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Abstract

Purpose The aim of this study was to

investigate the incidence of intraocular

pressure (IOP) elevation after resident-

performed cataract surgery and to determine

variables, which influence postoperative day 1

(POD1) IOP.

Methods In all, 1111 consecutive cataract

surgeries performed only by training residents

between 1 July 2001 and 30 June 2006 were

included. Elevated IOP was defined as

Z23mmHg. Surgeries were classified

according to the presence of POD1-IOP

elevation. Fisher’s exact test and Student t-test

were used to compare both groups.

Multivariate analyses using generalized

estimating equations were performed to

investigate predictor variables associated with

POD1-IOP elevation.

Results The average preoperative IOP was

16.0±3.2mmHg and the average POD1-IOP

was 19.3±7.1mmHg, reflecting a significant

increase in IOP (Po0.001, paired t-test). The

incidence of POD1-IOP elevation Z23mmHg

was 22.0% (244/1111). Presence of glaucoma

and ocular hypertension, higher preoperative

IOP, and longer axial length were frequently

encountered variables in the POD1-IOP

elevation group (all Po0.05). Using a

multivariate analysis, presence of glaucoma

(P¼ 0.004, OR¼ 2.38; 95% confidence interval

(95% CI)¼ 1.31–4.30), presence of ocular

hypertension (P¼ 0.003, OR¼ 6.09; 95%

CI¼ 1.81–20.47), higher preoperative IOP

(Po0.001, OR¼ 3.73; 95% CI¼ 1.92–7.25),

and longer axial length (P¼ 0.01, OR¼ 1.15;

95% CI¼ 1.03–1.29) were significant predictive

factors for POD1-IOP elevation.

Conclusions IOP elevation on the first

postoperative day following resident-

performed cataract surgery occurred

frequently (22.0%). Increased early

postoperative IOP was associated with

presence of glaucoma and ocular

hypertension, higher preoperative IOP, and

longer axial length.
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Introduction

Early postoperative elevation in intraocular

pressure (IOP) following cataract surgery is a

frequently reported adverse event that surgeons

must address. The incidence of early

postoperative IOP increase is reported to be

2.3–8.9% in all cataract extractions.1,2 This

increase typically peaks at 3–7 h after surgery

and persists during the first 24 h.3–6 The extent

of such an early IOP increase has been reported

to be related to anterior chamber inflammation

and prostaglandin release,5,7 capsulorhexis

size,8 type of surgical procedure performed,9

and residual viscoelastic material.4,5 Although

most eyes can tolerate the transient IOP

elevation that occurs after cataract surgery, IOP

spikes are potentially more dangerous in eyes

with previous optic nerve compromise, such as

those with preexisting damage from glaucoma

or atherosclerosis-related ischemia.10,11

Furthermore, extremely high or prolonged
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ocular hypertension can also result in severe corneal

edema, pain, anterior ischemic optic neuropathy, and

central retinal vein occlusion.12 Interventions to minimize

early IOP spikes include techniques for removing

viscoelastic materials,4,13 prophylactic use of intracameral

acetylcholine,13 and use of systemic or topical ocular

hypotensive medications.11,13 To our knowledge, the

incidence of and preoperative factors associated with

early IOP elevation on postoperative day 1 (POD1) after

cataract surgeries performed only by training residents

have not yet been reported.

Materials and methods

A database containing all cataract extraction surgeries

performed in the teaching service of Harvard Medical

School, Department of Ophthalmology at the

Comprehensive Ophthalmology Service of the

Massachusetts Eye and Ear Infirmary was constructed.

The details of this IRB approved database have been

previously described.14

In all, 1684 consecutive cataract surgeries performed

mainly by residents from 1 July 2001 to 30 June 30 2006

were reviewed. In all, 102 surgeries with intraoperative

vitreous loss (VL) and anterior vitrectomy were excluded

because of the patient use of prescribed oral

acetazolamide 250 mg (Diamox; Taro Pharmaceuticals

Inc., Hawthorne, NY, USA) immediately postoperatively.

