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Abstract: The aim of this study was to compare the outcomes after

phacotrabeculectomy at 1 or 2 sites in the small adult eyes with

concomitant cataract and glaucoma.

Patients who had 1-site (n¼ 26) or 2-site (n¼ 14) phacotrabecu-

lectomy over a 4-year period at an eye surgery center were included.

Eighteen eyes of 18 patients with glaucoma using any 1 prostaglandin

analogue (latanoprost, travoprost, or bimatoprost) were compared with

8 normal control patients. The records of patients were reviewed, and

intraocular pressure, best-corrected visual acuity, axial length, anterior

chamber depth, corneal endothelial cell (CEC) density, Diopter were

measured. The outcome was compared with postoperative and preo-

perative measurements for 3-month follow-ups.

The follow-up time was 3 months. There was no difference between

the operations in improving best-corrected visual acuity, lowering

intraocular pressure, shortening axial length, and deepening anterior

chamber depth. However, 2-site surgery was associated with signifi-

cantly more CEC loss and refractive error. Postoperative complications

were not different between the 2 groups.

The CEC loss and the refractive error in 2-site group were higher

than that of 1-site group. One-site surgery seems to cause less CEC

damage and refractive error than the 2-site operation during the follow-

up time of 3 months.

(Medicine 95(5):e2405)

INTRODUCTION

T he small adult eye phenotypes include anophthalmos,
nanophthalmos, and microphthalmos, and the latter 2 are

synonymous and could be divided into simplex and complex
microphthalmos according to ocular or systemic abnormal-
ities.1–4 Currently, few data are available on the prevalence
of small adult eye phenotypes. The estimated prevalence for
microphthalmos is 0.002% to 0.017% worldwide and 0.009% in
China.5 It was suggested that patients with simple microphthal-
mos consist of 0.05% to 0.11% of ophthalmic patients.6 Up to
, Zhenkai Wu, MD, ,
g, MD, PhD

Diagnostic features include a small eye, short AL, hypermetropic,
microcornea, shallow anterior chamber, narrow angle, large
crystalline lenses, high incidence of angle closure glaucoma,
thickened sclera, choroidal congestion, uveal effusion, and serous
retinal detachment.7–10

Angle closure glaucoma and cataract are both common
comorbidities among the small adult eye. Nanophthalmos/
microphthalmos is associated with significant visual morbidity
owing to angle closure glaucoma and lens opacity, and needs
treatment by phacotrabeculectomy.11–13 Nevertheless, phaco-
trabeculectomy in nanophthalmic/microphthalmos eyes has
high incidences of intraoperative and postoperative compli-
cations. Surgical manipulation in a narrow and crowded anterior
chamber with increased vitreous pressure is challenging, which
always tends to cause pupillary blockage. During surgery, a
sudden decrease in intraocular pressure (IOP) may result in
uveal effusions, secondary retinal detachment, vitreous hemor-
rhage or malignant glaucoma, and even loss of the affected eye.
Despite several potential complications, surgical outcomes for
small eyes have been encouraging with the advances in phaco-
trabeculectomy and intraocular lens.14–18

In this retrospective, consecutive, case–control series
study, IOP, keratometry, corneal endothelial cells (CECs),
best-corrected visual acuity (BCVA), and intraoperative and
postoperative complications were reviewed in patients with
small adult eye and concomitant cataract and glaucoma who
underwent 1-site and 2-site phacotrabeculectomy. We aimed to
evaluate 2 surgery techniques in patients who have had cataract
extraction with foldable intraocular lens implant (IOL) and
trabeculectomy to better aid in the process of selecting appro-
priate preoperative therapy approaches.

