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Three-Year Follow-up of the Tube Versus
Trabeculectomy Study

STEVEN J. GEDDE, JOYCE C. SCHIFFMAN, WILLIAM J. FEUER, LEON W. HERNDON, JAMES D. BRANDT,

AND DONALD L. BUDENZ, ON BEHALF OF THE TUBE VERSUS TRABECULECTOMY STUDY GROUP
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PURPOSE: To report 3-year results of the Tube Versus
rabeculectomy (TVT) Study.
DESIGN: Multicenter randomized clinical trial.
METHODS: SETTING: Seventeen clinical centers. STUDY

OPULATION: Patients 18 to 85 years of age who had
revious trabeculectomy, cataract extraction with in-
raocular lens implantation, or both and uncontrolled
laucoma with intraocular pressure (IOP) >18 mm Hg
nd <40 mm Hg on maximum tolerated medical therapy.
NTERVENTIONS: A 350-mm2 Baerveldt glaucoma implant
r trabeculectomy with mitomycin C (MMC 0.4 mg/ml
or 4 minutes). MAIN OUTCOME MEASURES: IOP, visual
cuity, use of supplemental medical therapy, surgical
omplications, and failure (IOP >21 mm Hg or not
educed by 20%, IOP <5 mm Hg, reoperation for
laucoma, or loss of light perception vision).
RESULTS: A total of 212 eyes of 212 patients were

nrolled, including 107 in the tube group and 105 in the
rabeculectomy group. At 3 years, IOP (mean � standard
eviation [SD]) was 13.0 � 4.9 mm Hg in the tube group
nd 13.3 � 6.8 mm Hg in the trabeculectomy group (P �
78). The number of glaucoma medications (mean � SD)
as 1.3 � 1.3 in the tube group and 1.0 � 1.5 in the

rabeculectomy group (P � .30). The cumulative prob-
bility of failure during the first 3 years of follow-up was
5.1% in the tube group and 30.7% in the trabeculec-
omy group (P � .010; hazards ratio, 2.2; 95% confi-
ence interval, 1.2 to 4.1). Postoperative complications
eveloped in 42 patients (39%) in the tube group and 63
atients (60%) in the trabeculectomy group (P � .004).
urgical complications were associated with reoperation
nd/or loss of >2 Snellen lines in 24 patients (22%) in
he tube group and 28 patients (27%) in the trabeculec-
omy group (P � .58).

CONCLUSIONS: Tube shunt surgery had a higher success
ate compared to trabeculectomy with MMC during the first
years of follow-up in the TVT Study. Both procedures
ere associated with similar IOP reduction and use of

upplemental medical therapy at 3 years. While the inci-

ee accompanying Editorial on page 634.
ccepted for publication Jun 17, 2009.
From the Bascom Palmer Eye Institute, Miller School of Medicine,
niversity of Miami, Miami, Florida (S.J.G., J.C.S., W.J.F., D.L.B.);
epartment of Ophthalmology, Duke University, Durham, North Caro-

ina (L.W.H.); and Department of Ophthalmology, University of Cali-
ornia, Davis, Sacramento, California (J.D.B.).
d
Inquiries to Steven J. Gedde, Bascom Palmer Eye Institute, 900 N.W.

7th Street, Miami, FL 33136; e-mail: sgedde@med.miami.edu

© 2009 BY ELSEVIER INC. A70
ence of postoperative complications was higher following
rabeculectomy with MMC relative to tube shunt surgery,
ost complications were transient and self-limited. (Am J
phthalmol 2009;148:670–684. © 2009 by Elsevier Inc.
ll rights reserved.)

HE CURRENT TREATMENT OF GLAUCOMA IS DI-

rected toward lowering intraocular pressure (IOP)
to prevent or slow progressive optic nerve damage.

laucoma surgery is indicated when medical therapy and
ppropriate laser treatment do not provide adequate IOP
eduction. Trabeculectomy is the most commonly per-
ormed incisional glaucoma procedure worldwide. How-
ver, concern about bleb-related complications such as
eaks and infections has contributed to an increase in the
se of tube shunts (or aqueous shunts) as an alternative to
rabeculectomy. Tube shunts have traditionally been re-
erved for refractory glaucomas at high-risk of failure with
rabeculectomy. A growing experience with these devices
as prompted their use in eyes at lower-risk of trabeculec-
omy failure.

Medicare data show a steady decline in the number of
rabeculectomies performed and a concurrent rise in tube
hunt surgery from 1995 to 2004.1 Recent surveys of the
merican Glaucoma Society membership have also demon-

trated a progressive increase in the proportion of practitio-
ers using tube shunts and a decrease in the popularity of
rabeculectomy, particularly in eyes with previous ocular
urgery.2,3 Despite these trends, there is no clear con-
ensus among glaucoma surgeons regarding the preferred
urgical approach for managing glaucoma in eyes that
ave previously undergone cataract or glaucoma surgery,
ith some surgeons favoring an antifibrotic augmented

rabeculectomy and others preferring a tube shunt.2,3

The Tube Versus Trabeculectomy (TVT) Study was
esigned to prospectively compare the safety and efficacy
f tube shunt surgery and trabeculectomy with mitomycin

(MMC) in eyes with prior ocular surgery. Patients with
ncontrolled glaucoma who had previously undergone
ataract extraction with intraocular lens (IOL) implanta-
ion and/or failed filtering surgery were enrolled in this
ulticenter clinical trial and randomized to receive either
350-mm2 Baerveldt glaucoma implant or a trabeculec-

omy with MMC. The goal of this investigator-initiated
tudy is to provide information that will assist in surgical

ecision making in similar patient groups. The baseline

LL RIGHTS RESERVED. 0002-9394/09/$36.00
doi:10.1016/j.ajo.2009.06.018
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haracteristics, outcomes by prospectively defined failure
riteria, risk factors, and surgical complications during the
rst postoperative year were described in previous publica-
ions.4–6 The present report provides the 3-year follow-up
ata on these patients.

