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HIGHLIGHTS
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for the avoidance of many
complications, not just
ophthalmological ones.
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ABSTRACT

A 41-year-old man underwent surgery in both eyes due to diagnosed lens sub-
luxation with significant decrease in visual acuity. In the left eye, an acute attack
of angle-closure glaucoma caused by lens subluxation into the anterior cham-
ber resulted in a combined procedure of lensectomy with posterior vitrectomy
and silicone oil endotamponade due to iatrogenic retinal detachment. In the
right eye, a procedure was performed to remove the subluxated natural lens
with simultaneous intrascleral fixation of an artificial lens. During this proce-
dure, the author’s “Vampire” technique was used to facilitate the removal of the
practically subluxated natural lens and reduce the risk of vitreous loss. Due to
intraoperative complications, the left eye required further surgical procedures.
Silicone oil removal from this eye was combined with repeat diagnostic testing
to identify the cause of lens subluxation. The cause was found to be previously
undiagnosed homocystinuria.

Key words: homocystinuria, lens subluxation, angle closure glaucoma, retinal
detachment, homocysteine, metionine
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INTRODUCTION

Homocystinuria is a rare inherited metabolic disorder that
is characterized by elevated levels of homocysteine and
methionine in the body. It is caused by decreased activi-
ty of cystathionine synthetase in the liver, which catalyz-
es the condensation of homocysteine with serine to form
cystathionine, a precursor of cysteine and cystine [1]. It
is a rare disease, its incidence is calculated at 1 case per
100,000 births [2].

Homocystinuria can lead to damage to many internal or-
gans and is a cause of reduced life expectancy. Half of pa-
tients develop progressive mental retardation, and about
75% die before the age of 30 due to venous and arterial
thrombosis [1]. Mental retardation does not always occur,
as was initially suspected [3]. Among the symptoms, ocular
manifestations are notable, and characteristic phenotypic
features include tall stature, marfanoid appearance, blond
hair, blue irises, and flushing of the cheeks.

Currently, the most important tool in the diagnosis of
homocystinuria is newborn screening. Blood tests show
elevated levels of homocysteine and methionine, and de-
creased levels of cysteine. In homozygotes, the concentra-
tion can reach up to 400 umol/L [4].

In Poland, since January 1, 2014, screening diagnostics for
homocystinuria has been conducted [5]. It should be noted
that in our population, there may be several hundred peo-
ple with homocystinuria who are not aware of it because
they have not undergone screening tests. It is also worth
remembering the possibility of false negative results, for ex-
ample, in patients who are pyridoxine-responsive [6].

TREATMENT

The goal of treatment is to achieve a homocysteine concen-
tration below 100 pmol/L [7]. Therapy aims to correct bio-
chemical abnormalities through supplementation and diet.
The diet mainly involves avoiding methionine and supple-
menting with cysteine. Supplementation with vitamin B,
helps in 50% of cases [2, 8]. Typical treatment includes the
administration of pyridoxine and anhydrous betaine, which
isavailable free of charge under the “Treatment of severe con-
genital hyperhomocysteinemias” drug program. In patients
who do not respond to pyridoxine treatment, a diet with the
aforementioned restriction of methionine is used, which in-
volves limiting protein intake and supplementing with mix-
tures of amino acids devoid of methionine. A homocysteine
level of >15 pmol/L is considered elevated [9, 10].

In caring for the patient, surgical treatment and oral con-
traceptives should be avoided. In the case of anesthesia, ni-
trous oxide should be avoided, and blood glucose should be
carefully monitored [11]. The importance of examining the
patient’s siblings is emphasized due to the increased risk of
vascular eye diseases at an early age [6, 7, 12].

Typical phenotypic features of homocystinuria include
tall stature, marfanoid appearance, blond hair, blue irises,
and flushing of the cheeks. Additionally, atherosclerotic
changes are observed at a relatively young age, as well as
psychiatric disorders and mental retardation. Osteoporo-
sis, scoliosis, deformity of the chest, and seizures are also
described [2].

Patients have a tendency for thromboembolic incidents,
and there is a belief that surgical procedures and general
anesthesia increase their risk [13, 14]. Vascular disorders
affect large and medium-sized arteries and veins through-
out the body [2]. There are controversies regarding the in-
fluence of homocysteine levels on cardiovascular risk, and
it is proposed that only very high concentrations of this
amino acid increase this risk [15].

Elevated homocysteine levels that are not the result of a con-
genital disease may be a consequence of the use of stimu-
lants and the intake of certain medications. Among these
factors are smoking, alcohol consumption, coffee consump-
tion, and the use of methotrexate, nitrous oxide, phenytoin,
and carbamazepine [16].

