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Abstract
Objective: To	 investigate	 the	prevalence	and	surgical	outcome	of	 lens	capsule	
disruption	(LCD)	in	dogs	undergoing	cataract	removal.
Animals studied: Medical	records	of	924	eyes	undergoing	phacoemulsification	
were	analyzed	retrospectively.
Procedures: Routine	cataract	surgeries	with	or	without	LCD	were	included.	Any	
LCD	other	than	routine	anterior	capsulorhexis	was	defined	as	LCD	and	classified	
according	to	location	and	etiology.	Odds	ratios	(OR)	were	calculated	for	maintain-
ing	vision,	implantation	of	an	artificial	intraocular	lens	(IOL),	and	enucleation.
Results: In	total,	520	eyes	were	included.	A	LCD	occurred	in	145	eyes	(27.8%;	
145/520)	and	affected	the	posterior	(85.5%;	124/145),	anterior	(6.2%;	9/145),	and	
equatorial	lens	capsule	(4.8%;	7/145)	and	at	multiple	locations	(3.4%;	5/145).	The	
etiology	of	the	LCD	was	spontaneous	preoperative	in	41	eyes	(28.3%;	41/145),	ac-
cidental	intraoperative	in	57	eyes	(39.3%;	57/145),	and	planned	in	47	eyes	(32.4%;	
47/145).	 Disruption	 did	 not	 increase	 the	 odds	 of	 enucleation	 (OR	=	1.48,	 95%	
confidence	 interval	 [CI]	 0.56–	3.67;	 p	=	.36).	 The	 presence	 of	 LCD	 significantly	
increased	the	risk	of	losing	vision	1	year	post-	operatively	(OR	=	8.17,	95%	CI	1.41–	
84.93;	p	=	.007)	associated	with	retinal	detachment.	However,	this	was	not	present	
at	2	years	follow-	up	or	in	PCCC	cases	at	any	time	point.	An	IOL	was	implanted	
in	108	eyes	(108/145;	75.2%)	with	LCD	and	in	45/47	(95.7%)	eyes	with	a	PCCC.
Conclusion: Increased	 surgeon	 awareness	 of	 possible	 intraoperative,	 acciden-
tal	LCDs	is	important,	as	LCDs	were	relatively	common	and	associated	with	in-
creased	odds	for	vision	loss	after	1	year	in	the	present	study.	A	prospective	study	
investigating	the	causes	of	intraoperative,	accidental	LCD	is	warranted.
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1 	 | 	 INTRODUCTION

Lens	capsule	disruption	(LCD)	other	than	routine	anterior	
capsulorhexis	purposefully	performed	by	the	surgeon	is	a	
well-	recognized	 complication	 associated	 with	 cataracts	
and	their	surgical	management.1	Lens	capsule	disruption	
can	 occur	 preoperatively,	 associated	 with	 rapid-	onset	 of	
juvenile	 or	 diabetic	 cataracts,	 and/or	 intraoperatively.2	
Lens	capsule	disruption	reduces	 the	safety	of	 in-	the-	bag	
intraocular	lens	(IOL)	implantation	and	can	significantly	
reduce	 the	 ability	 of	 IOL	 placement.3	 Early	 intraopera-
tive	 identification	 of	 LCD	 is	 important	 to	 minimize	 the	
enlargement	of	 the	 tear,	prevent	 its	extension	 to	 the	pe-
riphery,	avoid	vitreal	prolapse,	and/or	dislocation	of	lens	
fragments	into	the	vitreous.4

Failure	 to	 implant	 an	 artificial	 IOL	 reduces	 optimal	
surgical	success	and	results	in	hyperopia	with	a	refractive	
error	 of	 14	 diopters	 in	 the	 canine	 species.5,6	 Intraocular	
lens	placement	is	important	to	reduce	the	development	of	
posterior	capsular	opacification.7	Biros	et	al.8	 found	that	
the	implantation	of	an	IOL	was	associated	with	a	signifi-
cantly	 lower	 risk	 for	 postoperative	 glaucoma	 and	 con-
cluded	 that	 complications	 preventing	 IOL	 implantation	
may	increase	the	risk	of	glaucoma	development.	There	is	
some	controversy	over	whether	disruption	of	the	lens	cap-
sule	before	or	during	surgery	can	increase	the	recognized	
risks	 of	 phacoemulsification,	 such	 as	 uveitis,	 secondary	
glaucoma,	 retinal	 detachment,	 retained	 lens	 fragments,	
hemorrhage,	and	corneal	edema.1,4,9

