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Phakic intraocular lenses: An overview
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Phakic	 intraocular	 lenses	 (pIOLs)	are	a	common	solution	 for	 the	surgical	correction	of	high	myopia	and	
myopia	in	thin	corneas.	Global	trends	result	 in	increasing	rates	of	patients	with	high	myopia	which	will	
result	in	increased	rates	of	pIOL	implantation.	Three	types	of	lenses	can	be	distinguished:	anterior	chamber	
angle-supported,	anterior	chamber	iris-fixated,	and	posterior	chamber	phakic	IOLs.	The	efficacy	of	phakic	
intraocular	 lenses	 is	 generally	 very	 good,	 but	 pIOLs	 have	 undergone	many	 changes	 over	 the	 years	 to	
improve	the	safety	profile	and	decrease	pIOL-related	complications	such	as	endothelial	cell	 loss,	corneal	
decompensation	and	cataract	formation.	This	article	describes	the	efficacy	and	safety	profiles	of	the	most	
recent	pIOLs,	as	well	as	suggests	gaps	of	knowledge	that	are	deserve	additional	research	to	optimize	the	
results of pIOLs.
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Prevalence	 of	 high	myopia	 has	 increased	 over	 the	 past	
years,	 resulting	 in	 a	 so-called	 epidemic	 of	myopia	 that	 is	
especially	prevalent	 in	East	and	Southeast	Asia.[1,2] In these 
regions,	myopia	 is	seen	 in	up	to	90%	of	adolescents,	a	vast	
increase	when	 compared	 to	 an	 incidence	 of	maximum	
30%	in	adolescents	60	years	ago.[1-3]	Next	 to	genetic	 factors,	
environmental	factors	are	the	main	reason	for	this	increased	
prevalence	 of	myopia.	 This	 is	mainly	 caused	by	 intensive	
education	 resulting	 in	 children	 both	 spending	more	 time	
indoor and doing near work.[1-5]	If	children	and	adolescents	
are	required	to	perform	near	work,	their	eyes	require	constant	
accommodation	 to	 focus	 incoming	 light	 onto,	 rather	 than	
behind	the	retina.	This	combination	of	accommodation	and	
lack	of	natural	light	falling	on	the	retina	causes	the	eye	to	grow,	
and	 the	axial	 length	 to	 increase	 to	create	a	 situation	where	
constant	accommodation	is	no	longer	required	during	near	
work.	However,	this	longer	axial	length	also	results	in	a	distant	
image	that	is	focused	in	front	of	the	retina,	introducing	(high)	
myopia.	Studies	have	shown	that	the	onset,	and	progression	
of	myopia	 can	 be	 reduced	 significantly	 by	 increasing	 the	
time	a	child	spends	 in	daylight.	A	vast	amount	of	 research	
focuses	 on	 stopping	 the	myopic	progression	 in	 the	 (very)	
young	child	in	order	to	prevent	increasing	incidence	of	high	
myopia,	defined	as	-5	to	-6	D	or	higher.[2,6] Prevention of high 
myopia	 is	 important	 since	 it	 is	 associated	with	potentially	
blinding	complications	such	as	myopic	macular	degeneration,	
retinal	 detachment,	 staphyloma	 formation,	 or	macular	
retinoschizis.[1,3,5,7]	 Current	 treatments	 are	 based	 on	using	

cycloplegic	drops,	orthokeratology	(nighttime	contact	lenses)	
to	temporarily	change	the	shape	of	the	cornea,	or	multifocal	
contact	 lenses.[4,5,8,9] Results seem promising in halting axial 
elongation,	but	long-term	data	and	mechanisms	have	yet	to	be	
determined.[4,5,8,9]	Furthermore,	contact	lens	wear	introduces	a	
risk	of	corneal	infection,	which	can	result	in	corneal	scarring	
requiring	corneal	transplantation.[10,11]

In	a	myopic	patient	non-surgical	refractive	correction	can	
be	obtained	using	contact	lenses	or	glasses.	It	should	be	noted	
that	refractive	correction	of	high	myopia	will	result	in	thicker	
contact	 lenses	 and	glasses.	Contact	 lenses	 in	 these	patients	
are	expensive,	might	cause	problems	with	contact	lens	fitting	
and	 introduce	 the	risk	of	contact	 lens-related	 infections.[10,11] 
Glasses	are	 the	best	option	 to	safeguard	corneal	health,	but	
are	 aesthetically	not	preferred	due	 to	 a	misrepresentation	
of	the	contour	of	the	face,	and	cause	visual	distortion	in	the	
peripheral	visual	field.

Long-term	treatment	of	stable	myopia	can	be	obtained	by	
three	different	types	of	surgery:	laser	refractive	surgery,	phakic	
intraocular	 lens	 (pIOL)	 implantation,	 and	 lens	 surgery	 for	
refractive	purposes	(refractive	lens	exchange	[RLE])	[Fig.	1].	
Both	 laser	 refractive	 surgery	 and	 refractive	 lens	 exchange	
are	 permanent,	whereas	 refractive	 surgery	 using	 pIOL	
implantation	is	a	reversible	procedure.[12,13]	For	safety	reasons,	
laser	 refractive	 surgery	 is	performed	 in	 cases	up	 to	 -8	D	of	
myopia,	depending	on	 corneal	 thickness,	 thus	 excluding	a	
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large group of high myopes from treatment.[13] The relative 
risk	of	developing	a	retinal	detachment	increases	four	times	
after	cataract	surgery,	with	patients	under	50	years	old	and	
patients	with	a	long	axial	length	reported	as	especially	at	risk	
for	developing	a	 retinal	detachment.[14]	Taking	 into	account	
that	cataract	surgery	also	removes	all	accommodative	capacity,	
refractive	lens	exchange	is	rarely	performed	in	non-presbyopic	
patients.	As	a	result,	pIOL	implantation	is	regularly	performed	
as	a	treatment	for	non-presbyopic	high	myopes.[13,15,16]

History and Development of Phakic 
Intraocular Lenses
Phakic	 IOLs	can	be	divided	 into	 (1)	anterior	chamber	angle	
supported	pIOLs	that	function	with	haptics	positioned	in	the	
angle	where	 the	 iris	 and	cornea	meet;	 (2)	 anterior	 chamber	
iris-fixated	pIOLs	that	use	small	“lobster	claws”	to	enclavate	
iris-tissue	 and	position	 the	pIOL	 in	 front	of	 the	pupil;	 and	
(3)	posterior	chamber	pIOLs	that	use	plate	haptics	to	support	
and	position	the	lens	in	the	posterior	chamber	[Fig.	2].[15,17]

Implantation	of	pIOLs	for	the	correction	of	myopia	started	in	
1953	when	Strampelli	implanted	the	first	rigid	angle-supported	
pIOL.	Although	refractive	results	were	promising,	the	high	rate	
of	 corneal	 complications,	 and	excessive	pressure	on	 the	 iris	
root	causing	inflammation	and	pupil	malformation,	resulted	
in	withdrawal	of	the	pIOL	from	the	market.	From	the	1970s	
until	the	early	2010s	multiple	new	angle-supported	pIOLs	were	
available,	using	different	materials	and	different	optic	designs	

to	 try	and	cause	 less	 corneal	 complications	and	 induce	 less	
pressure	on	the	iris-root.	Despite	rendering	good	visual	and	
refractive	 results,	 the	 complication	 rate	of	 angle-supported	
pIOLs	resulted	in	the	withdrawal	of	all	angle-supported	pIOLs	
from	the	market	[Tables	1a,	2a	and	3a].[15,16,18]

First	 designed	 in	 1953	 by	 the	Dutch	 ophthalmologist	
Cornelis	Binkhorst,	 iris-fixated	IOLs	were	originally	created	
for	implantation	after	crystalline	lens	removal.	The	Binkhorst	
IOL,	 using	 a	 paper-clip	 design	 to	 stabilize	 the	 lens,	was	
associated	with	 lens	 instability	 resulting	 in	 lens	 luxation,	
corneal	 complications	 and	 chronic	 inflammation	 causing	
retinal	edema	and	problems	with	 intraocular	pressure.[29] In 
1978	 the	 iris-fixated	 IOL	design	was	updated	by	 a	 second	
Dutch	 ophthalmologist,	 Jan	Worst.	 He	 discovered	 that	
fixation	of	midperipheral	iris	tissue	with	small	“lobster-claws”	
provided	good	 stabilization	 of	 the	 IOL,	without	 inducing	
the	 complications	 associated	with	 chronic	 inflammation	 in	
the	 paper-clip	design.	Over	 time	 the	Worst	 IOL	was	 also	
implemented	as	a	pIOL	for	the	correction	of	refractive	errors.	
Current	iris-fixated	pIOLs	are	still	largely	based	on	the	Worst	
lens,	with	different	materials	and	designs	 for	 the	correction	
of	myopia,	hyperopia	and	astigmatism,	producing	excellent	
visual	and	refractive	results,	and	low	rates	of	complications	
[Tables	1a,	2a	and	3a].[15,16,30]

Posterior	pIOLs	were	launched	in	the	1980s,	driven	by	the	
complications	 associated	with	 angle-supported	pIOLs.	 By	
positioning	the	pIOL	further	back	and	away	from	the	cornea,	it	
was	hypothesized	that	the	risk	of	corneal	complications	would	
diminish.	The	specific	downside	of	this	design	is	its	proximity	
to	 the	 crystalline	 lens,	 and	zonular	fibers.	Early	designs	of	
posterior	pIOLs	 frequently	 touched	 the	anterior	part	of	 the	
crystalline	 lens	 causing	 a	 significant	 anterior	 subcapsular	
cataract,	whereas	 friction	between	the	pIOL	and	iris	caused	
pigmentary	dispersion	and	inflammation	resulting	in	raised	
intraocular	pressure.	Modern	posterior	pIOLs	have	evolved	to	
use	plate	haptics	to	support	them	in	the	sulcus	between	the	iris	
base	and	ciliary	muscle,	and	apertures	in	the	optic	to	facilitate	
aqueous	humor	flow,	providing	good	visual	 and	 refractive	
results	[Table	1c].	They	rely	on	correct	sizing	to	prevent	both	
iris	chafing	or	pupillary	block	glaucoma	caused	by	an	oversized	
plate	pushing	the	iris	forward,	and	cataract	formation	caused	
by	 an	 undersized	 plate	 resulting	 in	 insufficient	 support	
and	touch	between	the	pIOL	and	crystalline	lens	[Table	3c].	
Although	the	altered	aqueous	humor	flow	in	posterior	pIOLs	
with	 apertures	 reduces	 the	 rate	 of	 cataract	 formation	after	

Figure 1: Surgical correction of refractive errors using laser refractive 
correction (top), phakic intraocular lens implantation (center), refractive 
lens exchange (bottom)

Figure 2: Three different phakic intraocular lenses: angle supported (left), 
iris‑fixated (center), posterior chamber (right)
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implantation,	correct	sizing	remains	the	main	determinant	in	
the	prevention	of	 complications.	Unfortunately,	 there	 is	no	
perfect	way	yet	to	measure	the	sulcus,	 introducing	a	higher	
risk	of	sizing	problems.