CASE REPORT

A 41-year-old man was referred to the private medical
center, Silesian Eye Treatment Centre in Zory (Poland),
due to a decrease in visual acuity, especially in the left eye.
During the diagnostic process, signs of an acute attack of
angle-closure glaucoma caused by the subluxation of the
crystalline lens into the anterior chamber (AC) of the left
eye were diagnosed. An ophthalmologist, specializing in
the treatment of glaucoma, performed repositioning of
the lens to its proper anatomical position using a dynamic
gonioscope and administering drugs to lower intraocular
pressure locally and systemically.

Below are color photographs of the anterior segment of both
eyes taken during the first consultation visit. In the right
eye, a slight subluxation of the natural lens was observed,
with its upper edge covered by the upper eyelid (fig. 1A). In
the left eye, a significant subluxation of the natural lens was
visible. The photograph was taken after its repositioning
using a dynamic gonioscope with AC (fig. 1B).

Due to the high risk of recurrent lens subluxation into
the AC and consecutive glaucoma attack, the patient was
scheduled for lens removal surgery combined with intra-
ocular lens implantation. However, the surgery could not be
performed due to sudden, another acute glaucoma attack.
The patient was urgently admitted to a local clinical center,
where lensectomy was performed. Unfortunately, surgery
was complicated by iatrogenic retinal detachment. A pos-
terior vitrectomy with silicone oil endotamponade was per-
formed. The postoperative visual acuity of this aphakic eye
was: distance (logMar) with the best correction +8.0 Dsph,
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-4.0 Dcyl and stenopeic slit = 0.7, near (Snellen) with the
best correction D -3.0.

Because of the unsatisfactory postoperative result, the pa-
tient returned to the Silesian Eye Treatment Centre for the
treatment of the right eye, where vision had gradually de-
teriorated. A planned surgery was scheduled using a cus-
tomized artificial, toric lens with intrascleral fixation. The
surgery was performed in a one-day surgery mode. A ded-
icated toric lens model, Soleko Carlevale, was used due to
the diagnosed corneal astigmatism of 2.75 Dcyl. During
the surgery, an anterior vitrectomy was performed to re-
move the vitreous like also and the remaining lens mat-
ter along with the lens capsule. An innovative step of the
surgery was the introduction of the author’s technique for
removing the soft natural lens, called the “Vampire” tech-
nique by the author.

This technique is applicable in the presence of a soft natural
lens. The procedure is mainly useful in the eyes of young
people when there is subluxation or even dislocation of the
lens, and the lens is only held by the zonular fibers or on the
anterior surface of the vitreous capsule.

The “Vampire” technique - steps:

1. Performing a punctate capsulotomy in the lens capsule
by piercing the lens capsule using a knife type MVR 23-
25G.

2. Inserting the aspiration tip into the lens and aspirating
the lens matter to the extent possible.
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3. During aspiration, the irrigation tip is not introduced
into the eye.

The main aim of introducing this technique was to reduce
the risk of vitreous loss during lens aspiration.

During the surgery, another intraoperative maneuver called
the “underlay” technique by Dr. Cywinski was used. This
maneuver involves inserting an artificial lens under the not
yet removed lens masses present in the AC, increasing the
chances of their removal without the need for intervention
in the vitreous cavity. The underlay technique is also appli-
cable in cases where it is necessary to remove a subluxated
artificial lens and replace it with another model dedicated
to fixation. Both techniques were presented in a video avail-
able on the Medtube portal entitled: “Vampire” technique
in the removal of the natural lens [17]. The performed sur-
gery and the techniques used not only allowed to avoid pos-
terior vitrectomy, but also to preserve the function of the
iris sphincter.

A few days after the surgery, moderate bleeding occurred,
visible in the vitreous cavity. After its spontaneous resolu-
tion, visual acuity reached values: distance (logMar), with-
out correction 0.4, with correction -0.75 Dsph, -1.0 Dcyl,
110° = 0.1; near (Snellen) D -0.5, without correction.

The next planned stage of treatment of the left eye was the
removal of silicone oil, combined with the implantation
of a lens and iris plastic surgery to reduce the diameter of
the pupil. However, after performing a standard preoper-

A. Color photograph of the right eye’s anterior segment. Status after pharmacological dilation of the pupil. The upper eyelid covers
the upper edge of the lens, the visibility of which indicates its subluxation. B. Color photograph of the anterior segment of the
left eye after pharmacological dilation of the pupil and the procedure of moving the lens from the AC using a dynamic gonioscope.
Significant subluxation of the natural lens is visible.
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ative examination, which is an assessment of the number
of endothelial cells, the doctor decided only to remove the
silicone oil, omitting the procedure to reduce the pupil
diameter. A comparison of endothelial cell count in both
eyes showed a significant decrease in the left eye, the cells
were almost undetectable. A comparative examination per-
formed in the range of endothelial cell count showed that
in the left eye, their number was practically undetectable
(fig. 2). Previous corneal thickness measurements for the
left eye ranged from 750 to 800 pm.

