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Abstract

e AIM: To detect the relationship between infusion pressure
and postoperative ganglion cells function.

e METHODS: This prospective observational cohort study
included sixty-one eyes that underwent uncomplicated
cataract surgery. Patients were divided into two groups
according to infusion time (IT) recorded using surgery
equipment [Group A: IT>IT,,... (27 eyes); Group B:
IT<IT,.... (34 eyes)]. Best-corrected visual acuity, isolated-
check visual evoked potential (icVEP), microperimetry,
and optical coherence tomography examinations were
performed preoperatively and 1wk and 1mo postoperatively.
The changes in test results were measured with independent-
sample t-tests and paired t-tests. Correlation between
IT and these changes were analyzed with Pearson’s
correlation analysis and Spearman correlation analysis.

e RESULTS: Neither group showed significant postoperative
changes in macular ganglion cell-inner plexiform layer
(mGC-IPL) thickness (1-week postoperative: Group A P=
0.185, Group B P=0.381; 1-month postoperative: Group A
P=0.775, Group B P=0.652). Postoperative mGC-IPL thickness
of Group A was not significantly thicker than that of Group B
at both post surgery time point (1-week postoperative P=0.913;
1-month postoperative P=0.954). In Group A, the mGC-IPL
thickness change 1wk postoperatively was positively
correlated with IT (R*=0.156, P=0.0198). A suspected
progressive deficit in the magnocellular pathway was
also found in Group A 1-month postoperatively [individual
observed F (IOF)=0.63%0.70]. Significant increases were
observed in postoperative retinal sensitivity measured
by microperimetry (1-week postoperative: Group A
P=0.015, Group B P<0.001; 1-month postoperative: Group A
P=0.005, Group B P<0.001). In Group B, IT was negatively
correlated with the increase in macular sensitivity (1-week
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postoperative: R*=0.372, P<0.001; 1-month postoperative:
R?=0.209, P=0.007).

o CONCLUSION: Both mGCHPL thickness and retinal sensitivity
increased postoperatively. A suspected progressive deficit
in the magnocellular pathway was found in the group with
a long IT, which induced more prominent changes.

o KEYWORDS: isolated-check visual evoked potential, optical
coherence tomography, ganglion cell, inner plexiform layer,
cataract extraction

DOI:10.18240/ijo.2018.01.11

Citation: Ding T, Shi DN, Fan X, Zheng MY, Wang W, Qiu WQ.
Effect of infusion pressure during cataract surgery on ganglion
cells measured using isolated-check visual evoked potential. Int J
Ophthalmol 2018;11(1):58-65

INTRODUCTION

ith the widespread use of cataract surgery, ophthal-

mologists have started preferring the use of increased
vacuum during phacoemulsification to improve surgical
efficiency. However, the high vacuum would lead to anterior
chamber instability, resulting in the need for more infusion
pressure to maintain stability'". Several studies have measured
the intraocular pressure (IOP) during cataract surgery”™™,
showing that IOP was much higher than the pressure of central
retinal artery. This high IOP could reduce retinal blood flow,
causing retinal ischemia and eventually altering the cellular
microenvironment, thus leading to retinal ganglion cell
apoptosis.
Previous studies have shown that macular thickness and
ganglion cell complex (GCC) thickness measured using
optical coherence tomography (OCT) would increase
postoperatively™ . An increased macular thickness is
associated with infusion time (IT) under high simulated
dynamic intraocular pressure (SDIOP)"”. However, the
relationship between infusion pressure and the postoperative
physiological state of retinal visual function remains unclear.
Previous studies have focused only on best-corrected visual
acuity (BCVA) changes after cataract surgery, but changes
in the microenvironment are not experienced by patients'®.

Therefore, we investigated whether a subclinical change would
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Table 1 Comparison of patient demographics and intraoperative data between the groups

Demographics and

intraoperative data All eyes (n=61) Group A (n=27) Group B (n=34) P
Age (a) 72.0+8.3 73.6+7.8 70.7+8.6 0.18
Male (n) 19 8 11 0.003"
IOP (mm Hg) 12.6£2.6 12.943.2 12.3£2.4 0.406
Infusion time (s) 125.1£34.0 156.6+£124.5 100.1£13.0 <0.001

‘Statistical analysis with Pearson Chi-square; IOP: Intraocular pressure.

occur in retinal visual function in the early postoperative
course and whether it was associated with IT. Moreover, we
investigated whether a correlation exists between a change in
retinal thickness and retinal function.