METHODS

HE DESIGN AND METHODS OF THE TVT STUDY WERE

reviously described in detail,4 and they are summarized as
ollows:

ELIGIBILITY CRITERIA: Patients 18 to 85 years of age
ho had previous cataract extraction with IOL implanta-

ion and/or trabeculectomy with IOP �18 mm Hg and
40 mm Hg on maximum tolerated medical therapy were

ligible for the study. Exclusion criteria included no light
erception vision, pregnant or nursing women, active iris
eovascularization or proliferative retinopathy, iridocor-
eal endothelial syndrome, epithelial or fibrous down-
rowth, aphakia, vitreous in the anterior chamber (AC)
or which a vitrectomy was anticipated, chronic or recur-
ent uveitis, severe posterior blepharitis, unwillingness to
iscontinue contact lens use after surgery, previous cy-
lodestructive procedure, prior scleral buckling procedure,
resence of silicone oil, conjunctival scarring precluding a
uperior trabeculectomy, and need for glaucoma surgery
ombined with other ocular procedures or anticipated need
or additional ocular surgery. Only 1 eye of eligible patients
as included in the study.

RANDOMIZATION: Patients enrolled in the study were
andomized to placement of a 350-mm2 Baerveldt glau-
oma implant or a trabeculectomy with MMC (0.4 mg/ml
or 4 minutes). Randomization was performed using a per-
uted block design stratified by clinical center and qualifying

revious intraocular surgery. Neither the patient nor the
linician was masked to the randomization assignment.

PATIENT VISITS: Baseline demographic and clinical
nformation were collected for enrolled patients. Follow-up
isits were scheduled 1 day, 1 week, 1 month, 3 months, 6
onths, 1 year, 18 months, 2 years, 3 years, 4 years, and 5

ears postoperatively. Each examination included mea-
urement of Snellen visual acuity (VA), IOP, slit-lamp
iomicroscopy, Seidel testing, and ophthalmoscopy. Hum-
hrey perimetry, Early Treatment Diabetic Retinopathy
tudy (ETDRS) VA, and quality of life using the National
ye Institute–Visual Function Questionnaire (NEI VFQ-
5) were assessed at baseline and at the annual follow-up
isits. A formal motility evaluation was performed in all
atients at baseline and at the 1-year and 5-year follow-up
isits, and at any visit after 3 months in which the patient

eported diplopia. Postoperative interventions and surgical m

TVT STUOL. 148, NO. 5
omplications were documented at each follow-up visit.
nvestigators provided a reason for loss of 2 or more lines
f Snellen VA at follow-up visits after 3 months.

OUTCOME MEASURES: Outcome measures assessed in
he TVT Study include IOP, VA, reoperation for glau-
oma, use of supplemental medical therapy, surgical com-
lication rates, visual fields, and quality of life. Failure was
rospectively defined as IOP �21 mm Hg or less than 20%
eduction below baseline on two consecutive follow-up
isits after 3 months, IOP �5 mm Hg on 2 consecutive
ollow-up visits after 3 months, reoperation for glaucoma,
r loss of light perception vision. All eyes that had not
ailed by the above criteria and were not on supplemental
edical therapy were considered complete successes. Eyes

hat had not failed but required supplemental medical
herapy were defined as qualified successes. The study
utcomes were monitored by an independent Safety and
ata Monitoring Committee.
Reoperation for glaucoma or a complication was defined

s additional surgery requiring a return to the operating
oom. Cyclodestruction was also counted as a reoperation
or glaucoma, and a vitreous tap with injection of intrav-
treal antibiotics was a reoperation for a complication.
nterventions performed at the slit-lamp, such as needling
rocedures or reformation of the AC, were not considered
eoperations. Serious complications were defined as surgi-
al complications that were associated with loss of 2 or

IGURE 1. Flowchart of patient progress in the Tube Versus
rabeculectomy (TVT) Study.
ore lines of Snellen VA and/or reoperation to manage
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he complication. Persistent diplopia and corneal edema,
s well as dysesthesia, were defined as the postoperative
evelopment of these complications and their continued
resence at the 6-month follow-up visit or after. Eyes that
ested Seidel positive within the first month of follow-up

TABLE 1. Baseline Characteristics of T

T

Age (years), mean � SD 7

Gender, n (%)

Male

Female

Race, n (%)

White

Black

Hispanic

Other

Diabetes mellitus, n (%)

Hypertension, n (%)

IOP (mm Hg), mean � SD 2

Glaucoma medications, mean � SD

Diagnosis, n (%)

POAG

CACG

PXFG

PG

Other

Lens status, n (%)

Phakic

PCIOL

ACIOL

Previous intraocular surgery

Mean � SD

Range

Interval (months), mean � SDe

ETDRS VA, mean � SD 6

Snellen VA

Median

Range 20

LogMAR mean � SD 0

Humphrey visual fields

MD, mean � SD �1

PSD, mean � SD

ACIOL � anterior chamber intraocular lens; C

Early Treatment Diabetic Retinopathy Study; HM �

logarithm of the minimal angle of resolution;

intraocular lens; PG � pigmentary glaucoma; PO

standard deviation; PXFG � pseudoexfoliation

acuity.
aStudent t test.
b�2 test.
cExact permutation �2 test.
dMann-Whitney U test.
eInterval between last intraocular surgery and
ere classified as wound leaks, and those occurring after 1 a

AMERICAN JOURNAL OF72
onth were categorized as bleb leaks. Patients who under-
ent additional glaucoma surgery were censored from
nalysis of complications after the reoperation for glau-
oma. Cataracts were considered to have progressed if
here was loss of 2 or more lines of Snellen VA that was

ersus Trabeculectomy Study Patients

oup

07)

Trabeculectomy Group

(n � 105) P value

11.0 71.1 � 9.9 .89a

.055b

0) 57 (54)

0) 48 (46)

.53c

9) 43 (41)

7) 42 (40)

1) 18 (17)

) 2 (2)

9) 36 (34) .49b

7) 63 (60) .76b

5.3 25.6 � 5.3 .56a

1.1 3.0 � 1.2 .17a

.057c

2) 84 (80)

) 11 (10)

) 1 (1)

) 0 (0)

) 9 (9)

.85c

2) 21 (20)

5) 80 (76)

) 4 (4)