The	etiology	of	LCD	can	be	spontaneous,	traumatic,	or	
accidental	intraoperative,	and	it	can	influence	the	urgency	
and	 phacoemulsification	 technique.2,10,11	 Spontaneous	
LCD	 is	 most	 frequently	 reported	 in	 rapidly	 progressing	
and	intumescent	diabetic	cataracts	and	can	be	preopera-
tively	diagnosed	in	the	majority	of	eyes.2	In	humans,	the	
cataract	 type,	 etiology,	 and	 stage,	 alongside	 experience	
and	 technique	 of	 the	 surgeon,	 are	 reported	 to	 affect	 the	
development	 of	 LCD.12	 Although	 the	 effect	 of	 surgeon's	
experience	has	not	been	thoroughly	studied	in	veterinary	
cataract	 surgery,	 the	 incidence	 of	 accidental	 intraopera-
tive	LCD	during	phacoemulsification	 in	human	patients	
is	thought	to	largely	depend	upon	the	experience	and	skill	
of	 the	 surgeon.12–	14	 Contrary	 to	 canine	 patients,	 sponta-
neous	 lens	 capsule	 rupture	 in	 humans	 has	 not	 been	 re-
ported	 in	 association	 with	 diabetes	 mellitus.2	 However,	
spontaneous	 lens	 capsule	 rupture	 in	 humans	 has	 been	
reported	in	hypermature	senile	cataracts	and	Alport's	syn-
drome.15,16	Alport's	syndrome	is	an	inherited	disorder	af-
fecting	type	IV	collagen	resulting	in	clinical	signs	such	as	
anterior	lenticonus.17

A	 planned	 LCD	 is	 carried	 out	 by	 performing	 a	 pos-
terior	 continuous	 curvilinear	 capsulorhexis	 (PCCC).1,7	
Planned	PCCC	is	indicated	in	axial	lens	capsular	plaques,	

and	 in	 young	 patients,	 in	 which	 marked	 lens	 fiber	 re-
growth	and	posterior	capsular	opacification	may	occur.7,18	
A	PCCC	is	also	a	recognized	approach	in	veterinary	and	
human	 medicine	 to	 manage	 accidental	 intraoperative	
capsular	 tears	 to	 prevent	 further	 tear	 extension	 during	
phacoemulsification.13,19–	21

There	is	a	paucity	within	the	veterinary	literature	iden-
tifying	the	frequency	and	characteristics	of	LCD,	with	only	
one	study	having	been	published	in	the	previous	two	de-
cades.3	It	is	essential	to	understand	appropriate	manage-
ment	and	outcomes	to	provide	more	accurate	information	
regarding	surgical	success	and	the	long-	term	prognosis	of	
vision.	The	present	study	retrospectively	reports	the	prev-
alence	of	LCD.	Furthermore,	it	aims	to	identify	the	odds	of	
complications	and	visual	outcomes	following	phacoemul-
sification,	dependent	on	their	etiology	and	the	location	of	
the	LCD.

2 	 | 	 MATERIALS AND METHODS

The	 clinical	 records	 were	 extracted	 for	 dogs	 that	 under-
went	phacoemulsification	between	April	2012	and	April	
2019	at	the	Queen	Mother	Hospital	for	Animals	(QMHA).	
The	definition	used	for	LCD	in	this	study	was:	LCD	other	
than	 routine	 anterior	 capsulorhexis	 purposedly	 per-
formed	by	 the	surgeon.	Eyes	were	 included	 if	a	 routine,	
uncomplicated	 procedure	 had	 been	 performed	 with	 no	
contraindications	 for	 IOL	 placement	 and	 therefore	 clas-
sified	 as	 routine	 without	 the	 presence	 of	 a	 LCD.	 Eyes	
were	 included	 in	 the	LCD	group	if	a	LCD	occurred	pre-		
or	 intraoperatively	 (planned	 PCCC	 or	 unplanned).	 Eyes	
were	excluded	if	there	was	an	incomplete	preoperative	or	
surgical	record,	or	if	there	was	recorded	existence	of	pre-		
or	intraoperative	lens	instability	or	luxation,	a	history	of	
trauma,	 progressive	 retinal	 atrophy,	 and/or	 a	 history	 of	
corneal	surgery.

