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ABSTRACT

Introduction: To evaluate the characteristics of
optic nerve head (ONH) in highly myopic eyes
and its role in predicting intraocular pressure
(IOP) spikes after cataract surgery.
Methods: Patients who are highly myopic
and were scheduled for cataract surgery were
enrolled in this prospective case series study.
IOP was measured preoperatively and at 1 day

and 3 days postoperatively. ONH characteristics
including area, tilt ratio, lamina cribrosa (LC)
thickness, and depth, and the presence of LC
defects were evaluated with enhanced depth
imaging optical coherence tomography. Factors
influencing LC defects and early IOP spike were
investigated using multivariate stepwise logistic
regression.
Results: In total, 200 highly myopic eyes of 200
patients were analyzed: 35.00% had small ONH,
53.00% had ONH tilt, and 14.00% had LC
defects. Multivariate analysis demonstrated
female patients with larger ONH area and dee-
per LC tended to have LC defects (all P\0.05).
As to postoperative IOP, IOP change, and inci-
dence of IOP spikes, eyes with small ONH, ONH
tilt, and LC defects had similar (all P[0.05),
higher (all P\ 0.05), and lower (all P\ 0.05)
outcomes compared with those without the
corresponding characteristic, respectively. Mul-
tivariate analysis showed that presence of LC
defects and thicker LC were protective factors
for early IOP spikes, and axial length[28 mm
was a risk factor (all P\0.05).
Conclusion: Female patients with larger ONH
area and deeper LC tend to have LC defects,
which, together with thicker LC, was correlated
with less IOP spikes in highly myopic eyes.
Trial Registration: This study was conducted as
part of a larger project, the Shanghai High
Myopia Study, registered at www.clinicaltrials.
gov (accession number NCT03062085).
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Key Summary Points

Why carry out this study?

Patients who are highly myopic have
special characteristics of optic nerve head
(ONH) and a higher incidence of early
transient intraocular pressure (IOP) spikes
after cataract surgery.

We sought to determine if the
characteristics of ONH in highly myopic
eyes play a role in predicting IOP spikes
after cataract surgery.

What was learned from this study?

The presence of lamina cribrosa defects
and greater lamina cribrosa thickness were
correlated with less IOP spikes in highly
myopic eyes, while axial length[28mm
had the opposite effect.

These findings may help surgeons better
estimate the onset and degree of
postoperative IOP spikes after cataract
surgery with an adequate preoperative
assessment of ONH features in patients
who are highly myopic.

INTRODUCTION

As surgical techniques advanced, the efficacy
and safety of phacoemulsification have become
well established with minor incisions, faster
recovery, and fewer complications. However,
patients who were highly myopic reportedly
experienced a higher incidence of early tran-
sient intraocular pressure (IOP) spikes after cat-
aract surgery than non-myopes [1–4]. As an
acute adverse event, postoperative IOP spikes
can cause ocular pain and may increase the risk

of sight-threatening complications, such as
retinal vascular occlusion, and are potentially
more dangerous in eyes with preexisting optic
nerve damage [5, 6]. Hence, identifying possible
predictive factors for postoperative IOP spikes is
meaningful for the clinical management of
patients who are highly myopic.

Previously, our research group has explored
some potential biometric risk factors for post-
operative IOP spikes in highly myopic eyes
[3, 4], but the associations with optic nerve
head (ONH) characteristics, which are closely
related to the course of glaucoma, remain lar-
gely unclear. Various ONH changes were found
to be linked with high myopia, such as ONH
tilt, lamina cribrosa (LC) thinning, and LC
defect [7–9]. Currently, ONH’s biomechanical
responses to IOP elevation have been exten-
sively studied in glaucomatous eyes of monkeys
and humans [10, 11]. However, their role in
postoperative IOP spikes in highly myopic eyes
has seldom been investigated.

Due to the thinning of the peripapillary
sclera and the axial stretching in high myopia,
the ONH might be morphologically changed,
and the biomechanical features of LC might
also be different. The LC, a multilayered sieve-
like collagen beam, is recognized as the primary
and principal site of retinal ganglion cell axonal
injury in glaucoma [12]. Structural alternations
including LC thinning, posterior displacement,
deformation, and defects were previously
reported to be associated with the onset of
glaucoma or increased IOP [5, 6, 11]. Further-
more, LC defects were considered myopia-re-
lated anatomical changes potentially associated
with the prevalence of glaucoma-like optic
neuropathy [13, 14]. Therefore, we assumed
that there might be possible associations
between ONH characteristics and IOP spikes
after cataract surgery in highly myopic eyes.

