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acrylic	 IOL	 in	 all	 cases	 and	 observed	 fairly	 accurate	
positioning	 of	 the	 capsular	 rim	marks	 as	 compared	with	
image-guided	overlay.	The	precision	of	capsular	rim	marks	
in	cases	with	extremes	of	axial	length	and	complicated	cases	
with	capsular	fibrosis	is	yet	to	be	evaluated.

Conclusion
Refractive	 capsulorhexis	 combines	 the	 advantages	 of	 a	
femtosecond	laser	capsulotomy	with	a	one-step	visual	guide	
for	intraoperative	toric	IOL	alignment	as	well	as	postoperative	
assessment	of	rotational	stability.	 It	may	be	 incorporated	 in	
various	femtosecond	laser	platforms	to	simplify	intraoperative	
alignment	of	toric	IOLs.	The	accuracy	of	toric	IOL	alignment	
using	 capsular	 rim	marks	 is	 comparable	 to	 image-guided	
systems;	however,	 their	predictability	 in	difficult	 cases	 and	
extremes	 of	 axial	 length	 are	 yet	 to	 be	 evaluated.	 Further	
long-term	studies	with	a	large	sample	size	can	help	validate	
the	efficacy	and	safety	of	this	technique.
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Toric Artisan after transepithelial 
topography-guided photorefractive 
keratectomy for higher-order aberrations 
following intrastromal corneal ring 
segments in keratoconus – Trioptics

Gabriel de Almeida Ferreira1,2, Vinícius Coral Ghanem1,3,  
Renata Leite de Pinho Tavares1, Ramon Coral Ghanem1,3

We	 report	 a	 case	 of	 a	 40-year-old	 female	 with	 keratoconus	
and	 high	 myopia	 who	 had	 previous	 ICRS	 implantation	 in	
both	 eyes	 (OU)	 and	was	 intolerant	 to	 contact	 lenses.	Manifest	
refraction	 was	 -8.50	 -1.50	 ×	 95	 (20/25--)	 in	 right	 eye	 (OD)	
and	-9.50	-2.50	×	60	(20/70--)	in	left	eye	(OS).	A	topography-guided	
transepithelial-photorefractive	 keratectomy	 (ttPRK)	 was	
performed	to	correct	high-order	aberrations	on	OS,	resulting	in	
corneal	 surface	 and	 coma	 improvement,	 and	 CDVA	 achieved	
20/30.	 Correction	 of	 residual	 ametropia	 was	 performed	 with	
an	 iris-fixated	 toric	 phakic	 lens	 in	 OU.	 CDVA	 improved	
to	 20/20-	 (Plano)	 in	 OD	 and	 20/20-	 (Plano	 -1.00	 90°)	 in	 OS.	
In	 conclusion,	 it	 is	 possible	 to	 rehabilitate	 a	 patient	 with	
keratoconus	and	high	ametropia	after	 intrastromal	corneal	ring	
segments	 (ICRS)	 implantation	 associating	 ttPRK	 and	 phakic	
lens	(“Trioptics”).

Key words:	 Keratoconus,	 phakic	 lens	 implantation,	 refractive	
surgery

Many	patients	with	keratoconus	present	 corneal	distortions	
and	refractive	errors	that	are	not	fully	corrected	with	spectacles,	
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contact	lenses	(CL),	or	surgical	procedures,	namely,	intrastromal	
corneal	ring	segment	(ICRS)	or	corneal	transplantation.

The	ICRS	implant	aims	to	regularize	the	corneal	surface,	
improving	 the	corrected	distance	visual	acuity	 (CDVA).	For	
correction	 of	 residual	 ametropia,	 there	 are	 spectacles,	CL,	
and	phakic	lens	implantation[1]	or	excimer	laser	treatment.[2,3] 
However,	many	patients	remain	unsatisfied	with	their	CDVA	
after	 ICRS	 implantation.[4]	Therefore,	we	describe	a	 surgical	
alternative	for	those	challenging	cases.