The	signalment,	diabetic	status,	and	duration	(time	of	
diagnosis/presentation	 to	 time	 of	 phacoemulsification)	
and	maturity	of	cataract	were	recorded.	Information	from	
ophthalmic	examinations	completed	before	cataract	 sur-
gery	was	used	to	identify	clinical	signs	that	raised	suspi-
cion	 of	 preoperative	 LCD,	 such	 as	 phacoclastic	 uveitis,	
asymmetric	anterior	chamber,	a	shift	of	lens	suture	lines,	
intralenticular	 uveal	 pigmentation,	 posterior	 synechia,	
and	visible	lens	capsular	tears.	Information	from	an	ocular	
ultrasound	performed	by	a	board-	certified	veterinary	ra-
diologist	and/or	veterinary	radiology	resident	was	used	to	
determine	the	presence	and	location	of	preoperative	LCD.	
The	images	were	obtained	using	a	3–	16-	MHz	(Samsung,	
Lysis	Healthcare	GmBH)	linear	ultrasound	probe.	The	re-
ports	were	assessed	for	ultrasonographic	findings	of	LCD,	
including	irregularity	of	the	lens	borders,	discontinuation	
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of	the	lens	capsule,	lens	nucleus	displacement,	an	increase	
in	lens	capsule	echogenicity,	a	reduction	in	lens	diameter,	
and	the	presence	of	hyperechoic	and	amorphous	material	
within	 the	 vitreous	 protruding	 from	 the	 posterior	 lens	
capsule.22,23	Information	from	surgical	reports	was	used	to	
confirm	the	occurrence	of	spontaneous	preoperative	LCD	
and	to	differentiate	between	accidental	intraoperative	and	
planned	 PCCC,	 and	 confirm	 other	 intraoperative	 com-
plications,	 such	 as	 retained	 lens	 fragments	 and	 hemor-
rhage.	Information	on	IOL	placement	was	also	extracted.	
Surgical	 reports	were	used	 to	confirm	 the	occurrence	of	
postoperative	complications,	including:	postoperative	oc-
ular	 hypertension	 (defined	 as	 >25	mmHg	 within	 48	h),	
glaucoma,	 retinal	 detachment,	 endophthalmitis,	 corneal	
edema,	decentration	or	dislocation	of	 the	IOL,	and	enu-
cleation	at	any	time	point.8	The	medical	records	were	used	
to	 extract	 information	 on	 how	 often	 clinicians	 assessed	
patients	postoperatively	throughout	the	follow-	up	period	
and	how	many	owners	complied	with	the	recommenda-
tion	to	return	for	re-	evaluation.	Surgical	success	was	cate-
gorized	as	the	presence	of	postoperative	vision	(using	the	
presence	of	the	menace	response),	IOL	placement,	and	an	
absence	of	enucleation	reported	at	any	time	point	in	the	
postoperative	period.	Data	from	eyes	with	any	type	of	LCD	
were	compared	to	data	from	eyes	with	routine	phacoemul-
sification	without	LCD.

Descriptive	statistics	and	statistical	analyses	were	per-
formed	comparing	groups	with	and	without	a	LCD	using	
odds	 ratios	 (95%	 confidence	 intervals)	 and	 a	 one-	tailed	
Fisher	exact	test.	Results	were	considered	significant	with	
a	p	value	<	.05.	The	two	groups	were	statistically	compared	
for	(1)	postoperative	enucleation,	(2)	postoperative	vision	
(defined	as	the	presence	of	menace	response),	and	(3)	im-
plantation	of	an	IOL.

3 	 | 	 RESULTS

A	total	of	924	records	were	reviewed,	and	520	eyes	of	309	
dogs	met	the	inclusion	criteria.	The	mean	age	±	standard	
deviation	(SD)	of	the	study	population	was	8.4	±	3.1	years,	
ranging	from	0.4	to	17.5	years.	Sex	and	neuter	status	re-
vealed	 158/309	 (51.1%)	 were	 neutered	 males,	 24/309	
(7.8%)	 entire	 males,	 105/309	 (34.0%)	 neutered	 females,	
and	 22/309	 (7.1%)	 entire	 females.	 Fifty-	five	 breeds	
were	 represented	 and	 44/309	 (14.2%)	 of	 the	 dogs	 were	
crossbreeds.	The	 Jack	Russell	 terrier	was	 the	most	 rep-
resented	 breed,	 accounting	 for	 25/309	 (8.1%)	 of	 the	
dogs	 studied.	 Other	 common	 breeds	 included	 the	 West	
Highland	 White	 Terrier	 (24/309,	 7.8%),	 Labrador	 re-
triever	 (22/309,	7.1%),	Bichon	Frise	 (22/309,	7.1%),	and	
the	 miniature	 Schnauzer	 (20/309,	 6.5%).	 Of	 the	 study	
population,	 165/309	 (53.4%)	 had	 concurrent	 diabetes	

mellitus.	 The	 average	 time	±	SD	 from	 cataract	 diagno-
sis	 to	 presentation	 to	 the	 referral	 hospital	 was	 shorter	
in	 diabetic	 patients	 (108	±	159.9	days)	 compared	 to	
non-	diabetics	 (231	±	317.6	days).	 The	 average	 time	±	SD	
between	diagnosis	of	 the	cataract	and	phacoemulsifica-
tion	 was	 205	±	322.3	days;	 the	 group	 without	 LCD	 had	
an	average	of	192	±	309.7	days	and	 the	group	with	LCD	
had	an	average	of	241	±	353	days.	The	time	difference	be-
tween	both	groups	was	not	statistically	significant	(95%	
CI	 −12.923	 to	 110.923;	 p	=	.12).	 The	 average	 time	±	SD	
from	presentation	to	the	referral	hospital	to	phacoemul-
sification	was	shorter	in	diabetic	patients	(47	±	56.8	days)	
compared	 to	 non-	diabetics	 (76	±	172.69	days).	 Surgery	
was	performed	by	eight	different	surgeons	varying	from	
supervised	residents	to	board-	certified	ophthalmologists.	
The	eyes	were	operated	on	at	varying	stages	of	cataract	
progression	including	incipient	(1/520,	0.1%),	immature	
(222/520,	 42.7%),	 mature	 (263/520,	 50.6%),	 and	 hyper-
mature	(34/520,	6.5%)	cataracts.	There	was	a	significant	
difference	 in	 the	 stage	 of	 cataract	 maturity	 at	 surgery	
between	 the	groups	 (95%	CI	−0.004	 to	−0.236;	 p	=	.04).	
Phacoemulsification	 was	 most	 commonly	 performed	
when	 the	 cataract	 was	 mature	 in	 eyes	 without	 LCD	
(210/375,	56.0%)	than	in	eyes	with	LCD	(77/145,	53.1%).	
A	 greater	 proportion	 of	 hypermature	 cataracts	 under-
went	surgery	in	the	LCD	group	(14/145,	9.7%)	compared	
to	the	group	without	LCD	(20/375,	5.3%).

