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Abstract
· AIM: To investigate the effect of simulated dynamic

intraocular pressure (SDIOP) during uncomplicated phaco-
emulsification on postoperative macular and peripapillary
retinal nerve fiber layer (RNFL) thickness.

·METHODS: Macular and RNFL thicknesses in one eye of

patients ( =30) undergoing uncomplicated phacoemulsification
were measured by optical coherence tomography
preoperatively and 1 week postoperatively. The best-
corrected visual acuity, SDIOP, irrigation time (IT), effective
phacoemulsification time, entire surgical duration, blood
pressure, and heart rate were recorded.

·RESULTS: The mean SDIOP and IT was (74.9依27.4)cmH2O

and (178.4依21.6) seconds respectively. We divided our patients
into two groups based upon IT with greater than 90cmH2O
(P>90IT). In Group A ( = 14), the P>90IT was greater than
the mean P>90IT, and in Group B ( =16), the P>90IT was less
than the mean P>90IT. For all patients there was a significant
increase in macular thickness one week after cataract surgery
( =0.001). While the RNFL thickness tended to increase, the
change was not significant. The postoperative macular

thickness of Group A,(277.8依13.7)滋m, was significantly thicker

than that of Group B, (267.9依15.0)滋m ( =0.004). The

postoperative peripapillary RNFL thickness of Group A, (96.8依
10.8)滋m, was not significantly different from Group B. For
Group A, the change in macular thickness was positively
correlated with P>90IT ( 2=0.524, =0.02). There was no
statistical difference in postoperative visual acuity between

Groups A and B.

· CONCLUSION: After uncomplicated phacoemulsification,

increased macular thickness is associated with the IT under
high SDIOP. The effect of high SDIOP is limited to the
sub-clinical level.
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INTRODUCTION

P hacoemulsification with endocapsular intraocular lens
(IOL) implantation has become the preferred surgical

procedure among cataract surgeons. With the advancement
of technology, many surgeons prefer to use maximum
vacuum to complete the surgery rapidly. However, high
vacuums carry the potential risk of anterior chamber
instability. To maintain anterior chamber stability during
surgery, more infusion is provided, resulting in transient
elevations of intraocular pressure (IOP) [1]. Several studies
have evaluated the ocular damage caused by temporary IOP
elevation[2-4]. Findl [3] reported that a 20mmHg increase
in IOP for 5 minutes caused reduced blood flow to the optic
nerve, retina, and choroid in healthy subjects. The
association between nonarteritic anterior ischemic optic
neuropathy (NAION) and cataract surgery has also been
documented [5-8]. These reports documented the possible
adverse effects of transient IOP fluctuations on retinal and
optic nerve function and visual acuity recovery. However,
the relationship between intra-operative spikes of dynamic
IOP and the postoperative physiological state of retina
remains unclear.
During the early postoperative period, subtle visual acuity
loss can easily be overlooked; thus, some anatomic retinal
changes can go undetected. Optical coherence tomography
(OCT) has been established as a noninvasive, noncontact
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diagnostic tool that objectively quantifies retinal thickness
variations with a precision of 10滋m [9,10]. Some increase in
retinal thickness, as detected by OCT, tends to occur after
uneventful cataract surgery[11-14].
To the best of our knowledge, no study has been conducted