METHODS

Participants
Forty small adult eyes of 24 patients that met the eligibility

criteria were enrolled from patients at our hospital between
March 1, 2010, and March 31, 2014. Inclusion criteria were
based on clinical diagnosis of nanophthalmos/microphthalmos
and ocular surgery for cataract and angle closure glaucoma. The
inclusion criteria were defined as corneal diameter (CD)
<11 mm, anterior chamber depth (ACD) <2.2 mm, and AL
<21 mm.7,8 Exclusion criteria included corneal opacities, cor-
neal endothelial abnormalities, posterior segment disorders,
cataracts not suitable for phacoemulsification, and increased
risk of endophthalmitis such as active adnexal and ocular
surface infection. All enrolled patients received simultaneous
phacoemulsification and trabeculectomies at either 1-site
or 2-site (n¼ 14, 9 patients), and pre-
ssments of the eyes were performed as
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TABLE 1. Preoperative Data

1-site Group 2-site Group P

Age (yrs) 56.68� 14.40 58.46� 12.55 0.273
IOP (mm Hg) 28.24� 8.35 27.26� 6.37 0.438
AL (mm) 19.46� 1.48 19.18� 1.39 0.135
ACD (mm) 2.01� 0.32 2.03� 0.34 0.217
CECD (cells/mm2) 2415.12� 320.24 2489.12� 250.36 0.673
LT (mm) 5.34� 0.68 5.26� 0.64 0.325
KR (D) 46.58� 2.48 46.54� 2.36 0.437
IOL power (D) 26.78� 1.68 27.64� 1.46 0.612
PSE (D) þ0.34� 0.06 þ0.28� 0.04 0.532

ACD¼ anterior chamber depth, AL¼ axial length, CECD¼ corneal
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Surgery Procedure
Phacotrabeculectomy and posterior chamber foldable IOL

implantation were performed by the same experienced surgeon.
Before the operation, the pupil was dilated using 1.0% tropi-
camide and 2.5% phenylephrine (Sante, Osaka, Japan), and the
eyes received topical anesthesia by using 0.5% proparacaine
hydrochloride and 4% lidocaine. One-site group had a trabe-
culectomy in a superior scleral flap (size: 3 mm� 4 mm, thick-
ness: 1/2 sclera) combined with phacoemulsification through
the same incision; 2-site group had a separate, superior scleral
flap (size: 3 mm� 4 mm, thickness: 1/2 sclera) for trabeculect-
omy and clear corneal incision for phacoemulsification. The
incision for phacoemulsification was made by stab knife (Sharper,
Middleboro, MA, USA), and 1% sodium hyaluronate (Healon,
Kalamazoo, MI, USA) was injected into the anterior chamber.
Next, phacoemulsification was performed and the residual cortex
was cleared by using an irrigation/aspiration system. The lens
capsule was inflated with Healon, and the foldable IOLs (Reyner,
East Sussex, UK) were implanted in the capsular bag. The scleral
flap was sutured 2-pin with 10-0 Nylons (Alcon, Fort Worth, TX,
USA) and conjunctiva wound was sutured with 8-0 absorbable
catgut (Alcon, Fort Worth, TX, USA).

Statistical Analysis
Statistical analyses were performed using SPSS 17.0 soft-

ware (SPSS, Chicago, IL). Differences among 1-site and 2-site
phacotrabeculectomy were assessed by Kruskal–Wallis test for
continuous parameters and Fisher exact test for numeric
parameters. P values of less than 0.05 indicated significant
differences.

RESULTS
Forty small adult eyes of 24 patients (21 women, 3 men)

who were enrolled into this study between March 1, 2010, and
March 31, 2014, met the inclusion criteria for the definition of
nanophthalmos/microphthalmos and diagnostic criteria of angle
closure glaucoma and cataract. Thirty-two eyes of 16 patients
were diagnosed as bilateral angle closure glaucoma accom-
panied by cataracts. Preoperatively, 8 eyes of 8 patients were
unilateral angle closure glaucoma and cataract. IOP of all
nanophthalmic/microphthalmos eyes were controlled below
25 mm Hg with medicines preoperatively. Ten patients have
undergone bilateral 1-site phacotrabeculectomy, and bilateral 2-
site phacotrabeculectomy was performed in 6 patients. Phaco-
trabeculectomy and bag Posterior chamber intraocular lens
(PCIOL) implantation were performed using the above-
mentioned technique.