In this study we aimed to evaluate the char-
acteristics of optic nerve head (ONH) in highly
myopic eyes, and to explore its role in predict-
ing intraocular pressure (IOP) spikes after cat-
aract surgery.
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METHODS

Ethics

This prospective case series was carried out at
the Eye and Ear, Nose and Throat (ENT) Hospi-
tal of Fudan University. This study was con-
ducted as part of a larger project, the Shanghai
High Myopia Study, registered at www.
clinicaltrials.gov (accession number
NCT03062085). The design and conduction of
the study were in accordance with the tenets of
the Declaration of Helsinki, and were approved
by the institutional review board of our hospi-
tal. All participants provided their signed
informed consent for the use of their clinical
data after receiving a full description of the
study.

Patient Enrollment

Participants who scheduled for cataract surgery
were consecutively recruited from the Eye and
ENT Hospital of Fudan University from
September 2020 to January 2022. The inclusion
criteria were: (1) highly myopic eyes with axial
length (AL) C 26.00 mm, (2) eyes with preop-
erative baseline IOP\ 21 mmHg, and (3) eyes
with reliable OCT measurements before cataract
surgery. The exclusion criteria were: (1) eyes
with clinical diagnosis of glaucoma or glaucoma
suspect, (2) eyes with other ocular comorbidi-
ties or systemic diseases, which may affect the
postoperative IOP, such as corneal opacity,
zonular weakness, uveitis, and pseudoexfolia-
tion syndrome, with oral tamsulosin etc., (3)
eyes with prior surgery or trauma, and (4) eyes
with intraoperative or postoperative complica-
tions, which may affect the postoperative IOP,
such as posterior capsular rupture, corneal
edema, IOL dislocation, or with residual vis-
coelastic material. One eye was randomly
selected from each patient if both eyes met the
criteria. A total of 213 participants were recrui-
ted, and 200 eyes from 200 eligible participants
were finally included in the analyses.

Baseline Ophthalmic Examinations

All participants received ophthalmic examina-
tions at the baseline visit, including slit lamp
microscopy, Goldmann applanation tonometry
(Haag-Streit, Bern, Switzerland), fundoscopy,
corneal topography (Pentacam HR; Oculus
Optikgeräte, Wetzlar, Germany), B-scan ultra-
sonography, and AL measurements using IOL
Master (Carl Zeiss AG, Oberkochen, Germany).

Enhance Depth Imaging Optical
Coherence Tomography of Optic Nerve
Head

All participants received enhanced depth
imaging optical coherence tomography (EDI-
OCT) (Heidelberg Spectralis SD-OCT, Heidel-
berg Engineering GmbH, Heidelberg, Germany)
scans and all scans were performed by one
experienced operator (W.W.H.). A 15� 9 15�
rectangular scan was centered on the ONH. This
rectangle was scanned with 97 sections, and
each section had 20 OCT frames on average.
Infrared fundus images were simultaneously
acquired using a confocal scanning laser oph-
thalmoscope. The serial OCT scan images were
carefully reviewed for optic nerve head charac-
teristics by an experienced specialist (X.J.Z.)
masked to the clinical information of
participants.

The disc margin was measured on infrared
fundus images. The longest diameter (LD),
shortest diameters (SD), and the area of the
ONH were measured. A small ONH was defined
as the ONH area\ 1.5 mm [2, 15]. The ONH tilt
ratio was defined as the ratio between the LD
and SD, and a ratio[1.3 was considered the
presence of tilt (Fig. 1A) [4].

The LC thickness and depth measurements
were performed using the horizontal B scans by
selecting the frame passing through the vertical
center of the ONH with nasal fixation, accord-
ing to a previously described method [16–18].
Briefly, the Bruch’s membrane opening (BMO)
reference line was drawn by connecting the two
termination points of Bruch’s membrane on
each B-scan. The anterior and posterior margins
of the highly reflective region were used as the
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borders of the LC. The LC thickness was calcu-
lated as the perpendicular distance between
those borders. The LC depth was calculated as
the vertical distance between the BMO line and
the anterior margin of the LC (Fig. 1B). The
measurement was performed by a built-in cali-
per tool of the intrinsic OCT viewer, and the
scaling of B-scan images was corrected to 1:1 lm
before evaluation.