to investigate the effect of changes in dynamic IOP
during phacoemulsification on postoperative changes in
retinal thickness. Thus, we investigated whether or not a
subclinical increase in retinal thickness in the early
postoperative course was associated with the level and
duration of irrigation during uncomplicated phacoemulsi-
fication with endocapsular IOL implantation.
SUBJECTS AND METHODS
Subjects This prospective study was comprised of a
consecutive series of cataract patients scheduled for
phacoemulsification and foldable IOL implantation. Patients
were eligible only if the media opacity due to the cataract
was moderate and OCT examination could be performed.
Patients were excluded if the cataract was so dense that an
OCT examination was impossible or unreliable. Other
exclusion criteria included media opacification for reasons
other than cataract, retinal pathologies, age-related macular
degeneration, glaucoma, uveitis, amblyopia, diabetes
mellitus, or other systemic diseases that could affect the eyes.
Informed consent was obtained from each patient before the
operation, and the study protocol was approved by the
Institutional Review Board of Wenzhou Medical College.
The study complied with the Declaration of Helsinki.
Methods
Surgical technique Mydriasis was induced 30 minutes
before surgery with eye drops containing 0.5% tropicamide
and 0.5% phenylephrine (Mydrin-P, Santen, Osaka, Japan).
All procedures were performed using topical anesthesia
(Alcaine, Alcon Laboratories, Ft. Worth, TX, USA) by one
experienced surgeon (YEZ) using the Alcon Infiniti Vision
System (Alcon Laboratories, Inc.) at the Wenzhou Eye
Hospital from December 2008 to May 2009. There were no
surgical complications.
A 3.0-mm clear corneal incision and a 1.0-mm side
puncture were made firstly.After introducting of viscoelastic
material (Medical Hyaluronan Gel, Bausch & Lomb Freda,
Shandong, China) into the anterior chamber, a 5.5mm
capsulorhexis was made, followed by hydrodissection and
phacoemulsification with the phaco-chop technique using
the Ozil Torsional Handpiece (Alcon Laboratories, Inc.).
Following aspiration of the cortical mass, the anterior and
posterior capsular surfaces were polished, and a single-piece
foldable IOL (Acrysof Single-Piece IOL, Alcon Laboratories
Inc.) was implanted. Once the viscoelastic material was
removed, the clear cornea wound was closed with hydration.
The irrigation column height was set at 120cm above the

anterior chamber, and the maximum vacuum was set at
500mmHg during the nucleus removal, cortical cleanup, and
viscoelastic removal stages. The irrigation column height
was lowered to 80cm during the capsular polishing stage,
and the maximum vacuum was set at 150mmHg during
anterior capsular polishing and 25mmHg during posterior
capsular polishing. The intraoperative effective
phacoemulsification time (EPT) and energy of the
phacomachine were documented. The whole surgical
procedure as well as dynamic parameters during
phacoemulsification were recorded in video format by the
Alcon Infiniti Vision System (Figure 1) and exported for
further analysis. Blood pressure and heart rate were
measured three times each by electrocardiogram (ECG)
monitor. Systolic pressure (SP) and diastolic pressure (DP)
were recorded separately and mean arterial pressure (MAP)
was calculated as follows: MAP = 1/3(SP) + 2/3(DP).
Postoperatively, antibiotic drops (Cravit, Santen, Osaka, Japan)
five times per day and corticosteroid drops (Predforte,
Allergan, Irvine, CA, USA) five times per day regimen was
started. After the postoperative 1st week, the antibiotic drops
were stopped and corticosteroid drops were tapered to end
in 4 weeks.
Measurements All patients underwent a complete
ophthalmologic examination preoperatively, including
refraction, best-corrected visual acuity (BCVA), IOP, slit-
lamp examination, dilated fundus examination, and
biometric measurements with the IOL-Master (Zeiss-Meditec,
Jena, Germany). An OCT scan was performed with the
OCT3 (Stratus OCT, Carl Zeiss Ophthalmic Systems, Inc.,
Humphrey Division, Dublin, CA, USA) to obtain cross-
sectional images of the macula and peripapillary retinal
nerve fiber layer (RNFL) through the dilated pupils.

Figure 1 Video display during phacoemulsification. The whole
surgical procedure, as well as the dynamic parameters during
phacoemulsification, was recorded by the video module. The
dynamic irrigation pressure (Irr) as displayed in the upper
right portion of the screen was defined as the simulated
dynamic intraocular pressure (SDIOP).