The demographics of the eyes with 1-site group and 2-site
group are summarized in Table 1. The mean age of the enrolled
patients in 1-site group was 56.68 years (range 55–78 years),
while that of 2-site group was 58.46 years (range 53–76 years).
The mean age of 1-site group was younger than the patients of 2-
site group. However, a significant difference in mean age
between the 2 groups was not detected. The proportion of
female subjects was 78.3% in 1-site group and 76.9% in 2-site
group (P¼ 0.02). These results showed that the prevalence of
female was higher than that of male.

All of the eyes in 2 groups underwent antiglaucomatic
medical treatment. Preoperatively, the mean IOP was 28.24 mm
Hg (range 23–38 mm Hg) in 1-site group and 27.26 mm Hg

Xia et al
(range 22–41 mm Hg) in 2-site group. The mean AL and mean
ACD was 19.46 mm (range 16.22–19.90 mm) and 2.01 mm
(range 1.76–2.24 mm), respectively, in 1-site group, and was
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19.18 mm (range 16.46–19.68 mm) and 2.03 mm (range 1.64–
2.12 mm), respectively, in 2-site group. Although the cornea
diameter of the nanophthalmos/microphthalmos was small,
CEC density was not different form the normal eyes (1-site
group: 2415.12/mm2; 2-site group: 2389.12/mm2). The mean
lens thickness was 5.34 mm (range 5.16–5.58 mm) in 1-site
group and 5.26 mm (range 5.12–5.74 mm) in 2-site group,
compared with less than 5 mm in normal eyes. The CD of
the nanophthalmos/microphthalmos was usually less than
10 mm. The minimum and maximum CD in 2 groups was
8.00 and 9.80 mm, respectively, and the average values were
8.90 mm. According to the keratometric reading (KR) and AL in
2 groups (mean KR: 46.58 D, range 43.14–49.48 D, 1-site group
vs mean KR: 46.5 D, range 43.35–49.52 D, 2-site group), the
mean PCIOL power was 27.78 D (range 24.50–29.50 D) versus
27.64 D (range 25.50–29.00 D) and mean predicted spherical
equivalent was þ0.34 D (range þ0.012 to þ0.48 D) versus
þ0.28 D (range þ0.016 to þ0.35 D) in 1-site group and 2-site
group, respectively. There were no significant differences in
these data between 1-site group and 2-site group.

Intraoperatively, 1 of 26 eyes (3.85%) in 1-site group was
switched to extracapsular cataract extraction because of
crowded and shallow anterior chamber. Clear corneal incision
was sutured because of the leakage in 3 eyes of 2-site group
(21.43%) and corneal stroma edema occurred at incision in 2-
site group (5 of 14 eyes, 35.71%). There were no other
complications in 2 groups.

All patients received examination with slit lamp, IOP, and
VA on the day after surgery. Five eyes of 1-site group (19.23%)
and 2 eyes of 2-site group (14.29%) had mild corneal edema and
the remaining were completely transparent. In 2 groups, exudation
and Tyndall phenomenon was negative or weakly positive in
anterior chamber, and each IOL was properly located in the
capsular bag of posterior chamber. Twenty-four eyes (92.31%)
had increased uncorrected visual acuity from 2 to 8 lines on the
Snellen chart in 1-site group, and the remaining 2 eyes (7.69%) in
1-site group had no change with uncorrected visual acuity. In 2-
site group, 9 of 14 eyes (64.29%) had increased uncorrected visual
acuity from 3 to 6 lines on the Snellen chart; 2 of 14 eyes (14.29%)
had decreased uncorrected visual acuity from 1 to 2 lines, and the
remaining 3 eyes (21.43%) had no change. IOP was detected with
Goldmann tonometer from 6 to 16 mm Hg in 2 groups.

