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Abstract: Integrating optical coherence tomography (OCT) into the pre-surgical stage of cataract
management holds significant clinical and economic potential, particularly in low-to-middle-
income countries like Kazakhstan. This study aimed to evaluate these impacts by prospectively
recruiting 124 patients, aged 70+8 years, from two ophthalmology surgical centers in Almaty,
Kazakhstan. Patients undergoing phacoemulsification of cataracts with monofocal intraocular lens
(IOL) implantation between January and December 2022 were divided into two groups: the OCT
group (n=75) received pre-operative OCT, while the Control group (n=49) did not. Visual acuity
(VA) was measured pre- and post-surgery, and the cost-effectiveness of the surgical strategies was
analyzed. The OCT group experienced a significantly greater improvement in VA (-0.647+0.232
logMAR) compared to the Control group (-0.543+0.244 logM AR), with a notable interaction between
time and group (F(df) = 217.2, p < 0.001). Additionally, pre-existing concomitant diseases were
diagnosed in 25.3% of cases in the OCT group and 28.6% in the Control group. The economic
analysis revealed that the integration of OCT facilitated multiple surgeries in one appointment,
thereby reducing overall costs. These findings suggest that implementing OCT in the pre-surgical
stage of cataract management can significantly enhance visual outcomes and decrease the cost of
ophthalmology services in Kazakhstan.

Keywords: cataract; optical coherence tomography; Kazakhstan; visual acuity; cost-effectiveness

1. Introduction

Cataract, the leading cause of visual impairment globally [1,2], is characterized by clouding of
the crystalline lens, potentially leading to blindness if left untreated [3]. Various factors, including
ageing, genetics, medical conditions, eye trauma, and ultraviolet radiation exposure, contribute to
cataract development [4-6].

Surgical intervention, specifically phacoemulsification [7,8], is the primary treatment, involving
the use of ultrasound to remove the clouded lens and implant an artificial intraocular lens (IOL).
Cataract surgery is safe and effective, typically performed on an outpatient basis, with a short
recovery period, resulting in improved vision and significant improvement in quality of life post-
surgery [9-11]. Both conventional extracapsular surgery and manual small incision operations are
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cost-effective alternatives to phacoemulsification [12-15]. However, phacoemulsification is
considered the standard surgical procedure recommended within the clinical guidelines of the
Kazakhstan Ophthalmic Society [16].

Optical coherence tomography (OCT) can enhance the management of cataracts [17]. OCT is a
non-invasive imaging technique that provides high-resolution cross-sectional images of the eye [18-
20], allowing for detailed visualization and assessment of the anterior and posterior ocular structures
[21,22]. In cataract management, OCT can aid in preoperative planning by providing precise
measurements of the anterior chamber depth, lens thickness, and axial length. These measurements
are essential for selecting the appropriate IOL power and calculating the desired refractive outcome
[23]. Additionally, OCT can identify any coexisting vitreomacular pathologies [24,25] and enable
retinal layer thickness evaluation to detect glaucomatous degeneration of ganglion cell axons [26,27],
which may impact postoperative visual outcomes and can be treated during the surgical appointment
made for cataract surgery.

Despite its potential advantages, the initial financial investment required for acquiring OCT
equipment may pose a challenge for low- and middle-income countries, including Kazakhstan's
public and private hospitals, especially in remote regions. The patterns of clinical practice in
Kazakhstan provided an opportunity to directly compare outcomes and costs of cataract surgery with
and without OCT. We hypothesised that pre-operative OCT would lead to a greater treated eye visual
acuity improvement and reduce the cost of ophthalmology services by enabling multiple surgeries
in one appointment. As a major public health concern, cataract is expected to rise in Kazakhstan [28]
due to the ageing of Kazakhstan’s population [29] and environmental factors including air and water
pollution caused by the growth of transport highways and waste generation [30,31].

The primary objective of the present study was to evaluate the clinical and economic impact of
integrating OCT into the pre-surgical stage of cataract management.

2. Materials and Methods

2.1. Intervention and Design

We compared the improvement in visual acuity following cataract surgery in two groups of
patients treated by the same ophthalmologist (MI). One group had pre-operative OCT and the other
did not. In addition, we evaluated the cost-effectiveness of two surgical strategies: 1) one surgical
appointment combining cataract surgery along with any other eye surgeries (pre-surgical OCT
required); 2) multiple surgical appointments, one for cataract surgery and separate appointments for
any other surgeries (pre-surgical OCT not required before cataract surgery). The comparisons of
clinical outcomes and costs were made between two ophthalmology surgical centers in Almaty,
Kazakhstan.