.35a

0.5 1.2 � 0.5

3 1 to 4

50 60 � 55 .42a

24.1 64.4 � 19.6 .56a

0 20/40

HM 20/20 – 2/200 .76d

.54 0.37 � 0.38 .40a

10.2 �15.8 � 9.6 .87a

3.5 6.9 � 3.5 .73a

� chronic angle-closure glaucoma; ETDRS �

d motion; IOP � intraocular pressure; LogMAR �

mean deviation; PCIOL � posterior chamber

primary open-angle glaucoma; PSD � pattern

coma; SD � standard deviation; VA � visual

ical treatment in study.
ube V

ube Gr

(n � 1

0.9 �

43 (4

64 (6

52 (4

40 (3

12 (1

3 (3

31 (2

61 (5

5.1 �

3.2 �

88 (8

7 (7

7 (7

1 (1

4 (4

24 (2

80 (7

3 (3

1.3 �

1 to

54 �

2.7 �

20/3

/17 –

.42 �

6.0 �

7.1 �

ACG

han

MD �

AG �

glau
ttributed to cataract, or if cataract surgery was performed.
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STATISTICAL ANALYSIS: Univariate comparisons be-
ween treatment groups were performed using the two-
ided Student t test for continuous variables and the �2

est, Fisher exact test, or exact permutation �2 test for
ategorical variables. Snellen VA measurements were
onverted to logarithm of the minimal angle of resolu-
ion (logMAR) equivalents for the purpose of data
nalysis, as reported previously.7 The time to failure was
efined either as the time from surgical treatment to
eoperation for glaucoma, or as the time from surgical
reatment to the first of two consecutive study visits
fter 3 months in which the patient had persistent
ypotony (IOP �5 mm Hg) or inadequately reduced
OP (IOP �21 mm Hg or not reduced by 20% below
aseline). Treatment comparisons of time to failure,
ime to reoperation for glaucoma, time to reoperation for
omplications, and time to VA loss were assessed with
tratified Kaplan-Meier survival analysis log-rank test. A P
alue of .05 or less was considered statistically significant

TABLE 2. Intraocular Pressure and Medical Therapy at
Baseline and Follow-up in the Tube Versus

Trabeculectomy Studya

Tube Group

Trabeculectomy

Group P valueb

Baseline

IOP (mm Hg) 25.1 � 5.3 25.6 � 5.3 .56

Glaucoma medications 3.2 � 1.1 3.0 � 1.2 .17

N 107 105

6 months

IOP (mm Hg) 13.5 � 4.2 12.8 � 5.9 .32

Glaucoma medications 1.2 � 1.2 0.6 � 1.1 �.001

N 102 93

1 year

IOP (mm Hg) 12.5 � 3.9 12.7 � 5.8 .73

Glaucoma medications 1.3 � 1.3 0.5 � 0.9 �.001

N 97 87

18 months

IOP (mm Hg) 13.5 � 4.5 12.2 � 4.8 .093

Glaucoma medications 1.3 � 1.3 0.6 � 1.0 �.001

N 94 74

2 years

IOP (mm Hg) 13.4 � 4.8 12.1 � 5.0 .101

Glaucoma medications 1.3 � 1.3 0.8 � 1.2 .016

N 82 72

3 years

IOP (mm Hg) 13.0 � 4.9 13.3 � 6.8 .78

Glaucoma medications 1.3 � 1.3 1.0 � 1.5 .30

N 74 67

IOP � intraocular pressure; N � number of patients.
aData presented as mean � standard deviation. Data cen-

sored after a reoperation for glaucoma.
bStudent t test.
n our analyses. t

TVT STUOL. 148, NO. 5
RESULTS

RECRUITMENT AND RETENTION: The TVT Study en-
olled a total of 212 patients at 17 clinical centers between
ctober 1999 and April 2004. Randomization assigned

07 patients to placement of a 350-mm2 Baerveldt glau-
oma implant and 105 patients to a trabeculectomy with
MC. All patients received their assigned treatment.
The progress of patients in the study is shown in Figure 1.

n the overall study group, 16 patients (7.5%) died
ithin 3 years of enrollment. There were 38 other patients

18%) who missed the 3-year follow-up visit, but 13 of
hese patients (34%) returned for subsequent follow-up
isits. Excluding deaths, 93% of follow-up visits were
ompleted during the first 3 years of the study. The visit
ompletion rate did not differ by treatment group (P �
36, �2 test). During the first 3 years of follow-up, 10%
f study visits were missed because of deaths and losses
o follow-up.

BASELINE CHARACTERISTICS: The baseline character-
stics of study patients are presented in Table 1. No
ignificant differences in any of the demographic or clinical
eatures were observed between treatment groups at base-
ine. Additional information on randomized patients was
rovided in a previous publication.4

INTRAOCULAR PRESSURE REDUCTION: Baseline and
ollow-up IOP measurements for the tube and trabeculec-
omy groups are reported in Table 2 and Figure 2. Patients
ho underwent additional glaucoma surgery were censored

rom analysis after reoperation. Both surgical procedures
roduced a significant and sustained reduction in IOP.
mong patients who completed 3-year follow-up visits,

OP (mean � standard deviation [SD]) decreased 11.7 �
.5 mm Hg from baseline in the tube group (P � .001,
aired t test) and was reduced 11.4 � 8.9 mm Hg from
aseline in the trabeculectomy group (P � .001, paired t

IGURE 2. Distribution of intraocular pressure (IOP) at
aseline and follow-up in the TVT Study. Data are presented as
ean � standard error of the mean and are censored after a

eoperation for glaucoma.
est). No significant difference in mean IOP was seen

DY 673
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etween treatment groups after 3 months. At 3 years, 46
atients (62%) in the tube group and 39 patients (58%) in
he trabeculectomy group had an IOP of 14 mm Hg or less.
o significant difference was found in the proportion of

atients with IOP � to 14 mm Hg between treatment
roups (P � .76, �2 test). Greater variability in IOP was
bserved in the trabeculectomy group compared with the
ube group at 1 year (P � .027, Levene’s test for equality
f variance), and a similar trend was noted at 3 years (P �
052, Levene’s test for equality of variance) but did not
each statistical significance.

An additional intent-to-treat analysis was performed,
hich included patients who required further surgery for
laucoma. At 3 years, IOP (mean � SD) was 13.0 � 4.8
m Hg in the tube group and 13.1 � 6.5 mm Hg in the

rabeculectomy group. No significant difference in mean
OP was present between treatment groups taking into
ccount all medical and surgical management during the
rst 3 years of follow-up (P � .91, Student t test).

MEDICAL THERAPY: Table 2 shows the number of
laucoma medications in the tube group and the trabecu-

TABLE 3. Treatment Outcomes After T
Trabecule

Stratum 1 – previous cataract extraction

Failure

Qualified success

Complete success

Stratum 2 – previous trabeculectomy or combin

procedure without an antifibrotic agent

Failure

Qualified success

Complete success

Stratum 3 – previous trabeculectomy with 5-FU

combined procedure with 5-FU or MMC

Failure

Qualified success

Complete success

Stratum 4 – previous trabeculectomy with MMC

Failure

Qualified success

Complete success

Overall group

Failurea

Qualified success

Complete successb

5-FU � 5-fluorouracil; MMC � mitomycin C.
aP � .019 for the difference in failure rates bet
bP � .10 for the difference in complete succe

for stratum).
ectomy group at baseline and follow-up. Patients who v

AMERICAN JOURNAL OF74
nderwent additional glaucoma surgery were censored
rom analysis after reoperation. A significant reduction in
he use of medical therapy was seen in both treatment
roups. Among patients who completed 3-year follow-up

IGURE 3. Kaplan-Meier plots of the probability of failure in
he TVT Study.