One posterior pIOL type that was taken of the market did 
not	require	measurement	of	the	sulcus.	This	lens	relied	on	the	
natural	flow	of	intraocular	fluid	to	keep	the	pIOL	from	touching	
the	crystalline	lens.	However,	its	instability	increased	the	rate	
of	 cataract	 formation,	 the	 rate	of	pIOL	 luxation	behind	 the	
crystalline	lens	in	the	vitreous,	and	made	it	unsuitable	for	the	
correction	of	astigmatism.[15,16,108]

Outcomes and Complications of Phakic 
Intraocular Lenses
Large	numbers	of	studies	have	shown	that	all	three	types	of	
pIOLs	render	excellent	results	with	regard	to	uncorrected	visual	
acuity,	distance	corrected	visual	acuity,	and	residual	refractive	
error	[Tables	1a-1c].	Other	outcome	measures	reported	after	
pIOL implantation are mainly related to the safety of the pIOL 
in	the	eye	and	report	complications	associated	with	the	cornea,	
crystalline	lens,	or	retina.[16]

The	cornea	is	essential	in	refracting	light	–	functioning	as	a	
positive	lens	–	and	its	clarity	is	of	vital	importance	to	procure	
a	clear	image	on	the	retina.	Corneal	clarity	is	maintained	by	
the	innermost	cells	of	the	cornea,	called	the	endothelial	cells.	
Endothelial	cells	function	as	an	active	pump	that	transports	
water	 from	 the	 corneal	 stroma,	 essential	 because	 excessive	
intracorneal	water	causes	corneal	edema	and	compromises	its	
clarity.	Although	the	number	of	endothelial	cells	decreases	with	
advancing	age,	it	remains	sufficiently	high	to	retain	adequate	
pump	 function.[12,109-111]	Any	 intraocular	 surgery	 causes	 a	
surgery-related,	acute	peak	in	endothelial	cell	loss	that	varies	
per	person	as	well	as	per	 type	of	surgery.	Additionally,	 the	
intraocular	presence	of	a	pIOL	increases	chronic	endothelial	
cell	loss.	Therefore,	endothelial	cell	density	should	be	checked	

with	 regular	 intervals,	 both	 to	monitor	 individual	 safety	
as	well	 as	 safety	 of	 the	 specific	 pIOL	 in	 general.[112] On a 
patient-level	 these	measurements	are	performed	 to	prevent	
corneal	transplantation	due	to	endothelial	cell	loss	and	corneal	
decompensation.	On	a	population	level,	regular	measurements	
and	 standardized	 reporting	 can	 detect	 trends	 to	 remove	
high-risk	pIOLs	from	the	market.	Recent	evidence	have	led	to	
withdrawal	of	 angle-supported	pIOLs	because	of	 increased	
levels	of	endothelial	cell	loss	[Tables	2a-2c].[15,16,18,112,113]

Although	high	myopes	are	known	to	develop	cataract	at	
a	younger	age,	pIOLs	may	also	 lead	 to	accelerated	 cataract	
formation,	 causing	 loss	 of	 accommodation	 and	decreased	
visual	 acuity,	 requiring	pIOL	 explantation	 combined	with	
cataract	 surgery	 [Tables	3a-3c].[12,16]	Cataract	 formation	after	
uneventful	pIOL	implantation	is	thought	to	be	associated	with	
inflammation	 in	all	pIOL	 types,	but	patients	with	posterior	
chamber	pIOLs	are	especially	at	risk	for	cataract	formation	due	
to	the	design	of	the	pIOL	[Tables	3a-3c].[12,16,116] As highlighted 
previously,	the	position	of	the	posterior	pIOL	in	proximity	to	
the	crystalline	lens,	combined	with	known	preoperative	sizing	
difficulties,	frequently	induces	contact	between	the	pIOL	and	
crystalline	lens.	As	a	result	of	this	friction,	these	patients	are	
at	a	high	risk	to	develop	anterior	subcapsular	cataract,	which	
can	 require	 cataract	 surgery	at	 a	much	younger	age,	whilst	
adhesions	between	 the	 crystalline	 lens	and	 its	 surrounding	
capsule	 increase	 the	difficulty	 of	 the	 surgery.	 Fortunately,	
recent	modifications	with	additional	apertures	in	the	optic	have	
presumably	changed	the	aqeous	humor	flow	and	resulted	in	a	
decreased	rate	of	cataract	formation	[Table	3c].[117]

High	myopia	is	associated	with	retinal	complications	because	
the	retina	is	stretched	out	and	becomes	thinner,	increasing	the	
risk of developing weak spots in the retina. Ultimately these 
weak	spots	can	result	in	complications	such	as	myopic	macular	
degeneration,	 retinal	detachment,	macular	 retinoschizis	 or	
choroidal	 neovascularization	 [Tables	 3a-3c].[6] Even though 
these	complications	can	occur	regardless	of	intraocular	surgery,	

Table 1a: Overview of visual and refractive results after implantation with an anterior chamber angle supported phakic 
intraocular lens

Nr. eyes 
[nr. pt]

Follow‑
up (mo)

MRSE % within 
target

UDVA CDVA Indices

preop postop +/‑ 
0.5D

+/‑ 
1.0D

20/20 
(%)

20/40 
(%)

20/20 
(%)

20/40 
(%)

Efficacy Safety

AcrySof Cachet, Alcon

Kohnen, T., 2009[19] 190 [190] 24 ‑10.38 ‑0.23 72.7 95.7 57.8 99.4 85.7 100 1.04 1.25

Knorz. M.C., 2011[20] 360 [NR] 36 ‑10.41 ‑0.24 78.9 91.3 46.2 97.1 80.8 100 0.92 1.21

Mastropasqua, L., 
2012[21]

36 [NR] 12 NR NR 67 100 56 100 NR NR 0.81 NR

Yang, R.B., 2012[22] 25 [13] 12 ‑12.08 ‑0.23 84 100 60 100 92 100 1.04 1.13

Kermani, O., 2013[23] 50 [28] 3 ‑9.71 ‑0.35 84 NR 69 NR NR NR NR NR

Taneri, S., 2014[24] 15 [15] 12 ‑11.25 ‑0.46 NR NR NR NR NR NR NR NR

Aerts, A.A., 2015[25] 79 [NR] 24 ‑10.27 ‑0.17 91 95 73 100 85 NR 1.00 1.11

Gimbel, H.V., 2015[26] 51 [NR] 36 ‑9.26 ‑0.33 78.4 92.2 77.6 98 NR NR 0.93 1.07

Kohnen, T., 2016[18] 415 [360] 60 ‑10.41 ‑0.34 70 89.8 NR 94.7 91.3 100 NR NR

Alio, J.L., 2017[27] 25 [NR] 60 ‑12.27 ‑0.59 48 76 20 88 68 NR 0.81 1.14
Al‑Qahtani, S., 2018[28] 36 [21] 36 ‑10.5 NR NR NR NR NR 41.7 NR NR NR

Mo = Months; MRSE = Manifest refractive spherical equivalent; D = Diopter; UDVA = Uncorrected distance visual acuity; CDVA = Corrected distance visual 
acuity; NR = Not reported
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it	is	known	that	cataract	surgery	significantly	increases	the	risk	
of	developing	a	retinal	detachment,	especially	when	surgery	is	

performed in younger patients.[118,119]	The	causative	mechanism	
might	be	 that	 cataract	 surgery	 requires	 the	 removal	 of	 the	

Table 1b: Overview of visual and refractive results after implantation with an anterior chamber iris‑fixated phakic 
intraocular lens

Nr. eyes 
[nr. pt]

Follow‑
up (mo)

MRSE % within 
target

UDVA CDVA Indices

preop postop +/‑ 
0.5D

+/‑ 
1.0D

20/20 
(%)

20/40 
(%)

20/20 
(%)

20/40 
(%)

Efficacy Safety

Artisan Myopia (Toric), Ophtec 

Budo, C., 2000[31] 249 [NR] 36 ‑12.95 NR 57.1 78.8 33.7 76.8 61.5 93.9 1.03 1.31

Dick, H. B., 2003[32] 48 [NR] 6 ‑8.90 ‑0.5 83.3 100 85.4 NR NR NR NR NR

Asano‑Kato, N, 2005[33] 11 [NR] 24 ‑12.8 ‑0.71 NR NR NR NR NR NR NR NR

Bartels, M., 2006[34] 20 [14] 24 ‑11.39 ‑0.44 70 95 NR NR NR NR NR NR

Coullet, J., 2006[35] 31 [31] 12 ‑10.3 ‑1.01 NR 58 NR 52 NR NR 0.60 1.13

Tahzib, N.G., 2006[36] 120 [60] 12 ‑12.09 ‑0.60 62.4 81.5 25.8 68.3 NR NR NR NR

Tehrani, M., 2006[36] 28 [NR] 36 ‑9.84 NR NR 70 NR 58 NR NR 1.04 1.12

Gierek‑Ciaciura, S., 
2007[37]

20 [12] 12 ‑15.73 NR 65 95 NR 80 NR NR 1.71 NR

Moshirfar, M., 2007[38] 38 [NR] 24 ‑12.20 ‑0.5 55 84 NR 84 NR NR NR NR

Tahzib, N.G., 2007[39] 89 [49] 72 ‑10.36 ‑0.71 50.5 65.1 NR 78.7 50.6 96.6 0.83 1.10

Tahzib, N.G., 2007[39] 89 [49] 120 ‑10.36 ‑0.70 43.8 68.8 NR 82.0 52.8 93.3 0.80 1.10

Guell, J. L., 2008[40] 95 [NR] 12 ‑19.8 ‑0.71 NR NR NR NR NR NR 1.16 1.40

Guell, J. L., 2008[40] 169 [NR] 12 ‑11.27 ‑0.49 NR NR NR NR NR NR 0.95 1.17

Silva, R.A., 2008[41] 19 [NR] 60 ‑12.30 0.97 73.7 94.7 73.7 94.7 94.7 NR NR NR

Stulting, R.D., 2008[42] 386 
[232]

36 ‑12.3 NR NR NR 31.1 83.9 NR NR NR NR

Tahzib, N.G., 2008[43] 22 [13] 12 ‑9.90 ‑0.21 NR NR NR NR 77 NR NR NR

Qasem, Q., 2010[44] 151 [84] 12 ‑11.2 NR 41.7 64.9 48.3 86.8 NR NR NR NR

Hassaballa, M.A., 
2011[45]