Case Report
A	40-year-old	 female	presented	with	keratoconus	 (grade	 I	
in	right	eye	[OD]	and	grade	II	in	the	left	eye	[OS],	according	
to	Amsler-Krumeich	 classification)	 and	high	myopia.	 The	
patient	 had	 a	medical	 history	 of	 an	 ICRS	 implantation	 in	
both	 eyes	 10	years	 ago	 in	 another	 service,	without	 corneal	
crosslinking	 (CXL)	 associated.	 She	had	no	medical	history,	
however,	at	biomicroscopy	a	160°	ICRS	was	well-positioned,	
the	 cornea	was	 clear,	 and	 the	 rest	 of	 the	ophthalmological	
examinations	were	unremarkable.	The	patient	was	CL-intolerant	
and	unsatisfied	with	spectacles.

The	 uncorrected	 distance	 visual	 acuity	 (UDVA)	was	
counting	fingers	in	both	eyes	(OU).	The	manifest	refraction	was	
-8.50	-1.50	×	95	(20/25--)	in	OD	and	-9.50	-2.50	×	60	(20/70--)	in	OS.

Since	CDVA	in	OS	was	below	expected	for	ICRS	implantation,	
but	 the	 ICRS	was	well-placed,	 the	 corneal	 topography	
showed	an	 acceptable	 regularity	 [Fig.	 1a],	 and	an	 elevated	
corneal	high-order	aberration	(HOA)	was	observed	(Fig.	2a,	
preoperative	corneal	coma	of	1,815	µm	[SCHWIND	Corneal	
Wavefront	 Analyzer,	 SCHWIND	 eye-tech-solutions,	
Kleinostheim,	Germany]),	a	topography-guided	transepithelial	
photorefractive	keratectomy	(ttPRK)	with	mitomycin	C	0.02%	
was	proposed	to	correct	the	HOA	with	an	optical	zone	(OZ)	of	
5	mm	(ICRS	optical	zone),	intending	to	regularize	the	cornea	
and	improve	the	CDVA	[Fig.	1].	The	procedure	was	performed	
with	the	Corneal	Wavefront-guided	module	on	the	Schwind	
Amaris®	1050RS	(SCHWIND	eye-tech-solutions,	Kleinostheim,	
Germany),	consuming	62	µm	centrally	(from	initial	451	µm)	and	
100	µm	at	the	periphery	(from	initial	395	µm)	[Fig.	1d],	values	
which	include	the	55	µm	of	the	epithelial	thickness	since	it	was	
a	transepithelial	treatment.

After	6	months,	there	was	an	improvement	in	the	topographic	
pattern	of	 the	visual	axis	 [Fig.	 1b]	with	Surface	Asymmetry	
Index	 (SAI)	 improving	 from	 3.85	 to	 2.07.	 Besides,	 the	
HOA	(especially	coma)	 [Fig.	2]	 improved,	and	the	epithelial	
pattern	became	more	regular	[Fig.	3].	The	manifest	refraction	
was	-9.50	-3.00	×	130	with	an	improved	CDVA	of	20/30.

The	 surgical	 correction	 of	 the	 high	 residual	 ametropia	
was	performed	with	an	iris-fixated	toric	phakic	lens	(Artisan	
Toric,	 Opthec,	 Netherlands)	 in	 OU.	 The	 preoperative	
endothelial	 cell	 count	was	 2,888	 cells/mm2 in the OD and 
2,863	cells/mm2	in	the	OS.	The	depth	of	the	anterior	chamber	
from	the	endothelium	(Galilei	G4,	Ziemer	Ophthalmic	Systems	
AG,	Port,	Switzerland)	was	2.89	mm	in	OD	and	2.95	mm	in	OS.

After	4	months,	the	patient	was	very	satisfied	with	a	manifest	
refraction	of	Plano	(20/20-)	in	OD	and	Plano	-1.00	90°	(20/20-)	
in	OS.