Years of Follow-up in the Tube Versus
y Study

Tube Group, n (%)

(n � 85)

Trabeculectomy

Group, n (%)

(n � 82)

5 (14) 16 (40)

20 (56) 10 (25)

11 (31) 14 (35)

6 (30) 5 (31)

11 (55) 6 (38)

3 (15) 5 (31)

0 2 (17)

6 (40) 4 (33)

9 (60) 6 (50)

4 (29) 5 (36)

9 (64) 1 (7)

1 (7) 8 (57)

15 (18) 28 (34)

46 (54) 21 (26)

24 (28) 33 (40)

treatment groups (�2 test adjusted for stratum).

es between treatment groups (�2 test adjusted
hree
ctom

ed

or

ween

ss rat
isits, the number of glaucoma medications (mean � SD)

OPHTHALMOLOGY NOVEMBER 2009
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ecreased by 2.0 � 1.7 in the tube group (P � .001, paired
test) and 1.8 � 2.0 in trabeculectomy group (P � .001,
aired t test) from baseline. A significantly greater use of
upplemental medical therapy was observed in the tube
roup compared with the trabeculectomy group at all
ollow-up visits during the first 2 postoperative years.
owever, no significant difference in the mean number of
edications was present between treatment groups at 3

ears (P � .30, Student t test).
The mean number of medications was 1.3 � 1.2 in the

ube group and 1.1 � 1.5 in the trabeculectomy group at 3
ears in an intent-to-treat analysis. No difference in the
ean number of medications was seen between treatment

roups after 3 years of follow-up when patients who
nderwent additional glaucoma surgery were included in

IGURE 4. Kaplan-Meier plots of the cumulative probability o
eduction as IOP >17 mm Hg or not reduced by 20% below bas
riteria must be present on two consecutive visits after 3 months
or glaucoma, and loss of light perception vision are classified

TABLE 4. Reasons for Treatment Failure During Three
Years of Follow-up in the Tube Versus

Trabeculectomy Studya

Tube Group, n (%)

(n � 15)

Trabeculectomy

Group, n (%)

(n � 28)

Inadequate IOP reductionb 7 (47) 10 (36)d

Reoperation for glaucoma 6 (40) 9 (32)

Persistent hypotonyc 2 (13) 8 (29)

Loss of light perception 0 1 (4)

IOP � intraocular pressure.
aP � .71 for the difference in distribution of reasons for failure

between treatment groups (exact permutation �2 test).
bIOP �21 mm Hg or not reduced by 20% below baseline on

two consecutive follow-up visits after 3 months.
cIOP �5 mm Hg on two consecutive follow-up visits after 3

months.
dThree patients underwent reoperation for glaucoma subse-

quent to failure because of inadequate IOP reduction.
he analysis (P � .46, Student t test). a

TVT STUOL. 148, NO. 5
TREATMENT OUTCOMES: Table 3 presents the out-
omes of randomized patients, unadjusted for follow-up
ime. All patients who completed 3-year follow-up visits
nd/or had a prior failure were included in this analysis. At

years, treatment failure had occurred in 15 patients
18%) in the tube group and 28 patients (34%) in the
rabeculectomy group. A significantly higher failure rate
as seen in the trabeculectomy group than the tube group
fter 3 years of follow-up (P � .019, �2 test adjusted for
tratum). In the tube group, 24 patients (28%) were
lassified as complete successes and 46 patients (54%) were
ualified successes. In the trabeculectomy group, 33 pa-
ients (40%) were complete successes and 21 patients
26%) were qualified successes. While the tube group had

lure in the TVT Study defining inadequate intraocular (IOP)
(Left) or IOP >14 mm Hg (Right). Inadequate IOP reduction

ualify as failure. Patients with persistent hypotony, reoperation
lures.

TABLE 5. Reoperations for Glaucoma During Three Years
of Follow-up in the Tube Versus Trabeculectomy Study

Tube Group

(n � 107)

Trabeculectomy

Group

(n � 105)

Tube shunt 3 10

Trans-scleral cyclophotocoagulation 3 1

Endocyclophotocoagulation and

cataract extraction

1 0

Bleb revision and tube shunt 0 1

Trabeculectomy with 5-FU 0 1

Total number of patients (cumulative

percentage) with reoperation for

glaucomaa

6b (6) 12b (13)

5-FU � 5-fluorouracil.
aP � .091 for the difference in 3-year cumulative reoperation

rates for glaucoma between treatment groups from Kaplan-

Meier analysis (log-rank test adjusted for stratum).
bOne patient had two different types of reoperations for

glaucoma.
f fai
eline
to q

as fai
higher overall success rate after 3 years, the rates of
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omplete success were not statistically different between
reatment groups (P � .10, �2 test adjusted for stratum).

Kaplan-Meier survival analysis was also used to compare
ailure rates between the two treatment groups, and the
esults are shown in Figure 3. The cumulative probabilities
f failure in the tube group were 3.8% at 1 year, 6.9% at 18
onths, 11.2% at 2 years, and 15.1% at 3 years. The failure

ates in the trabeculectomy group were 13.9% at 1 year,
8.5% at 18 months, 28.2% at 2 years, and 30.7% at 3
ears (P � .010, log-rank test adjusted for stratum). A
ignificantly higher rate of failure was observed in the
rabeculectomy group compared with the tube group after
years of follow-up using Cox survival analysis adjusted for

tratum (hazards ratio, 2.2; 95% confidence interval, 1.2 to
.1). There were no significant differences in treatment
fficacy between strata (P � .450, test of treatment-
tratum interaction).