High IOP first affects the retinal ganglion cells. Recent studies
have shown that the measurement of macular GCC thickness
was better than the measurement of retinal nerve fibre layer
(RNFL) thickness in glaucoma considering structure-function
correlations”””. Therefore, we used the Cirrus OCT device to
quantitatively assess the changes in macular ganglion cell-
inner plexiform layer (mGC-IPL) thickness by the effect of
infusion pressure during cataract surgery.

Fundus-related microperimetry is clinically useful for assessing
macular function”'”. It focuses at 10° macular centre where
the density of the retinal ganglion cells was highest'"".
Therefore, it could help us detect ganglion cell deficits.

The magnocellular pathway of the retinal ganglion cells is
known to be affected early by high IOP"*"*). Histologically,
these cells have large-diameter axons and are preferentially

1415 The magnocellular pathway

damaged in early glaucoma
is also sensitive to low levels of luminance contrast, with
15% contrast levels specifically highlighting the function of
the magnocellular pathway!”. Isolated-check visual evoked
potential (icVEP) has been designed to tap the cortical activity
initiated primarily by the afferents in the magnocellular
pathway, thereby allowing it to detect early changes in the
magnocellular pathway produced by the effect of high infusion
pressure.

Therefore, the aims of this study were as follows: 1) to use
OCT and microperimetry to detect macular sensitivity changes
and mGC-IPL thickness changes and 2) to use icVEP to
investigate the effect of infusion pressure on the magnocellular
pathway during cataract surgery to detect the relationship
between IT and these changes.

SUBJECTS AND METHODS

This was a prospective observational cohort study. Participant
enrolment and treatment took place at Peking University
Third Hospital Eye Center, China. Written and fully informed
consents were voluntarily provided by all participants prior to
enrolment in the clinical study. The study and data collection
were performed with approval from the Peking University
Third Hospital Institutional Review Board.

Thirty-eight patients were enrolled in our study and sixty-one
eyes were performed cataract surgery. The inclusion criteria
were the presence of clinically age-related cataract with
moderate media opacity, BCVA of 0.6 or better on the Snellen
scale, and completion of the OCT, icVEP, and microperimetry
tests. The exclusion criterion was the presence of any other
ocular pathology except cataract or any other systemic
diseases.

Patients were divided into two groups according to IT recorded
using surgery equipment [Group A: IT>IT, ., (27 eyes);
Group B: IT<IT
intraoperative data of these two groups were compared

mean (34 eyes)]. The patient demographics and
using independent sample #-test and Pearson Chi-square tests
(Table 1).

All participants included in this study underwent a complete
preoperative ophthalmologic examination including the
following tests: BCVA, IOP measurement, slit-lamp examination,
dilated fundus examination, and biometric measurements
using the IOL-Master (Zeiss-Meditec, Jena, Germany).
The preoperative evaluation was followed by a standard
phacoemulsification and foldable IOL implantation surgery
performed by the same surgeon using the Alcon Centurion
Vision System (Alcon Laboratories, Inc.) at Peking University
Third Hospital Eye Center. The infusion pressure was set at
55 mm Hg during the surgery. As the Alcon Centurion Vision
System could stably control the infusion pressure at a certain
level, we could take it as the IOP during the surgery. The total
IT was recorded automatically by using the surgery equipment.
The patients were treated with a combination of levofloxacin
(Gravit), prednisolone acetate (Pred Forte), and pranoprofen
eye drops 4 times per day for 1wk, which was then gradually
reduced. None of the patients had any complications.
mGC-IPL thickness was measured using OCT, magnocellular
pathway function was measured using icVEP, and macular
sensitivity was measured using microperimetry. All
measurements were conducted preoperatively and at 1wk and
Imo postoperatively.