42 [NR] 12 ‑12.89 ‑0.86 NR 56.52 NR NR NR NR 0.95 1.02

Titiyal, J.S., 2012[45] 28 [NR] 60 ‑14.23 ‑0.63 NR NR 21.4 64.3 50 92.9 NR NR

Yuan, X., 2012[47] 84 [43] 60 ‑14.17 NR NR NR 39.3 100 65.5 100 NR NR

Jonker, S.M., 2019[48] 250 [NR] 60 ‑12.58 ‑0.81 50 71 22 82 61 96 0.83 1.22

Jonker, S.M., 2019[48] 136 [NR] 120 ‑12.58 ‑0.72 31 52 44 96 46 95 0.77 1.24

Artisan Hyperopia (Toric), Ophtec

Dick, H. B., 2003[32] 22 [NR] 6 3.25 ‑0.24 50 100 95.5 NR NR NR NR NR

Tehrani, M., 2006[49] 12 [NR] 36 3.43 NR NR 70 NR 73 NR NR 1.14 1.04

Guell, J. L., 2008[40] 39 [NR] 12 4.92 ‑0.81 NR NR NR NR NR NR 0.79 0.98

Qasem, Q., 2010[44] 14 [7] 12 7.1 NR 57.1 85.7 35.7 92.9 NR NR NR NR

Artisan, Ophtec (Mixed Groups)

Guell, J. L., 2003[50] 27 [16] 12 ‑11.78 ‑0.58 62.9 96.2 NR 63 NR NR NR 1.4

Guell, J. L., 2008[40] 84 [NR] 12 ‑6.82 ‑0.77 NR NR NR NR NR NR 0.96 1.26

Qasem, Q., 2010[44] 20 [11] 12 ‑9.05 NR 55 90 20 80 NR NR NR NR

Artiflex Myopia (Toric), Ophtec

Coullet, J., 2006[35] 31 [31] 12 ‑9.5 ‑0.58 NR 83.9 NR 77 NR NR 0.79 1.12

Tahzib, N.G., 2008[43] 27 [14] 12 ‑9.95 ‑0.23 NR NR NR NR 100 NR NR NR

Dick, H. B., 2009[51] 290 
[191]

24 ‑7.33 ‑0.15 75.2 94.3 NR 97.2 NR 100 1.00 1.09

Doors, M., 2012[52] 115 [73] 6 ‑7.53 NR 81.4 99 65.7 99 83.3 100 1.04 1.13

Munoz, G., 2012[53] 42 [25] 12 NR NR 66.7 92.9 38.1 100 71.4 100 0.97 1.11

Ozerturk, Y., 2012[54] 50 [NR] 24 ‑11.85 ‑1.04 NR 88 24 84 18 82 0.79 1.12

Ruckhofer, J., 2012[55] 42 [24] 6 ‑7.52 NR NR NR 90 100 90 100 1.07 1.14
Ghoreishi, M., 2020[56] 41 [41] 12 ‑9.44 ‑0.29 83 100 NR 100 NR NR 1.08 1.20

Mo = Months; MRSE = Manifest refractive spherical equivalent; D = Diopter; UDVA = Uncorrected distance visual acuity; CDVA = Corrected distance visual 
acuity; NR = Not reported
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Table 1c: Overview of visual and refractive results after implantation with a posterior chamber phakic intraocular lens

Nr. eyes 
[nr. pt]

Follow‑
up (mo)

MRSE % within 
target

UDVA CDVA Indices

preop postop +/‑ 
0.5D

+/‑ 
1.0D

20/20 
(%)

20/40 
(%)

20/20 
(%)

20/40 
(%)

Efficacy Safety 

PRL Myopia, CIBA Vision/Zeiss Meditec

Hoyos, J. E., 2002[69] 17 [NR] 12 ‑18.46 ‑0.22 53 82 NR NR NR NR NR NR

Pallikaris, I. G., 
2004[70]

34 [19] 17 ‑14.70 ‑0.61 44 79 NR NR NR NR NR NR

Koivula, A., 2005[71] 14 [NR] 12 ‑9.19 ‑0.31 75 100 NR NR NR NR NR NR

Donoso, R., 2006[72] 53 [39] 8 ‑17.27 ‑0.23 NR 71.2 NR 60 NR 88.2 1 1.4

Jongsareejit, A., 
2006[73]

50 [31] 12 NR ‑0.23 NR NR 44 82 54 84 NR NR

Verde, C. M., 2007[74] 90 [NR] 12 ‑11.9 0.04 68 80 NR NR NR NR 0.98 1.22

Portaliou, D. M., 
2011[75]

34 [NR] 72 ‑14.080 ‑0.45 67.6 91.2 NR NR NR NR NR NR

Perez‑Cambrodi, R. 
J., 2011[76]

35 [20] 57 ‑10.25 ‑0.11 94.28 97.14 NR 97 NR 97 1..16 1.26

Torun, N., 2013[77] 53 [29] 86 ‑12.14 ‑0.32 66.0 79.2 NR NR NR NR 0.9 1.21

PRL Hyperopia, CIBA Vision/Zeiss Meditec

Hoyos, J. E., 2002[69] 14 [NR] 12 7.77 ‑0.38 50 79 NR NR NR NR NR NR

Koivula, A., 2005[71] 6 [NR] 12 6.13 ‑0.60 67 100 NR NR NR NR NR NR

Gil‑Cazorla, R., 
2008[78]

16 [9] 12 5.65 0.07 93.75 100 NR NR NR NR 0.9 0.8

Koivula, A., 2009[79] 40 [25]] 12 5.90 ‑0.46 87.5 100 NR NR NR NR 0.7 0.89

PRL, CIBA Vision/Zeiss Meditec (Mixed 
Groups)

Koivula, A., 2005[71] 20 [NR] 12 NR NR 75 100 50 90 NR NR 0.89 1.12

ICL V4(b Toric), STAAR Surgical

Kamiya, K., 2013[80] 50 [28] 36 ‑9.47 ‑0.22 82 98 86 98 NR NR 0.94 1.16

Sari, E.S., 2013[81] 34 [20] 36 NR NR 52.9 82.4 NR NR NR NR NR NR

Alfonso, J.F., 2014[82] 35 [20] 12 ‑7.03 ‑0.18 97.1 100 NR NR 77 100 NR 1.08

Igarashi, A., 2014[83] 41 [41] 96 ‑10.19 ‑0.44 68.3 85.4 73.2 87.8 NR NR 0.83 1.13

Guber, I., 2016[105] 90 [NR] 120 ‑11.4 NR 48.6 65.7 NR NR NR NR 0.76 1.25

Shimizu, K., 2016[84] 26 [26] 60 ‑7.51 ‑0.19 92 100 100 100 NR NR NR NR

ICL V4c (Toric), STAAR Surgical

Shimizu, K., 2012[85] 20 [20] 6 ‑7.36 0.01 100 100 100 100 NR NR 1.03 1.13

Shimizu, K., 2016[84] 26 [26] 60 ‑7.54 ‑0.15 88 96 85 100 NR NR NR NR

Kamiya, K., 2017[86] 57 [57] 12 ‑4.29 NR 93 98 91 NR NR NR NR NR

Kamiya, K., 2017[87] 294 
[294]

12 ‑10.31 NR 94 99 97 NR NR NR NR NR

Pjano, M.A., 2017[88] 28 [16] 12 ‑9.52 ‑0.21 NR NR 67.9 92.9 NR NR 1.2 1.25

Kamiya, K., 2018[9] 365 
[201]

12 ‑8.66 NR 90 98 94 NR NR NR NR NR

Miao, H., 2018[90] 67 [38] 3 ‑12.44 ‑0.30 72 95 94 100 NR NR 1.14 1.33

Takahashi, M., 
2018[91]

42 [21] 6 ‑7.37 ‑0.61 100 100 74 95 NR NR NR NR

Alfonso, J. F., 2019[92] 141 [83] 60 ‑9.20 ‑0.44 67.4 90.1 45.4 88.7 86.5 98.6 0.87 1.09

Ghoreishi, M., 2019[93] 41 [41] 12 ‑9.85 ‑0.33 80 95 NR 97 NR NR 1.24 1.40

Jadidid, K., 2019[94] 14 [14] 36 ‑8.15 ‑1.02 NR NR NR NR NR NR 0.75 1.08

Qin, Q., 2019[95] 30 [15] 3 ‑13.87 0.05 NR NR NR NR NR NR 1.01 1.01

Igarashi, A., 2019[96] 44 [23] 3 ‑6.23 NR 93.2 100 NR NR NR NR 0.91 1.13

Niu, L., 2019[97] 51 [31] 12 ‑14.03 ‑0.67 69 92 69 100 NR NR 1.14 1.33

Nakamura, T., 2019[98] 65 [NR] 60 ‑9.97 NR 81.5 100 NR NR NR NR 0.77 0.94

Contd...
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crystalline	lens,	changing	the	dynamics	of	the	posterior	part	
of	 the	 eye,	whereas	 in	pIOL	 implantation	changes	are	only	
applied	in	the	anterior	segment	of	the	eye,	which	is	unlikely	
to result in a similar risk.

Discussion
As	 reported	 in	 Tables	 1a-1c,	 2a-2c,	 and	 3a-3c	 previous	
publications	 show	 large	 variations	 in	 the	 duration	 of	
follow-up,	and	reported	outcome	measures.	This	is	especially	
true	when	reporting	safety	outcomes	as	endothelial	cell	loss,	
complications,	and	number	and	reason	of	pIOL	explantations	
[Tables	2a-2c,	and	3a-3c].

Cataract	formation	in	patients	with	pIOLs	can	be	caused	
by	(A)	aging,	(B)	crystalline	lens	damage,	or	possibly	by	(C)	
insufficient	aqueous	humor	circulation.[16,105,120,121]

(A) 	With	 advancing	 age	 the	 crystalline	 lens	 becomes	
sclerotic	 and	 loses	 flexibility,	 resulting	 in	 decreased	
accommodative	 capacity	 and	 requirement	 of	 reading	
glasses	 (presbyopia).[4,109,122]	Age-related	 structural	
changes	in	the	fibers	and	proteins	of	the	crystalline	lens	
result	in	refractive	changes,	increased	light	scatter	and	a	
decreased	lens	clarity	(cataract)[122]

(B) 	Crystalline	 lens	 trauma	 due	 to	 forceful	 irrigation,	
complicated	pIOL	implantation,	or	intermittent	touch	of	
an	incorrectly	sized	posterior	chamber	pIOL	have	all	been	
described	in	previous	papers.[16,105,123]	Sizing	of	posterior	
chamber	pIOLs	is	especially	difficult	because	there	is	no	
clear	correlation	between	anterior	segment	measurements	
and	sulcus	diameter.	 Insufficient	 sizing	 induces	higher	
risks	of	excessively	small	or	large	vaults,	causing	crystalline	
lens	touch	or	angle	closure,	respectively	–	risks	that	are	

Table 1c: Contd...