Figure 4 presents the failure rates for the two treatment
roups using alternative outcome criteria. Patients with
ersistent hypotony, reoperation for glaucoma, or loss of
ight perception vision were still classified as treatment
ailures. However, the upper IOP limit distinguishing
uccess from failure was changed. When inadequate IOP
eduction was defined as IOP greater than 17 mm Hg or
ot reduced by 20% from baseline on two consecutive

ollow-up visits after 3 months, the cumulative probability
f failure at 3 years was 24.0% in the tube group and 35.0%
n the trabeculectomy group (P � .057, log-rank test
djusted for stratum). When inadequate IOP reduction
as defined as IOP greater than 14 mm Hg on two
onsecutive visits after 3 months, the cumulative prob-
bility of failure was 44.3% in the tube group and 53.9%

TABLE 6. Visual Acuity Results in t

T

ETDRS VA, mean � SD (n)

Baseline 63

3 years 55

Snellen VA, logMAR mean � SD (n)

Baseline 0.42

3 years 0.61

Loss of �2 Snellen lines, n (%)a,b

Glaucoma

Macular disease

Cataract

Other

Unknown

ETDRS � Early Treatment Diabetic Retinopat

of resolution; SD � standard deviation; VA � v
aThree-year rate of visual acuity loss from Ka
bSome patients had more than one reason fo
cStudent t test.
dLog-rank test.
n the trabeculectomy group at 3 years (P � .12, w

AMERICAN JOURNAL OF76
og-rank test adjusted for stratum). Higher failure rates
ere observed in the trabeculectomy group compared
ith the tube group when more stringent IOP criteria
ere used to define success and failure, but these dif-

erences were not statistically significant.
The reasons for treatment failure are listed in Table 4.

he most common cause for failure during the first 3 years
f follow-up in both treatment groups was inadequate IOP
eduction (IOP �21 mm Hg or not reduced by 20% below
aseline on two consecutive follow-up visits after 3
onths). There were 3 patients in the trabeculectomy

roup who failed because of inadequate IOP reduction and
ubsequently underwent reoperation for glaucoma. There
ere 6 patients in the tube group and 9 patients in the

rabeculectomy group who had a reoperation for glaucoma
efore meeting the failure criteria for inadequate IOP
eduction. Among the patients who failed because of
nadequate IOP reduction or glaucoma reoperation, the
umber of medications (mean � SD) at the time of failure
as 2.5 � 1.2 in the tube group and 2.4 � 1.2 in the

rabeculectomy group (P � .77, Student t test). No
ignificant difference in the distribution of reasons for
ailure was present between treatment groups (P � .71,
xact permutation �2 test).

REOPERATION FOR GLAUCOMA: Table 5 presents the
eoperations that were performed for glaucoma. A total of
2 patients in the trabeculectomy group had reoperations
or glaucoma, which involved placement of a tube shunt in
0 patients, a trabeculectomy with 5-fluorouracil in 1
atient, and a bleb revision with tube shunt placement in
patient. All of the patients in the trabeculectomy group

ube Versus Trabeculectomy Study

roup Trabeculectomy Group P value

(107) 64 � 20 (105) .56c

(56) 59 � 24 (51) .52c

4 (107) 0.37 � 0.38 (105) .40c

3 (80) 0.57 � 0.64 (77) .72c

1) 39 (34) .65d

10

6

6

15

5

udy; LogMAR � logarithm of the minimal angle

cuity.

Meier analysis.

reased vision.
he T

ube G

� 24

� 30

� 0.5

� 0.7

38 (3

8

10

3

15

4

hy St

isual a

plan-

r dec
ho underwent tube shunt surgery as a glaucoma reopera-
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ion had placement of a 350-mm2 Baerveldt implant in the
uperotemporal quadrant. One of the patients who re-
eived a tube shunt subsequently underwent a trans-scleral
yclophotocoagulation in the study eye as a second reop-
ration for glaucoma. In the tube group, 6 patients under-
ent additional glaucoma surgery, including placement of
second tube shunt in 3 patients, trans-scleral cyclopho-

ocoagulation in 2 patients, and endocyclophotocoagula-
ion performed in conjunction with cataract surgery in 1
atient. Among the patients in the tube group who
eceived another tube shunt as a glaucoma reoperation, the
econd implant was a 350-mm2 Baerveldt implant placed
n the inferonasal quadrant in 2 patients and a 250-mm2

aerveldt implant positioned in the inferotemporal quad-

TABLE 7. Postoperative Complications During Three
Years of Follow-up in the Tube Versus

Trabeculectomy Studya

Tube Group,

n (%)

(n � 107)

Trabeculectomy

Group, n (%)

(n � 105)

Early postoperative complicationsb

Choroidal effusion 15 (14) 14 (13)

Shallow or flat anterior chamber 11 (10) 10 (10)

Wound leak 1 (1) 12 (11)

Hyphema 2 (2) 8 (8)

Aqueous misdirection 3 (3) 1 (1)

Suprachoroidal hemorrhage 2 (2) 3 (3)

Vitreous hemorrhage 1 (1) 1 (1)

Decompression retinopathy 0 1 (1)

Cystoid macular edema 0 1 (1)

Late postoperative complicationsc

Persistent corneal edema 10 (9) 6 (6)

Dysesthesia 1 (1) 8 (8)

Encapsulated bleb 2 (2) 6 (6)

Choroidal effusion 2 (2) 4 (4)

Cystoid macular edema 5 (5) 1 (1)

Hypotony maculopathy 1 (1) 4 (4)

Persistent diplopia 5 (5) 0

Bleb leak 0 5 (5)

Tube erosion 5 (5) —

Endophthalmitis/blebitis 1 (1) 3 (3)

Chronic or recurrent iritis 2 (2) 1 (1)

Tube obstruction 3 (3) —

Retinal detachment 1 (1) 1 (1)

Corneal ulcer 0 1 (1)

Shallow or flat anterior chamber 1 (1) 0

Total number of patients with

postoperative complicationsd,e

42 (39) 63 (60)

aData censored after a reoperation for glaucoma.
bOnset �1 month.
cOnset �1 month.
dSome patients had more than one complication.
eP � .004 for the difference in total number of patients with

postoperative complications between treatment groups (�2 test).
ant in 1 patient. Repeat trans-scleral cyclophotocoagula- c

TVT STUOL. 148, NO. 5
ion was performed in the patient who had endocyc-
ophotocoagulation. While it is notable that the 3-year
umulative reoperation rate for glaucoma was greater in
he trabeculectomy group (13%) than the tube group (6%)
sing Kaplan-Meier survival analysis, this difference did
ot reach statistical significance (P � .091, log-rank test
djusted for stratum).