There	were	145/520	eyes	with	LCD,	which	accounts	for	
27.9%	 of	 the	 study	 population.	 Of	 these,	 72/145	 (49.6%)	
had	 a	 diabetic	 cataract.	 The	 diabetic	 population	 had	 a	
significantly	 increased	 risk	 of	 LCD	 (95%	 CI	 0.39–	0.85;	
p	=	.005).	Bilateral	LCDs	were	described	in	31/309	(10.0%)	
of	 dogs,	 of	 which	 17/31	 (54.8%)	 were	 diabetic	 patients.	
In	 the	 83/145	 (57.2%)	 unilateral	 eyes	 with	 LCD,	 49/83	
(59.0%)	had	LCD	affecting	the	right	eye	and	34/83	(41.0%)	
affecting	 the	 left,	 which	 was	 statistically	 different	 (95%	
CI	2.80–	32.08;	p	=	.02).	Of	all	 the	eyes	with	LCD,	47/145	
(32.4%)	underwent	a	planned	PCCC	(Figure 1).	A	PCCC	
accounted	for	47/124	(37.9%)	of	all	eyes	with	a	LCD	solely	
affecting	the	posterior	lens	capsule.	The	unplanned	LCDs	
(98/145,	67.6%)	comprised	of	57/98	(58.2%)	accidental	in-
traoperative	 tears	 located	 posteriorly	 (41/57,	 71.9%),	 an-
teriorly	 (9/57,	 15.8%),	 at	 multiple	 locations	 (4/57,	 7.0%),	
or	equatorially	(3/57,	5.3%).	The	remainder	(41/98,	41.8%)	
were	spontaneous	preoperative	LCDs	 located	posteriorly	
(36/41,	 87.8%),	 equatorially	 (4/41,	 9.8%),	 or	 at	 multiple	
locations	 (1/41,	 2.4%;	 Table  1).	 Spontaneous	 LCD	 was	
diagnosed	 on	 ophthalmic	 examination	 in	 11/41	 (26.8%)	
eyes.	In	a	total	of	2/375	(0.5%)	eyes,	a	LCD	was	suspected	
based	 on	 the	 ophthalmic	 examination,	 but	 the	 surgeon	
could	 not	 identify	 a	 LCD	 intraoperatively.	 Spontaneous	
LCD	 was	 correctly	 diagnosed	 during	 a	 preoperative	 oc-
ular	 ultrasound	 in	 30/41	 (73.1%)	 eyes.	 Five	 eyes	 (5/520,	
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1%)	 exhibited	 ultrasonographic	 findings	 suspicious	 of	
LCD;	however,	a	LCD	was	not	identified	intraoperatively	
(i.e.,	false	positive).	The	most	consistent	ultrasonographic	
changes	 suggestive	 of	 LCD	 were	 irregularity	 of	 the	 lens	
capsule	and	the	presence	of	hyperechoic	amorphous	ma-
terial	 within	 the	 vitreous	 protruding	 from	 the	 posterior	
lens	 capsule,	 which	 was	 reported	 in	 12/25	 (48.0%)	 and	
9/25	(36.0%)	eyes,	respectively.

The	 study	 population	 had	 an	 IOL	 placed	 in	 482/520	
(92.7%)	eyes,	of	which	all	(375/375,	100%)	eyes	had	an	IOL	
placed	in	the	routine	cataract	surgery	group	(i.e.,	without	
LCD).	This	was	significantly	higher	than	in	the	group	of	
LCDs,	in	which	an	IOL	was	placed	in	107/145	(73.8%)	eyes	
(OR:	 0.74,	 p	=	.039;	Table  2).	 Intraocular	 lens	 placement	
was	 achieved	 in	 eyes	 with	 spontaneous	 LCD	 in	 18/41	
(43.9%)	eyes.	The	diabetic	patients	with	spontaneous	LCD	
had	 an	 IOL	 placed	 in	 13/29	 (44.8%)	 eyes.	 An	 IOL	 was	
placed	in	45/47	(95.7%)	eyes	following	a	PCCC.	The	odds	
for	 placing	 an	 IOL	 following	 PCCC	 were	 significantly	
higher	 compared	 to	 accidental	 intraoperative	 or	 sponta-
neous	preoperative	LCD	(OR:	0.08,	p	=	1.29	×	10−05).	The	
odds	 for	 IOL	 placement	 were	 also	 higher	 for	 accidental	
intraoperative	LCD	compared	with	a	spontaneous	preop-
erative	LCD	(OR:	0.23,	p	=	7.53	×	10−5).