Discussion
Treating	 keratoconic	 patients	with	 low	 CDVA	 and	 CL	
intolerance	is	challenging.	Most	cases	are	submitted	to	ICRS	
implantation;	however,	 frequently,	 the	CDVA	improvement	
is	lower	than	desired.

In	2017,	Coskunseven	et al.[5]	demonstrated	the	possibility	of	
a	quadruple	procedure	for	keratoconic	patients	which	combines	
CXL,	ICRS,	phakic	lenses,	and	excimer	laser	ablation	to	correct	
residual	ametropia.	Unlike	ours,	his	ablation,	however,	was	
associated	with	CXL	and	was	not	aimed	at	HOAs.

Despite	being	a	common	situation	in	referral	eye-care	centers,	
there	are	few	studies	about	the	surgical	visual	rehabilitation	of	
patients	with	unsatisfactory	CDVA	after	ICRS.[2,3] We propose 
that	after	initial	corneal	regularization	with	ICRS,	ttPRK	can	
be	performed	with	a	 small	OZ	 to	exclusively	 correct	HOA,	
improving	CDVA	with	 little	 corneal	 consumption.	 In	 the	
presented	case,	 the	CDVA	 improved	 from	20/70	 to	20/30.	 If	
necessary,	a	phakic	lens	can	be	implanted,	at	least	6	months	
later,	to	correct	the	residual	ametropia.	In	cases	of	keratoconus	
submitted	to	phakic	lens	implantation,	astigmatism	cannot	be	
properly	corrected	by	the	incision,	therefore,	the	use	of	toric	
lenses	is	frequently	necessary.

The	Athens	and	the	Cretan	protocols	combine	CXL	with	a	
transepithelial	excimer	laser	to	treat	patients	with	keratoconus,	
using	the	epithelium	as	a	masking	agent	for	the	cone	apex.	It	
is	important	to	note	that	both	protocols	are	intended	for	the	
excimer	laser	to	partially	correct	the	ametropia,	which	differs	
from	our	proposal	to	correct	the	HOA	exclusively.

Two	 studies	 evaluated	 the	use	 of	 conventional	 PRK	 in	
suspected	keratoconus	patients	and	verified	the	safety	in	these	
cases.[6,7]	 In	keratoconus	patients,	 the	 safety	of	PRK	without	
CXL	has	already	been	demonstrated	by	some	studies.	Chelala	
et al.[8]	assessed	the	results	of	PRK	in	119	eyes	with	grade	I	or	
II	keratoconus	based	on	Amsler-Krumeich	classification,	with	
maximum	ablation	of	50	µm	and	a	residual	stromal	bed	of	450	
µm.	After	a	5-year	follow-up,	66.3%	obtained	a	UDVA	of	20/20,	
and	only	 two	eyes	 (1.7%)	 showed	progression	 that	 required	
CXL.	Khakshoor	et al.[9]	had	similar	results	using	PRK	in	38	eyes	
of	patients	aged	40	years	or	older	with	grade	I	or	II	keratoconus.	
After	a	3-year	follow-up,	58%	showed	a	UDVA	of	20/20,	and	
none	progressed.	On	the	other	hand,	Kasparova	and	Kasparov[10] 
observed	progression	in	8.57%	out	of	70	eyes	with	keratoconus	
submitted	to	PRK	combined	with	PTK	after	a	6-year	follow-up.	
We	did	not	 combine	CXL	 in	 this	 case	 since	 the	patient	was	
already	40	years	old	and	the	tissue	consumption	was	small.

Regarding	PRK	after	ICRS,	current	studies	also	associate	
the	treatment	with	CXL.	Al-Tuwairqi	et al.[3]	studied	41	eyes	
submitted	to	topography-guided	PRK	with	CXL	after	6	months	
of	ICRS	implantation	and	verified	that	more	than	60%	of	the	
eyes	achieved	a	UDVA	of	20/25	after	1	year,	but	15%	lost	one	
or	 two	 lines	of	CDVA.	Kremer	 et al.[11] performed a similar 
study	with	45	eyes	with	a	wavefront-guided	PRK	technique,	
showing	an	efficacy	index	of	0.948	and	a	safety	index	of	1.327	
at	the	1	year	follow-up,	without	the	loss	of	vision.