Optical Coherence Tomography An OCT scan was
performed using the OCT4000 system (Carl Zeiss Meditec) to
obtain cross-sectional images of the mGC-IPL for measuring
its thickness. mGC-IPL thickness included the thicknesses
of the ganglion cell layer and the IPL. High-definition
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Table 2 Preoperative and postoperative (1wk and 1mo) mGC-IPL thickness and functional parameters

(BCVA, icVEP, and microperimetry)

Parameters All eyes (n=61) Group A (n=27) Group B (n=34)
BCVA (logMAR)
Preop. 0.25+0.13 0.24+0.10 0.25+0.15; P=0.842

Postop. (1wk) 0.11+0.08; P<0.001°

Postop. (1mo) 0.09+0.70; P<0.001"
mGC-IPL (pm)
Preop.

Postop. (1wk)

68.75+15.94
71.89+16.48; P=0.160"
Postop. (1mo) 70.16+19.74; P=0.589"
Microperimetry (dB)

425.1+132.8
505.2+125.0; P<0.001"

508.8+125.6; P<0.001"

Preop.
Postop. (1wk)
Postop. (1mo)

icVEP
IOF (1wk vs preop.) 0.50+0.54
IOF (1mo vs preop.) 0.61+0.80

0.12+0.07; P<0.001"
0.07+0.06; P<0.001"

72.15+14.58; P=0.185"
70.00+£21.07; =0.775°

495.0+125.8; P=0.015"
507.6+126.2; P=0.005"

0.11+0.10; P<0.001%; P=0.582"
0.10+0.08; P<0.001% P=0.329"
69.0412.69 68.53+18.30; P=0.903"

71.68+18.07; P=0.381"; P=0.913"
70.30+18.94; P=0.652°; P=0.954"
429.4+116.0 421.7+146.5; P=0.823"

513.3+125.7; P<0.001%; P=0.575"
509.7+127.1; P<0.001%; P=0.949"

0.60+0.70
0.63+0.70

0.41+0.36; P=0.167°
0.59+0.88; P=0.860"

*P: Preoperative vs postoperative, paired ¢-test; *P: Group A vs Group B, Independent-sample #-test; BCVA: Best-corrected visual acuity;

icVEP: Isolated-check visual evoked potential; IOF: Individual observed F value; mGC-IPL: Macular ganglion cell-inner plexiform layer.

OCT provides a ganglion cell analysis program capable of
measuring mGC-IPL thickness.

Fundus-related Microperimetry Using an automated fundus-
related perimeter (MP1 Microperimeter; Nidek Technologies,
Gamagori, Japan) the fundus was imaged in real-time on a
video monitor with an infrared fundus camera (768x576-pixel
resolution). A stimulus was projected to a specific area of the
fundus while a retinal image was captured and real-time results
were shown on a video monitor. Background illumination was
set on 4 apostilb (asb). Stimulus intensity was varied on a one-
step scale from 0 to 20 dB; the duration of the stimulus was set
to 200ms. A 4-2 Goldmann III strategy was applied to cover
76 spots within 20° of the fundus. Eyes with more than 25%
fixation points located within a 4° diameter were defined as
eyes with central fixation!'”.

Isolated-check Visual Evoked Potential To evaluate the
magnocellular pathway, which was thought to be affected
early by high IOP"*"” an electrophysiological technique was
performed using the Neucodia visual electrophysiological
diagnostic system (MKWH AMD, Huzhou Medconova
Medical Technology, Inc.). The test was conducted under the
contrast form, and it could detect whether a progressive deficit
exits between two examinations. All patients had a BCVA
of 0.6 or better. At the beginning of the test, electrodes were
connected to the scalp of the patients by using an electrolytic
paste. During the test, a low-contrast bright pattern was
luminance-modulated against a static background at 10 Hz
in order to drive preferentially the magnocellular pathway.
A 15% positive-contrast (bright) condition pattern was used

during the test. The patients sat at a distance of 70 cm from the
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screen, and maintained their position at the same level when
viewing the pattern. Artefact rejection features ensured that
eight valid runs were obtained per eye. Each patient was tested
twice to ensure the accuracy of the test, and the second trial
was recorded"”. The contrast form can automatically provide
a calculated value showing whether a progressive deficit in the
magnocellular pathway existed between the two tests. This was
manifested as the individual observed F (IOF) value. If IOF
was <0.63, there was no progression; if IOF was >0.84, the
deficit in the magnocellular pathway progressed; if IOF was
>0.63 and <0.84, the deficit in the magnocellular pathway was
suspected to have progressed.