Nr. eyes 
[nr. pt]

Follow‑
up (mo)

MRSE % within 
target

UDVA CDVA Indices

preop postop +/‑ 
0.5D

+/‑ 
1.0D

20/20 
(%)

20/40 
(%)

20/20 
(%)

20/40 
(%)

Efficacy Safety 

Nakamura, T., 2019[98] 70 [38] 120 ‑9.97 NR 71.4 87.1 NR 92.9 NR NR 0.66 0.88

Yu, Z., 2020[99] 38 [19] 3 ‑10.77 ‑0.86 87 97 NR NR NR NR 1.15 1.37

ICL, STAAR Surgical (Mixed Groups)

Hassaballa, M.A., 
2011[45]

26 [NR] 12 ‑12.44 ‑0.63 NR 53.84 NR NR NR NR 0.95 1.18

Moya, T., 2015[100] 110 [NR] 144 ‑16.90 ‑1.77 NR 34.3 NR NR NR NR 0.65 1.22

IPCL (Toric), CareGroup IOL

Vasavada, V., 
2018[101]

30 [16] 36 ‑16.50 ‑0.89 45 69 46 NR NR NR 1.02 0.64

Sachdev, G., 2019[102] 134 [NR] 12 ‑10.31 NR 88 95.8 51 96 NR NR NR NR

EYECRYL, Biotech

Yasa, D., 2018[103] 58 [29] 12 ‑13.41 ‑0.44 62 93 NR NR NR NR 1.2 1.39
Yasa, D., 2020[104] 43 [23] 6 ‑10.3 ‑0.36 70 91 NR NR 16 88 1.25 1.41

Mo = Months; MRSE = Manifest refractive spherical equivalent; D = Diopter; UDVA = Uncorrected distance visual acuity; CDVA = Corrected distance visual 
acuity; NR = Not reported

Table 2a: Overview of studies reporting on endothelial cell health after anterior chamber angle supported phakic 
intraocular lens implantation

Nr. Eyes 
[Nr. pt]

Follow‑
up (mo)

Preop ACD 
(mm)

ECD (cells/mm²) Total EC 
loss (%)

Preop Postop

AcrySof Cachet, Alcon

Kohnen, T., 2009[19] 190 [190] 12 NR NR NR ‑4.8

Mastropasqua, L., 2012[21] 36 [NR] 12 NR NR NR ‑4.0†

Yang, R.B., 2012[22] 25 [13] 12 NR 2767 2764 NR

Kermani, O., 2013[23] 50 [28] 3 NR 2650 2500 NR†

Taneri, S., 2014[24] 15 [15] 12 NR 2676 2825 NR†

Aerts, A.A., 2015[25] 79 [NR] 24 3.64* 2817 NR ‑3.8[1]

Gimbel, H.V., 2015[26] 51 [NR] 36 3.87* 2945 2768 ‑3.1†

Kohnen, T., 2016[18] 415 [326] 60 3.73* NR NR ‑8.9

Alio, J.L., 2017[27] 25 [NR] 60 NR 2849 2513 ‑13.7
Al‑Qahtani, S., 2018[28] 36 [21] 6 NR 3017 2775 ‑7.2†

Mo = Months; ACD = Anterior chamber depth; ECD = Endothelial cell density; EC = Endothelial cell; NR = Not reported. *as measured from the corneal 
epithelium, around 0.5 mm consists of corneal thickness, †measurement not repeatable based on materials and methods section, 1chronic loss from 6 months to 
endpoint
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decreased	in	the	presence	of	a	peripheral	 iridectomy	in	
anterior	 chamber	or	 central	hole	 in	posterior	 chamber	
pIOLs.	Numerous	 conference	meetings	 and	 scientific	
papers	report	on	the	optimization	of	sizing	of	posterior	
chamber	pIOLs,	but	further	research	will	hopefully	result	
in	finding	the	‘gold	standard’	for	preoperative	sizing[124,125]

(C) 	Aqueous	 humor	 circulation	 is	 responsible	 for	 the	
distribution	 of	 nutrients	 towards	 the	 surface	 of	 the	
crystalline	 lens.[122]	 Computer	 simulations	 using	
iris-fixated	and	posterior	 chamber	pIOLs	have	 shown	
that	 altered	aqueous	humor	flow	 is	unlikely	 to	 cause	
cataract	 formation	 in	 iris-fixated	pIOLs	 and	posterior	

Table 2b: Overview of studies reporting on endothelial cell health after anterior chamber iris‑fixated phakic intraocular 
lens implantation

Nr. Eyes 
[Nr. pt]

Follow‑
up (mo)

Preop 
ACD (mm)

ECD (cells/mm²) Total EC 
loss (%)

Preop Postop

Artisan Myopia, Ophtec

Budo, C., 2000[31] 249 [NR] 36 3.38‡ 2876 2607 NR†

Pop, M., 2004[57] 293 [NR] 24 NR 2631 2577 ‑0.8†

Asano‑Kato, N., 200533] 11 [NR] 24 NR 2831 2750 NR†

Coullet, J., 2006[35] 31 [31] 12 NR 2638 2473 ‑9.4†

Benedetti, S., 2007[58] 49 [30] 60 NR 2616 2379 ‑9†

Gierek‑Ciaciura, S, 2007[37] 20 [12] 12 3.39‡ 2651 NR ‑6.8†

Moshirfar, M., 2007[38] 38 [NR] 24 NR 2713 2534 ‑6.5†

Tahzib, N.G., 2007[39] 89 [49] 60 3.30‡ 2817 2734 ‑3.3†

Tahzib, N.G., 2007[39] 89 [49] 120 3.30‡ 2817 2800 ‑8.9†

Guell, J. L., 2008[40] 89 [NR] 60 NR 2836 2514 ‑11.3†

Guell, J. L., 2008[40] 165 [NR] 60 NR 2755 2454 ‑10.9†

Silva, R.A., 2008[41] 19 [NR] 60 3.87* 2481 2156 ‑14.1†

Stulting, R.D., 2008[42] 386 [NR] 36 NR NR NR ‑4.8†

Yamaguchi, T., 2008[59] 20 [11] 12 3.66* 3139 3023 NR†

Jonker, S.M., 2018[60] 193 [NR] 60 3.68* 2670 2588 ‑4.1

Jonker, S.M., 2018[60] 127 [NR] 120 3.68* 2670 2302 ‑11.5

Eldanasoury, A., 2019[61] 90 [57] 144 3.45* 2645 1751 ‑26.7

Galvis, V., 2019[62] 67 [45] 114 NR NR NR ‑18.5

Shaaban, Y., 2020[63] 20 [NR] 36 NR 2707 2279 ‑15.7†

Artisan Hyperopia (Toric), Ophtec

Guell, J. L., 2008[40] 34 [NR] 48 NR 2735 2560 ‑6.4†

Galvis, V., 2019[62] 10 [5] 108 NR NR NR ‑10.5

Artisan Toric, Ophtec (Mixed Groups)

Dick, H. B., 2003[32] 70 [NR] 6 3.47* 2983 2849 ‑4.5†

Guell, J. L., 2003[50] 27 [16] 12 NR 2649 2726 2.9†

Guell, J. L., 2008[40] 67 [NR] 36 NR 2632 2537 ‑3.6†

Jonker, S.M., 2018[60] 40 [NR] 60 3.49* 2695 2270 ‑11.9

Jonker, S.M., 2018[60] 20 [NR] 120 3.49* 2695 2009 ‑18.5

Artiflex Myopia (Toric), Ophtec

Coullet, J., 2006[35] 31 [31] 12 NR 2654 2405 ‑9.0†

Dick, H. B., 2009[51] 290 [191] 24 3.65* 2634 2605 ‑1.07†

Doors, M., 2012[52] 115 [73] 6 3.65* 2805 2676 ‑4.3†

Munoz, G., 2012[53] 42 [25] 12 3.51‡ 2801 2538 NR†

Ozerturk, Y., 2012[54] 50 [NR] 24 3.41‡ 3023 2797 ‑7.4†

Ruckhofer, J., 2012[55] 42 [24] 6 NR 2646 2627 ‑0.7†

Jonker, S.M., 2018[64] 137 [NR] 60 3.27* 2739 2480 ‑10.5[1]

Jonker, S.M., 2018[64] 63 [NR] 60 3.24* 2769 2488 ‑10.2[1]

Shaaban, Y., 2020[63] 20 [NR] 36 NR 2899 2173 ‑25.0†

Ghoreishi, M., 2020[56] 41 [41] 12 NR 2777 2721 NR‡

Mo = Months; ACD = Anterior chamber depth; ECD = Endothelial cell density; EC = Endothelial cell; NR = Not reported. *as measured from the corneal 
epithelium, around 0.5 mm consists of corneal thickness, †measurement not repeatable based on materials and methods section, ‡measurement method not 
reported, 1chronic loss from 6 months to endpoint
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chamber	pIOLs	with	 a	 central	hole.[120] The models in 
these	studies	focus	on	the	assessment	of	shear	stress	on	the	
surface	of	the	crystalline	lens	and	corneal	endothelium.	
Importantly,	 they	 show	an	 increased	 shear	 stress	 on	
the	surface	of	the	crystalline	lens	in	posterior	chamber	
pIOLs with a small vault.[120]	 It	 is	 currently	unclear	 if	
daily	eye	movements	 (saccades)	affect	aqueous	humor	
flow	and	nutrient	distribution.	New	simulations	need	to	
be	performed	in	order	to	assess	whether	flow	is	altered	
and	if	this	might	influence	cataract	formation	or	EC	loss.

Endothelial	cell	loss	is	the	second	most	common	complication	
related	 to	 pIOL	 implantation.	 Three	 hypotheses	 exist,	

attributing	EC	loss	to	either	(i)	the	proximity	of	the	pIOL	to	the	
corneal	endothelium,	(ii)	the	pIOL-related	change	in	aqueous	
humor	 flow,	 or	 (iii)	 the	 chronic	 subclinical	 inflammatory	
response to the pIOL.[48,60,64]
(i) 			A	shorter	distance	between	the	anterior	chamber	pIOL	and	

the	corneal	endothelium	is	associated	with	an	increased	
EC	 loss.[25,48,60]	 Posterior	 chamber	pIOLs	 are	designed	
to	 be	positioned	 further	 away	 from	 the	 endothelium	
and	are	 therefore	 assumed	 to	 cause	 less	EC	 loss.	This	
theory	cannot	be	definitely	confirmed	due	to	incomplete	
or	 absent	 reporting	 on	EC	 loss	 in	 recent	 research	 on	
posterior	chamber	pIOLs.	A	2018	paper	by	our	group	casts	

Table 2c: Overview of studies reporting on endothelial cell health after posterior chamber phakic intraocular lens 
implantation

Nr. Eyes 
[Nr. pt]

Follow‑
up (mo)

Preop ACD 
(mm)

ECD (cells/mm²) Total EC 
loss (%)

Preop Postop

PRL Myopia, CIBA Vision/Zeiss Meditec

Koivula, A., 2005[71] 14 [NR] 12 NR 2989 2771 ‑7.4†

Torun, N., 2013[77] 53 [29] 86 NR 2581 NR ‑6.4

PRL Hyperopia, CIBA Vision/Zeiss Meditec

Koivula, A., 2005[71] 6 [NR] 12 NR 3198 3031 ‑6.2†

Koivula, A., 2009[79] 40 [25] 12 NR NR NR ‑3.8†

PRL, CIBA Vision/Zeiss Meditec (Mixed Groups)