Of the remaining 1582 surgeries, 305 surgeries performed

by attending surgeons were excluded and additional 166

surgeries were excluded because of the lack of data such

as preoperative IOP and POD1-IOP. Finally, 1111

surgeries were included in the analysis. Preoperative,

perioperative, and postoperative information were

gathered for all surgeries. Patient age, eye, diabetes

mellitus (DM), glaucoma, ocular hypertension, glaucoma

suspect, history of uveitis, presence of pseudoexfoliation

syndrome (PXF), age-related macular degeneration

(AMD), previous intraocular surgery, preoperative best

spectacle-corrected visual acuity (BSCVA) and IOP, axial

length, academic period in which the surgery was

performed, type of surgical incision, ophthalmic

viscosurgical device (OVD), and intraoperative

complications including anterior capsular tear (ACT),

posterior capsule tear (PCT), zonulysis, and conversion

from clear corneal or scleral tunnel incision to

extracapsular cataract extraction (ECCE) were all

evaluated in the analysis. Intraoperatively, sodium

hyaluronate (Healon; Abbott Medical Optics Inc., Santa

Ana, CA, USA) was used for all procedures from July

2001 until November 2005, and combined chondroitin

sulfate and sodium hyaluronate (Duovisc; Alcon

Laboratories Inc., Fort Worth, TX, USA) were used for all

procedures after this time. Postoperative data was

analyzed with respect to BSCVA and IOP on the first

postoperative day with elevated IOP defined as

Z23 mm Hg. IOP was checked by a Goldmann

applanation tonometer and BSCVA was measured using

standardized Snellen chart testing on the last

preoperative visit and the first postoperative day.

Improvement in BSCVA was defined as the difference

between the BSCVA at the last preoperative visit and the

first postoperative day. The main outcome measured was

presence of POD1-IOP elevation.

First, surgeries were classified into two groups

according to the presence or absence of POD1-IOP

elevation. Fisher’s exact test was used to compare eye,

DM, glaucoma, ocular hypertension, glaucoma suspect,

history of uveitis, PXF, AMD, previous intraocular

surgery, academic period in which the surgery was

performed, type of surgery, type of OVD, ACT, PCT,

zonulysis, and conversion to ECCE. The Student t-test

was used to compare age, preoperative BSCVA and IOP,

axial length, the first postoperative day BSCVA,

improvement in BSCVA at the fist postoperative day, and

difference between preoperative IOP and POD-IOP.

Second, the relationships between predictor variables

and POD1-IOP elevation were assessed by univariate

and multivariate analyses using generalized estimating

equations (GEEs). Age, laterality of eye operated on, DM,

glaucoma, ocular hypertension, glaucoma suspect,

history of uveitis, PXF, AMD, previous intraocular

surgery, preoperative BSCVA and IOP, axial length,

surgical academic quarter during which the surgery was

performed, type of surgery, type of OVD, ACT, PCT,

zonulysis, and conversion to ECCE were included as

predictor variables. Age and variables with a P-value

r0.20 in univariate analyses were candidates for the

multivariate model. Then, a backward elimination

process was used to develop the final model using

P-value. The level of significance was set at 0.05. All

P-values are two-tailed. Analyses were conducted using

the SPSS program (version 19.0; IBM SPSS Inc., Chicago,

IL, USA) and the SAS program (version 9.1; SAS Institute

Inc., Cary, NC, USA).

We certify that all applicable institutional and

governmental regulations concerning the ethical use of

human volunteers were followed during this research.

Results

Description of investigated variables

The average age in all surgeries was 70.9±10.8. In all,

49.2% (547/1111) of surgeries were of right eye and 50.8%

(564/1111) were of left eye. In all, 259 patients had

bilateral cataract surgery and 593 patients underwent

unilateral surgery. A total of 18.8% (209/1111) of
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surgeries were diabetic, 5.7% (63/1111) had glaucoma,

