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1 	 | 	 INTRODUCTION

Aberrant	facial	nerve	stimulation	(AFNS)	can	be	a	serious	
limitation	for	hearing	rehabilitation	following	routine	co-
chlear	implantation.	Its	prevalence	was	estimated	at	5.6%	
(range:	0.68–	43%)	in	a	recent	systematic	review	assessing	
over	5000	patients.1	The	underlying	pathological	correlate	
for	this	postoperative	complication	is	cochlea-	facial	nerve	
dehiscence	 (CFD),	 which	 was	 first	 described	 in	 two	 pa-
tients	 in	 2014.2	 In	 the	 majority	 of	 cases,	 reimplantation	
can	be	avoided	and	further	use	of	the	device	safeguarded	
by	appropriate	programming	of	the	device;	however,	hear-
ing	benefit	is	variable	and	limited.	We	represent	a	rare	case	
in	which	the	effect	of	different	electrical	stimulation	strat-
egies	on	AFNS	could	be	compared	in	the	same	patient.

2 	 | 	 CASE REPORT

In	 2019,	 a	 32-	year-	old	 male	 patient	 with	 asymmetrical	
bilateral	 sensorineural	 hearing	 loss	 who	 no	 longer	 had	

benefit	from	a	conventional	hearing	aid	in	the	left	ear	was	
fitted	with	a	cochlear	implant	(CI)	at	a	tertiary	clinic.	As	
a	child,	he	suffered	chronic	progressive	headache,	the	un-
derlying	cause	of	which	was	a	pineocytoma	that	was	diag-
nosed	once	additional	visual	disturbances	occurred.	The	
tumor	was	first	removed	via	left-	sided	parietal	craniotomy	
in	1996	and	 subsequently	 three	years	 later	 following	 re-
currence.	He	 suffered	 repeated	bilateral	 sudden	sensori-
neural	 hearing	 loss.	 The	 implant	 used	 was	 the	 HiResTM 
Ultra	implant	(Advanced	Bionics,	Valencia,	USA)	coupled	
with	the	Slim J	electrode	array	with	monopolar	biphasic	
pulse	stimulation	(Table 1,	Figures 1A,	2A).

The	 operation	 was	 performed	 without	 complication,	
and	 the	 postoperative	 computed	 tomography	 scan	 (CT)	
showed	 full	 insertion	 of	 the	 electrode	 array	 (EA)	 in	 the	
scala	 tympani.	 The	 subsequent	 initial	 activation	 of	 the	
implant	 resulted	 in	 immediate	 and	 severe	 AFNS,	 which	
meant	that	only	the	six	basal	electrodes	could	be	activated.	
Review	 of	 the	 preoperative	 CT	 confirmed	 the	 suspected	
CFD	between	the	cochlear	basal	turn	and	the	labyrinthine	
segment	of	the	fallopian	canal	not	only	on	the	affected	side,	
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dehiscence	that	was	most	likely	the	result	of	prolonged	occlusive	hydrocephalus.	
The	 successful	 treatment	 of	 this	 adverse	 effect	 demonstrates	 for	 the	 first	 time	
its	complete	resolution	using	a	multi-	mode	grounding	and	monophasic	passive	
discharge	stimulation.
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but	also	on	the	contralateral	side	(Figure 3).	Despite	the	
implementation	of	all	management	strategies	reported	in	
the	literature	such	as	reprogramming	with	lower	C-	Level	
and	 different	 pulse	 width,	 as	 well	 as	 deactivating	 chan-
nels,	 the	AFNS	continued	 to	 limit	hearing	performance.	
Six	months	after	initial	fitting,	speech	intelligibility,	as	de-
termined	by	the	German	Freiburg	monosyllabic	word	test	

in	quiet,3	was	50%	and	remained	the	same	after	one	year.	
However,	this	hearing	performance	was	only	possible	due	
to	weakening	of	the	AFNS	by	means	of	botulinum	toxin	
injections.