Effect of SDIOP on retina after cataract surgery
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Each OCT measurement was performed in the morning
between 9:00 and 10:00 a.m. by the same examiner,
minimizing changes due to diurnal and inter-examiner
variations. To center the scan, the patient was instructed to
stare at an internal fixation point, and the operator identified
retinal landmarks. The standard fast macular thickness scan
protocol was selected to obtain six consecutive scans
centered on the fovea, equally spaced 30毅 apart. To
determine foveal thickness, the OCT images were analyzed
with the Stratus OCT-software macular thickness protocol
(Version 4.04, Carl Zeiss Meditec). The mean foveal
thickness was defined as the average thickness at the
intersection of the 6 radial scans of the central sector with a
600滋m diameter. The fast RNFL scans were used to
measure and calculate the overall and quadrant RNFL
thicknesses. The scans were assessed by the software to
ascertain proper detection of RNFL boundaries. The
thickness of the RNFL was determined by automated
computer algorithm that identified the anterior and posterior
margins. The analysis algorithm averaged the measurements
around the circular scan to obtain the mean RNFL thickness
of the 4 quadrants. All of the OCT maps were checked for
artifacts. In cases where the retinal surfaces were not found
by the built-in algorithm, the measurements were repeated
until good quality measurements were achieved. The
average of three qualifled scans was used to calculate the
mean retinal thickness.
Examinations one week after surgery including refraction,
BCVA, IOP, slit-lamp examination, and OCT scan. BCVA
results were converted into LogMAR for statistical analysis.
Video Analysis Video for each surgery was exported and
analyzed (Figure 2) with video editing software (Vegas Pro
9.0, Sony Creative Software, Inc., Middleton, WI, USA). In
the video, irrigation pressure (Irr) was displayed in real-time

(Figure 1). We defined the irrigation pressure as simulated
dynamic intraocular pressure (SDIOP). During the
operation, the instantaneous SDIOP change was displayed
frame-by-frame on the time line and analyzed with the
Vegas Pro software. The duration of each frame was 0.3
second. All frames were categorized into two levels of
pressure depending on the value of SDIOP. For Level 1 the
SDIOP was less than 90cmH2O, and for Level 2, SDIOP
was equal to or greater than 90cmH2O. The cumulative
duration of each level was then calculated (Figure 2).
Statistical Analysis Sample size calculation, descriptive
statistics, including means 依 standard deviations, and
statistical analysis were performed with two standard
software programs (BIAS 4.0, Ackermann, Frankfurt,
Germany; SPSS 11.0 for Windows XP, SPSS Inc., Chicago,
IL, USA). The sample size was calculated for a significance
level of 0.05 and a power of 0.8. Paired -tests were used to
compare retinal thicknesses of each individual eye before
and after phacoemulsification. Linear regression analysis
and Pearson's correlation analysis were carried out to
analyze the correlation between the change in OCT-
measured retinal thickness and SDIOP, EPT, phaco energy,
and biometric data. Statistical significance was assessed at
the 5% level.
RESULTS
All of the patients were Chinese, and one eye of each ( =
30; 17 right and 13 left eyes; 14 males, 16 females; age
71.5 依8.4 years; age range: 67-89 years) was included for
analysis. The duration of surgery was (7.5 依3.1) minutes
(Table 1). The EPT was (67.3依24.5) seconds, and the phaco
energy was (23.3依11.5)%. The SDIOP was (74.9依27.4)cmH2O
(range: 56.5-91.7cmH2O). The instantaneous SDIOP varied
from 50cmH2O to 130cmH2O. For each case, we defined the
cumulative irrigation time with SDIOP over 90cmH2O as