0.6% (7/1111) had ocular hypertension, and 2.9%

(32/1111) were glaucoma suspects. In all, 0.3% (3/1111)

of surgeries had history of uveitis, 5.9% (65/1111) was

found to have PXF preoperatively, 8.9% (99/1111) had

AMD, and 7.5% (83/1111) had a history of intraocular

surgery. Preoperative BSCVA (log MAR) was 0.52±0.48

and axial length was 23.8±1.7 mm. A total

of 25.7% (286/1111) of surgeries were performed from

January to March, 28.0% (311/1111) were from April to

June, 22.1% (246/1111) were from July to September, and

24.2% (268/1111) were from October to December. 85.3%

(948/1111) of surgeries were performed by clear cornea

incision, 6.0% (67/1111) were by sclera tunnel incision,

2.0% (22/1111) were by ECCE, and 6.7% (74/1111) did

not have a record. Healon was used in 82.5% (917/1111)

and Duovisc was in 17.5% (194/1111). In all, 2.1%

(23/1111) of surgeries had intraoperative ACT, 2.3%

(26/1111) had PCT, 0.9% (10/1111) had zonulysis, and

0.7% (8/1111) had a conversion from clear corneal

incision or sclera tunnel to ECCE. Postoperative BSCVA

at day 1 (log MAR) was 0.48±0.49 and improvement

in BSCVA at day 1 was �0.03±0.47. The average

preoperative IOP was 16.0±3.2 mm Hg and the average

POD1-IOP was 19.3±7.1 mm Hg, reflecting a significant

increase in IOP (Po0.001, paired t-test). The difference

between preoperative IOP and POD1-IOP was

3.4±6.7 mm Hg.

Distribution of IOP

The incidence of preoperative IOP Z23 mm Hg

preoperatively was 3.1% (34/1111). In all, 2.6% of eyes

(28/1111) were between 23 and 25 mm Hg, and 0.5%

(6/1116) were between 26 and 29 mm Hg (Table 1). The

incidence of increased IOP Z23 mm Hg on the first

postoperative day was 22.0% (244/1111). A total of 7.1%

of eyes (79/1111) were between 23 and 25 mm Hg, 6.9%

(76/1111) between 26 and 29 mm Hg, 5.5% (61/1111)

between 30 and 39 mm Hg, and 2.5% (28/1111) were

Z40 mm Hg.

Comparison between POD1-IOP elevation group and

control

To determine which variables were associated with IOP

elevation on the first postoperative day after cataract

extraction, all of the surgeries were classified into two

groups, eyes with elevated IOP Z23 mm Hg and eyes

with IOP o23 mm Hg on the first postoperative day. The

frequency of glaucoma and ocular hypertension was

higher in the POD1-IOP elevation group (P¼ 0.001 and

P¼ 0.007, respectively; Table 2). Preoperative IOP and

axial length were higher in the POD1-IOP elevation

group (Po0.001 and P¼ 0.007, respectively).

Furthermore, the difference between preoperative IOP

and POD1-IOP was also higher in the POD1-IOP

elevation group (Po0.001, Table 2).

Predictor factors for POD1-IOP elevation

Univariate analysis using GEE revealed presence of

glaucoma and ocular hypertension, axial length, and

preoperative IOP were predictive for the POD1-IOP

elevation: presence of glaucoma (P¼ 0.001, OR¼ 2.57;

95% confidence interval (95% CI)¼ 1.45–4.54, Table 3)

and ocular hypertension (Po0.001, OR¼ 10.35; 95%

CI¼ 3.18–33.70), higher preoperative IOP (Po0.001,

OR¼ 3.88; 95% CI¼ 2.06–7.31), and longer axial length

(P¼ 0.02, OR¼ 1.12; 95% CI¼ 1.02–1.23).

Multivariate analysis using GEE with backward

elimination showed glaucoma, ocular hypertension,

preoperative IOP, and axial length were predictive for the

POD1-IOP elevation: presence of glaucoma (P¼ 004,

OR¼ 2.38; 95% CI¼ 1.31–4.30, Table 4) and ocular

hypertension (P¼ 003, OR¼ 6.09; 95% CI¼ 1.81–20.47),

higher preoperative IOP (Po0.001, OR¼ 3.73; 95%

CI¼ 1.92–7.25), and longer axial length (P¼ 0.01,

OR¼ 1.15; 95% CI¼ 1.03–1.29).