LC defects were defined as an anterior lami-
nar surface irregularity violating the normal
smooth contour, including features of holes,
pits, or scleral disinsertions [19]. To avoid false
positives, LC defects were required to be present
in two neighboring B-scan images, and have a
diameter[ 100 lm and a depth[30 lm. The
location of LC defects was classified into the
superior or inferior half of the ONH (Fig. 1C)
[13].

Surgical Technique

All surgeries were performed by one experi-
enced surgeon (Y.L.). Through a clear corneal
incision of 2.6 mm, the DisCoVisc (Alcon Lab-
oratories, Fort Worth, Texas, USA) was injected.
After completion of continuous curvilinear
capsulorhexis and hydro-dissection, pha-
coemulsification, removal of the cortex, and
IOL implantation in the capsular bag were per-
formed. After removing viscoelastic material,
the IOL was adjusted to the center, and the

incision was hydrated. No stitches were used in
any eyes. Subjects were instructed to take rou-
tine postoperative medications, including Cra-
vit eye drops (levofloxacin, Santen
Pharmaceutical, Japan) and prednisolone acet-
ate (Allergen Pharmaceutical Ireland, Westport,
County Mayo, Ireland) four times a day for
2 weeks, and Pranopulin (pranoprofen, Senju
Pharmaceutical, Osaka, Japan) four times a day
for 4 weeks. For eyes with postoperative IOP
reaching 25–30 mmHg, Mikelan eye drops
(carteolol hydrochloride, Otsuka Pharmaceuti-
cal, Tokyo, Japan) were used twice daily. For
eyes with postoperative IOP reaching 30–-
35 mmHg, Azarga eye drops (brinzolamide-ti-
molol fixed-combination, Alcon Laboratories)
were used twice daily. For eyes with postopera-
tive IOP[ 35 mmHg, an intravenous drip
injection of D-mannitol was administered. IOP-
lowering medication was maintained until the
IOP decreased to B 21 mmHg.

Postoperative Examinations

Postoperative examinations were respectively
conducted at 1 and 3 days after surgery,
including the assessment of best-corrected
visual acuity (BCVA), fundoscopy, and mea-
surement of IOP. The IOP change was defined as
the maximum postoperative IOP subtracted by
the baseline IOP. The IOP spike was defined as

Fig. 1 Optic nerve head (ONH) images using enhanced
depth imaging spectral-domain optical coherence tomog-
raphy. AMeasurement of the longest diameter (LD, yellow
full line), shortest diameters (SD, yellow dotted line), and
area (yellow dotted circle) of the ONH area. B Measure-
ment of lamina cribrosa (LC) depth and LC thickness: the
Bruch’s membrane opening (BMO) reference line (blue
line) was drawn by connecting the two termination points
of Bruch’s membrane on each B-scan. The anterior (yellow

full line) and posterior margins (yellow dotted line) of the
highly reflective region were used as the borders of the LC.
The LC thickness was calculated as the perpendicular
distance between those borders (blue line with arrows) and
the LC depth was calculated as the vertical distance
between the BMO line and the anterior margin of the LC
(yellow line with arrows). C Representative image of LC
defect (green arrow)
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postoperative IOP C 25 mmHg or an IOP ele-
vation C 8 mmHg from the baseline [3, 4, 20].

Statistics

Continuous data are presented as mean ± s-
tandard deviations and are compared using
Student’s t-test between two groups, while cat-
egorical data are presented as frequency (per-
centage) compared using the v2 test.
Multivariable stepwise binary logistic regression
was conducted to explore the potential and
independent factors for LC defects and IOP
spikes. Odds ratios (ORs) and the corresponding
95% confidence intervals (95% CIs) were pre-
sented. Using G*Power, the sample size should
be more than 191 with a error of 0.05, power of
0.9, and OR of 1.71 for binary logistic regression
[21]. A total of 213 participants were recruited,
and 200 eyes from 200 eligible participants were
finally included in the analyses. Statistical sig-
nificance was defined as P\0.05. All statistical
analyses were performed using SPSS (version 20,
IBM Inc., USA).