Results	 from	 postoperative	 examinations	 were	 not	
available	for	all	time	points	due	to	a	lack	of	owner	com-
pliance	with	recommended	follow-	up	examinations.	The	
median	follow-	up	time	in	the	routine	group	was	286	days	
(range	 0–	2253	days)	 and	 283	days	 (range	 7–	1982	days)	 in	
the	 LCD	 group	 which	 was	 not	 significantly	 different.	 A	
postoperative	 ophthalmic	 examination	 was	 performed	
on	430/520	(82.7%)	eyes	at	3	months,	350/520	(67.3%)	at	
6	months,	248/520	(47.7%)	at	1	year	and	113/520	(21.7%)	
at	 2	years.	 Follow-	up	 of	 the	 routine	 group	 was	 306/375	

F I G U R E  1  Photograph	of	the	left	eye	of	a	dog	(8	years	
2-	month-	old,	female	neutered,	Cockapoo)	over	6	years	following	
phacoemulsification,	planned	posterior	continuous	curvilinear	
capsulorhexis	and	implantation	of	a	12	mm	artificial	intracapsular	
lens	implant.
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(81.6%)	 eyes	 at	 3	 months,	 253/375	 (67.5%)	 at	 6	 months,	
178/375	 (47.5%)	at	1	year,	and	81/375	 (21.6%)	at	2	years.	
Follow-	up	of	the	LCD	group	was	123/145	(84.8%)	eyes	at	
3	months,	96/145	(66.2%)	at	6	months,	70/145	(48.3%)	at	
1	year,	and	32/145	(22.1%)	at	2	years.	Postoperative	vision	
assessment	was	carried	out	by	clinicians	through	the	as-
sessment	 of	 menace	 response	 as	 part	 of	 the	 ophthalmic	
exam.	There	was	no	significant	difference	in	maintenance	
of	vision	between	different	types	of	LCD	up	to	6	months	
postoperatively	 or	 after	 2	years.	 There	 were	 significantly	
higher	 odds	 of	 vision	 retention	 in	 eyes	 without	 LCD	
than	 in	 eyes	 with	 LCD	 at	 year	 one	 postoperatively	 (OR:	
8.17,	p	=	.007),	with	a	 trend	of	vision	retention	 (OR:	5.5,	
p	=	.053)	after	2	years	(Table 2).	Loss	of	vision	in	the	LCD	
group	within	the	first	year	after	cataract	surgery	was	as-
sociated	 with	 retinal	 detachment	 and	 occurred	 in	 seven	
eyes	affected	by	unplanned	LCD.	There	was	no	significant	
difference	between	the	incidence	of	enucleation	following	
surgery	 with	 or	 without	 LCD	 (p	=	.36;	Table  2).	 Corneal	
edema,	 postoperative	 hypertension,	 and	 glaucoma	 were	
the	most	common	complications	reported,	with	no	signif-
icant	difference	between	the	groups	with	or	without	LCD	
when	 analyzing	 the	 postoperative	 examinations	 collec-
tively	(Figure 2).

4 	 | 	 DISCUSSION

4.1	 |	 Prevalence of lens capsule 
disruption

To	the	author's	knowledge,	this	is	the	only	study	in	the	last	
decade	on	canine	lens	capsule	disruption	investigating	its	
prevalence,	visual	outcome,	and	associated	complications	
depending	 on	 location	 and	 etiology.	 There	 are	 no	 stud-
ies	 of	 human	 patients	 identifying	 the	 prevalence	 of	 lens	
capsule	disruption	(LCD)	as	defined	in	the	current	study.	
However,	human	studies	that	have	looked	at	the	disrup-
tion	of	the	posterior	capsule	are	more	abundant.21,24–	27

The	 current	 study	 revealed	 a	 higher	 prevalence	 of	
posterior	LCD	compared	to	a	canine	study	by	Johnstone	
and	Ward3	which	reported	it	in	13.5%	(33/244)	of	the	eyes	
included,	while	the	number	of	PCCC	in	both	studies	was	
similar.	A	study	in	human	patients	reported	performing	a	
PCCC	prophylactically	to	avoid	post-	phacoemulsification	
posterior	 capsule	 opacification	 in	 96%	 of	 patients.28	
Planned	 PCCC	 in	 human	 subjects	 has	 been	 reported	
to	 be	 useful	 during	 the	 intraoperative	 management	 of	
accidental,	 posterior	 capsular	 tears	 and	 the	 removal	 of	
posterior	capsular	opacification,	and	has	been	described	
as	“advantageous”	in	the	cataract	surgery	of	uveitic	and	
pediatric	cataracts.28–	30	However,	performing	a	planned	
PCCC	 in	 human	 subjects	 in	 the	 presence	 of	 an	 intact	
posterior	 capsule	 is	 seen	 as	 controversial	 by	 some	 au-
thors	due	 to	 the	possible	complications	associated	with	
irregular	 tears,	 vitreal	 prolapse,	 and/or	 the	 presence	 of	
excessive	vitreal	pressure	leading	to	a	vitreous	“push”.12	
Planned	PCCC	might	not	be	as	frequently	used	in	canine	
patients	 due	 to	 a	 lack	 of	 direct	 patient	 demand	 for	 the	
best	postoperative	visual	acuity	possible	and	due	to	 the	
perceived	risks	PCCC	may	pose	in	the	minds	of	the	sur-
geons.	 The	 study	 in	 canine	 patients	 by	 Johnstone	 and	
Ward3	 concluded	 that	 there	 was	 no	 difference	 in	 the	
outcomes	regarding	vision	or	incidence	of	postoperative	
complications	 in	 patients	 with	 planned	 and	 unplanned	
posterior	capsule	disruption	compared	to	those	without.	
There	 was	 no	 significant	 difference	 in	 the	 median	 fol-
low-	up	time	in	the	present	study	between	the	routine	and	
LCD	 groups,	 similar	 to	 that	 reported	 by	 Johnstone	 and	
Ward.3	 The	 median	 follow-	up	 time	 for	 the	 LCD	 group	
was	longer	in	the	present	study	with	283	days	compared	
to	Johnstone	and	Ward	(2005)	which	reported	157	days	in	
the	capsular	disruption	group.