Discussion

The literature abounds with reports of intraoperative

complications resulting from cataract surgeries

performed by residents in training.15–19 Studies have

documented the incidence of PCTs to range from 2.1 to

9.9% in resident-performed surgeries,15–21 although these

incidences were higher than those reported by

experienced surgeons (0.45–2.5%),20,22,23 and the

incidence of VL was from 1.8 to 14.7%. The rates differed

depending on the studies. Various patient characteristics

such as mature 4þ nuclear sclerotic cataracts, zonular

weakness following ocular trauma, and PXF were known

to be related to increased risk of complications in

resident-performed cataract surgeries.24 Nevertheless,

there were few reports regarding the incidence of and

Table 1 Distribution of the preoperative intraocular pressure
(IOP) and postoperative day 1 (POD1) IOP

Preoperative IOP POD1-IOP

Surgeries % Surgeries %

r22 mm Hg 1077 96.9 867 78.0
23–25 mm Hg 28 2.6 79 7.1
26–29 mm Hg 6 0.5 76 6.9
30–39 mm Hg 0 0.0 61 5.5
Z40 mm Hg 0 0 28 2.5
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preoperative factors associated with early IOP elevation

after cataract surgeries performed by training residents.

The incidence of increased early postoperative IOP

was reported in 1999 to be 7.9% in a study of 15 787 cases

(77% phacoemulsification and 23% ECCE).25 In a study

including phacoemulsification cases only, the incidence

of early postoperative increased IOP was reduced to only

1.0% (http://one.aao.org/CE/PracticeGuidelines/

PPP.aspx?sid=a3043761-ec14-40a0-bb84-d353240d211e).

Comparison among studies is limited because the

definitions of ‘IOP increase’ and surgeon’s experience

such as resident vs non-trainee were different. However,

the incidence of IOP Z26 mm Hg at 24 h after surgery

was estimated to be 11.8% by three training surgeons.26

We similarly found our incidence to be 14.9% (165/1111;

P¼ 0.56, Fisher’s exact test).

There is controversy regarding the pathophysiology of

early IOP elevation after cataract surgery. IOP elevation

was named Healon-block glaucoma, because aqueous

outflow was obstructed by this high-molecular-weight

viscoelastic material.27,28 It was well known that the

turnover of injected sodium hyaluronate depended on

Table 2 Comparison of characteristics between POD1-IOP elevation group and control group

Characteristics POD1-IOP elevation
group N¼ 244

Control
N¼ 867

P-value

Preoperative
Age, mean (SD), years 71.6 (10.9) 70.7 (10.8) 0.25
Eye, n (%)

OD 123 (50.4) 424 (48.9) 0.72
OS 121 (49.6) 443 (51.1)

DM, n (%) 42 (17.2) 167 (19.3) 0.52
Glaucoma, n (%) 25 (10.2) 38 (4.4) 0.001*
Ocular hypertension, n (%) 5 (2.0) 2 (0.2) 0.007*
Glaucoma suspect, n (%) 7 (2.9) 25 (2.9) 1.00
Uveitis history, n (%) 2 (0.8) 1 (0.1) 0.12
PXF, n (%) 19 (7.8) 46 (5.3) 0.16
AMD, n (%) 23 (9.4) 76 (8.8) 0.80
Previous intraocular surgery, n (%) 14 (5.7) 69 (8.0) 0.27
Preoperative BSCVA, mean (SD), logMAR 0.53 (0.49) 0.51 (0.48) 0.59
Preoperative IOP, mean (SD), mm Hg 17.7 (3.3) 15.5 (3.0) o0.001*
Axial length, mean (SD), mm 24.0 (1.7) 23.7 (1.7) 0.007*

Intraoperative
Academic period, n (%)

January to March 73 (29.9) 213 (24.6) 0.23
April to June 71 (29.1) 240 (27.7)
July to September 50 (20.5) 196 (22.6)
October to December 50 (20.5) 218 (25.1)

Type of surgery, n (%)
Clear cornea 201 (84.2) 747 (86.2) 0.44
Scleral tunnel 16 (6.8) 51 (5.9)
ECCE 7 (2.3) 15 (1.7)
Unrecorded 20 (6.7) 54 (6.2)

OVD, n (%)
Healon GV 195 (79.9) 722 (83.3) 0.25
Duovisc 49 (20.1) 145 (16.7)