Because the surgeon was not masked to the treatment
ssignment, a potential bias existed in the decision to
eoperate for glaucoma. To evaluate for selection bias, the
OP levels were compared between treatment groups in
atients who underwent glaucoma reoperation and those
ho failed because of inadequate IOP reduction but did
ot have additional glaucoma surgery. The IOP (mean �
D) was 21.5 � 6.6 mm Hg for the 6 patients in the tube
roup and 27.9 � 9.6 mm Hg for the 12 patients in the
rabeculectomy group at the time of reoperation for glau-
oma. The IOP levels were also compared between the 7
atients in the tube group and 7 patients in the trabecu-
ectomy group who failed because of inadequate IOP
eduction but did not undergo additional glaucoma surgery
uring the first 3 years of follow-up. In this patient
ubgroup, the IOP (mean � SD) was 21.4 � 5.4 mm Hg in
he tube group and 20.6 � 2.8 mm Hg in the trabeculec-
omy group. The mean IOP prior to reoperation for
laucoma was similar in the tube group and trabeculectomy
roup (P � .12, Student t test), and no significant
ifference was seen between treatment groups in mean IOP
mong patients who failed because of inadequate IOP
eduction but did not undergo additional glaucoma surgery
P � .74, Student t test).

VISUAL ACUITY: VA results are shown in Table 6. A
ignificant decrease in Snellen VA and ETDRS VA was
bserved in both treatment groups during the first 3 years
f follow-up. Among patients who completed 3-year fol-
ow-up visits, logMAR Snellen VA (mean � SD) de-

TABLE 8. Serious Complications Associated With
Reoperation and/or Vision Loss During Three Years of
Follow-up in the Tube Versus Trabeculectomy Studya

Tube Group,

n (%)

(n � 107)

Trabeculectomy

Group, n (%)

(n � 105)

Reoperation for complications 15 (14) 9 (9)

Vision loss of � 2 Snellen lines 17 (16) 23 (22)

Total number of patients with

serious complicationsb,c

24 (22) 28 (27)

aData censored after a reoperation for glaucoma.
bSome patients had both a reoperation for a complication and

vision loss.
cP � .58 for the difference in serious complication rates

between treatment groups (�2 test).
reased 0.24 � 0.58 units from baseline (P � .001, paired
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test) and ETDRS VA (mean � SD) was reduced by 9 �
2 letters from baseline (P � .007, paired t test) in the tube
roup. In the trabeculectomy group, logMAR Snellen VA
mean � SD) decreased 0.26 � 0.58 units from baseline to
he 3-year follow-up visit (P � .001, paired t test) and
TDRS VA (mean � SD) declined 11 � 23 letters from
aseline (P � .001, paired t test). No significant differences
n Snellen VA (P � .72, Student t test) or ETDRS VA
P � .52, Student t test) were seen between the tube group
nd the trabeculectomy group at 3 years. The changes in
nellen VA (P � .91, Student t test) and ETDRS VA
P � .57, Student t test) from baseline were also not
ignificantly different between treatment groups.

Kaplan-Meier survival analysis showed that 31% of
atients in the tube group and 34% of patients in the
rabeculectomy group lost 2 or more lines of Snellen VA
rom baseline at 3 years, and this difference in rate of
ision loss between treatment groups was not statistically
ignificant (P � .65, log-rank test). The examining clini-
ian was asked to provide a reason for reduction of 2 or
ore lines of Snellen VA from baseline. The most fre-

uent causes of vision loss after 3 years of follow-up were
laucoma (in 8 patients in the tube group and 10 patients
n the trabeculectomy group), macular disease (in 10
atients in the tube group and 6 patients in the trabecu-
ectomy group), and cataract (in 3 patients in the tube
roup and 6 patients in the trabeculectomy group). Other
iscellaneous causes for reduced vision in 15 patients in

he tube group included corneal edema, diabetic retinop-
thy, posterior capsular opacification, central retinal vein
cclusion, endophthalmitis, and ocular surface disease.

TABLE 9. Reoperations for Complications
Versus Trabe

Penetrating keratoplasty

Pars plana vitrectomy

Tube shunt revision with patch graft

Bleb revision

Drainage of choroidal effusion

Drainage of suprachoroidal hemorrhage

Vitreous tap with injection of intravitreal antibiot

Lysis of iris adhesions to tube and cataract ext

Tube shunt revision with patch graft and catara

Removal of tube shunt

Trabeculectomy revision and tube shunt

Total number of patients (cumulative percentag

reoperations for complicationsb

aData censored after a reoperation for glauco
bP � .24 for the difference in 3-year cumu

treatment groups from Kaplan-Meier analysis (lo
cSome patients had more than one type of re
ther causes of vision loss in 15 patients in the trabeculec- t

AMERICAN JOURNAL OF78
omy group included corneal edema, hypotony, supra-
horoidal hemorrhage, ischemic optic neuropathy, dia-
etic retinopathy, retinal detachment (RD), corneal scarring,
nd ocular surface disease. The reason for decreased vision
as unknown in 4 patients in the tube group and 5 patients

n the trabeculectomy group.

POSTOPERATIVE COMPLICATIONS: Table 7 lists post-
perative complications. A total of 74 complications in 42
atients (39%) were reported in the tube group, and 91
omplications in 63 patients (60%) were noted in the
rabeculectomy group. Significantly more patients in the
rabeculectomy group experienced postoperative compli-
ations compared with the tube group (P � .004, �2 test).
here were 61 patients who had only 1 postoperative
omplication. Many patients developed more than 1 post-
perative complication, including 32 patients with 2 com-
lications, 8 patients with 3 complications, and 4 patients
ith 4 complications.
Several complications occurred exclusively in the early

r late postoperative periods. All cases of wound leak,
yphema, aqueous misdirection, suprachoroidal hemor-
hage, vitreous hemorrhage, and decompression retinop-
thy developed during the first month after surgery.
omplications presenting at least 1 month following

urgery included persistent corneal edema, dysesthesia,
ncapsulated bleb, hypotony maculopathy, persistent
iplopia, bleb leak, tube erosion, endophthalmitis/ble-
itis, chronic or recurrent iritis, tube obstruction, RD,
nd corneal ulcer. Most choroidal effusions were observed
n the early postoperative period. However, 2 patients in

ing Three Years of Follow-up in the Tube
tomy Studya

Tube Group

(n � 107)

Trabeculectomy Group

(n � 105)

3 3

6 0

4 —

0 3

2 1

0 1

0 1

n 1 —

traction 1 —

1 —

— 1

h 15c (15) 9c (10)

reoperation rates for complications between

k test adjusted for stratum).