Planned	 PCCC	 and	 accidental	 intraoperative	 tears	
are	 the	most	commonly	reported	posterior	LCD	in	hu-
mans.21,30	This	is	similar	to	the	current	study	in	which	
intraoperative	tears	among	non-	diabetic	dogs	accounted	
for	 the	 majority	 of	 tears	 of	 the	 LCD	 group.12	 The	

Without LCD With LCD Odds ratio p value

Placement	of	
intraocular	lensa

100%	(375/375) 73.8%	(107/145) 0.7 .039

Vision

3	months 97.7%	(299/307) 93.5%	(115/123) 2.6 .086

6	months 96.5%	(245/254) 89.6%	(89/96) 2.1 .153

1	yeara 98.9%	(176/178) 91.4%	(64/70) 8.2 .007

2	years 97.5%	(79/81) 87.5%	(28/32) 5.5 .053

Enucleation 4.2%	(16/375) 6%	(9/145) 1.5 .364
aIndicates	statistical	significance	(p	value	<	.05).

T A B L E  2 	 A	comparison	of	outcomes	
between	cataract	surgery	with	and	
without	lens	capsule	disruption	(LCD).
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incidence	 of	 accidental	 intraoperative	 posterior	 LCD	
in	 the	 present	 study	 was	 very	 similar	 to	 that	 reported	
by	 Johnstone	and	Ward.3	This	 is	predominantly	attrib-
utable	 to	 the	surgeon's	experience	according	 to	studies	
in	 human	 patients.3,31	 Surgeon's	 experience	 alongside	
other	 reported	 predisposing	 factors	 of	 capsule	 tears	
(phacoemulsification	 machine,	 intra-		 and	 extra-	ocular	
characteristics,	rhexis,	and	fluidics	factors),	are	yet	to	be	
investigated	in	the	veterinary	field.4

Spontaneous	LCD	was	more	common	 in	diabetic	pa-
tients	 as	 reported	 by	Wilkie	 et	 al.2	 Interestingly,	 a	 small	
number	of	non-	diabetic	patients	in	the	present	study	had	
bilateral	spontaneous	LCD.	This	was	associated	with	pa-
tients	 of	 different	 ages,	 making	 this	 the	 first	 veterinary	
report	 to	 describe	 the	 presence	 of	 spontaneous	 LCD	 in	
non-	diabetic	 and	 non-	rapidly	 progressive	 cataracts	 in	
adult	 and	 geriatric	 dogs.	This	 highlights	 the	 importance	
of	 preoperative	 ultrasonography	 to	 identify	 potential	
spontaneous	LCD	in	all	patients	undergoing	phacoemul-
sification	and	not	 solely	 those	at	high	risk,	e.g.,	diabetic	
patients.1,2	 Spontaneous	 LCD	 most	 commonly	 affected	
the	posterior	capsule	in	the	present	study,	which	differed	
from	the	study	by	Wilkie	et	al.2	where	ruptures	were	more	
commonly	identified	at	the	lens	equator.	The	cause	of	this	
difference	 remains	 unknown.2	 In	 people,	 an	 anterior	 or	
posterior	spontaneous	rupture	is	seen	in	hypermature	se-
nile	 cataracts	 whereas	 an	 anterior	 spontaneous	 rupture	
has	 been	 reported	 in	 Alport's	 syndrome	 associated	 with	
anterior	lenticonus.15,16