Figure 2 Analysis interface of the video editing software. The video was deconstructed into frames as shown on the timelines.
Depending on the value of irrigation pressure (SDIOP), all frames were categorized into two levels: Level 1 (top, SDIOP <90cmH2O),
and Level 2 (bottom, SDIOP 逸90cmH2O). The duration of each frame was 0.3 second. The cumulative duration of each level was
then calculated.
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P>90IT. The total phaco irrigation time (TPIT) was (178.4依
21.6) seconds (range: 149.5-214.9 seconds). The ratio of
P>90IT/TPIT was 0.74 依0.033 (range: 0.69 to 0.81). The
mean P>90IT (MP>90IT) for all patients was (132.7 依15.1)
seconds (range: 91.4-153.6 seconds). We then divided our
patients into two groups. Group A consisted of 14 patients
for whom the individual P>90IT was greater than the MP>90IT,
and Group B consisted of 16 patients for whom the
individual P>90IT was less than the MP>90IT. The patient
demographics and operation data of these two groups were
compared with ANOVA and Pearson Chi-square tests
(Table 1), and there were no significant differences between
them.
There was no statistical difference in the pre-surgical
macular thickness between Group A and B patients.
However, collectively and for each group, there was a
significant increase in macular thickness one week after
surgery (Table 2). The postoperative macular thickness of
Group A, (277.8 依13.7)滋m, was significantly greater than
that of Group B,(267.9依15.0)滋m ( <0.004). For all patients,
the pre-surgical peripapillary RNFL thickness was 90.7 依
10.3, and it was increased slightly, but not significantly, one
week after surgery. The postoperative peripapillary RNFL
thickness of Group A, (96.8依10.8)滋m, was thicker than that
of Group B, (91.9 依8.5)滋m, but the difference was not
significant (Table 2).
For all patients, stepwise multivariate linear regression
showed that TPIT and the ratio of P>90IT/TPIT each

contributed significantly to the increase in macular thickness
( =0.019 and 0.035 respectively). SDIOP, EPT, phaco
energy, IOP, axial length, anterior chamber depth, DP,
MAP, heart rate, gender, and age were not significantly
correlated with the increase (all >0.05).
For Group A, the change in macular thickness was
positively correlated with P>90IT (Δ Thickness=-69.70+0.62
P>90IT, 2=0.524, =0.02). For Group B, there were no
statistically significant correlations between the change in
macular thickness and IOP, DP, MAP, heart rate, P>90IT, or
other surgical parameters.
For all patients, pre-operative visual acuity (LogMAR) was
0.43依0.21, and it increased significantly ( =0.001) to 0.11依
0.15 one week after surgery. There was no statistical
difference in postoperative visual acuity between Groups A
and B ( =0.156).
DISCUSSION
During a modern phacoemulsification procedure, high
vacuum along with high irrigation pressure, achieved by
increased irrigation bottle height or forced infusion, are
commonly used. However, increased irrigation pressure may
lead to significantly elevated intraocular pressure [1]. The
good agreement between the measured static and theoretical
IOPs based on the bottle height above the patient's eye level
has been proved by studies both and [2,15]. The
Alcon Infiniti Vision System has a Fluidic Management
System (FMS) with an irrigation pressure sensor that
measures the dynamic irrigation pressure. The FMS is

Table 1 Comparison of patient demographics and intra-operative data between groups 

Demographics and operation data All eyes (n=30) Group A (n=14) Group B (n=16) P 

Age (a) 71.5±8.4 73.0±10.2 70.2±7.9 0.65 

Female (n) 16 7 9 10.15 

Duration of surgery (minutes) 7.5±3.1 7.3±2.4 7.7±3.2 0.24 

EPT (seconds) 67.3±24.5 64.3±26.3 68.8±25.1 0.08 

Phaco energy(%) 23.3±11.5% 25.3±13.3% 22.3±10.9% 0.10 

SP (mmHg) 139.38 ± 13.0 142.22 ± 14.4 137.59 ± 12.8 0.15 

DP (mmHg) 

Heart rate (BPM) 

74.3±14.4 

75.5±18.2 

73.5±13.6 

77.1±15.8 

75.0±15.8 

74.1±18.4 

0.12 

0.07 
1Statistical analysis with Pearson Chi-Square, Continuity Correction (SPSS 11.0); EPT: Effective phaco 
time, SP: Systolic blood pressure, DP: Diastolic blood pressure, BPM: Beats per minute. 