Statistical Analysis Statistical analysis was performed using
IBM SPSS Statistics 23.0 (IBM Corp., Armonk, NY, USA).
Independent-sample #-tests were used to compare the difference
between the two groups in mGC-IPL thickness and the
microperimetry values at each time point. Paired #-tests were
used to compare the difference between postoperative value
and preoperative value in each group. Pearson’s correlation
analysis and Spearman correlation analysis were carried out to
analyse the correlation between IT and the changes in retinal
structure as well as the changes in visual function. P values
less than 0.05 were considered statistically significant.
RESULTS

Preoperative and Postoperative Macular Structural
Changes Collectively, and for each group, the mGC-IPL
thickness first increased 1wk postoperatively and then
recovered after Imo. However, the difference was not
significant (Table 2). The 1-week postoperative mGC-IPL
thickness in Group A was not significantly different from that
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in Group B (P=0.913). Moreover, the 1-month postoperative
mGC-IPL thickness in Group A was not significantly different
from that in Group B (P=0.954; Table 2).

Correlation Between Infusion Time and Macular Structural
Changes Collectively, and in Group B, the change in
mGC-IPL thickness showed no correlation with IT at
both postoperative time points. In Group A, the 1-week
postoperative change in mGC-IPL thickness was positively
correlated with IT (AThickness=-26.89+0.191T, R*=0.156,
P=0.0198; Figure 1).

Preoperative and Postoperative Macular Visual Sensitivity
Changes The BCVA (logMAR unit) increased significantly
Iwk and Imo postoperatively (Table 2). No statistical
difference in 1-week (P=0.582) and 1-month (P=0.329)
postoperative visual acuity was observed between Groups A
and B.

Isolated-check Visual Evoked Potential Test Results The
IOF value is automatically calculated by the equipment, and shows
whether a progressive deficit exists in the magnocellular pathway.
For all patients, the 1-week postoperative vs preoperative IOF
was 0.50+0.54, and the 1-month postoperative vs preoperative
IOF was 0.61+0.80. In Group A, the 1-week postoperative
vs preoperative IOF was 0.60+0.70, and the 1-month
postoperative vs preoperative IOF was 0.63+0.70. In Group
B, the 1-week postoperative vs preoperative IOF was 0.41+
0.36, and the 1-month postoperative vs preoperative IOF was
0.59+0.88. Figures 2-5 showed the scatterplot of each group’s
IOF value and infusion time at each postoperative time point.
In Group A, 11 out of 27 eyes showed progressive deficit in the
magnocellular pathway 1-week postoperatively. In Group B,
the ratio was 9 out of 34 eyes. At 1-month postoperative time
point, the ratio in Group A was 8§ out of 27 eyes, and the ratio
in Group B was 4 out of 34 eyes.

Fundus-related microperimetry test results Using an
automated fundus-related perimeter (MP-1), we detected
20° macular sensitivity. For all patients and for each group,
macular sensitivity at each postoperative time point was
significantly higher than the corresponding preoperative value
(Table 2). Retinal sensitivity measured at both postoperative
time points was not significantly different between Groups A
and B (1-week postoperative P=0.575; 1-month postoperative
P=0.949; Table 2). We also found a correlation between
macular sensitivity change and IT in Group B (1-week
postoperative ASensitivity=661-5.691T, R°=0.372, P<0.001;
1-month postoperative ASensitivity=469-3.811T, R*=0.209,
P=0.0066; Figures 6 and 7). We found no correlation between
mGC-IPL thickness change and macular sensitivity change at
both postoperative time points collectively or individually in
each group.