Koivula, A., 2005[71] 20 [NR] 12 NR NR NR ‑7.1†

ICL V4(b Toric), STAAR Surgical

Kamiya, K., 2013[80] 50 [28] 36 3.23* 2753 2682 NR†

Sari, E.S., 2013[81] 34 [20] 36 3.22* 3307 3102 ‑7.8†

Alfonso, J.F., 2014[82] 35 [20] 12 NR 2755 2634 NR†

Igarashi, A., 2014[83] 41 [41] 96 3.24* 2819 2626 ‑6.2†

Shimizu, K., 2016[84] 26 [26] 60 3.11‡ 2750 2711 ‑1.2†

Goukon, H.. 2017[114] 25 [25] 24 3.16‡ 2829 2798 ‑1.1†

ICL V4(c Toric), STAAR Surgical

Shimizu, K., 2012[85] 20 [20] 6 3.13* 2798 2720 ‑2.8†

Shimizu, K., 2016[84] 26 [26] 60 3.13‡ 2803 2799 ‑0.5†

Goukon, H., 2017[114] 34 [34] 24 3.14‡ 2816 2806 ‑0.3†

Kamiya, K., 2017[87] 57 [57] 12 3.08* NR NR ‑0.1†

Kamiya, K., 2017[87] 294 [294] 12 3.14* NR NR ‑0.1†

Pjano, M.A., 2017[88] 28 [16] 12 3.48* 2656 2512 ‑5.5†

Alfonso, J. F., 2019[92] 141 [83] 60 3.16 2657 2645 ‑0.4†

Řeháková, T., 2019[106] 63 [32] 24 NR 3271 2803 ‑13.5†

Choi, J., 2019[107] 71 [NR] 120 NR 2889 2749 NR†

Niu, L., 2019[97] 51 [31] 12 2.74 3235 2964 ‑8.4†

Nakamura, T., 2019[98] 70 [38] 120 3.19 2739 2581 ‑5.3†

Ghoreishi, M., 2020[56] 41 [41] 12 NR 2723 2672 NR‡

IPCL (Toric), CareGroup IOL

Vasavada, V.,2018[101] 30 [16] 36 3.28* 3036 2655 ‑9.7†

Sachdev, G., 2019[102] 134 [NR] 12 3.21* 2755 NR ‑2.0†

Stodulka, P., 2020[115] 17 [10] 24 3.44 2552 2299 ‑9.9

EYECRYL, Biotech

Yasa, D., 2018[103] 58 [29] 12 NR 2713 2608 ‑3.9†

Yasa, D., 2020[104] 43 [23] 6 3.23 2719 2779 NR†

Mo = Months; ACD = Anterior chamber depth; ECD = Endothelial cell density; EC = Endothelial cell; NR = Not reported. *as measured from the corneal 
epithelium, around 0.5 mm consists of corneal thickness, †measurement not repeatable based on materials and methods section, ‡measurement method not 
reported
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additional	doubt	upon	this	 theory,	because	 it	does	not	
identify	a	smaller	preoperative	anterior	chamber	depth	as	
a	significant	risk-factor	for	EC	loss	in	eyes	with	foldable	
iris-fixated	pIOLs.[64]	Adequately	designed	 studies	 are	
needed to prove the validity of this hypothesis and assess 
if	there	is	additional	benefit	to	posterior	chamber	pIOLs	
regarding	EC	loss

(ii) 	Alterations	in	aqueous	humor	flow	have	been	assessed	in	
iris-fixated	and	posterior	chamber	pIOLs	using	computer	
simulation,	 and	 have	 shown	 a	 significant	 change	 in	
aqueous	humor	flow	that	is	unlikely	to	result	in	increased	
EC	loss.	As	mentioned	previously,	none	of	these	studies	
have	implemented	the	daily	movements	(saccades)	of	the	
eye in their estimations.[120]	New	simulations	are	required	
to	assess	whether	these	movements	result	in	significant	
changes	 in	aqueous	humor	flow	that	could	explain	EC	
loss,	and	to	assess	whether	design	changes	are	required	
in	pIOLs	currently	available	for	implantation

(iii)				Research	 regarding	 the	 possibility	 of	 subclinical	
inflammation	has	been	met	with	technical	difficulties	in	
the past.[126]	Few	methods	are	available	to	assess	minimal 
inflammation	-	for	example,	in	eyes	not	presenting	with	
either	 cell,	flare	or	 the	Tyndall	Effect	during	 slit-lamp	
evaluation.	Laser	Flare	Meters	have	been	used	in	the	past	
to	assess	inflammation,	and	the	first	study	using	a	Laser	
Flare	Cell	Meter	to	assess	inflammation	in	patients	with	a	
pIOL	was	published	in	the	early	nineties.[127] Studies that 
were	performed	in	the	years	following	showed	increased	
flare	 in	 eyes	with	 angle-supported	 and	 iris-fixated	
pIOLs,	 as	 compared	 to	healthy	patients	without	 these	
lenses,	and	showed	highly	variable	inflammation	in	eyes	
with	 iris-fixated P IOLs.[116]	However,	 high	 inter-	 and	
intra-observer	 variability,	 low	 repeatability,	 and	 the	

time-consuming	nature	 of	 these	measurements	 have	
prohibited	 the	 implementation	of	 the	Laser	Flare	Cell	
Meter	in	the	clinical	care	pathway.

Regardless	of	the	cause	of	EC	loss,	EC	monitoring	is	essential	
whenever	a	pIOL	is	implanted.	In	2006,	the	AFSSAPS	published	
a	guideline	reporting	an	ECD	of	1500	cells/mm2 or less as a 
reason	for	pIOL	explantation,	after	the	Vivarte	angle-supported	
pIOL	had	to	be	taken	of	the	market.[128]	After	consulting	with	
large	numbers	of	specialists	from	the	field,	the	AAO	published	
a	second,	more	extensive	guideline	in	2018.[112]	It	describes	the	
importance	of	correct	ECD	measurements	and	provides	specific	
endpoints	when	 reporting	ECD	(i.e.,	 the	proportion	of	eyes	
with	≥25%	EC	loss	after	3	years).	In	addition,	it	also	refers	to	
clause	D.4.2	of	the	ANSI	standard	Z80.13	Phakic	Intraocular	
Lenses	 standard	 for	 recommendations	 on	how	 to	perform	
ECD	measurements.	Studies	should	report	the	mean	of	three	
acceptable	measurements	of	the	central	cornea,	identifying	at	
least	100	cells	per	frame,	and	use	the	center-to-center	method	
with	the	same	non-contact	specular	microscope	throughout	the	
study.[112]	Identifying	100	cells	per	image	can	be	challenging:	
non-contact	 specular	microscopes	 are	 capable	of	 capturing	
120	to	170	cells	per	image,	depending	on	ECD	and	the	quality	
of	 the	 image.	Contact	 specular	microscopes	 on	 the	 other	
hand	can	capture	700	to	3000	cells	per	image,	depending	on	
the	 skill	 of	 the	 technician.[129]	Contact	 specular	microscopy	
however	 is	 time-consuming	and	 invasive,	 as	well	 as	 a	 skill	
that	requires	a	certain	level	of	training	and	upkeep,	making	it	
more	difficult	to	implement	in	a	busy	practice.	Another	option	
to	increase	the	number	of	analyzed	cells	is	to	use	the	corner	
method	 instead	of	 the	 center-to	 center-method.[130]	A	 2010	
study	 confirmed	 that	 the	 corner	method	 is	 likely	 to	benefit	
representation	 of	 ECD	 and	morphological	 characteristics	
in	 transplanted	 corneas,	 but	did	not	find	 clinically	 relevant	

Table 3a: Reported complications in eyes implanted with anterior chamber angle supported phakic intraocular lenses

Nr. Eyes  
[Nr. pt]

Follow‑
up (mo)

Exchange 
(%)

Explants (%) Complication

Total Cataract EC loss Retinal Position Related Other

AcrySof Cachet, Alcon

Kohnen, T., 
2009[19]

190 [190] 12 0.53 0.53 NR NR NR 32.6% ≥15° 
rotation,1.05% pIOL 
related synechiae. 
0.53% explanted 
due to upside‑down 
implantation

NR

Knorz. 
M.C., 
2011[20]

104 [NR] 36 0.56 1.39 NR NR NR NR NR

Gimbel, 
H.V., 
2015[26]

51 [NR] 36 NR 1.68 NR 1.68 NR 1.68% anterior 
synechiae

NR

Kohnen, T., 
2016[18]

415 [326] 60 NR 6.33 1.27 2.53 NR 4.9% anterior 
synechiae, 0.39% 
upside down 
implantation

 4.1% surgical 
intervention, 3.1% cataract 
formation, 2.5% raised 
IOP requiring treatment

Alio, J.L., 
2017[27]

25 [NR] 60 NR 2 NR 1 NR 1% iris‑cyst 
development 
requiring 
explantation

10% additional laser 
refractive correction

Mo = Months; ACD = Anterior chamber depth; ECD = Endothelial cell density; EC = Endothelial cell; NR = Not reported; pIOL = Phakic intraocular lens; 
IOP = Intraocular pressure



2788	 Indian Journal of Ophthalmology	 Volume	68	Issue	12

Co
nt

d.
..

Ta
bl
e 
3b
: R

ep
or
te
d 
co
m
pl
ic
at
io
ns
 in

 e
ye
s 
im
pl
an
te
d 
w
ith

 a
nt
er
io
r 
ch
am

be
r 
ir
is
‑fi
xa
te
d 
ph

ak
ic
 in

tr
ao
cu
la
r 
le
ns
es

N
r.

 E
ye

s 
[N

r.
 p

t]
Fo

llo
w

‑
up

 (m
o)

Ex
ch

an
ge

 
(%

)
E

xp
la

nt
s 

(%
)

C
om

pl
ic

at
io

n

To
ta

l
C

at
ar

ac
t

E
C

 lo
ss

R
et

in
al

P
os

iti
on

 R
el

at
ed

O
th

er

A
rti

sa
n 

M
yo

pi
a 

(T
or

ic
), 

O
ph

te
c

B
ud

o,
 C

., 
20

00
[3

1]

24
9 

[N
R

]
36

N
R

2.
8

1.
2

0.
4

0.
8%

 R
et

in
al

 D
et

ac
hm

en
t

10
%

 u
nc

en
te

re
d 

pI
O

L,
 

0.
8%

 p
up

ill
ar

y 
bl

oc
k

2.
4%

 a
ge

 re
la

te
d 

ca
ta

ra
ct

, 
1.

6%
 h

yp
he

m
a,

 0
.8

%
 

pe
rs

is
te

nt
 c

or
ne

al
 e

de
m

a

A
sa

no
‑K

at
o,

 N
., 

20
05

[3
3]

11
 [N

R
]

24
N

R
N

R
N

R
N

R
N

R
4.