Table 2 Preoperative and postoperative macular thickness and peripapillary RNFL thickness 
 All eyes (n=30) 1Group A (n=14) 2Group B (n=16) 
Macular thickness (μm)    
Preoperative 252.7±14.3 253.2±15.6 250.3±12.9; 3P=0.560 
Postoperative (1 week) 272.2±16.5; 4P=0.001 277.8±13.7; 4P=0.001 267.9±15.0; 3P=0.004, 4P=0.002 

Peripapillary RNFL thickness (μm)    

Preoperative 90.7±10.3 92.3±9.9 89.3±11.5; 3P=0.095 

Postoperative (1 week) 94.2±9.5; 4P=0.072 96.8±10.8; 4P=0.060 91.9±8.5; 3P=0.053; 4P=0.820 
1P>90IT > MP>90IT; 2 P>90IT < MP>90IT; 3Group A vs group B; 4 Preoperative vs postoperative. 

Effect of SDIOP on retina after cataract surgery
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connected to the anterior chamber a tube. In accordance
with the principle of fluid dynamics, the dynamic change of
IOP is determined to a large extent by the irrigation
pressure. The most accurate measurement of intra-operative
IOP is achieved by inserting a pressure transducer into the
anterior chamber as described by previous studies [16,17].
However, it would be unethical to incorporate this invasive
method during phacoemulsification. Therefore to facilitate
understanding and discussion, we defined the dynamic
irrigation pressure as displayed by the FMS as the SDIOP.
The intraocular pressure fluctuated during the surgery and
high pressures were transient and intermittent. During the
nucleus emulsification and cortex aspiration processes, we
found that the SDIOP was over 90cmH2O (68.4mmHg) for
(132.7 依15.1) seconds, accounting for 74.4% of the total
perfusion time period. The maximum SDIOP measured in
this study was 130cmH2O (95.6mmHg), which is much
higher than the pressure of central retinal artery (60mmHg) [2].
These data suggest that the retinal artery may experience
almost no perfusion most of the time during the
phacoemulsification procedure. Obviously, this may causes
transient ocular ischemia. In addition, we monitored the
blood pressure and heart rate of all patients during the
surgery. The diastolic pressure was much lower than systolic
pressure, thus the period of non-perfusion was more likely
to occur during diastole. This has been confirmed by
previous studies regarding the effect of changes in blood
pressure on perfusion pressure and intraocular pressure [18-20].
Such intraocular pressure may explain the occurrence of
acute optic nerve ischemia after cataract surgery[5-8]. While in
most cases visual acuity is restored, there is the possibility
of subclinical retinal changes during intra-operative spikes
of intraocular pressure.
OCT is a noninvasive, noncontact imaging method with a
precision of 10滋m that is an ideal tool for measuring retinal
thickness[9,10]. In contrast to fluorescein angiography, OCT is
capable of quantifying retinal thickness changes and giving
a pseudohistological insight into retinal structure. Although
fluorescein angiography can detect retinal leakage, OCT
allows quantification of macular thickness and mapping of
the retinal damage. Furthermore, there are reports that visual
acuity may be correlated more closely to retinal thickness
than to the amount of fluorescein extravasation [21]. Using
OCT imagery, we found that cataract patients had a
signiflcant increase in macular thickness one week after
uncomplicated phacoemulsification. This is consistent with
other studies [11-14,22]. We also measured the peripapillary
RNFL thickness and found a slight, but not statistically
significant, increase in RNFL thickness. In contrast,
El-Ashry [14] found that the increase in RNFL thickness