2.2. Participants and Group Selection Strategy

Inclusion criteria were phacoemulsification treatment for cataract with the implantation of a
monofocal intraocular lens (IOL) delivered between January and December 2022. Exclusion criteria
were pre-existing ocular pathologies that may affect the outcomes of cataract surgery, previous ocular
surgeries or trauma, pre-existing conditions that may confound the assessment of visual acuity
improvement, systemic diseases or conditions that may affect ocular health.

A total of 124 patients were prospectively recruited. The sample size was determined based on
the availability of eligible patients within the study period and the capacity of the two clinics. The
distribution of participants between the two groups was influenced by the clinical practice patterns
and the logistical considerations of the surgical centers. The surgeries were performed at two clinics:
Private Clinic EyeDoctor and State City Clinic No. 13, both located in Almaty, Kazakhstan. If a patient
underwent surgery for both eyes during the study period, only the first eye surgery was included in
the analysis.

Group allocation was based on the surgical strategy employed. The OCT group (n=75) consisted
of patients who had pre-operative OCT as they were undergoing a combined surgical appointment
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for cataract surgery and any other necessary eye surgeries. The Control group (n=49) comprised
patients who did not have pre-operative OCT.

2.3. Eye Examination

Visual acuity (VA) was measured using the uniformly illuminated (100 lux) Sivtsev table, which
consists of rows of Cyrillic letters, with each row representing a specific VA level. The viewing
distance for VA testing was 6 meters and results were recorded as a logarithm of the minimum angle
of resolution (logMAR). Comprehensive eye and vision examinations also included subjective
refraction for the assessment of the best corrected VA, intraocular pressure (IOP) measurement, slit
lamp biomicroscopy, indirect ophthalmoscopy, ultrasonography, and ocular biometry measurement
with the calculation of intraocular lens power using the IOL Master 700 (Zeiss). Also, medical
histories were collected to identify concomitant ocular and systemic diseases. Concomitant eye
diseases (glaucoma, vitreomacular traction syndrome and macular hole) were diagnosed pre-surgery
for the OCT group, whereas for the Control group, they were detected during the operation and/or
post-surgery.

Optical coherence tomography scanning of the posterior eye was conducted for OCT group in
the Private Clinic EyeDoctor, whereas the Control group did not receive retinal OCT imaging due to
the absence of the device in the State City Clinic No. 13. OCT outcomes used in this study were
peripapillary retinal nerve fibre layer (RNFL) thickness and macular neuronal retinal thickness: the
region between the inner limiting membrane (ILM) and retinal pigment epithelium (RPE). OCT
images were also used for the evaluation of the vitreous and retinal profiles for the detection of
vitreomacular traction syndrome (VMTS), epiretinal membrane (ERM) and macular holes (MH)

2.4. Statistical Analysis

Our primary outcome was VA in the operated eye. Pre- and post-surgical VA was compared
with factors of time (pre vs post) and group (OCT vs no OCT) using an analysis of variance (ANOVA).
Secondary outcomes included demographic characteristics: between-group age was assessed for
normality and an independent samples t-test was used to compare groups. Gender, treated eye (right
or left) and concomitant diseases (glaucoma, vitreomacular traction syndrome, macular hole) were
compared using the X2 test of independence. Inserted IOL power (<18D, 18-19D, 19.1-20D, 20.1-21D,
>21.1D) was compared using the Kruskal-Wallis H test for distribution comparison. A significance
level of p < 0.05 was set for all tests. The financial cost of pre-OCT and no OCT procedures was
calculated using the equation below (1). Data were organized in MS Excel and analysed using Python.

Cost = [ CS cost X CS probability + CP management cost X CP probability (1)
where CS — cataract surgery and CP — concomitant pathology.

2.5. Ethical Consideration

The study received approval from the Local Ethics Committee of Al-Farabi Kazakh National
University (Code of Approval IRB-A470, 09.06.2022) and adhered to the principles outlined in the
Declaration of Helsinki. Prior to their participation, all participants provided written and informed
consent, ensuring their understanding and voluntary involvement in the study.

3. Results

3.1. Demographic Characteristics

Table 1 presents the study participant demographics and baseline clinical characteristics. Pre-
existing concomitant diseases were diagnosed before surgery for the OCT group (25.3%), while for
the Control group, they were identified during and after cataract surgery (28.6%). Notably, glaucoma
was detected in 20-24.4% of cases, and 4% of patients in both groups had vitreomacular traction
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syndrome. Only one patient in the OCT group was diagnosed with a macular hole in the pre-surgical
stage and subsequently underwent complex cataract and vitreoretinal (macular peeling) surgery.
Statistical analysis revealed no significant differences in the prevalence of concomitant diseases
between the two groups. Additionally, there were no significant differences in the calculated power
of the intraocular lenses between the study groups.