To	our	knowledge,	this	is	the	first	case	reported	in	literature	
combining	ICRS	followed	by	ttPRK	for	the	correction	of	HOA	
and	 sequential	phakic	 lens	 implantation	 to	 correct	 residual	
ametropia.	We	named	this	combination	“Trioptics.”



Figure 3: Epithelial map obtained through A‑OCT (Cirrus HD‑OCT Model 
5000, Carl Zeiss Meditec Inc., Dublin, CA, USA) demonstrating greater 
epithelial regularity in the left eye (red circle). Both the SN‑IT index and 
the S‑I index show greater symmetry of the epithelial thickness in the 
central 5 mm of the left eye when compared to the untreated right eye
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Conclusion
The	present	case	demonstrates	that	it	is	possible	to	rehabilitate	
a	 patient	with	 stable	 keratoconus	 and	high	 ametropia	 by	
combining	ICRS,	ttPRK,	and	phakic	lens	implantation.	Thus,	
we	 believe	 that	 “Trioptics”	 is	 a	 viable	 option	 for	 patients	
with	keratoconus,	who	are	dissatisfied	with	their	CDVA	and	
unhappy	with	or	intolerant	to	CL.
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Figure 2: (a) Preoperative corneal HOA map of OS showing 1.815 µm 
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0.144 µm of spherical aberration. Both obtained through a Corneal 
Aberrometer (SCHWIND Corneal Wavefront Analyzer, SCHWIND 
eye‑tech‑solutions, Kleinostheim, Germany)

ba



November	2020	 Case	Reports	 2567

of	photorefractive	keratectomy	in	keratoconus	suspects	at	4	years.	
J	Refract	Surg	2000;16:438-43.

7.	 Guedj	M,	 Saad	A,	Audureau	 E,	 Gatinel	 D.	 Photorefractive	
keratectomy	 in	patients	with	 suspected	keratoconus:	Five-year	
follow-up.	J	Cataract	Refract	Surg	2013;39:66-73.

8.	 Chelala	E,	Rami	HE,	Dirani	A,	Fadlallah	A,	Fakhoury	O,	Warrak	E.	
Photorefractive	keratectomy	 in	patients	with	mild	 to	moderate	
stable	keratoconus:	A	five-year	prospective	follow-up	study.	Clin	
Ophthalmol	2013;7:1923-8.

9.	 Khakshoor	H,	Razavi	F,	Eslampour	A,	Omdtabrizi	A.	Photorefractive	

keratectomy	 in	mild	 to	moderate	 keratoconus:	Outcomes	 in	
over	40-year-old	patients.	Indian	J	Ophthalmol	2015;63:157-61.

10.	 Kasparova	EA,	Kasparov	AA.	Six-year	experience	with	excimer	
laser	surgery	 for	primary	keratoconus	 in	Russia.	 J	Refract	Surg	
2003;19	(2	Suppl):S250-4.

11.	 Kremer	 I,	Aizenman	 I,	 Lichter	 H,	 Shayer	 S,	 Levinger	 S.	
Simultaneous	wavefront-guided	photorefractive	 keratectomy	
and	corneal	collagen	crosslinking	after	intrastromal	corneal	ring	
segment	 implantation	 for	keratoconus.	 J	Cataract	Refract	 Surg	
2012;38:1802-7.