endothelial cell density, IOP¼ intraocular pressure, KR¼ keratometric
reading, LT¼ lens thickness, PSE¼ predicted spherical equivalent.
Table 2 summarizes preoperative and postoperative BCVA
in 2 groups about 3 months after surgery. BCVA was improved
postoperatively in 1-site group and 2-site group, with significant
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TABLE 2. Preoperative and Postoperative BCVA

Characteristic 1-site Group 2-site Group P

Preoperative BCVA (logMAR) 0.23� 0.20 0.20� 0.08 0.291
Postoperative BCVA (logMAR) 0.55� 0.12 0.45� 0.14 0.413
P 0.005 0.01

All variables were expressed as mean� standard deviation. P value by Wilcoxon signed rank test. BCVA¼ best-corrected visual acuity.

TABLE 3. Postoperative Data

Group IOP (mm Hg) AL (mm) ACD (mm) CECD (cells/mm2) Diopter (D)

1-site group 14.65� 3.67 18.24� 1.36 2.97� 1.02 2187.34� 643.16 0.75� 1.00
2-site group 15.16� 3.35 17.98� 1.64 3.02� 0.86 1967.13� 489.45 1.75� 1.25
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differences (0.23� 0.20 vs 0.45� 0.12; 0.20� 0.08 vs
0.52� 0.14; P¼ 0.005 and 0.01; respectively). These results
showed that BCVA was improved to the same extent by 2
different surgical methods.

As summarized in Table 3, 3 months after surgery, mean
IOP was 14.65� 3.67 mm Hg (range 9–17 mm Hg) in 1-site
group and 15.16� 3.35 mm Hg (range 10–19 mm Hg) in 2-site
group, with no significant difference between the 2 groups.
However, preoperative IOP and postoperative IOP showed
significant difference (P¼ 0.001). Postoperatively, mean AL
was shortened 0.54 mm (1-site group) and 0.93 mm (2-site
group), and significant difference between 1-site group and
2-site group was detected. AL was shortened much more in 2-
site incision than 1-site incision. Mean ACD was deepened
1.99 mm in 1-site group and 1.92 mm in 2-site group, with no
significant differences between 1-site group and 2-site group.
The mean CEC density was decreased from 2415.12 to 2387.34/
mm2 in 1-site group and from 2389.12 to 1867.13/mm2 in 2-site
group. The results showed that phacotrabeculectomy using 2-
site technique led to more CEC loss than 1-site technique
(P¼ 0.001). In addition, there was a significant difference in
refractive error between 1-site group and 2-site group post-
operatively, and 2-site phacotrabeculectomy led to more refrac-
tive errors and astigmatism than 1-site technique.

DISCUSSION
Currently, birth prevalence of microphthalmos is 0.002%

to 0.017%, and the prevalence of simple microphthalmos in
ophthalmic patients is 0.05% to 0.11%.4,16,18 Nanophthalmos is
known to be related to a high risk of angle closure glaucoma,
and nanophthalmos and angle closure glaucoma exhibit sim-
ilarity such as short AL, small radius of corneal curvature,
shallow anterior chamber, and thick crystalline lens.5,6 Cataract
of small eyes is formed gradually with the increase of age, and
angle closure glaucoma could increase the incidence of cataract.
Therefore, phacotrabeculectomy has to be performed.