tion for complications.
Dur
culec

ics

ractio

ct ex

e) wit

ma.

lative

g-ran
he tube group developed choroidal effusions after 1 month
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resumably related to opening of the tube, and there was
oncurrent shallowing of the AC in 1 patient. There were

patients in the trabeculectomy group who developed
horoidal effusions after 1 month, and this was associated
ith laser suture lysis in all patients. Cystoid macular
dema was seen in 1 patient at 1 month, and this
omplication was identified at later follow-up visits in 6
ther patients.
Wound leaks (P � .004, �2 test), dysesthesia (P � .018,

isher exact test), and bleb leaks (P � .028, Fisher exact
est) occurred with significantly greater frequency in the
rabeculectomy group than the tube group. No postope-
ative complications were significantly more common in
he tube group compared with the trabeculectomy group.
rends toward a higher incidence of hyphema in the

rabeculectomy group (P � .058, Fisher exact test) and
ersistent diplopia (P � .060, Fisher exact test) and tube
rosion (P � .060, Fisher exact test) in the tube group were
bserved, but these differences did not reach statistical
ignificance.

Serious complications resulting in reoperation and/or
ision loss are shown in Table 8. There were 24 patients
22%) in the tube group and 28 patients (27%) in the
rabeculectomy group who had surgical complications that
ere associated with loss of 2 or more lines and/or

eoperation to manage the complication. The incidence of
erious complications was similar between the tube and
rabeculectomy groups (P � .58, �2 test).

REOPERATION FOR COMPLICATIONS: Table 9 presents
he reoperations that were performed for complications. A
otal of 15 patients in the tube group and 9 patients in the
rabeculectomy group underwent additional surgery to
anage surgical complications. The 3-year cumulative rate

f reoperation for complications was similar between the
ube group (15%) and the trabeculectomy group (10%)
sing Kaplan-Meier survival analysis (P � .24, log-rank
est adjusted for stratum). There were 3 patients in each
reatment group who had persistent corneal edema requir-
ng a penetrating keratoplasty, and 1 patient in the tube
roup underwent a repeat penetrating keratoplasty in the
tudy eye. A pars plana vitrectomy was performed in 6
atients in the tube group, including 2 patients for aqueous
isdirection, 2 patients for vitreous obstruction of the

ube, 1 patient for endophthalmitis, and 1 patient for a
D. Revision of the tube shunt with placement of a new
atch graft was performed in 4 patients in the tube group
or tube erosion, and 1 additional patient had this proce-
ure in conjunction with cataract extraction. One of these
atients required a second tube revision followed by
emoval of the tube shunt for recurrent exposure. There
ere 3 patients in the trabeculectomy group who had a
leb revision, including 2 patients for bleb leaks and 1
atient for hypotony maculopathy. The patient with hy-
otony maculopathy subsequently underwent a trabeculec-

omy revision and placement of a 350-mm2 Baerveldt f

TVT STUOL. 148, NO. 5
laucoma implant for persistent hypotony. Drainage of a
horoidal effusion was performed in 2 patients in the tube
roup and 1 patient in the trabeculectomy group, and 1
atient in the trabeculectomy group had drainage of a
uprachoroidal hemorrhage. In the tube group, 1 patient
ad lysis of iris adhesions obstructing the tube that was
erformed with cataract extraction. Bleb-related endoph-
halmitis was treated with a vitreous tap with injection of
ntravitreal antibiotics in 1 patient in the trabeculectomy
roup.

CATARACT DEVELOPMENT AND CATARACT SURGERY:

he incidence of cataract progression during the first 3
ears of the study was examined in the 24 phakic eyes in
he tube group and the 21 phakic eyes in the trabeculec-
omy group. Worsening of cataract occurred in 14 patients
58%) in the tube group, including 11 patients who had
ataract surgery and 3 patients who experienced loss of 2 or
ore lines of Snellen VA attributed to cataract. Cataract

rogression developed in 12 patients (57%) in the trab-
culectomy group, including 6 patients who underwent
ataract extraction and 6 patients who had loss of 2 or
ore lines of Snellen VA from cataract. No significant

ifferences in the frequency of cataract surgery (P � .38, �2

est) or cataract progression (P � .99, �2 test) were
bserved between treatment groups.

DISCUSSION

HE TVT STUDY IS A MULTICENTER CLINICAL TRIAL THAT

nrolled patients with medically uncontrolled glaucoma in
yes that had previously undergone cataract extraction
ith IOL implantation and/or failed filtering surgery and

andomized them to surgical treatment with a 350-mm2

aerveldt glaucoma implant or a trabeculectomy with
MC. Patients who underwent tube shunt surgery were
ore likely to achieve IOP control and avoid persistent
ypotony, reoperation for glaucoma, or loss of light per-
eption vision compared to trabeculectomy during the first
years of follow-up in the study. At 3 years, the cumula-

ive probability of failure was 15.1% in the tube group and
0.7% in the trabeculectomy group. The 1-year follow-up
ata also demonstrated a lower failure rate of 3.9% in the
ube group compared to 13.5% in the trabeculectomy
roup.5 The TVT Study shows a persistent treatment
enefit of tube shunt surgery over trabeculectomy through
he third postoperative year.

Both tube shunt surgery and trabeculectomy with
MC were effective in lowering-IOP. Among patients
ho completed 3-year follow-up visits, placement of a
aerveldt glaucoma implant produced a 48% decrease in

OP and trabeculectomy with MMC achieved a 47%
eduction in IOP. No significant difference in mean IOP
as observed between treatment groups after 3 months of
ollow-up. Similar mean IOPs were seen between treat-
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ent groups, despite a higher failure rate in the trabecu-
ectomy group than the tube group. This counterintuitive
bservation relates to a greater variability in IOP in the
rabeculectomy group compared with the tube group. More
atients in the trabeculectomy group had extremes of high-
nd low-IOP resulting in classification as failures because
f inadequate IOP reduction or persistent hypotony. The
atients who failed because of hypotony had the effect of
educing the mean IOP. Even though the patients who
ailed because of inadequate IOP reduction had higher IOP
evels, they represented a small proportion of the total
reatment group that was used to calculate mean IOP.
mong the patients who failed because of inadequate IOP

eduction or glaucoma reoperation, the mean number of
edications at the time of failure was similar between

reatment groups. This observation suggests that the higher
ailure rate in the trabeculectomy group was not related to
nadequate treatment with medical therapy.