5%
 p

ig
m

en
t d

ep
os

iti
on

 
on

 p
IO

L

B
ar

te
ls

, M
., 

20
06

[3
4]

20
 [1

4]
24

N
R

N
R

N
R

N
R

1.
85

%
 R

et
in

al
 D

et
ac

hm
en

t
N

R
1.

85
%

 c
at

ar
ac

t

B
en

ed
et

ti,
 S

., 
20

07
[5

8]

49
 [3

0]
60

N
R

N
R

N
R

N
R

N
R

16
.8

%
 ir

is
 a

tro
ph

y,
 8

.2
%

 
pi

gm
en

t d
ep

os
iti

on
 o

n 
pI

O
L

N
R

M
os

hi
rfa

r, 
M

., 
20

07
[3

8]

38
 [N

R
]

24
1.

18
N

R
N

R
N

R
N

R
2.

4%
 p

up
il 

de
fo

rm
at

io
n

4.
2%

 p
IO

L 
re

po
si

tio
ni

ng
, 

1.
18

%
 s

ur
ge

ry
 re

la
te

d 
ca

ta
ra

ct

Ta
hz

ib
, N

.G
., 

20
07

[3
9]

89
 [4

9]
12

0
N

R
2.

25
2.

25
N

R
N

R
N

R
1.

12
%

 a
dd

iti
on

al
 la

se
r 

re
fra

ct
iv

e 
co

rr
ec

tio
n

G
ue

ll,
 J

. L
., 

20
08

[4
0]

89
 [N

R
]

60
N

R
1.

25
0.

5
0.

75
0.

25
%

 M
ac

ul
ar

 H
em

or
rh

ag
e,

 
0.

25
%

 R
et

in
al

 D
et

ac
hm

en
t

N
R

15
.1

%
 a

dd
iti

on
al

 la
se

r 
re

fra
ct

iv
e 

co
rr

ec
tio

n 

G
ue

ll,
 J

. L
., 

20
08

[4
0]

16
5 

[N
R

]
60

N
R

N
R

N
R

N
R

N
R

N
R

9,
8%

 a
dd

iti
on

al
 la

se
r r

ef
ra

ct
iv

e 
co

rr
ec

tio
n

S
ilv

a,
 R

.A
., 

20
08

[4
1]

19
 [N

R
]

60
N

R
7.

6
3.

8
N

R
N

R
3.

8%
 e

xp
la

nt
ed

 d
ue

 to
 

gl
ar

e/
ha

lo
’s

N
R

S
tu

lti
ng

, R
.D

., 
20

08
[4

2]

38
6 

[2
32

]
36

1.
02

1.
1

0.
25

N
R

0.
51

%
 R

et
in

al
 D

et
ac

hm
en

t
2.

54
%

 re
fix

at
io

ns
N

R

Q
as

em
, Q

., 
20

10
[4

4]

15
1 

[8
4]

12
N

R
N

R
N

R
N

R
2.

16
%

 M
yo

pi
c 

D
eg

en
er

at
io

n,
 

1.
08

%
 R

et
in

al
 D

et
ac

hm
en

t
4.

32
%

 re
fix

at
io

n
17

.9
%

 a
dd

iti
on

al
 la

se
r 

re
fra

ct
iv

e 
co

rr
ec

tio
n

Ti
tiy

al
, J

.S
., 

20
12

[4
6]

28
 [N

R
]

60
N

R
1.

17
N

R
1.

17
1.

17
%

 R
et

in
al

 D
et

ac
hm

en
t, 

1.
17

%
 

P
er

ifo
ve

al
 S

ub
re

tin
al

 H
em

or
rh

ag
e,

 
1.

17
%

 P
er

ip
he

ra
l R

et
in

al
 T

ea
r

57
.4

1%
 re

fix
at

io
n,

 2
9.

4%
 

iri
s 

at
ro

ph
y

N
R

M
os

hi
rfa

r, 
M

., 
20

14
[6

5]

21
3 

[N
R

]
65

N
R

2.
76

2.
3

0.
92

N
R

N
R

N
R

C
he

bl
i, 

S
., 

20
18

[6
6]

11
3 

[6
0]

65
N

R
N

R
N

R
0.

9
N

R
N

R
N

R

Jo
nk

er
, S

.M
., 

20
19

[4
8]

46
0 

[2
50

]
12

0
1.

09
17

.3
9

11
.0

9
5.

88
1.

09
%

 re
tin

al
 d

et
ac

hm
en

t, 
1.

74
%

 
m

yo
pi

c 
m

ac
ul

ar
 d

eg
en

er
at

io
n,

 
0.

43
%

 re
tin

os
ch

is
is

, 0
.2

2%
 

m
ac

ul
ar

 h
ol

e,
 0

.2
2%

 c
en

tra
l 

se
ro

us
 c

ho
rio

re
tin

op
at

hy

1.
09

%
 re

fix
at

io
ns

3.
26

%
 a

dd
iti

on
al

 la
se

r 
re

fra
ct

iv
e 

co
rr

ec
tio

n

E
ld

an
as

ou
ry

, 
A

., 
20

19
[6

1]

90
 [5

7]
14

4 
N

R
33

7
27

N
R

N
R

11
%

 c
or

ne
al

 e
de

m
a 

an
d 

D
S

A
E

K



December	2020	 	 2789Jonker, et al.: Phakic Intraocular Lens

Ta
bl

e 
3b

: C
on

td
...

N
r.

 E
ye

s 
[N

r.
 p

t]
Fo

llo
w

‑
up

 (m
o)

Ex
ch

an
ge

 
(%

)
E

xp
la

nt
s 

(%
)

C
om

pl
ic

at
io

n

To
ta

l
C

at
ar

ac
t

E
C

 lo
ss

R
et

in
al

P
os

iti
on

 R
el

at
ed

O
th

er

G
al

vi
s,

 V
., 

20
19

[6
2]

67
 [4

5]
11

4
N

R
4.

5
3

1.
5

N
R

1.
5%

 re
fix

at
io

n 
af

te
r 

tra
um

a
29

.9
%

 o
ve

r 2
5%

 to
ta

l E
C

 lo
ss

A
rti

sa
n 

H
yp

er
op

ia
, O

ph
te

c

G
ue

ll,
 J

. L
., 

20
08

[4
0]

28
 [N

R
]

60
4.

88
N

R
N

R
N

R
N

R
N

R
20

.5
%

 a
dd

iti
on

al
 la

se
r 

re
fra

ct
iv

e 
co

rr
ec

tio
n

Q
as

em
, Q

., 
20

10
[4

4]

14
 [7

]
12

N
R

N
R

N
R

N
R

2.
16

%
 M

yo
pi

c 
D

eg
en

er
at

io
n,

 
1.

08
%

 R
et

in
al

 D
et

ac
hm

en
t

4.
32

%
 re

fix
at

io
n

28
.6

%
 a

dd
iti

on
al

 la
se

r 
re

fra
ct

iv
e 

co
rr

ec
tio

n

A
rti

fle
x 

M
yo

pi
a 

(T
or

ic
), 

O
ph

te
c

D
ic

k,
 H

. B
., 

20
09

[5
1]

29
0 

[1
91

]
24

0.
34

N
R

N
R

N
R

N
R

4.
8%

 p
ig

m
en

t d
ep

os
iti

on
 

on
 p

IO
L,

 1
.4

%
 g

ia
nt

 c
el

 
de

po
si

tio
n 

on
 p

IO
L,

 1
.4

%
 

re
po

si
tio

ni
ng

N
R

D
oo

rs
, M

., 
20

12
[5

2]

11
5 

[7
3]

6
N

R
1.

74
N

R
N

R
N

R
14

.8
%

 p
ig

m
en

t d
ep

os
iti

on
 

on
 p

IO
L,

 1
2.

2%
 g

ia
nt

 c
el

 
de

po
si

tio
n 

on
 p

IO
L

4.
38

%
 p

os
te

rio
r s

yn
ec

hi
ae

M
un

oz
, G

., 
20

12
[5

3]

42
 [2

5]
12

N
R

N
R

N
R

N
R

N
R

16
.7

%
 p

ig
m

en
t 

de
po

si
tio

n 
on

 p
IO

L,
 2

.4
%

 
re

po
si

tio
ni

ng

N
R

O
ze

rtu
rk

, Y
., 

20
12

[5
4]

50
 [N

R
]

24
N

R
N

R
N

R
N

R
1.

2%
 C

ho
ro

id
al

 
N

eo
va

sc
ul

ar
is

at
io

n
21

.7
%

 d
ep

os
iti

on
s 

on
 

pI
O

L
N

R

V
is

se
r, 

N
., 

20
12

[6
7]

35
 [2

0]
12

N
R

N
R

N
R

N
R

N
R

11
.4

3%
 d

ep
os

iti
on

s 
on

 
pI

O
L

N
R

G
al

vi
s,

 V
., 

20
19

[6
2]

10
 [5

]
10

8
N

R
N

R
N

R
N

R
N

R
N

R
20

%
 o

ve
r 2

5%
 to

ta
l E

C
 lo

ss

G
ho

re
is

hi
, M

., 
20

20
[5

6]

41
 [4

1]
12

N
R

N
R

N
R

N
R

N
R

2.
44

%
 re

po
si

tio
n 

du
e 

to
 

m
is

al
ig

nm
en

t
N

R

A
rti

sa
n/

A
rti

fle
x 

(T
or

ic
), 

O
ph

te
c 

(M
ix

ed
 

G
ro

up
s)

Te
hr

an
i, 

M
., 

20
06

[4
9]

30
 [N

R
]

36
N

R
N

R
N

R
N

R
N

R
17

.5
%

 p
ig

m
en

t d
ep

os
iti

on
 

on
 p

IO
L

N
R

G
ue

ll,
 J

. L
., 

20
08

[4
0]

67
 [N

R
]

36
1.

19
N

R
N

R
N

R
N

R
N

R
5.

95
%

 a
dd

iti
on

al
 la

se
r 

re
fra

ct
iv

e 
co

rr
ec

tio
n

S
ax

en
a,

 R
., 

20
08

[6
8]

31
8 

[N
R

]
m

ea
n 

35
1.

57
1.

26
1.

26
N

R
0.

31
%

 R
et

in
al

 D
et

ac
hm

en
t

0.
31

%
 p

up
ill

ar
y 

bl
oc

k
N

R

Q
as

em
, Q

., 
20

10
[4

4]

20
 [1

1]
12

N
R

N
R

N
R

N
R

2.
16

%
 M

yo
pi

c 
D

eg
en

er
at

io
n,

 
1.