Table 1. Demographics and baseline clinical characteristics of study subjects, n=124

Control group,

OCT group, n=75 =49 p-value
Age 0.1
Mean+SD 70+8 72+8 '
Min 58 57
Max 84 85
Gender 01
Male 34 (45.3%) 28 (57.1%) ’
Female 41 (54.7%) 21 (42.9%)
Treated eye
Right eye 35 (46.7%) 25 (51.1%) 0.3
Left eye 40 (53.3%) 24 (48.9%)
Concomitant diseases
Glaucoma 15 (20%) 12 (24.4%) 02
Vitreomacular traction syndrome 3 (4%) 2 (4.1%) ’
Macular hole 1 (0.8%) 0
Intraocular lens power 05
<18D 29 (38.7%) 20 (40.8%) ’
18-19D 8 (10.7%) 5 (10.2%)
19.1-20D 7 (9.3%) 8 (16.3%)
20.1-21D 5 (6.7%) 0
>21D 26 (34.7%) 16 (32.7%)

3.2. Clinical Outcomes

Table 2 shows the VA range (logMAR) before and 7 days after the surgery, the number of
patients within each range, and the corresponding percentages for each group. The OCT group
experienced a significantly greater improvement in VA (-0.647+0.232) compared to the no OCT
control group (-0.543+0.244) with a significant interaction between time and group with F(df) =217.2,
p <0.001 (Figure 1).

Table 2. Visual acuity before and after cataract surgery for the OCT and control groups

Visual acuity OCT group, n=75 Control group, n=49
range, logMAR Before After Before After
Mean+SD 0.73+0.08 0.06+0.003 0.71+0.05 0.17+0.04
0.0-0.10 0 55 (73.3%) 1(2%) 24 (48.9%)
0.12-0.20 2 (2.3%) 19 (25.3%) 2 (4.1%) 18 (36.7%)
0.22-0.30 1(1.3%) 1 (1.3%) 1(2%) 1(2%)
0.32-0.40 5 (6.7%) 0 3 (6.1%) 2 (4.1%)
0.42-0.50 4 (5.3%) 0 2 (4.1%) 1 (2%)
0.52-0.60 7 (9.3%) 0 3 (6.1%) 0
0.62-0.70 12 (16%) 0 9 (18.3%) 0
0.72-0.80 9 (12%) 0 7 (1.4%) 1(2%)
0.82-0.90 16 (21.3%) 0 11 (22.5%) 1(2%)
0.92-1.00 19 (25.3%) 0 10 (20.4%) 1 (2%)
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Visual acuity before and after surgery
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Figure 1. Visual acuity of the Control (CTRL) and OCT groups before (Pre) and after (Post) the cataract
surgery. Statistically significant differences were highlighted with the red line, and the orange line
shows the mean values and whiskers including lower and upper quartiles.

3.3. Cost Analysis

Figure 2 illustrates the cost of cataract management for each site (OCT vs no-OCT). In the Control
group, 24.4% (n = 12) of patients who had glaucoma could have undergone filter surgery
(trabeculectomy) at the same surgical visit if their condition had been diagnosed earlier. Additionally,
20% of patients with normal intraocular pressure (IOP) but a thin retinal nerve fibre layer (RNFL)
and a cup-disc ratio greater than 0.5 (as observed through OCT en-face rendering, colour, and red-
filter imaging) could have received complex surgery with trabeculectomy. It is worth noting that
microinvasive surgery was not included in the clinical protocol for cataract management in

Kazakhstan.
N
Patient with cataract,
OCT group, Control group,
n=75 n=49
If cataract only, If cataract and glaucoma, If cataract and VRDs, Cataract only,
n=56 n=15 n=4 n=35
cs Complex CS and TE Complex CS and VRS cs
USD 1000 USD 1500 UsD 2000 USD 1000
\_/ v

v%\

Then glaucoma detected, Then diagnosed VRDs,
n=12 n=2

T T

Separate TE Separate VRS
USD 1500 UsD 2000

—r

Figure 2. Price comparison for surgical interventions between the OCT and no-OCT control group.
Abbreviations: CS — cataract surgery; TE — trabeculectomy; VRD - vitreoretinal disease (here:
Vitreomacular traction syndrome and Macular hole); VRS — vitreoretinal surgery.
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Similar considerations apply to patients with vitreomacular traction syndrome. The probability
of this syndrome occurring was 4%, with three patients in the OCT group and two patients in the
Control group affected. For patients in the OCT group, complex one-time cataract and vitreoretinal
surgery was recommended. Conversely, patients in the Control group with vitreomacular traction
syndrome were required to wait for separate visits for vitreoretinal surgery to minimize the risk of
complications.

To determine the cost of one surgical appointment (separate surgeries) rather than multiple
appointments (complex surgeries), probability coefficients were computed to assess the occurrence
of concomitant pathologies for both groups. These coefficients are presented in Table 3. The cost
calculations (Equation 2) for separate and complex surgeries are presented in Figure 2.