4.2	 |	 Identification of LCDs

Preoperative	 identification	 of	 LCD	 is	 essential	 to	 opti-
mize	surgical	planning	for	the	management	of	it	intraop-
eratively.2	 However,	 clinical	 signs	 that	 should	 raise	 the	

suspicion	 of	 preexisting	 LCD	 were	 raised	 in	 just	 over	 a	
quarter	of	the	eyes	in	the	present	study	compared	to	the	
majority	 of	 the	 eyes	 (93%,	 28/30	 eyes)	 reported	 in	 the	
study	 by	 Wilkie	 et	 al.2	 This	 might	 be	 explained	 by	 the	
fact	that	the	majority	of	LCDs	in	the	present	study	were	
posteriorly	located	and	not	equatorial.	Direct	observation	
of	a	capsular	 tear	using	slit	 lamp	biomicroscopy	may	be	
limited	due	to	the	presence	of	a	lens	opacity	that	reduces	
the	 ability	 of	 the	 examiner	 to	 visually	 identify	 a	 preop-
erative	LCD	during	 the	ophthalmic	exam.32	 In	addition,	
clinical	signs	suggestive	of	a	LCD	may	vary	dependent	on	
the	location	tear.	Ultrasonography	is	thus	essential	to	as-
sess	the	equatorial	and	posterior	segment	when	lenticular	
opacification	 obscures	 examination	 of	 intraocular	 struc-
tures.33	Ocular	ultrasound	was	found	to	be	helpful	in	the	
preoperative	 identification	 of	 a	 large	 percentage	 of	 the	
eyes	with	LCD	in	the	present	study.	The	reasons	why	sev-
eral	spontaneous	LCDs	were	not	identified	preoperatively	
remain	unclear;	however,	a	higher	resolution	probe	than	
the	16-	MHz	probe	used	in	the	present	study	might	have	
resulted	in	a	higher	number	of	eyes	being	correctly	identi-
fied	 preoperatively.34	 Small	 ruptures	 of	 the	 lens	 capsule	
might	have	been	missed	using	a	16-	MHz	probe	and	might	
have	 enlarged	 in	 size	 during	 surgical	 manipulation.35,36	
False	positive	results	could	be	explained	by	irregularities	
of	the	lens	capsule	associated	with	hypermature	cataracts	
and	the	presence	of	hyperechogenic	degenerative	changes	
in	the	vitreous.37

4.3	 |	 Intraocular lens placement

It	is	well	recognized	that	aphakia	should	be	avoided	and	
the	surgeon	should	strive	for	refractive	correction	to	op-
timize	 visual	 acuity	 for	 dogs.38	 Placement	 of	 an	 IOL	 in	
the	LCD	group	in	the	present	study	was	significantly	less	

F I G U R E  2  Cumulative	percentage	
of	eyes	from	all	time	points	following	
phacoemulsification	with	intraoperative	
or	postoperative	complications.	No	
significant	difference	in	complications	
was	identified	between	the	routine	group	
without	LCD	(n	=	375)	and	the	group	with	
lens	capsule	disruption	(LCD)	(n	=	145,	
p	=	.2).
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frequent	 than	 in	 the	non-	LCD	group	and	 this	was	com-
parable	 to	 the	 results	 of	 the	 Johnstone	 and	 Ward	 study	
(2005).3	The	higher	implantation	rate	of	IOL	in	LCDs	in	
the	present	 study	 is	 likely	attributable	 to	 the	overall	ad-
vancement	of	the	foldable	and	injectable	IOL,	allowing	a	
smaller	surgical	incision	and	increased	ability	to	success-
fully	implant	a	stable	IOL	in	instances	of	capsular	tears.1,39	
However,	 IOL	 placement	 following	 diabetes-	associated	
spontaneous	 LCD	 was	 lower	 in	 the	 present	 study	 com-
pared	 to	 what	 was	 previously	 reported	 by	 Wilkie	 et	 al.2	
The	 surgeon's	 ability	 to	 place	 an	 IOL	 is	 associated	 with	
the	status	of	surgical	training	and	experience,	but	it	also	
largely	depends	on	 the	 location	and	size	of	 the	capsular	
tear,	which	may	have	varied	between	both	studies.4	In	this	
study,	 IOL	 decentration	 did	 not	 occur	 more	 often	 with	
LCD	(Figure 2).

Intraocular	 lens	 placement	 rates	 could	 be	 increased	
via	the	stabilization	of	an	IOL	within	the	ciliary	sulcus	or	
via	rhexis	 fixation.1,11,39,40	 In	human	patients,	aphakia	 is	
considered	less	acceptable;	therefore,	alternative	methods	
are	 frequently	 sought.40	Further	 surgical	approaches	de-
scribed	in	people	include	anterior	chamber,	iris,	sulcus,	or	
scleral	 fixation	of	 the	IOL.4,21,41	 In	rare	cases,	 temporary	
aphakia	may	be	employed,	followed	by	secondary	surgical	
intervention	for	IOL	placement	at	a	later	point.4	In	some	
cases,	a	technique	called	‘buttonholing’	is	used	in	human	
patients	 to	 reduce	 posterior	 capsular	 opacification.42,43	
This	 technique	 was	 not	 used	 in	 any	 of	 the	 cases	 in	 the	
present	study,	but	 it	has	been	described	for	use	 in	veter-
inary	 patients	 to	 address	 posterior	 LCD.11	 Alternatively,	
conversion	to	a	PCCC	following	an	accidental	intraoper-
ative	posterior	capsular	tear	may	facilitate	the	placement	
of	 an	 IOL,	 as	 reported	 previously.1,3	 Despite	 the	 finding	
that	placement	of	an	IOL	in	the	LCD	group	in	the	present	
study	was	significantly	lower	than	in	the	non-	LCD	group,	
it	should	also	be	noted	that	PCCC	did	not	interfere	with	
IOL	placement,	as	nearly	all	eyes	with	a	PCCC	in	the	pres-
ent	study	were	fitted	with	an	IOL.