was significant. The difference between our results and
theirs could be attributed to the size, age, and/or ethnicity of
the study population, surgical or imaging methodologies, or
other factors.
The most important reason for the decline in post-cataract
surgery visual acuity is the development of cystoid macular
edema (CME), which has an incidence as high as 2% [23].
Hyperfluorescence in angiography is associated with
increased retinal thickness and possibly disturbed retinal
architecture. Even though the rate of positive angiographic
findings with the modern phacoemulsification can range
from 9% to 19% [24,25], the increased macular thickness after
cataract surgery remains mostly at the subclinical level and
does not affect visual acuity [26,27]. The etiology of the
postoperative retinal changes is not yet to be identified. The
three most commonly cited factors for the mechanism of
postoperative macular edema development are mechanical
traction due to vitreoretinal adhesion, increased
prostaglandin production due to anterior segment ischemia,
and prostaglandin production secondary to free radical
release in the postoperative period with more light exposure
to retina [26]. Von [27] studied the influence of risk factors
on the postoperative course of foveal thickness. They
evaluated phacoemulsification time and energy, age,
anterior chamber depth, axial length, and preoperative
BCVA for differences between operated eyes with and
without foveal thickening. None of these considerations
turned out to be significant. In present study, we found a
positive correlation between the increase in macular
thickness and the irrigation time in the sub-group of patients
undergoing longer irrigation time with high SDIOP (Group
A). However, the relationship was not significant in the
other sub-group (Group B) with shorter irrigation time. We
propose that the effect of high SDIOP spikes on
postoperative macular thickness may be temporally
cumulative. Retinal ischemia and macular edema tend to
occur in cases with prolonged low arterial perfusion due to
high intra-operative IOP.
Slight change in peripapillary RNFL thickness occurred
after uneventful cataract surgery, especially in the sub-group
with longer duration of irrigation under high SDIOP.
Various studies have speculated that autoregulatory
responses in ocular arteries occur within certain limits.
Geijer and Bill [28] found that high elevations in IOP reduced
the perfusion pressures and caused marked reductions in
optic nerve blood flow in monkeys. Riva [29] suggested
that the recovery of optic nerve head blood flow to baseline
after acute changes in ocular perfusion pressure was affected
by the duration of IOP elevation[29-31].Garh觟fer [32]reported
that a short-term increase of IOP up to 43mmHg does not

691



alter retina or optic nerve head regulation. However, large
fluctuations in IOP overwhelm the ocular autoregulatory
capacity and lead to compromised posterior segment blood
flow [29,30,33]. We believe that transiently increased IOP could
be one important factor that contributes to the changes in
peripapillary RNFL thickness. While we did not find that
the increase in RNFL thickness was statistically significant,
others did [14]. The clinical significance of these changes
remains to be determined, therefore further studies on
importance of transient IOP increases during cataract
surgery and the clinical sequelae are warranted.
It is the common clinical experience that most eyes do well
after cataract surgery. Previous studies have also suggested
that cataract extraction increases the incidence of
NAION [ 7 , 34 , 35 ] , which may result from the transient
elevations of IOP that occur immediately after cataract
surgery [5,6]. McCulley [5,7] found that it occurs with an
average onset of approximately 35 days, ranging widely
from hours to nearly five months postoperatively. Cataract
extraction and closed vitrectomy may also lead to retinal
and choroidal ischemic infarctions [36]. In present study, all
patients had healthy optic nerves according to the
preoperative assessment, and the postoperative changes seen
by OCT were limited to the sub-clinical level. Studies
suggest that cataract patients with compromised optic
nerves, such as occur in glaucoma and atrophic optic nerve
are more prone to have optic nerve damage during
phacoemulsiflcation [7,34]. Nguyen [34] evaluated seven
patients with nonarteritic anterior and posterior ischemic
optic neuropathy after cataract extraction and found that all
of them had vascular risk factors. A history of NAION in
the fellow eye has been suggested as an additional risk
factor for the incidence of NAION after cataract extraction[37].
In present study, the mean BCVA increased significantly in
the postoperative period and was not affected by the change
in retina thickness. On one hand, the transient effect on
retinal function and structure of high IOP during cataract
surgery might be reversible and limited to the sub-clinical
level in healthy subjects. On the other hand, visual acuity
determination with the LogMAR visual acuity chart might
not be sensitive enough to detect the sub-clinical changes in
visual function. This is a potential limitation of the present
study. Thus, more precise visual function assessments such
as contrast sensitivity or visual field [38] tests should be
applied in the future studies. Furthermore, the relationship
between the transient intra-operative reduced ocular blood
flow and long-term effect of visual function remain to be
determined.
In conclusion, significant increases in macular thickness as
measured by OCT was associated with the irrigation time

under high SDIOP after uncomplicated phacoemulsification.
The adverse effects of high SDIOP on post-operative visual
function remain unclear.
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