Cost = [ CP management cost X CP probability + cataract surgery cost X 0.76 (2)

where CP — concomitant pathology, which differs depending on whether it is separate or complex,
0.76 is the probability of Cataract surgery without concomitant pathology.

Table 3. Concomitant pathologies diagnosed before (OCT group, n=75), during and after cataract
surgery (Control group, n=49)

. OCT group Control group
Concomitant pathology a0 PC 0 PC
Glaucoma 15 0.2 12 0.244
Vitreomacular traction syndrome 3 0.04 2 0.41
Macular hole 1 0.0075 0 0

Abbreviation: PC — probability coefficient.

Despite not factoring into the cost analysis, the management of the OCT group (Equation 3) was
found to be more cost-effective than that of the Control group (Equation 4).

Costoer = ($1500 X 0.2) + ($2000 x 0.04) + ($1000 x 0.76) + $50 = $1190 (3)

Costm = ($2500 X 0.2) + ($3000 X 0.04) + ($1000 X 0.76) = $1380 (4)

Taking into account the aforementioned factors and excluding other potential concomitant
pathologies that could be detected using OCT, it can be inferred that the utilisation of OCT in cataract
management results in lower costs (US $1190, or KZT 530000) compared to managing cataracts
without this device (US $1380, or KZT 615000).

4. Discussion

This study aimed to evaluate the clinical and economic impact of integrating OCT in the pre-
surgical stage of cataract management. While traditional methods like fundus photography and
biomicroscopy detect ocular complications such as diabetes-related conditions, full-thickness
macular holes, and vein occlusions, OCT offers additional capabilities, identifying epiretinal
membranes [32], vitreomacular traction [33], age-related macular degeneration [34], central serous
chorioretinopathy [35], retinoschisis [36], and other pathologies.

Within the cohort, we calculated the probability coefficients for pre-existing conditions such as
glaucoma (0.2-0.244) and vitreomacular traction syndrome (0.04-0.041). Both groups exhibited similar
rates of these conditions, indicating no significant differences in the distribution of concomitant
diseases, demographics (age and gender), calculated IOL power, or the treated eye (right vs. left).
This suggests that these variables did not influence patient allocation and did not confound the
comparison between groups.

Using a cost calculation model that factored in the management of separate and complex
surgeries and the probability of concomitant pathologies, we found that pre-surgical OCT was more
cost-effective than management without it. The OCT group had a lower overall cost (KZT 530,000)
compared to the Control group (KZT 615,000), primarily due to early detection and appropriate
treatment of concomitant pathologies in a single surgical visit. This indicates better resource
allocation and cost savings, particularly relevant for low- and middle-income countries.
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Clinically, OCT integration led to significantly greater improvements in visual acuity post-
surgery compared to the Control group. Enhanced pre-surgical assessment of vitreoretinal
pathologies allowed for more precise surgical planning and better postoperative outcomes, which is
crucial for overall quality of life [37,38].

However, this study has limitations. We focused only on vitreomacular traction syndrome and
glaucoma, and a larger cohort might reveal different probabilities for other vitreoretinal conditions
[39-41]. Additionally, we did not study advanced-technology IOL implantations [40], such as
multifocal lenses [42], which might affect the variables analysed. Specifically, multifocal lenses could
improve post-op VA at multiple distances compared to monofocal lenses, although they are more
expensive and might affect the cost-effectiveness of cataract management. Future research should
investigate long-term post-surgical complications like pseudophakic cystoid macular oedema [43]
and diabetic retinopathy [44], as they could alter postoperative strategies [45,46].

Our findings regarding the cost-effectiveness of OCT align with previous studies in high-income
countries. For instance, Chang et al. (2008) reported significant cost savings with OCT compared to
fluorescein angiograms, with the equipment investment recovered within four months [47].
Balancing financial investment in diagnostic equipment with potential diagnostic errors and missed
pathologies could improve cataract management strategies and quality-adjusted life years [48,49].

Though no device currently provides a realistic post-cataract surgery vision expectation, OCT
minimizes ocular complications and treatment expenses [49]. Advances in ultrahigh ultrafast OCT
systems, adaptive optics [50], multimodal OCT [51], and machine learning algorithms for image
analysis [52] enhance OCT’s diagnostic capabilities. Implementing pre-surgical OCT improves
cataract patient management by expanding diagnostic options and reducing the risk of
underdiagnosing vitreomacular diseases. These outcomes are particularly beneficial for low and
middle-income countries like Kazakhstan.

5. Conclusions

Despite the challenges associated with the initial investment in OCT equipment [53], especially
in remote regions with limited resources, this study demonstrates the significant clinical and
economic benefits of OCT in cataract management. Long-term cost savings and improved patient
outcomes [54,55] underscore the importance of integrating OCT into pre-surgical protocols.
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