	 contacts	 in	 grids	 and	 strips	 is	 a	 marker	
for	 the	 size	 of	 the	 implanted	 electrode,	 whereas	 this	 is	
not	 the	 case	 for	 SEEG	 or	 depth	 electrodes.	Therefore,	 it	
seems	reasonable	to	exclude	this	item	for	SEEG	and	depth	
implantations.

We	also	found	some	inconsistencies	in	the	reporting	of	
mRS	for	the	patients	who	had	complications.	Many	of	the	
patients	in	this	cohort	were	children	with	comorbidities.	
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The	mRS	is	not	designed	for	pediatric	patients,53	and	it	is	
not	easily	interpreted	in	instances	of	significant	premorbid	
disability.54	A	standardized	outcome	measure	for	epilepsy	
surgery	 should	 take	 into	 account	 both	 normal	 develop-
ment	 and	 any	 neurological	 deficits,	 which	 may	 or	 may	
not	 be	 present	 before	 surgery.	 Moreover,	 drug-	resistant	
epilepsy	often	imposes	difficulties	in	daily	life,	which	are	
difficult	 to	distinguish	 from	the	effects	of	 impaired	neu-
rological	function.	If	the	entire	clinical	picture	is	consid-
ered,	no	patients	will	have	an	mRS	of	zero	unless	they	are	
seizure-	free	after	surgery,	as	this	outcome	would	require	
that	 there	are	“no	symptoms.”	Future	work	is	needed	to	
develop	a	standardized	outcome	measure	 for	daily	 func-
tion,	which	can	be	assessed	in	a	simple	and	reliable	way	in	
epilepsy	surgery	patients.

The	protocol	will	be	revised	continuously	based	on	in-
formation	gained	from	its	use	in	everyday	practice.	In	fu-
ture	revisions,	formal	consensus	methodology	can	be	used	
to	improve	the	acceptance	of	the	protocol.

As	this	protocol	aims	to	improve	the	reporting	of	com-
plications,	it	must	be	stressed	that	possible	adverse	events	
are	always	discussed	in	relation	to	the	chances	of	seizure	
freedom	or	seizure	reduction,	which	is	a	major	determi-
nant	of	patient	satisfaction.55 The	proposal	should	there-
fore	be	regarded	as	a	part	of	a	comprehensive	 follow-	up	
of	all	outcomes—	positive	and	negative—	which	influence	
the	trade-	off	before	surgery.

5 	 | 	 CONCLUSIONS

Complications	 in	 invasive	 diagnostic	 procedures	 and	
epilepsy	 surgery	 must	 be	 reported	 prospectively	 in	 a	
reproducible	 and	 standardized	 fashion	 to	 allow	 com-
parisons	 between	 different	 procedures,	 between	 dif-
ferent	 centers,	 and	 over	 time.	 To	 identify	 risk	 factors	
for	 complications,	 large-	scale	 multicenter	 studies	 are	
needed.	 In	 this	article,	we	propose	a	protocol	 that	pro-
vides	an	evidence-	based	collection	of	items	relevant	for	
prospective	reporting	of	complications.	The	protocol	has	
been	 discussed	 within	 the	 EU-	funded	 E-	pilepsy	 con-
sortium,	 the	 ILAE	 Commission	 on	 Surgical	 Therapies,	
and	the	ILAE	Task	Force	on	Pediatric	Epilepsy	Surgery	
2013–	2017.	 Although	 the	 protocol	 described	 here	 was	
discussed	 within	 two	 ILAE	 Commissions,	 it	 does	 not	
necessarily	represent	the	position	or	policy	of	the	ILAE.	
The	protocol	can	be	used	as	a	part	of	the	quality	control	
of	 individual	 centers	 and	 in	 future	 studies	 in	 order	 to	
improve	safety	in	epilepsy	surgery.	Separate	studies	are	
needed	to	improve	the	reporting	of	outcomes	as	regards	
neuropsychological	 function,	 dependency,	 activities	 of	
daily	living,	and	quality	of	life.
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