A case report of children of the same 
family presenting with congenital 
cataract- as part of a rare genetic 
disorder—Sengers Syndrome

Rajesh V Prabu, Parul Priyambada, Ranjini H, 
Rajlaxmi B Wasnik

Sengers	 syndrome	 is	 a	 rare	 autosomal	 recessive	mitochondrial	
disorder	 characterized	 by	 congenital	 cataract,	 hypertrophic	
cardiomyopathy,	 and	mitochondrial	myopathy.	We	 report	 two	
siblings	with	known	mutation	for	Sengers	Syndrome	(AGK	gene	
mutation)	who	presented	 to	us	with	 cataract	 and	hypertrophic	
cardiomyopathy.	 They	 have	 a	 deceased	 elder	 sibling	who	was	
operated	for	cataract	earlier.

Key words:	 AGK	 gene,	 congenital	 cataract,	 hypertrophic	
cardiomyopathy

Sengers	 syndrome,	first	described	by	Sengers	 in	 1975,	 is	 a	
rare	autosomal	recessive	mitochondrial	disease	characterized	
by	 congenital	 cataract,	 hypertrophic	 cardiomyopathy,	 and	
mitochondrial	myopathy	(muscle	weakness	and	lactic	acidosis	
after	 exercise).[1]	 To	 this	date,	 approximately	 40	 cases	have	
been	described	worldwide.[2,3]	Genetically,	Senger	syndrome	
is	classified	as	a	DNA	depletion	syndrome	(DDS	type	10).[4] 
The	mutation	of	the	AGK	gene	(acylglycerol	kinase)	has	been	
identified	in	Sengers	syndrome.	The	clinical	spectrum	varies,	
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ranging	from	a	benign	slowly	progressive	form	with	survival	
up	 to	 the	 4th	 decade	 (AGK	 splice	 site	 variant)	 to	 a	 lethal	
form	where	 there	 is	 death	 at	 infancy	 (homozygous	AGK	
nonsense	mutation).[3]	AGK	 is	 responsible	 for	 converting	
diacylglycerol	 (DAG)	 and	monoacylglycerol	 (MAG)	 to	
phosphatidic	acid	and	lysophosphatidic	acid.	AGK	mutation	
leads	 to	 the	 accumulation	 of	DAG	 and	MAG	 that	 form	
reactive	 oxygen	 species	 that	 damage	 organs	 containing	
mitochondria.[5]	The	lipid	composition	of	inner	mitochondrial	
membrane	 changes	 affecting	 respiratory	 chain	 complexes,	
adenine	nucleotide	 translocator,	 and	protein	 import.[3,6] The 
mutation	presents	with	a	wide	spectrum	of	phenotypes	that	
may	include	central	nervous	system	involvement,[6,7] growth 
retardation,[8]	nystagmus,	and	strabismus.[9]

Case Report
A	family	presented	to	us	with	complaints	of	vision	defects	and	
heart	defects	among	their	children.	The	parents	were	third-degree	
consanguineous	[Fig.	1].	The	genomic	study	of	their	children	was	
done.	A	total	of	98	genes	known	to	be	associated	with	Sengers	
Syndrome	have	been	analyzed	and	two	of	the	siblings	showed	
a	homozygous	AGK	gene	mutation	(chromosome	7)	known	to	
be	pathogenic	for	Sengers	syndrome.

Our	 index	 case	was	 their	 youngest	 child	who	was	five	
months	old.	The	parents	complained	that	the	child	did	not	fix	at	
mother	or	other	objects	since	birth	and	they	had	noticed	a	white	
reflex	since	two	months	of	age.	The	child	was	born	at	term	by	
LSCS	with	a	birth	weight	of	2.7	Kg	(5.95	lbs)	and	normal	Apgar	
score.	The	child	had	attained	other	milestones	appropriate	for	
the	age.	The	family	pedigree	revealed	an	elder	sibling	who	was	
operated	for	cataract	at	the	age	of	2	years	and	died	at	the	age	of	
8	years	following	short	febrile	illness	and	respiratory	difficulty.	
Another	 surviving	 sibling	with	 similar	 complains	was	
diagnosed	to	have	cataract	in	both	her	eyes	at	the	age	of	2	years.	
Upon	examination	of	our	index	case,	the	child	could	not	fix	and	
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