Phacotrabeculectomy can be performed via 2 approaches:
using 1-site for trabeculectomy and phacoemulsification; or
using 2 sites with a prelimbal filtering incision for trabeculect-

P 0.621 0.001
omy and a clear cornea incision for phacoemulsification,
respectively.19 Nevertheless, phacotrabeculectomy in small
eyes could cause high incidence of complications such as uveal
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effusions, secondary retinal detachment, vitreous hemorrhage,
or malignant glaucoma, perhaps due to sudden decrease of
IOP.8,9 Furthermore, trabeculectomy and cataract incision could
impact keratometry readings.20.21

In this retrospective study, we found that both 1-site and 2-
site techniques led to significantly shortened AL, consistent
with previous reports that AL was significantly decreased
following trabeculectomy.22–24 In addition, we compared the
effects of 1-site versus 2-site phacotrabeculectomy on CEC
density, and found that 1-site procedure led to less central CEC
loss and less central CEC area expansion, perhaps due to a more
posterior approach employed in 1-site phacotrabeculectomy. A
previous study compared phacoemulsification through a scleral
tunnel and phacoemulsification through a clear corneal incision
and showed that the former led to less postoperative endothelial
damage.25

The overall mean CEC loss was 15.7%, which may result
in a CEC density of less than 500 cells/mm2, which has been
reported as the threshold for endothelial decompensation.26 It
was suggested that CEC density would be stabilized 3 months
after cataract extraction.27 In current study with 3 months
follow-up, the mean CEC loss rate was 9.44% in 1-site group
and 20.97% in 2-site group, indicating that 1-site surgery seems
to cause less CEC damage than 2-site surgery. One-site surgery
may be a better option for managing coexisting visually sig-
nificant cataract and uncontrolled glaucoma in patients with
small eyes and higher risk of endothelial damage. Our data are
consistent with a previous study showing the correlation
between shorter AL and higher risk of CEC loss.28

In summary, when small adult eyes with concomitant
cataract and glaucoma underwent phacotrabeculectomy, CEC
loss and the refractive error in 2-site group were higher than in
1-site group. Therefore, nanophthalmos/microphthalmos
patients who have had cataract extraction with foldable IOL
and trabeculectomy should be performed with 1-site surgery
approach preoperatively.

REFERENCES

1. Yuzbasioglu E, Artunay O, Agachan A, et al. Phacoemul- sification in

0.483 0.001 0.001
patients with nanophthalmos. Can J Ophthalmol. 2009;44:534–535.

2. Weiss AH, Kousseff BG, Ross EA, et al. Simple microphthalmos.

Arch Ophthalmol. 1989;107:1625–1630.

www.md-journal.com | 3



3. Wladis EJ, Gewirtz MB, Guo S. Cataract surgery in the small adult

eye. Surv Ophthalmol. 2006;51:153–161.

4. Auffarth GU, Blum M, Faller U, et al. Relative anterior micro-

phthalmos; morphometric analysis and its implications for cataract

surgery. Ophthalmology. 2000;107:1555–1560.

5. Singh OS, Simmons RJ, Brockhurst RJ, et al. Nanophthalmos; a

perspective on identification and therapy. Ophthalmology.

1982;89:1006–1012.

6. Nihalani BR, Jani UD, Vasavada AR, et al. Cataract surgery in

relative anterior microphthalmos. Ophthalmlogy. 2005;112:

1360–1367.

7. Othman MI, Sullivan SA, Skuta GL, et al. Autosomal dominant

nanophthalmos (NNO1) with high hyperopia andangle-closure

glaucoma maps to chromosome 11. Am J HumGenet. 1998;63:

1411–1418.

8. Wu W, Dawson DG, Sugar A, et al. Cataract surgery in patients

with nanophthalmos: results and complications. J Cataract Refract

Surg. 2004;30:584–590.

9. Uyama M, Takahashi K, Kozaki J, et al. Uveal effusion syn- drome:

clinical features, surgical treatment, histologic examination of the

sclera, and pathophysiology. Ophthalmology. 2000;107:441–449.

10. Ayyala RS, Chaudhry AL, Okogbaa CB, et al. Comparison of

surgical outcomes between canaloplasty and trabeculectomy at 12

months’ follow-up. Ophthalmology. 2011;118:2427–2433.

11. Kobayashi H, Kobayashi K. Randomized comparison of the intrao-

cular pressure-lowering effect of phacoviscocanalostomy and phaco-

trabeculectomy. Ophthalmology. 2007;114:909–914.