Results of the endothelial cell count and corneal thickness
examination performed postoperatively in both eyes before
the planned procedure of silicone oil removal and iris plasty
in the left eye. Attention is drawn to the reduced number

of endothelial cells in the right eye (1754/mm?), while in

the left eye, the number of cells is practically undetectable
The corneal thickness in both eyes exceeded 600 um, and
therefore, the intraocular pressure values require correction.
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The presence of a low number of endothelial cells, below
the value of 1,000/mm? significantly increases the risk of
irreversible decompensation of the cornea in the situation
of performing further surgical procedures in the anterior
segment of the eye [18-20].

The silicon oil removal was successfully performed in the

Ophthalmology Department of the Silesian Hospital in

Cieszyn. This department was mentioned because it was

there that a thorough diagnostic was performed to identify

possible causes of lens subluxation.

This was also the department where additional diagnos-

tic was performed, which finally identified the cause of the

lens subluxation.

The result of this diagnostic was the detection of abnor-

mally high homocysteine levels. Homocystinuria is there-

fore most likely the cause of all the complications observed
in the patient, not only ophthalmic ones. Artificial Intelli-
gence (AI) was used in the diagnostic process, considering
two keywords: lens subluxation and tall stature. Although
the patient was hospitalized in many clinical and provincial
centers this condition was not considered at all, despite the
occurrence of a hypercoagulable state in the patient’s body.

Biochemical tests showed the following values:

Homocysteine — 455 pmol/L (5.46-16.2 pmol/L), vitamin

B,, - 138 pg/mL (191-663 pg/mL), folic acid - 3.26 ng/mL

(4.6-18.7 ng/mL).

The obtained results indicate a nearly 30-fold increase

in homocysteine levels, with simultaneous deficiency of

vitamin B, and folic acid. Currently, after the inclusion
of appropriate therapy, in the period from 23.03.2024 to

10.05.2024, the level of homocysteine decreased to values

of 119-175 pmol/L. A vitamin B, test was also performed:

dose 0 — homocysteine level 172 pmol/L, dose 200 mg

— homocysteine level 154 pmol/L, dose 500 mg — homo-

cysteine level 126 pmol/L. Methionine reached a value of

62 pmol/L.

A genetic test was also performed. In the genetic mate-

rial examination from 21.02.2024, a heterozygous variant

¢.833T>Cp.(Ile278Thr) rs 5742905 in the CBS gene was
found. The identified change is a known pathogenic variant
associated with clinical symptoms of autosomal recessive

homocystinuria [21].

Below is a differential diagnosis conducted by Al, includ-

ing reasons of lens subluxation: Below we present a differ-

ential diagnosis of lens subluxation conducted by Al:

+ Trauma: blow to the eye or head.

+ Age-related changes: with age, the ligaments and other
structures that hold the lens in place may weaken, lead-
ing to subluxation.

+ Genetic disorders: some genetic disorders, such as
Marfan syndrome, Ehlers—Danlos syndrome, and ho-
mocystinuria, can cause weakening of the connective
tissue supporting the lens, leading to subluxation.

+ Inflammation: inflammation of the eye, such as inflam-
mation of the vascular membrane of the eye, can cause
damage to the ligaments and other structures support-
ing the lens, leading to subluxation.
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+ Systemic diseases: some systemic diseases, such as di-
abetes and hypertension, may increase the risk of lens
subluxation.

+ High myopia: people with high myopia (severe myopia)
may be at increased risk of lens subluxation due to elon-
gation of the eye.

+ Retinitis pigmentosa: this hereditary eye disease can
cause changes in the eye that increase the risk of lens
subluxation.

+ Intraocular tumors: tumors in the eye can cause dis-
placement of the lens and other structures.

+ Congenital abnormalities: some people may be born
with abnormalities in the structure or position of the
lens that increase the risk of subluxation.

Until the ophthalmic procedures were performed in
2020-2023, the patient was hospitalized several times for
non-ophthalmic reasons. While staying in clinical and pro-
vincial hospital departments, the patient was diagnosed
with thrombophilia, vascular thrombosis, arrhythmia,
bone necrosis, and septic shock. During this time, the pa-
tient also underwent several surgical procedures, including
endoprosthesis of the left hip joint, heart ablation, amputa-
tion of the left lower leg due to popliteal artery thrombosis,
and myocardial infarction.