4.4	 |	 Postoperative outcomes and 
complications

The	study	by	Johnstone	and	Ward3	reported	no	significant	
decrease	in	retention	of	vision	in	the	presence	of	a	poste-
rior	LCD	at	the	last	follow-	up	examination.	The	findings	
of	the	present	study	were	largely	in	agreement	with	that.	
However,	the	present	study	also	found	a	significant	differ-
ence	in	vision	between	the	groups	in	the	1-	year	postopera-
tive	period,	which	was	associated	with	the	occurrence	of	
retinal	detachment	in	the	LCD	group	(Table 2).	This	dif-
ference	was	not	identified	at	the	two-	year	time	point	in	the	
present	study.	Although	posterior	LCD	with	vitreous	loss	

has	been	associated	with	retinal	detachment	in	people,44	
the	reason	for	vision	loss	due	to	retinal	detachment	at	that	
specific	 time	point	after	surgery	 in	 the	present	study	re-
mains	unexplained.	Some	studies	in	human	patients	con-
clude	that	phacoemulsification	without	capsular	rupture	
could	 result	 in	 significantly	 better	 visual	 outcomes	 and	
that	an	optimal	level	of	vision	may	not	be	achievable	fol-
lowing	LCD.28,45	Visual	acuity	was	not	assessed	in	the	pre-
sent	study,	which	is	a	limitation.	However,	it	is	difficult	to	
obtain	 accurate	 information	 on	 the	 degree	 of	 vision	 im-
pairment	 in	 veterinary	 patients.	 More	 reliable	 measures	
can	be	used	in	the	human	medical	field	to	quantitatively	
assess	vision.46,47

Despite	a	slightly	higher	percentage	of	glaucoma	and	
retinal	detachment	in	the	LCD	group	in	the	present	study	
compared	to	the	non-	LCD	group,	there	was	no	significant	
difference	in	postoperative	complications	or	enucleation.	
Although	 this	 supported	 the	 findings	 by	 Johnstone	 and	
Ward	(2005),	it	contradicted	findings	in	studies	on	human	
subjects.4,45	 The	 number	 of	 postoperative	 complications	
in	 the	 presence	 of	 LCD	 in	 the	 present	 study	 was	 differ-
ent	than	in	some	studies	of	human	patients	that	reported	
glaucoma	 in	a	 lesser	number	of	patients	and	 retinal	de-
tachment	in	a	similar	number	of	patients.4,45	Despite	these	
differences,	the	overall	postoperative	outcomes	of	patients	
with	LCD	were	promising	both	in	veterinary	and	human	
patients	 which	 agrees	 with	 the	 findings	 of	 the	 present	
study.3,48,49	Lastly,	just	as	intraocular	pressure	monitoring	
is	recommended	postoperatively	and	long-	term	to	help	in	
the	management	of	 IOP	elevations	associated	with	LCD	
in	human	patients,	it	seems	reasonable	to	recommend	the	
same	for	veterinary	patients.50

Some	 of	 the	 limitations	 of	 the	 current	 study	 were	
associated	 with	 its	 retrospective	 nature.	 Clinical	 signs	
noted	 on	 the	 preoperative	 examination	 that	 raised	 sus-
picion	of	LCD	may	not	have	been	complete	in	the	med-
ical	records.	This	could	have	explained	the	difference	in	
preoperative	 identification	 between	 the	 present	 study	
and	the	study	by	Wilkie	et	al.2	A	limitation	of	the	pres-
ent	study	is	the	missing	information	of	the	surgical	rea-
soning	to	perform	a	PCCC,	therefore,	further	analysis	of	
whether	 PCCC	 facilitated	 IOL	 placement	 is	 lacking.	 A	
standardized	approach	to	managing	accidental	LCD	in-
traoperatively	and	explanations	for	the	inability	to	place	
an	IOL	were	also	lacking.	Although	a	limiting	factor,	the	
loss	of	cases	to	follow-	up	is	unavoidable.	In	people,	it	is	
well	documented	that	the	surgeon's	experience	level	sig-
nificantly	affects	the	occurrence	of	accidental	intraoper-
ative	posterior	LCD.45	The	surgeon's	level	of	experience	
could	 not	 be	 identified	 from	 the	 current	 retrospective	
data.	 Ascertaining	 this	 surgeon-	specific	 information	
would	 enable	 future	 studies	 to	 recognize	 and	 analyze	
experience-	associated	risk	factors.
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In	 conclusion,	 increased	 surgeon	 awareness	 of	 possi-
ble	intraoperative,	accidental	LCDs	is	important,	as	LCDs	
were	relatively	common	and	associated	with	an	increased	
odds	for	vision	loss	after	1	year	in	the	present	study	as	well	
as	a	 significantly	 reduced	 lens	 implantation	rate.	A	pro-
spective	study	 investigating	 the	causes	of	 intraoperative,	
accidental	LCD	is	warranted.
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