Subsequently,	it	rapidly	decreased	to	12.5%.	An	implant	
check	 showed	 the	 typical	 constellation	 of	 electrophysio-
logical	measurements	including	low	electrode	impedances	

T A B L E  1 	 Characteristics	of	the	two	lateral	wall	electrode	arrays

Type
Active length 
(mm)

Cross section (d = mm)

Contacts (n) Contacts formProximal Distal

SlimJ
(Advanced	Bionics)

20 0.76 × 0.56 0.55 × 0.26 16 Planar	on	medial	surface,
platinum

Classic
(Oticon)

25 1.07 0.5 20 Full- band,
titanium–	iridium

F I G U R E  1  Schematic	representation	of	the	different	grounding	methods	of	the	first	(A)	and	the	second	CI	(B).	A,	In	the	extracochlear	
monopolar	grounding	method,	most	of	the	electric	charge	(+	C)	returns	to	the	reference	EA	and	the	end	of	the	EA.	B,	In	the	multi-	mode	
grounding	method,	during	the	active	phase,	every	electrode	contact	is	a	path	for	the	electric	charge	to	return	additional	to	the	reference	
electrode

F I G U R E  2  Schematic	representation	
of	the	different	electrical	stimulation	
between	the	first	(A)	and	the	second	CI	
(B).	Monopolar	biphasic	pulse	(cathodic	
first,	A1)	leads	to	broad	spread	of	
excitation	in	the	cochlea	(marked	with	
dotted line,	A2).	Monophasic	passive	
discharge	stimulation	(anodic	first,	B1)	
leads	to	selected	stimulation	with	increase	
of	the	pulse	duration,	which	results	in	
focused	excitation	of	the	neurons
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in	combination	with	lack	of	increase	in	loudness	growth	
perception,	 suggestive	of	a	delayed	 technical	device	 fail-
ure	in	a	case	already	published	with	this	implant	series.4	
Following	detailed	unbiased	counseling	about	all	techni-
cal	options	and	surgical	risks,	the	patient	chose	to	change	
the	device	manufacturer	and	try	an	alternative	electrical	
stimulation.

The	 fact	 that	 even	 stimulation	 from	 basal	 electrode	
contacts	led	to	AFNS	suggested	that	reimplantation	from	
the	lateral	wall	to	a	perimodiolar	EA	would	not	be	suf-
ficient	on	its	own	to	resolve	the	problem.	We	therefore	
sought	an	implant	with	a	different	stimulation	strategy	
with	minimal	electrical	current	spread	 from	the	EA	in	
the	surrounding	tissue	irrespective	of	its	contour	design.	
Our	search	led	us	to	the	Neuro Zti	implant	with	Classic	
20-	channel	 EA,	 Oticon	 Medical,	 Vallauris,	 France,	
which	employs	multi-	mode	grounding	and	monophasic	
passive	discharge	stimulation	(Table 1,	Figures 1B,	2B).	
Intraoperatively,	 an	 intracochlear	 dose	 of	 a	 mixture	 of	
hyaluronic	acid	(2mg/ml)	and	dexamethasone	(8mg/ml)	
was	administered	after	explantation	of	the	initial	device	
to	reduce	friction	forces	and	to	protect	the	neural	struc-
tures.	Cochlear	patency	was	checked	with	an	insertion	
probe.	 Subsequently,	 the	 Classic	 EA	 could	 be	 fully	 in-
serted	 without	 resistance.	 During	 the	 operation,	 there	
was	no	AFNS	detected	using	the	new	electrical	stimula-
tion,	even	at	high	current	levels.	However,	measurement	
of	 the	 electrically	 evoked	 compound	 action	 potentials,	
which	(with	 this	system)	can	only	be	measured	with	a	
monopolar	biphasic	pulse,	resulted	in	facial	nerve	stim-
ulation	 even	 at	 low	 current	 levels,	 as	 demonstrated	 by	
facial	nerve	monitoring.

Postoperative	CT	again	confirmed	optimal	insertion	of	
the	EA.	At	implant	activation,	all	electrode	contacts	could	
be	 stimulated	 without	 eliciting	 AFNS.	 The	 hearing	 per-
formance	 rapidly	 improved,	and	after	 three	months,	 the	
speech	 intelligibility	 was	 70%,	 better	 than	 with	 the	 first	
CI	before	the	technical	failure	was	diagnosed.	Vestibular	
function	 remained	 intact.	 A	 test	 of	 the	 explanted	 CI	

confirmed	device	failure	due	to	a	short	circuit	within	the	
electrode	array.