ACT, n (%) 6 (2.5) 17 (2.0) 0.61
PCT, n (%) 8 (3.3) 18 (2.1) 0.34
Zonulysis, n (%) 2 (0.8) 8 (0.9) 1.00
Conversion to ECCE, n (%) 3 (1.2) 5 (0.6) 0.38

Postoperative
Postoperative BSCVA at day 1, mean (SD), logMAR 0.52 (0.51) 0.46 (0.48) 0.13
Improvement in BSCVA at day 1, mean (SD), logMAR 0.01 (0.56) �0.05 (0.44) 0.17
Difference between preoperative IOP and POD1-IOP,
mean (SD), mm Hg

11.9 (7.3) 0.79 (5.8) o0.001*

Abbreviations: ACT, anterior capsular tear; AMD, age-related macular degeneration; BSCVA, best spectacle-corrected visual acuity; CI, confidence

interval; DM, diabetes mellitus; ECCE, extracapsular cataract extraction; IOP, intraocular pressure; OVD, ophthalmic viscosurgical device; PCT, posterior

capsular tear; POD1, postoperative day 1; PXF, pseudoexfoliation syndrome.

*P-valueo0.05.
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the viscosity of the injected solution and the less viscous

sodium hyaluronate resulted in shorter prolonged IOP

rise in owl monkey eyes than did higher viscosity

preparations of sodium hyaluronate.29 Mechanical

deformation of angle structures before or during surgery,

inflammation, hemorrhage, pigment dispersion, and

retained lenticular materials are also theorized to cause

early IOP rises.30

In our analysis, we found that presence of glaucoma

and ocular hypertension, higher preoperative IOP, and

longer axial length were predictive risk factors for

increased POD1-IOP following cataract surgery.

Glaucoma is a well-known risk factor for early

postoperative IOP increase.5,31–34 Glaucomatous eye had

a higher IOP than normal eyes and glaucoma suspect

eyes at POD1, even with the use of topical b-blockers

and a-agonists at the time of surgery in glaucoma and

glaucoma suspect eyes.32 The IOP in eyes with primary

open angle glaucoma (POAG) increased from

postoperative day 1 to 3 and afterward gradually

decreased, whereas the IOP in normal eyes was

reduced from the first day after surgery.33

Myopia is known to be one of risk factors for

POAG.35–37 It was reported that compared with patient

groups whose axial length was under 25 mm, the other

group whose axial length was over 25 mm had a

statistically significant IOP increase 1 day after

uneventful phacoemuslification.38 Our study also

confirms that longer axial length is associated with an

increased first postoperative day IOP.

PXF is known to be related to ocular hypertension and

OAG,39–41 but the relationship to early increased

postoperative IOP is controversial. Non-glaucomatous eyes

with PXF were reported not to show IOP increase at the

postoperative day 1 after sclera tunnel incision and

phacoemulsification.42 Conversely, it was also reported

that when compared with non-PXF patients, the non-

glaucomatous PXF patients had a significant IOP increase

on POD1 after phacoemulsification.43 Furthermore, the

type of intraoperative OVD was also one of the predictive

factors for early postoperative IOP increase. A significantly

higher mean IOP was showed on the first postoperative

day after phacoemulsification in patients who received

Viscoat (4% chondroitin sulfate/3% sodium hyaluronate,

Alcon Laboratories Inc.) than in patients who received

Provisc (1.4% sodium hyaluronate, Alcon Laboratories

Inc.).44 However, after 24 h and at 1 week postoperatively,

there was no difference in IOP. The mean IOP increased at

6 h after small incision phacoemulsification using either

Viscoat or Healon 5 (2.3% higher molecular weight sodium

hyaluronate, Abbott Medical Optics Inc.) and found that

mean IOP was significantly higher in the Viscoat group at

this time point.10 Even though the mechanism of

postoperative IOP increase has not been fully investigated,

the amount of remaining OVD at the end of surgery may

influence the level of early postoperative IOP. Sodium

hyaluronate can be removed more quickly and easily, as it

is highly cohesive. The difficulty in removing dispersive

OVDs, such as chondroitin sulfate, has been reported with

an in vitro model.45 However, in our study, PXF and the

type of intraoperative OVD were not predictive factors for

the first postoperative day IOP increase.