08
%

 R
et

in
al

 D
et

ac
hm

en
t

4.
32

%
 re

fix
at

io
n

15
%

 a
dd

iti
on

al
 la

se
r r

ef
ra

ct
iv

e 
co

rr
ec

tio
n

M
o 

= 
M

on
th

s;
 A

C
D

 =
 A

nt
er

io
r c

ha
m

be
r d

ep
th

; E
C

D
 =

 E
nd

ot
he

lia
l c

el
l d

en
si

ty
; E

C
 =

 E
nd

ot
he

lia
l c

el
l; 

N
R

 =
 N

ot
 re

po
rte

d;
 p

IO
L 

= 
P

ha
ki

c 
in

tra
oc

ul
ar

 le
ns

; I
O

P
 =

 In
tra

oc
ul

ar
 p

re
ss

ur
e



2790	 Indian Journal of Ophthalmology	 Volume	68	Issue	12

Ta
bl

e 
3c

: R
ep

or
te

d 
co

m
pl

ic
at

io
ns

 in
 e

ye
s 

im
pl

an
te

d 
w

ith
 p

os
te

ri
or

 c
ha

m
be

r 
ph

ak
ic

 in
tr

ao
cu

la
r 

le
ns

es

N
r.

 E
ye

s 
[N

r.
 p

t]
Fo

llo
w

‑
up

 (m
o)

Ex
ch

an
ge

 
(%

)
E

xp
la

nt
s 

(%
)

C
om

pl
ic

at
io

n

To
ta

l
C

at
ar

ac
t

E
C

 
lo

ss
R

et
in

al
P

os
iti

on
 R

el
at

ed
O

th
er

P
R

L 
M

yo
pi

a,
 C

IB
A

 V
is

io
n/

Ze
is

s 
M

ed
ite

c

H
oy

os
, J

. E
., 

20
02

[6
9]

17
 [N

R
]

12
18

N
R

N
R

N
R

N
R

6%
 c

or
tic

al
 le

ns
 o

pa
ci

ty
N

R

P
al

lik
ar

is
, I

. G
., 

20
04

[7
0]

34
 [1

9]
17

N
R

N
R

N
R

N
R

N
R

2.
9%

 a
nt

er
io

r o
pa

ci
fic

at
io

n 
du

e 
to

 
le

ns
 to

uc
h

28
.5

%
 g

la
re

 a
nd

 h
al

o’
s,

 8
.8

%
 

da
m

ag
ed

 a
nt

er
io

r c
ap

su
le

 
du

rin
g 

iri
de

ct
om

y 
cr

ea
tio

n,
 5

.9
%

 
gl

au
co

m
a 

re
qu

iri
ng

 s
ur

ge
ry

D
on

os
o,

 R
., 

20
06

[7
2]

53
 [3

9]
8

N
R

3.
8

N
R

N
R

1.
9%

 re
tin

al
 

de
ta

ch
m

en
t

3.
8%

 le
ns

 s
ub

lu
xa

tio
n 

th
ro

ug
h 

zo
nu

le
s

N
R

Jo
ng

sa
re

ej
it,

 A
., 

20
06

[7
3]

50
 [3

1]
12

N
R

2
2

N
R

2%
 m

ac
ul

ar
 

he
m

or
rh

ag
e

2%
 p

up
ill

ar
y 

bl
oc

k 
gl

au
co

m
a

N
R

P
or

ta
lio

u,
 D

. M
., 

20
11

[7
5]

34
 [N

R
]

72
N

R
N

R
N

R
N

R
N

R
8.

8%
 d

am
ag

ed
 a

nt
er

io
r c

ap
su

le
, 

pi
gm

en
t d

is
pe

rs
io

n,
 2

.9
%

 le
ns

 
de

ce
nt

ra
tio

n

N
R

P
er

ez
‑C

am
br

od
i, 

R
. J

., 
20

11
[7

6]

35
 [2

0]
57

 
N

R
N

R
N

R
N

R
2.

86
%

 re
tin

al
 

de
ta

ch
m

en
t

5.
71

%
 le

ns
 d

ec
en

tra
tio

n,
 2

.8
6%

 
co

rti
ca

l o
pc

ifi
ca

tio
ns

N
R

To
ru

n,
 N

., 
20

13
[7

7]
53

 [2
9]

86
 

N
R

9.
3

7.
5

N
R

3.
8%

 re
tin

al
 

de
ta

ch
m

en
t

11
.3

%
 a

sy
m

pt
om

at
ic

 a
nt

er
io

r 
ca

ta
ra

ct
, 9

.4
%

 s
lig

ht
 le

ns
 

de
ce

nt
ra

tio
n,

 1
.8

%
 le

ns
 

de
ce

nt
ra

tio
n 

re
qu

iri
ng

 
ex

pl
an

ta
tio

n

N
R

P
R

L 
H

yp
er

op
ia

, C
IB

A
 V

is
io

n/
Ze

is
s 

M
ed

ite
c

H
oy

os
, J

. E
., 

20
02

[6
9]

14
 [N

R
]

12
N

R
N

R
N

R
N

R
N

R
14

%
 p

up
ill

ar
y 

bl
oc

k 
gl

au
co

m
a,

 7
%

 
pi

gm
en

ta
ry

 d
is

pe
rs

io
n

28
%

 g
la

re
 a

nd
 h

al
o’

s 

G
il‑

C
az

or
la

, R
., 

20
08

[7
8]

16
 [9

]
12

N
R

N
R

N
R

N
R

N
R

N
R

50
%

 a
dd

iti
on

al
 la

se
r r

ef
ra

ct
iv

e 
co

rr
ec

tio
n 

to
 c

or
re

ct
 a

st
ig

m
at

is
m

P
R

L,
 C

IB
A

 V
is

io
n/

Ze
is

s 
M

ed
ite

c 
(M

ix
ed

 G
ro

up
s)

K
oi

vu
la

, A
., 

20
05

[7
1]

20
 [N

R
]

12
N

R
N

R
N

R
N

R
N

R
10

%
 p

up
ill

ar
y 

bl
oc

k 
gl

au
co

m
a

N
R

IC
L 

V
3/

V
4,

 S
TA

A
R

 S
ur

gi
ca

l 

M
oy

a,
 T

., 
20

15
[1

00
]

11
0 

[N
R

]
14

4
1.

38
11

.8
7.

6
N

R
3.

47
%

 R
et

in
al

 
D

et
ac

hm
en

t
13

.8
8%

 s
ig

ni
fic

an
t o

pa
ci

tie
s,

 
0.

69
%

 s
ub

lu
xa

tio
n 

ne
ed

in
g 

ex
ch

an
ge

, 0
.6

9%
 in

co
rr

ec
t s

iz
in

g 
ne

ed
in

g 
ex

ch
an

ge

N
R

IC
L 

V
4(

b 
To

ric
), 

S
TA

A
R

 S
ur

gi
ca

l

K
am

iy
a,

 K
., 

20
13

[8
0]

50
 [2

5]
36

N
R

N
R

N
R

N
R

N
R

12
%

 ≥
10

° 
ro

ta
tio

n 
re

qu
iri

ng
 

re
po

si
tio

ni
ng

, 8
%

 a
sy

m
pt

om
at

ic
 

an
te

rio
r c

at
at

ar
ct

N
R

S
ar

i, 
E

.S
., 

20
13

[8
1]

34
 [2

0]
36

N
R

N
R

N
R

N
R

N
R

8.
8%

 re
po

si
tio

ni
ng

, 5
.8

%
 

as
ym

pt
om

at
ic

 a
nt

er
io

r c
at

at
ar

ct
N

R

Co
nt

d.
..



December	2020	 	 2791Jonker, et al.: Phakic Intraocular Lens

Ta
bl

e 
3c

: C
on

td
...

N
r.

 E
ye

s 
[N

r.
 p

t]
Fo

llo
w

‑
up

 (m
o)

Ex
ch

an
ge

 
(%

)
E

xp
la

nt
s 

(%
)

C
om

pl
ic

at
io

n

To
ta

l
C

at
ar

ac
t

E
C

 
lo

ss
R

et
in

al
P

os
iti

on
 R

el
at

ed
O

th
er

Ig
ar

as
hi

, A
., 

20
14

[8
3]

41
 [4

1]
96

N
R

N
R

4.
9

N
R

N
R

9.
8%

 a
sy

m
pt

om
at

ic
 a

nt
er

io
r 

ca
ta

ra
ct

9.
8%

 a
sy

m
pt

om
at

ic
 n

uc
le

ar
 

ca
ta

ra
ct

G
ub

er
, I

., 
20

16
[1

05
]

90
 [N

R
]

12
0

N
R

N
R

18
.3

N
R

1.
5%

 C
ho

ro
id

al
 

N
eo

va
sc

ul
ar

is
at

io
n,

 
0.

8%
 M

ac
ul

ar
 

H
ol

e,
 0

.8
%

 C
en

tra
l 

P
ig

m
en

t A
tro

ph
y

54
.8

%
 le

ns
 o

pa
ci

tie
s,

 1
2%

 
in

cr
ea

se
d 

IO
P

 re
qu

iri
ng

 tr
ea

tm
en

t
N

R

S
hi

m
iz

u,
 K

., 
20

16
[8

4]
26

 [2
6]

60
N

R
N

R
N

R
N

R
N

R
3.

1%
 a

nt
er

io
r c

at
ar

ac
t, 

3.
1%

 
≥

30
° 

ro
ta

tio
n

3.
1%

 a
dd

iti
on

al
 la

se
r r

ef
ra

ct
iv

e 
co

rr
ec

tio
n,

IC
L 

V
4(

c 
To

ric
), 

S
TA

A
R

 S
ur

gi
ca

l

K
am

iy
a,

 K
., 

20
17

[8
7]

29
4 

[2
94

]
12

0.
7

N
R

N
R

N
R

N
R

0.
3%

 ≥
30

° 
ro

ta
tio

n,
 0

,3
%

 ir
iti

s
0.

3%
 a

dd
iti

on
al

 la
se

r r
ef

ra
ct

iv
e 

co
rr

ec
tio

n

K
am

iy
a,

 K
., 

20
18

[8
9]

36
5 

[2
01

]
12

0.
6

N
R

N
R

N
R

N
R

0.
6%

 ≥
30

° 
ro

ta
tio

n
N

R

Ta
ka

ha
sh

i, 
M

., 
20

18
[9

1]
42

 [2
1]

6
N

R
N

R
N

R
N

R
N

R
19

%
 g

la
re

 a
nd

 h
al

o 
in

 th
e 

ea
rly

 
po

st
op

er
at

iv
e 

pe
rio

d
N

R

Ř
eh

ák
ov

á,
 T

., 
20

19
[1

06
]

63
 [3

2]
24

N
R

3.
1

N
R

N
R

N
R

3.
1%

 e
xp

la
nt

ed
 d

ue
 to

 
de

ce
nt

ra
tio

n 
an

d 
ac

ut
e 

gl
au

co
m

a
N

R

C
ho

i, 
J.

, 2
01

9[1
07

]
11

0 
[6

0]
12

0
1.

9
5.

5
5.

5
N

R
0.