DISCUSSION

Ophthalmologists often use high vacuum and infusion pressure
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to perform cataract surgery efficiently. However, the high
infusion pressure could cause an increase in IOP!'”. Under such

high IOP, anterior segment ischemia would appear and lead
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to prostaglandin release, which finally results in subclinical
)2 CME is the leading cause

of an unfavorable visual outcome after uncomplicated cataract

cystoid macular edema (CME

surgery””'!. The incidence of angiography-positive CME ranges
from 9% to 19%, and the condition remains subclinical in
224 The transient effects of high IOP on retinal
structure have been documented in many articles, and includes

most cases

an increase in central macular thickness, macular volume, and
mGC-IPL thickness after cataract surgery, but postoperative
studies on retinal function have only been conducted using
BCVA assessments. Visual acuity was not a sensitive enough
parameter to detect the subclinical changes in visual function.
Thus, more sensitive visual function assessments, such as
microperimetry, were used in our study.

Previous studies have shown that the ganglion cells of the
magnocellular pathway were the most early affected by a high
IOP. Recently, icVEP was utilized in patients with glaucoma
to detect early changes in the magnocellular pathway. We
incorporated icVEP into our study to determine the effect of
infusion pressure on the magnocellular pathway. Moreover, we
measured IT to determine whether a longer duration of high
IOP would lead to a more significant change in retinal structure
and function.

Using OCT images, we found that at both time points after
cataract surgery, 1wk and 1mo, mGC-IPL thickness had
slightly increased. We also observed a tendency that mGC-
IPL thickness would recover to the preoperative level at the
I-month postoperative time point, albeit being thicker than
the preoperative level. This finding was consistent with that
of a pervious study by Sari et al'"”. However, in the present
study, we did not observe significant changes in mGC-IPL
thickness at either postoperative time points in Group A or
B. Furthermore, when comparing the postoperative thickness
between Group A (IT>IT,,,,,) and Group B (IT<IT,,.,.), we
found no statistical difference at either postoperative time
points.

Previous studies have shown a significant increase in macular

thickness 1mo after cataract surgery”™ ). Chen et al™ also
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showed that the group with longer IT under high infusion
pressure had higher macular thickness 1wk after surgery.
The negative result in our study may be due to the following
reasons. First, different studies calculated the thicknesses
of different layers. In our study, we focused on mGC-IPL
thickness, which is lesser than the total macular thickness;
hence, CME may not be significant in such a thin layer.
Second, different studies use different surgery equipment. In
our study, we used the Alcon Centurion Vision System, which
could stably control the infusion pressure at a certain level,
thereby helping reduce the fluctuation of the infusion pressure
effect on the retina and producing less negative effects on
retinal structure. Moreover, the infusion pressure during the
surgery in our study was set at 55 mm Hg, which was lower than
the pressure of the central retinal artery (60 mm Hg), thereby
reducing the injury induced by the infusion pressure. Third,
the difference in size and ethnicity of the included population
should be considered. Finally, we must take into consideration
the presence of cataract that could lead to an underestimation
of mGC-IPL thickness”™. In our study, we included patients
with a relatively clear lens and manually excluded all
images with segmentation errors to reduce preoperative and
postoperative OCT signal strength differences. Therefore, in
our study, the non-statistical difference in OCT findings before
and after surgery may be due to a reduced interference of
signal strength change.

On investigating the correlation between IT and macular
structural changes, we found a positive relationship between
IT and the 1-week postoperative mGC-IPL thickness change in
Group A (AThickness=-26.89+0.191T, R>=0.156, P=0.0198).
However, in Group B, the change in 1-week postoperative
mGC-IPL thickness showed no correlation with IT. This
finding also corresponded with that of the study by Chen
et al”, which showed that the effect of infusion pressure on
the retina may be cumulative, and therefore, a longer IT would
cause a more significant change in retinal thickness.