3 	 | 	 DISCUSSION

This	is	the	first	case	report	to	demonstrate	that	electrical	
stimulation	through	a	multi-	mode	grounding	and	mono-
phasic	 passive	 discharge	 prevents	 AFNS.	 The	 presented	
patient	 had	 no	 otosclerosis,	 temporal	 bone	 fracture,	 or	
inner	ear	malformation,	which	are	considerable	risks	for	
CFD.5	The	serial	technical	failure	of	the	device	alone	does	
not	cause	AFNS.4	Thorough	study	of	his	medical	 record	
showed	 that	he	had	a	prolonged	obstructive	hydroceph-
alus	 due	 to	 the	 pineocytoma,	 which	 was	 subsequently	
treated	with	ventricular	drainage.	Intracranial	hyperten-
sion	 is	believed	 to	cause	pressure-	induced	deossification	
and	is	discussed	in	the	literature	as	a	potential	cause	for	
superior	canal	dehiscence6	and	is	therefore	the	most	likely	
cause	for	the	bilateral	CFD	in	this	case.

This	rare	bone	dehiscence	site	was	not	preoperatively	
detected	on	the	CT	scan	(Figure 3).	The	mean	distance	
between	 the	 labyrinthine	canal	of	 the	 facial	nerve	and	
the	 cochlear	 otic	 capsule	 varies	 among	 patients.	 Fang	
et	al.	found	on	coronal	histologic	sections	in	over	1000	
temporal	bone	specimens	that	this	distance	was	0.23 mm	
(range,	0–	0.92 mm)	and	in	only	0.6%	was	a	complete	CFD	
observed.7	 However,	 in	 nearly	 35%	 of	 specimens,	 both	
structures	 were	 separated	 by	 a	 less	 than	 0.1  mm	 bony	
plate,	which	cannot	be	reliably	seen	on	high-	resolution	
CT	scans.	Song	et	al.,	who	found	a	significantly	higher	
prevalence	 of	 CFD	 on	 CT	 scans	 of	 5.4%	 in	 406	 ears,8	
confirmed	 this	 discrepancy	 between	 histologic	 and	 ra-
diologic	findings.	Because	of	resolution	limitations	and	
partial	volume	averaging	effects,	they	questioned	the	va-
lidity	of	the	radiographic	CFD.	Therefore,	 it	 is	difficult	
to	 predict	 from	 CT	 images	 whether	 AFNS	 will	 occur.9	
However,	in	the	current	case,	the	broad	contact	between	
the	 upper	 basal	 turn	 and	 the	 labyrinthine	 segment	 of	

F I G U R E  3  Cochlea-	facial	nerve	dehiscence	on	preoperative	CT	images	by	means	of	open-	source	software	Osirix	MD	(Pixmeo,	Los	
Angeles,	California)	using	three-	dimensional	multiplanar	reconstruction.	The	main	plane	(A)	is	adjusted	parasagittal	through	the	basal	
turn	of	the	cochlea	(dot).	Its	crossing	point	with	the	other	two	orthogonal	planes	(B,	axial,	and	C,	mid-	modiolar)	is	the	dehiscence	(arrow).	
Asterisk:	labyrinthine	segment	of	the	facial	nerve.	Left	ear;	1 mm	slice	thickness;	Scale	bar:	1 cm

(A) (B) (C)
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the	 facial	 nerve	 makes	 a	 CFD	 very	 likely	 and	 explains	
the	severe	AFNS.

Examination	 of	 the	 CT	 for	 the	 diagnosis	 of	 dehis-
cence	 using	 only	 one	 plane	 can	 be	 deceptive.	 In	 the	
literature,	measuring	of	the	distance	between	the	above-	
mentioned	 structures	 is	 not	 standardized.	 Using	 a	
three-	dimensional	multiplanar	reconstruction	as	shown	
on	 Figure  3  makes	 the	 evaluation	 of	 the	 data	 set	 eas-
ier.	 Furthermore,	 this	 case	 underlines	 the	 importance	
of	evaluating	the	preoperative	CT	scan	for	CFD	partic-
ularly	 in	 cases	 with	 history	 of	 chronic	 hydrocephalus,	
since	this	is	relevant	for	the	choice	of	the	appropriate	CI	
device.	Crucial	in	such	cases	is	not	primarily	the	design	
of	EA,	but	rather	the	strategy	for	electrical	stimulation	
with	minimal	current	spread	out	of	the	cochlea.	The	di-
mensions	of	both	lateral	wall	EA	used	in	the	presented	
case	are	similar	(Table 1).	Although	the	Classic	EA	has	
full-	band	electrode	contacts	in	contrast	to	the	Slim J	EA,	
which	 has	 planar	 contacts	 toward	 the	 modiolus,	 there	
was	no	AFNS	upon	device	activation.