12. Verges C, Cazal J, Lavin C. Surgical strategies in patients with

cataract and glaucoma. Curr Opin Ophthalmol. 2005;16:44–52.

13. Bull H, von Wolff K, Korber N, et al. Three-year canaloplasty

outcomes for the treatment of open-angle glaucoma: European

study results. Graefes Arch Clin Exp Ophthalmol. 2011;249:

1537–1545.

14. Faucher A, Hausanee K, Rootman DS. Phacoemulsification and

intraocular lens implantation in nanophthalmic eyes: report of a

medium-sized series. J Cataract Refract Surg. 2002;28:837–842.

Xia et al
2-Site phacotrabeculectomy with 3-year follow-up. Ophthalmology.

2008;115:447–454.

4 | www.md-journal.com
16. Juliane M, Florentina JF, Swetlana L, et al. Comparison of

phacotrabeculectomy versus phacocanaloplasty in the treatment of

patients with concomitant cataract and glaucoma. BMC Ophthalmol.

2013;13:1–12.

17. Erdal Y, Ozgur A, Ahmet A, et al. Phacoemulsification in patients

with nanophthalmos. Can J Ophthalmol. 2009;44:534–539.

18. Jung KI, Yang JW, Lee YC, et al. Cataract surgery in eyes with

nanophthalmos and relative anterior microphthalmos. Am J Ophthal-

mol. 2012;153:1162–1168.

19. Nassiri N, Nassiri N, Rahnavardi M, et al. A comparison of corneal

endothelial cell changes after 1-site and 2-site phacotrabeculectomy.

Cornea. 2008;27:889–894.

20. Botz N, Heider W. Long-term influence of pre-, intra-, and

postoperative factors on the intraocular pressure in combined cataract

and glaucoma surgery. Ophthalmology. 2004;101:1202–1208.

21. Faucher A, Hasanee K, Rootman DS. Phacoemulsification and

intraocular lens implantation in nanophthalmic eyes: report of a

medium-size series. J Cataract Refract Surg. 2002;28:837–842.

22. Cashwell LF, Martin CA. Axial length decrease accompanying

successful glaucoma filtration surgery. Ophthalmology.

1999;106:2307–2311.

23. Kook MS, Kim HB, Lee SU. Short-term effect of mitomycin-C

augmented trabeculectomy on axial length and corneal astigmatism.

J Cataract Refract Surg. 2001;27:518–523.

24. Francis BA, Wang M, Lei H, et al. Changes in axial length

following trabeculectomy and glaucoma drainage device surgery. Br

J Ophthalmol. 2005;89:17–20.

25. Beltrame G, Salvetat ML, Driussi G. Effect of incision size and site

on corneal endothelial changes in cataract surgery. J Cataract

Refract Surg. 2002;28:118–125.

26. Wirbelauer C, Anders N, Pham DT. Corneal endothelial cell changes

in pseudoexfoliation syndrome after cataract surgery. Arch Ophthal-

mol. 1998;116:145–149.

27. Freiberg FJ, Parente Salgado J, Grehn F, et al. Intracorneal

hematoma after canaloplasty and clear cornea phacoemulsification:

surgical management. Eur J Ophthalmol. 2012;22:823–825.

Medicine � Volume 95, Number 5, February 2016
28. Walkow T, Anders N, Klebe S. Endothelial cell loss after
15. Cotran PR, Roh S, McGwin G. Randomized comparison of 1-Site and
phacoemulsification: relation to preoperative and intraoperative

parameters. J Cataract Refract Surg. 2000;26:727–732.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.


	Comparison of 1-Site and 2-Site Phacotrabeculectomy in the Small Adult Eyes With Concomitant �Cataract and™Glaucoma
	INTRODUCTION
	METHODS
	Participants
	Surgery Procedure
	Statistical Analysis

	RESULTS
	DISCUSSION