For illustrating the visual function changes after cataract
surgery, we used three parameters: BCVA (logMAR unit),
icVEP, and microperimetry. In terms of visual acuity (logMAR
unit), significant changes were observed at both postoperative
time points than before surgery. This was mainly due to the
removal of the lens and an increase in the opacity of the
lens. No statistical difference was observed in the 1-week or
1-month postoperative visual acuity between Groups A and B.
The icVEP was a novel electrophysiological instrument used
in our study. It is designed to tap cortical activity initiated
primarily by the afferents in the magnocellular pathway of
ganglion cells. Using the equipment’s contrast program,
we could obtain an automatically calculated value showing
whether a progressive deficit in the magnocellular pathway
existed between two tests. In our study, for each individual

group and for all the patients combined, the IOF at 1wk
after surgery was lower than 0.63, suggesting the absence
of progressive deficits in the magnocellular pathway at the
1-week postoperative time point. However, the IOF at 1mo
after surgery in Group A was 0.63+0.70, suggesting a suspected
progressive deficit. In contrast, the 1-month postoperative IOF
in Group B was 0.59+0.88, suggesting no progressive deficits.
As the mean value of the 1-month postoperative IOF of Group
A was 0.63+0.70, which was at the threshold. Whether there
existed a difference still needs to be discussed. Figures 2-5
show each individual’s IOF value. We could see that in Group
A at the 1-week postoperative time point, the ratio of IOF
>0.63 was 11/27, which was greater than the ratio of 9/34 in
Group B. At the 1-month postoperative time point, we also
found a greater ratio in Group A. We speculate that under the
high infusion pressure during cataract surgery, the function of
the magnocellular pathway may be affected, and that the eyes
with a longer IT would be more easily affected. As the icVEP
test can be affected by many factors like patient condition for
fixating on one object on the screen, opacity of the lens, and
visual acuity, we could not overlook the bias that these factors
introduced into our results. More studies are needed to confirm
our findings.

To our knowledge, few studies have investigated the
visual function change after cataract surgery by using an
electrophysiology test. Interestingly, an animal study conducted
by Minami et al”” reported similar results to our findings.
In that study, the authors performed phacoemulsification
and aspiration on rabbits, followed by pars plana vitrectomy
on some of these rabbits after they underwent a high or low
IOP infusion. They reported significant changes in the visual
evoked potentials (VEPs) and a significantly fewer number of
cells in the ganglion cell layer in the high-pressure group. They
also performed electroretinography but found no changes. The
absence of electroretinographic changes and the presence of
VEP changes suggest that these changes were due to retinal
ganglion cells.

In the microperimetry test, we also found some significant
changes. For all the patients and for each group individually,
the changes in macular sensitivity at both postoperative time
points were significantly increased. This may be attributed to
the familiarity of the patients with how the test is conducted.
After each examination, the patients would become more
familiar with the test, and this could improve the results.
Further, although we excluded patients with severe cataract,
some influence of lens opacity could still introduce some bias
into the microperimetry test. On assessing the correlation
between IT and macular sensitivity increase, we also found
that with a longer IT, the increase in sensitivity would be less
prominent. Nevertheless, we only found this correlation in
Group B. Further studies are needed to confirm our findings.
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On assessing the correlation between retinal structural
changes and visual function changes, we found no correlation
between mGC-IPL thickness change and retinal sensitivity
change at both postoperative time points either collectively or
individually in each group.

Our study focused on the structural and functional changes of
the mGC-IPL, which was thought to be the first affected by
high IOP. However, other retinal layers may also be affected
during cataract surgery and might subsequently influence
visual sensitivity. Furthermore, the equipment used in our
study, such as the high-definition OCT, icVEP, and MP-1,
were all focused on the central part of the macula. While this
benefited our study, in that we could detect the changes in
ganglion cells in the densest part of the retina, it overlooks the
remaining parts of the retina. As all types of cells and all parts
of these cells influence visual function, the exact effect of high
infusion pressure on visual function needs to be further studied.
The surgery equipment used in our study could maintain the
IOP at 55 mm Hg; thus, the only variation during each surgery
was in IT. In further studies, we could try different infusion
pressures on animal eyes to learn more about the effect of
high infusion pressure on changes in retinal morphology and
function. Our study findings would guide surgery equipment
parameter setting and, hopefully, help reduce the incidence of
CME after cataract surgery in the future.
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