9%
 

rh
eg

m
at

og
en

ou
s 

re
tin

al
 d

et
ac

hm
en

t

19
.1

%
 le

ns
 o

pa
ci

tie
s 

(9
.1

%
 a

nt
er

io
r 

su
bc

ap
su

la
r o

pa
ci

tie
s)

, 1
.8

%
 

ex
ch

an
ge

 d
ue

 to
 a

cu
te

 g
la

uc
om

a,
 

0.
9%

 p
ig

m
en

t d
is

pe
rs

io
n 

re
qu

iri
ng

 
tra

be
cu

le
ct

om
y

N
R

N
iu

, L
., 

20
19

[9
7]

51
 [3

1]
12

N
R

N
R

N
R

N
R

N
R

7.
8%

 w
ith

 a
 s

m
al

l v
au

lt 
du

e 
to

 
in

co
rr

ec
t h

ap
tic

 p
la

ce
m

en
t i

n 
th

e 
su

lc
us

N
R

N
ak

am
ur

a,
 T

., 
20

19
[9

8]
11

4 
[6

1]
12

0
N

R
N

R
3.

5
N

R
N

R
10

.5
%

 a
nt

er
io

r s
ub

ca
ps

ul
ar

 
op

ac
iti

es
N

R

IP
C

L 
(T

or
ic

), 
C

ar
eG

ro
up

 IO
L

V
as

av
ad

a,
 V

., 
20

18
[1

01
]

30
 [1

6]
36

N
R

N
R

N
R

N
R

N
R

3.
3%

 c
lin

ic
al

ly
 s

ig
ni

fic
an

t v
au

lt 
re

du
ct

io
n 

ov
er

 3
 y

ea
rs

, 3
.3

%
 

an
te

rio
r s

ub
ca

ps
ul

ar
 c

at
ar

ac
t w

ith
 

go
od

 V
A

 u
nt

ill
 3

y 
po

st
op

N
R

S
ac

hd
ev

, G
., 

20
19

[1
02

]
13

4 
[N

R
]

12
N

R
N

R
0.

7
N

R
N

R
2.

9%
 a

nt
er

io
r s

ub
ca

ps
ul

ar
 

ca
ta

ra
ct

, 0
.7

%
 p

up
ill

ar
y 

bl
oc

k 
gl

au
co

m
a,

 4
.4

7%
 ≥

5°
 ro

ta
tio

n 
re

qu
iri

ng
 re

po
si

tio
ni

ng

0.
7%

 h
yp

op
io

n/
TA

S
S

 

M
o 

= 
M

on
th

s;
 A

C
D

 =
 A

nt
er

io
r c

ha
m

be
r d

ep
th

; E
C

D
 =

 E
nd

ot
he

lia
l c

el
l d

en
si

ty
; E

C
 =

 E
nd

ot
he

lia
l c

el
l; 

N
R

 =
 N

ot
 re

po
rte

d;
 p

IO
L 

= 
P

ha
ki

c 
in

tra
oc

ul
ar

 le
ns

; I
O

P
 =

 In
tra

oc
ul

ar
 p

re
ss

ur
e



2792	 Indian Journal of Ophthalmology	 Volume	68	Issue	12

differences	between	these	measurement	methods	 in	healthy	
corneas.[130]	 The	 corner	method	 takes	up	 significantly	more	
time	in	the	clinic	and	probably	only	has	additional	value	in	
studies	on	transplanted	or	diseased	corneal	endothelium,	or	
in	 studies	 focusing	on	morphometric	data.	 Selection	of	 100	
contiguous	cells	in	a	non-contact	specular	microscopic	image	
is	challenging,	even	in	healthy	corneas.	For	this	reason,	most	
studies	 reporting	ECD	data	 select	 50	 contiguous	 cells	 and	
report	the	mean	of	three	ECD	measurements	to	provide	reliable	
results.	The	ANSI	standard	might	press	researchers	to	select	
cells	 that	would	not	qualify	as	 clearly	 identifiable,	possibly	
resulting	 in	misrepresentation	of	ECD	and	EC	morphology.	
It	is	important	to	acknowledge	that	neither	the	AFSSAPS,	nor	
the	AAO	criteria	present	the	researcher	with	cut-off	values	as	
to	what	proportion	of	eyes	is	considered	‘safe’	at	a	predefined	
time point.[112,128]	The	observed	rates	of	EC	loss	clearly	indicate	
the	need	for	higher	preoperative	ECD	in	each	age	group,	in	
order	 to	provide	 a	 safe	 number	 of	 ≥1500	 cells/mm2,	when	
cataract	surgery	becomes	necessary.[60,64]	Additional	risk-factors	
for	 increased	EC	 loss	differed	between	 rigid	 (PMMA)	 and	
foldable	(silicone)	iris-fixated	pIOLs,	prompting	the	need	for	
research	on	different	intraocular	materials	(i.e.,	differences	in	
intraocular	inflammation)	as	a	cause	for	increased	EC	loss.[60,64]

Phakic	 IOL	 implantation	 yields	 excellent	 visual	 and	
refractive	results.	An	analysis	of	the	preoperative	characteristics	
of	patients	implanted	with	pIOLs	identify	(high)	myopia	as	
the	main	reason	for	surgery,	followed	by	(high)	astigmatism	
or	(high)	hyperopia	[Tables	1a-1c].	Multiple	studies	assessing	
patient	satisfaction,	spectacle	independence	and	occurrence	
of	bothersome	side-effects	have	 indeed	reported	excellent	
outcomes,	 and	 few	bothersome	side	effects	 (glare,	halo’s)	
after implantation with different types of pIOLs. [36,131] 
Several	 questionnaires	 are	 available	 for	 the	 evaluation	 of	
refractive	 errors,	with	 three	 questionnaires	 (i.e.,	Quality	
of	 Life	 Impact	 of	 Refractive	 Correction	 [QIRC][visual	
symptoms],	Quality	of	Vision	[QoV][quality	of	 life],	Near	
Activity	Visual	Questionnaire	[NAVQ][activity	limitations])	
showing slightly superior results in the assessment of 
refractive	surgery.[132]

Decreased	visual	acuity	over	time	has	been	reported	with	
pIOLs,	and	can	be	attributed	to	refractive	changes	or	occurrence	
of	 complications.	Recent	publications	by	our	group	 report	
significant	changes	 in	refractive	error	over	time	in	a	mainly	
myopic	population.[48]	Age-related	myopisation	due	to	cataract	
formation	did	not	entirely	account	for	these	changes.	Subgroup	
analyses	imply	a	significant	increase	in	axial	length	over	time	
in	a	highly	myopic	–	but	small	–	patient	population.	Increasing	
axial	length	is	known	to	occur	in	the	growing,	adolescent	eye,	
but	is	assumed	to	stop	at	around	the	age	of	21.	These	hypotheses	
are	based	on	older	 epidemiological	 studies	 that	have	used	
cross-sectional	analyses	to	report	axial	length,	resulting	in	data	
implying	a	decrease	in	axial	 length	with	age.[133-135] The data 
presented	 in	 the	abovementioned	papers	 suggest	 that	 axial	
length	keeps	increasing	after	reaching	adulthood.	New	studies	
are	necessary	to	determine	if	this	is	indeed	the	case,	and	if	so,	
if	it	only	occurs	in	(high)	myopes.[48]

It	 is	hard	 to	 confirm	an	association	between	progressive	
cataract	formation	and	myopisation	based	on	research	since	
there	are	no	guidelines	defining	how	to	describe	the	rate	and	
progression	of	cataract	formation	in	patients	with	pIOLs.	Three	

options	 can	be	 identified	 to	gather	 information	on	 cataract	
formation in a study population.
(I)		 	Cataract	formation	results	in	altered	refraction	and	visual	

acuity,	 and	 standardization	 of	 refractive	 and	 visual	
results	are	applied	by	a	number	of	journals.	The	arrival	
of	 standardized	 six-	 and	nine	 graphs	has	 resulted	 in	
standardized	outcome	measures	in	the	vast	majority	of	
newly	published	papers	on	refractive	surgery.[136,137] Via 
these	criteria	it	can	be	computed	how	many	eyes	show	a	
significant	decrease	in	visual	acuity	or	change	in	refractive	
error.	To	 conclude	 if	 these	 changes	are	 indeed	 related	
to	 cataract	 formation,	 ophthalmologists	 are	dependent	
on	 the	 authors	 to	provide	 an	 adequate	 and	 sufficient	
explanation	of	the	cause	of	these	changes

(II)		 	Structural	evaluation	of	cataract	formation	using	grading	
tools	 requires	 the	 investigator	 to	visually	quantify	 the	
amount	of	cataract.	Unfortunately,	this	divides	patients	
into	categories	rather	than	assigning	a	numerical	value	
that	can	be	used	to	assess	cataract	progression	(i.e.,	for	the	
categories	two	versus	four,	the	amount	of	cataract	does	not	
increase	two-fold	in	the	second	category).[138-143] Although 
some	Scheimpflug	and	optical	 coherence	 tomography	
devices	can	objectively	measure	lens	characteristics,	this	
is not fully automated yet and further studies are needed 
to	optimize	clinical	use[144,145]

(III)	 	Survival	analyses	provide	a	definitive	cut-off	measure,	
working	with	a	binary	outcome	measure	 (explantation	
yes/no).	However,	they	do	not	provide	insights	into	the	
progression	of	 cataract	 formation	and	 implementation	
is	difficult	in	studies	reporting	short-term	follow-up	or	
small	numbers	of	patients.	For	future	reference,	long-term	
studies	with	large	numbers	of	patients	are	the	preferred	
option,	 reporting	 refractive	 changes	 and	 their	 causes,	
as	well	 as	 survival	 analyses	 and	 the	 total	 number	 of	
explantations	due	to	cataract	formation.	Survival	analyses	
should	be	attempted	 in	 small	 studies,	but	 they	 should	
always	be	supplemented	with	the	mean	time	and	total	
number	of	 explantations	 in	order	 to	provide	 sufficient	
standardization	over	time.

Conclusion
Phakic	IOL	implantation	in	highly	myopic	patients	is	associated	
with	 excellent	visual	 and	 refractive	outcomes	 shortly	 after	
surgery.	Due	 to	 age-related	 and	morphometric	 changes,	
visual	and	refractive	outcomes	might	change	over	time.	The	
exact	mechanisms	causing	this	are	yet	unknown	and	require	
additional	research	to	formulate	definitive	recommendations.	
Until	 then,	 surgeons	 implanting	 pIOLs	 in	 highly	myopic	
patients	should	inform	their	patients	of	the	possibility	that	their	
refractive	error	might	change	slightly	over	time.	As	shown	by	
the	large	variability	in	the	reported	data,	there	are	still	large	
variations	in	the	assessment	and	description	of	complications	
occurring	 in	patients	with	pIOLs.	 Further	 standardization	
of	 outcomes	 is	 required	 to	make	 sure	 that	 complications	
are	 reported	 reliably	and	 results	 can	be	 compared.	Specific	
attention	should	be	paid	towards	reporting	EC	loss,	cataract	
formation,	 including	developing	methods	 to	 reliably	assess	
cataract	progression	over	time,	and	patient-reported	outcomes	
using	validated	questionnaires.
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