The	 most	 efficient	 tool	 to	 prevent	 current	 loss	 is	 the	
grounding	 strategy,	 which	 enables	 the	 selective	 single-	
phase	pulse	 shape.	 In	 the	monopolar	 stimulation	mode,	
the	ground	path	for	the	current	is	the	reference	electrode	
outside	the	cochlea;	therefore,	most	of	the	current	perme-
ates	through	the	cochlear	wall	(Figure 1A).	Approximately	
15%	of	the	current	is	actually	going	to	the	modiolus,	while	
22%	is	spreading	to	the	basal	end	of	the	cochlea	and	64%	
leaking	into	the	periphery	where	it	could	stimulate	the	fa-
cial	nerve.10	The	Neuro Zti	implant	provides	a	multi-	mode	
grounding	method,	which	allows	in	the	active	phase	that	
each	 of	 the	 20	 electrode	 contacts	 inside	 the	 cochlea	 are	
also	a	path	for	the	current	to	return	in	addition	to	the	ref-
erence	electrode	outside	the	cochlea	(Figure 1B).

An	alternative	stimulation	mode	is	the	partial	tripolar	
configuration,	by	which	75%	of	the	current	returns	to	the	
intracochlear	and	25%	to	the	extracochlear	electrodes	and	
has	 been	 shown	 to	 provide	 better	 speech	 perception	 in	
noise.11	The	fact	that	post	reimplantation,	no	stimulation	
of	the	facial	nerve	occurred	suggests	that	the	multi-	mode	
grounding	 with	 monophasic	 passive	 discharge	 stimula-
tion	could	similarly	provide	reduced	spread	of	the	electri-
cal	stimulation	into	the	periphery.

Another	 unique	 characteristics	 of	 the	 Neuro Zti	 im-
plant	 are	 the	 way	 pulses	 are	 presented.	 The	 traditional	
shape	of	a	pulse	 in	a	CI	system	is	a	monopolar	biphasic	
pulse	(Figure 2A).	In	the	cathodic	phase,	the	nerve	is	stim-
ulated,	and	in	the	second	anodic	phase,	it	recovers.	Each	
phase	has	equal	duration	and	generates	a	different	exci-
tation	profile	in	the	current	path,	which	leads	to	spectral	
smearing	 because	 different	 groups	 of	 neurons	 are	 stim-
ulated	at	the	same	time,	and	also	individual	neurons	re-
spond	differently	to	different	phases.12

A	 stimulation	 that	 provides	 a	 lower	 amplitude	 and	 a	
lower	most	comfortable	level,	as	in	biphasic	pulse	stimula-
tion,	is	the	triphasic	stimulation	used	by	another	manufac-
turer.13	This	can	prevent	an	AFNS	if	high	electric	charges	
are	 needed	 for	 the	 patient,	 but	 in	 our	 case,	 the	 electric	
charge	that	affected	the	facial	nerve	was	very	low	(under	
5,5	 nano	 coulomb	 (nC))	 with	 the	 HiResTM Ultra	 device,	
and	we	therefore	expected	no	improvement	of	the	AFNS	
with	 this	 stimulation	mode.	The	 Neuro Zti	 implant	uses	
an	asymmetric	stimulation	method.	To	be	more	selective,	
the	system	uses	an	initial	anodic	phase	monophasic	pas-
sive	 discharge	 stimulation	 to	 save	 power	 and	 allows	 the	
charge	of	the	capacitors	to	recover	as	shown	in	Figure 2B.	
This	eliminates	the	extra	phase	in	the	monopolar	biphasic	
stimulation	and	results	in	a	more	focused	excitation	of	the	
neurons.

4 	 | 	 CONCLUSION

In	patients	with	a	medical	history	of	prolonged	obstruc-
tive	hydrocephalus,	 the	preoperative	CT	prior	 to	coch-
lear	 implantation	 should	 be	 thoroughly	 evaluated	 for	
cochlea-	facial	 nerve	 dehiscence.	 In	 such	 cases,	 the	 se-
lection	of	the	CI	device	should	enable	electrical	stimula-
tion	of	the	cochlea	with	minimal	current	leakage	in	the	
surrounding	 tissue.	 AFNS	 can	 be	 avoided	 with	 multi-	
mode	 grounding	 and	 monophasic	 passive	 discharge	
stimulation.
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