Table 3 Univariate analyses using generalized GEE to find
predictor factors for POD1 IOP elevation

Variables OR (95% CI) P-value

Age 1.01 (0.99–1.02) 0.33
Eyes (OD vs OS) 1.07 (0.83–1.39) 0.61
DM 0.90 (0.62–1.32) 0.60
Glaucoma 2.57 (1.45–4.54) 0.001*
Ocular hypertension 10.35 (3.18–33.70) o0.001*
Glaucoma suspect 0.91 (0.38–2.20) 0.84
Uveitis history 7.08 (0.64–78.44) 0.11
PXF 1.58 (0.90–2.77) 0.11
AMD 1.06 (0.64–1.76) 0.81
Previous intraocular surgery 0.71 (0.39–1.27) 0.24
Preoperative BSCVA 1.07 (0.80–1.44) 0.65
Preoperative IOP 3.88 (2.06–7.31) o0.001*
Axial length 1.12 (1.02–1.23) 0.02*
Academic period 0.25

January to March 1.00
April to June 0.86 (0.59–1.25) 0.43
July to September 0.76 (0.51–1.13) 0.17
October to December 0.70 (0.47–1.03) 0.07

Type of surgery 0.49
Clear cornea 1.00
Scleral tunnel 1.22 (0.70–2.13) 0.49
ECCE 1.69 (0.70–4.11) 0.24

OVD (Healon GV vs Duovisc) 1.25 (0.87–1.83) 0.24
ACT 1.29 (0.51–3.27) 0.59
PCT 1.60 (0.75–3.40) 0.22
Zonulysis 0.86 (0.14–5.17) 0.87
Conversion to ECCE 1.93 (0.39–9.48) 0.42

Abbreviations: ACT, anterior capsular tear; AMD, age-related macular

degeneration; BSCVA, best spectacle-corrected visual acuity; CI, con-

fidence interval; DM, diabetes mellitus; ECCE, extracapsular cataract

extraction; GEE, estimating equation; IOP, intraocular pressure; OVD,

ophthalmic viscosurgical device; PCT, posterior capsular tear; POD1,

postoperative day 1; PXF, pseudoexfoliation syndrome.

*P-valueo0.05.

Table 4 Multivariate analyses using GEE with backward
elimination to find predictive factors for POD1-IOP elevation

Variables OR (95% CI) P-value

Age 1.01 (0.99–1.03) 0.24
Glaucoma 2.38 (1.31–4.30) 0.004*
Ocular hypertension 6.09 (1.81–20.47) 0.003*
Preoperative IOP 3.73 (1.92–7.25) o0.001*
Axial length 1.15 (1.03–1.29) 0.01*

Abbreviations: CI, confidence interval; GEE, generalized estimating

equation; IOP, intraocular pressure; POD1, postoperative day 1.

*P-valueo0.05.
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In addition, 305 surgeries performed by attending

surgeons were excluded because we novelly aimed to

investigate the risk factors for POD1-IOP elevation in the

resident-performed cataract surgeries. However,

compared with attending surgeon-performed cataract

surgeries the incidence of POD1-IOP elevation was not

higher in the training resident-performed cataract

surgeries (P¼ 0.94, w2-test, data not shown).

The limitations of our study include its retrospective

nature, and the variable hour intervals between surgery

and POD1 follow-up visits. In addition, all IOP

measurements were not individually corrected for

corneal thickness. One could argue that corneal edema

with pachymetry readings would need to be considered

a confounder in any studies on postoperative IOP

measurements. The central corneal thickness was

reported to increase in the immediate postoperative

period 6% thicker at day 1 after cataract surgery

returning to the preoperative thickness at 1 week.46

It is well known that thicker cornea in non-surgical

patients causes an overestimation of IOP measured

by applanation tonometry.47–49 However, as the

measurements compared preoperative with

postoperative IOP for each individual patient rather than

the mean between groups, the corneal pachymetry will

have a lesser role in the variability of the values.

In summary, increased IOP on the first postoperative

day following cataract surgery occurs frequently (22.0%).

Understanding the variables that may be associated with

an increased likelihood of an elevated postoperative IOP

will help in preventing and treating this transient but

potentially harmful complication.
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