RESULTS

Baseline Characteristics

Baseline characteristics of all included eyes are
presented in Table 1. The mean AL was

28.67 ± 1.94 mm, ranging from 26.00 to
36.03 mm.

Characteristics of Optic Nerve Head
in Highly Myopic Eyes

Of all eyes included, 35.00% were identified
with small ONH, 53.00% were identified with
ONH tilt, and 14.00% were identified with LC
defects, of which 82.14% had a superior defect,
and the rest had an inferior defect. We further
compared ONH characteristics among eyes
within different AL ranges (Table 2). Compared
with eyes with AL 26.00 * 28.00 mm, the SD of
ONH in eyes with AL[ 28.00 mm was signifi-
cantly shorter, while the tilt ratio and presence
of ONH tilt were significantly higher (Student’s
t-test or v2 test, all P\ 0.05). Other structural
parameters showed no significant difference
between two AL subgroups (Student’s t-test or v2

test, all P[ 0.05).
To identify the factors influencing the pres-

ence of LC defect, we performed a multivariate
stepwise binary logistic regression using pre-
dictors including age, sex, AL, ONH LD/SD/
area/tilt ratio, LC thickness, and LC depth
(Fig. 2). It demonstrated that highly myopic
females with larger ONH area and deeper LC
had a higher risk of LC defects (all P\0.05).

Intraocular Pressure Change in Eyes
with Different Optic Nerve Head
Characteristics

The perioperative IOPs were compared in highly
myopic eyes with different ONH characteristics
(Table 3). No significant differences were found
in perioperative IOPs (Student’s t test, all
P[ 0.05) or the incidence of IOP spikes
between the small ONH present and absent
groups (v2 test, P[0.05). However, the ONH
tilt-present group demonstrated significantly
higher postoperative IOP, IOP change, and
higher incidence of IOP spikes after cataract
surgery compared with the ONH tilt-absent
group (Student’s t test or v2 test, all P\0.05).
Conversely, eyes with LC defects showed sig-
nificantly lower postoperative IOP, IOP change,
and lower incidence of IOP spikes compared

Table 1 Baseline characteristics

Characteristics Mean – Std (range)

Age (years) 60.8 ± 9.5 (32 to 81)

Female (%) 58.5 (117/200)

Right eye (%) 51.0 (102/200)

AL (mm) 28.67 ± 1.94

(26.00–36.03)

Postoperative BCVA

(logMAR)

0.18 ± 0.25 (0.00–1.30)

Std standard deviation, AL axial length, BCVA best-cor-
rected visual acuity, logMAR logarithm of the minimal
angle of resolution
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with those without (Student’s t test or v2 test, all
P\ 0.05).

Predicting Factors for IOP Spikes
after Cataract Surgery in Highly Myopic
Eyes

We then conducted a multivariable stepwise
binary logistic regression analysis for the pres-
ence of IOP spike, using predictors including
age, sex, AL subgroups, presence of ONH tilt,
presence of LC defects, LC depth, and LC
thickness (Fig. 3). It demonstrated that the risk
factor for IOP spikes was AL C 28.00 mm
(P = 0.002), while the protective factors were
greater LC thickness and the presence of LC
defects (both P = 0.009).

DISCUSSION

Highly myopic eyes were reported to experience
a higher incidence of early IOP spikes after

cataract surgery [1–4]. Due to AL elongation and
anatomical variation of the posterior segment,
highly myopic eyes may have distinct mecha-
nisms for IOP adjustment. The myopia-associ-
ated anatomical changes of ONH were
previously reported to influence the IOP of
patients with glaucoma, but their influence on
postoperative IOP spikes remained unclear. In
this study, using EDI-OCT, we revealed that the
protective factors for IOP spikes in highly
myopic eyes were the presence of LC defects
and greater LC thickness.