DISCUSSION

Analyzing this extremely rare case raises certain considera-
tions, the issue of diagnosis being the first one. The patient
did not receive the diagnosis despite a number of consulta-
tions and stays in often renowned clinical centers. Neither
did he receive an answer to the question whether his vari-
ous symptoms were connected to each other eg. the lower
leg amputation and the eye pathology? All the above lead
to the conclusion — when there is no diagnosis stated, the
diagnostic process should be continued, regardless of num-
ber of stays in different hospitals.

Considering the fact that human memory can fail us, one
should fully use the achievements in the field of diagnostic
possibilities, not excluding AI, which, regardless of the level
of referral or the size of the center, ensures the possibility
of conducting a differential diagnosis at the highest level.
Starting to use Al can be relatively easy way to meet the
requirement of continuous professional development.
Regarding the author’s Vampire technique presented in this
work, searching for similar techniques in the past, an article
by Gerding from 1998 deserves attention [22]. The author
describes a technique for aspirating a subluxated lens in the
sequence: small capsulorhexis (1.5 mm), aspiration of the
lens mass using lacrimal duct cannulas. The concept behind
the Vampire technique and Gerding’s technique seems to
be very similar, but the difference is diametrical. Gerding’s
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technique, which the author used in a child with diagnosed
homocystinuria and a lens problem, could have been used
in a situation where the patient’s natural lens was only
subluxated and was held by the zonular fibers. In present
times, in the case of subluxation of the lens, a technique
with the use of retractors would be used to remove it, trying
to preserve not only the capsule but even introduce an ar-
tificial lens into it. This historical technique would not have
worked in the described case and in states where the pa-
tient’s natural lens is practically dislocated and is only held
by single zonular fibers or on the vitreous capsule. How-
ever, both techniques indicate the need to use tailor-made
solutions in non-standard cases.

Regarding ocular complications observed in homocystinu-
ria, subluxation of the natural lens is most often mentioned.
This condition is a consequence of the pathology in the
structure of the apparatus supporting the lens in the eye.
The ciliary body is rich in cysteine, the deficiency of which
occurs in these patients leading to degeneration of the lens
zonules, loss of accommodation, and ultimately displace-
ment of the lens. Ectopia of the lens, which usually occurs
before the age of 25, is typically located in the inferonasal
quadrant. The displacement usually occurs in both eyes and
is symmetrical. The direction of subluxation is not decisive,
although subluxation of the lenses located inferiorly or in-
feriorly-nasally or into the AC suggests homocystinuria.
A feature distinguishing homocystinuria from Marfan syn-
drome is the presence of broken fibers in the ciliary zonule,
the number of which increases over time [2, 8]. Ectopia oc-
curs in 80% of patients at the age of 15. In a histopatholog-
ical examination, a thick layer of PAS-positive (peripheral
anterior synechiae) material deposited on the surface of the
ciliary body is noticeable [1].

During the surgery on the right eye of the described pa-
tient, the doctor noted a practical absence of zonular fibers
over an area of more than 300° and had the impression that
the lens was mainly held by the anterior vitreous capsule
and a few remaining zonular fibers. The frequency of lens
ectopia in an untreated population of patients can reach up
to 80% [14]. As mentioned earlier, displacement of the lens
into the AC or its entrapment in the pupil may also occur.
These conditions can lead to closure of the angle of filtra-
tion and subsequently to secondary angle-closure glauco-
ma [23]. Other authors report that the lens never displac-
es upwards undergoes upward subluxation as in Marfan
syndrome, which is an important diagnostic indication in
patients with a marfanoid body structure. Remaining oc-
ular symptoms that may occur in patients with diagnosed
homocystinuria include: high myopia, retinal detachment,
peripheral degeneration of the pigment epithelium. Optic
nerve atrophy, iris atrophy, anterior staphyloma, lens and
corneal opacities have also been described in patients with
homocystinuria [1, 23].
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In the differential diagnosis of non-traumatic ectopia of
the lens, Marfan syndrome, aniridia and congenital glau-
coma, Ehlers—Danlos syndrome, hyperlysinemia, Weill-
Marchesani syndrome, sulfite oxidase deficiency, familial
ectopia lentis, familial microspherophakia, Stickler syn-
drome, Sturge—Weber syndrome (sporadic), Crouzon syn-
drome (sporadic) should be considered [2, 13].

CONCLUSIONS

The use of Al in diagnostics should become a permanent
method in the search for causes of signs and symptoms
presented by the patient leading to the occurrence of the
examined pathologies or diseases. Despite the lack of full
precision of the answers, it can serve as a kind of reference
point for fallible professional human memory.
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