In high myopia, the extreme elongation of
the eyeball could lead to various morphologic
changes in the ONH. Here, we found that the
ONH tilt was prominent in eyes with
AL C 28.00 mm compared with eyes with AL
26.00 * 28.00 mm. Our finding was consistent
with that of Chen et al. [22], who also revealed
that longer AL was associated with higher like-
lihood of disc tilt. This phenomenon might be
attributed to excessive axial elongation and
posterior scleral remodeling in extremely

Table 2 Characteristics of the optic nerve head in eyes with different AL ranges

Parameter AL 26.00 ~ 28.00 mm
N = 82

AL > 28.00 mm
N = 118

P value

ONH parameter

LD (lm) 1686.33 ± 318.85 1713.89 ± 269.19 0.510

SD (lm) 1345.05 ± 313.67 1238.71 ± 300.61 0.017*

Area (mm2) 1.93 ± 0.66 1.82 ± 0.65 0.247

Small disc presence (%) 30.49 (25/82) 32.20 (38/118) 0.797

Tilt ratio 1.29 ± 0.25 1.46 ± 0.44 0.002*

Tilt presence (%) 32.93 (27/82) 66.95 (79/118) \ 0.001*

LC parameter

LC depth (lm) 335.60 ± 110.18 338.64 ± 139.12 0.869

LC thickness (lm) 283.59 ± 58.25 273.47 ± 56.31 0.219

LC defect presence (%) 15.66 (13/83) 12.71 (15/118) 0.529

Superior defect (%) 84.62% (11/13) 80.00% (12/15) 0.101

Inferior defect (%) 15.38% (2/13) 20.00% (3/15)

AL axial length, ONH optic nerve head, LD longest diameter, SD shortest diameter, LC lamina cribrosa
*Statistically significant

2028 Ophthalmol Ther (2023) 12:2023–2033



myopic eyes. However, no significant difference
was observed in the presence of LC defects
between two AL subgroups, contradicting some
previous investigations [23, 24]. This inconsis-
tency may be explained by the fact that those
studies were conducted in patients with glau-
coma, yet the patients who were highly myopic
included in our study were relatively normal. It
is also interesting to note that LC defects were
more common in highly myopic females with a
larger ONH area and deeper LC, suggesting that
the formation of LC defects might be associated
with additional stress from the expansion of the
ONH area and posteriorization of the LC.
Therefore, characterization of the LC changes
might be necessary for highly myopic eyes.

The ocular response to IOP is determined by
both the magnitude of IOP and the intrinsic
biomechanical properties of the ocular tissues,
particularly the connective tissues of the ONH
and the sclera [25]. Therefore, an early transient
IOP spike could possibly be associated with the
biomechanical change of ONH in highly myo-
pic eyes. In the present study, we found that
eyes with ONH tilt had a higher incidence of
postoperative IOP spikes, but the presence of
ONH tilt was not considered a risk factor after
adjusting confounding factors in the logistic
regression model. This was consistent with our
previous research [4], and it might be due to the
collinearity of extent of tilt and AL. Addition-
ally, we found that the risk factor for IOP spikes
was AL C 28.00 mm in multivariable regression;
this may be because axial stretching in high
myopia was correlated with dysfunction at the
trabecular meshwork and Schlemm’s canal,
which was confirmed in our previous study [3].
In this study, the postoperative IOPs in highly
myopic eyes with different ONH characteristics
were all higher than the preoperative values.

Fig. 2 Forest graph of the factors influencing the presence
of lamina cribrosa defects in highly myopic eyes. ONH,
optic nerve head

T
ab
le

3
In
tr
ao
cu
la
r
pr
es
su
re

ch
an
ge

in
ey
es

w
it
h
di
ff
er
en
t
op
ti
c
ne
rv
e
he
ad

ch
ar
ac
te
ri
st
ic
s

Sm
al
l
O
N
H

O
N
H

ti
lt

L
C

de
fe
ct

A
bs
en
t
gr
ou

p
P
re
se
nt

gr
ou

p
P
va
lu
e

A
bs
en
t
gr
ou

p
P
re
se
nt

gr
ou

p
P
va
lu
e

A
bs
en
t
gr
ou

p
P
re
se
nt

gr
ou

p
P
va
lu
e

Pr
eo
pe
ra
ti
ve

IO
P
(m

m
H
g)

15
.2
3
±

2.
44

15
.6
2
±

2.
40

0.
29
3

15
.3
3
±

2.
62

15
.3
7
±

2.
25

0.
90
7

15
.3
7
±

2.
47

15
.2
9
±

2.
18

0.
69
2

Po
st
op
er
at
iv
e
IO

P
(m

m
H
g)

18
.2
2
±

4.
48

18
.0
3
±

4.
01

0.
78
0

17
.5
0
±

4.
15

18
.7
5
±

4.
41

0.
04
1*

18
.5
3
±

4.
35

15
.9
1
±

3.
45

0.
00
1*

IO
P
ch
an
ge

(m
m
H
g)

2.
99

±
4.
31

2.
41

±
4.
39

0.
38
3

2.
17

±
3.
62

3.
37

±
4.
82

0.
04
6*

3.
16

±
4.
45

0.
65

±
2.
72

\
0.
00
1*

IO
P
sp
ik
e
(%

)
27
.7
4

(3
8/
13
7)

22
.2
2
(1
4/
63
)

0.
40
9

15
.9
6
(1
5/
94
)

34
.9
1
(3
7/
10
6)

0.
00
2*

29
.0
7
(5
0/
17
2)

7.
14

(2
/2
8)

0.
01
4*

O
N
H

op
ti
c
ne
rv
e
he
ad
,L

C
la
m
in
a
cr
ib
ro
sa
,I
O
P
in
tr
ao
cu
la
r
pr
es
su
re

*S
ta
ti
st
ic
al
ly
si
gn
ifi
ca
nt

Ophthalmol Ther (2023) 12:2023–2033 2029



This may be because we measured all the IOPs 1
to 3 days after cataract surgery and the
microinflammation of trabecular meshwork
may lead to the elevated IOP.

Notably, we observed that eyes with LC
defects had a lower incidence of postoperative
IOP spikes and also confirmed the protective
role of LC defects and greater LC thickness.
Several previous studies in patients with glau-
coma support our findings, showing that nor-
mal-tension glaucoma (NTG) eyes with a focal
LC defect had lower baseline untreated IOP,
lower peak IOP, and lower mean IOP
[24, 26–28]. Anatomically, the LC located in the
posterior sclera helps preserve a pressure gradi-
ent between the extraocular and intraocular
spaces. Sun et al. [28] reported that LC defects in
highly myopic NTG eyes might influence the
pressure difference between the vitreous cavity
and subarachnoid space through fluid’s slow
diffusion, but not through the direct commu-
nication. That process might rebalance the
higher trans-LC pressure gradient, which was
supposed to be one of the recognized risk factors
for NTG [29]. These findings led us to speculate
that LC defects in highly myopic eyes might be
responsible for the fluid diffusion, and thus
result in decreased IOP spike after cataract sur-
gery. We therefore hypothesized that although
the LC defect, a special structure of highly
myopic eyes, was a myopia-related anatomical
change, it created a valve-like ‘‘back door’’ for
IOP regulation. Furthermore, previous research
has also suggested that the LC in patients with
NTG and high-tension glaucoma was signifi-
cantly thinner than in normal subjects [17].
Therefore, an increase in LC thickness among
highly myopic eyes may also help stabilize
trans-LC pressure fluctuation [25, 30, 31], espe-
cially when cerebrospinal fluid pressure

changed, leading to a reduced risk of IOP spikes
after cataract surgery.

In addition, we found that male sex was one
of the risk factors associated with the IOP spike
in our previous study [4]. However, in the cur-
rent study, we did not identify this relationship.
This may be because LC defects were more
common in females, and the presence of LC
defects was an independent protective factor of
IOP spikes, rather than sex.

However, there were some limitations of this
study. First, the sample size of patients with IOP
spikes was not large enough for logistic regres-
sion, although the total sample size was enough
according to previous research [32]. The effect
of the number of events per variable (EPV)
analyzed in logistic regression analysis was 7.43
and the recommended EPV is more than 10.
Second, we did not study the effect of trabecular
meshwork, Schlemm’s canal, and cerebrospinal
fluid pressure in this study; however, we will
investigate these in further studies.

CONCLUSION

In this prospective case series, we characterized
the ONH in highly myopic eyes and identified
the protective role of LC defects and greater LC
thickness against early IOP spikes after cataract
surgery. Our findings may help surgeons better
estimate the onset and degree of postoperative
IOP spikes after cataract surgery, with an ade-
quate preoperative assessment of ONH features
in patients who were highly myopic.
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