Based upon a systematic review of the published litera-
ure on tube shunts, a panel of glaucoma specialists
oncluded that low IOP levels usually cannot be attained
ith these devices, and the IOP typically settles in the
igh teens postoperatively.8 Our results contradict these
ssertions, as evidenced by a mean IOP of 13.0 mm Hg and
OP of 14 mm Hg or less in 62% of patients in the tube
roup at 3 years. Additionally, this same panel suggested
hat the rate of failure of tube shunts averages 10% per
ear,8 while we observed a rate of failure of approximately
% per year in the tube group. The more favorable results
f tube shunt surgery in the TVT Study compared with
revious studies may relate to differences in study popula-
ions, refinements in surgical technique, and/or variations
n the definitions of success and failure. The TVT Study
xcluded several secondary glaucomas with poor surgical
rognoses (eg, neovascular glaucoma) that were included
n other case series of tube shunts, and this study enrolled
atients considered to be at lower-risk of surgical failure
han have traditionally undergone tube shunt surgery (eg,
rior clear cornea cataract extraction alone).
Treatment success was subdivided into complete and

ualified successes, based on the use of supplemental
edical therapy. While the overall success rate was higher

or the tube group after 3 years of follow-up, the rates of
omplete success were not statistically different between
reatment groups. This is consistent with the observed
imilar use of supplemental glaucoma medications by both
reatment groups at 3 years. The trabeculectomy group had
progressive increase in adjunctive medical therapy during

he first 3 postoperative years, while the use of glaucoma
edications remained relatively constant in the tube

roup.
The outcome criteria for the TVT Study were developed

rospectively, and our definitions of success and failure are
imilar to previous studies involving the surgical treatment
f glaucoma, thereby facilitating comparison with pub-

ished results.7,9–39 We recognize that the ideal measure of s

AMERICAN JOURNAL OF80
uccess for any glaucoma therapy is the prevention of
urther glaucomatous optic nerve damage and visual field
oss with preservation of visual function. Treatment suc-
ess for individual patients cannot be defined by an
rbitrary IOP level, because individuals vary in their
usceptibility to the damaging effect of IOP. Nevertheless,
OP-lowering remains the primary goal of all current
laucoma therapy and no other surrogate measure better
eflects therapeutic success for this disease at the present
ime.

The results of several recent multicenter randomized
linical trials have suggested that IOP of 21 mm Hg or less
ay not be adequate to prevent glaucomatous progression

n many patients.40–42 To determine if the TVT Study
esults changed if more stringent IOP criteria were applied
o define success, several post hoc analyses were performed
sing alternative outcome criteria. Higher failure rates in
he trabeculectomy group compared with the tube group
ere still seen when the upper IOP level defining success
as reduced from 21 mm Hg to 17 mm Hg and 14 mm Hg,
lthough the level of statistical significance progressively
eclined as the IOP level defining success was reduced.
While the overall failure rate was higher in the trabecu-

ectomy group than the tube group, the reasons for failure
ere distributed similarly between treatment groups. Inad-
quate IOP reduction was the most common reason for
ailure in both treatment groups, and a subset of these
atients underwent additional glaucoma surgery. There
as a tendency for patients in the trabeculectomy group to

equire more reoperations for glaucoma compared with the
ube group after 3 years of follow-up. Patients who fail
rabeculectomy and need additional glaucoma surgery will
enerally undergo repeat trabeculectomy or placement of a
ube shunt.2,3 However, additional glaucoma surgery in
yes that have failed tube shunt surgery is more complex
nd usually involves placement of a second tube shunt or
yclodestruction.12,13 Investigators in the TVT Study were
ot masked to the treatment assignment, and there was a
otential for bias in the decision to reoperate for glaucoma.
e explored for the possibility that surgeons may have had

higher threshold to perform additional glaucoma surgery
n the tube group than the trabeculectomy group. The
ean IOP prior to reoperation for glaucoma was similar in

he tube group and trabeculectomy group, and no signifi-
ant difference was noted between treatment groups in
ean IOP among patients who failed because of inade-

uate IOP reduction but did not undergo additional
laucoma surgery. These observations suggest that there
as no selection bias for additional glaucoma surgery.
Patients in the TVT Study were stratified by type of

revious ocular surgery. It is interesting that the greatest
ifference in failure rates between treatment groups was
bserved in patients with previous cataract extraction
lone (stratum 1), although there were no significant
ifferences in treatment efficacy between strata. This

tratum was expected to have the lowest rate of surgical

OPHTHALMOLOGY NOVEMBER 2009
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ailure when the study was designed, and patients in this
ubgroup are the most dissimilar to those who historically
ave been selected for tube shunt surgery. The lower

ailure rate of tube shunts compared with trabeculectomy
ith MMC in eyes with prior cataract surgery alone

upports the need to further evaluate the use of tube shunts
n nonrefractory glaucomas. The Primary Tube Versus
rabeculectomy (PTVT) Study is an ongoing multicenter

andomized clinical trial comparing the safety and efficacy
f tube shunt surgery using a 350-mm2 Baerveldt glaucoma
mplant to trabeculectomy with MMC (0.4 mg/ml for 2
inutes) as the initial surgical procedure in patients with

laucoma considered at low-risk for failure.
Wilson and associates compared the Ahmed glaucoma

alve implant (Model S-2) (New World Medical Inc,
ancho Cucamonga, California, USA) to trabeculectomy
ith or without an antifibrotic agent in a randomized
linical trial involving 117 patients.9 With a mean fol-
ow-up of 9.7 months, lower mean IOP was observed in the
rabeculectomy group, and the Ahmed group had a greater
djunctive medication requirement. The cumulative prob-
bilities of success (IOP �21 mm Hg and at least 15%
eduction in IOP from preoperative level) were similar
etween the two treatment groups. This study was per-
ormed in Saudi Arabia and Sri Lanka, and included
atients with all glaucoma types and some eyes that had
ndergone previous ocular surgery. A follow-up study
ontinued enrollment in Sri Lanka to a total of 123
atients with primary open-angle glaucoma and angle-
losure glaucoma without previous ocular surgery.10 With
mean follow-up of 31 months, mean IOPs and success

ates were comparable between the trabeculectomy group
nd the Ahmed group. The difference in study results
etween the TVT Study and the studies by Wilson and
ssociates may relate to differences in study populations,
uccess and failure criteria, and retention during follow-up.
he TVT Study also used the Baerveldt implant for
atients randomized to the tube group, and the end-plate
f this implant has a larger surface area than the Ahmed
mplant. There is evidence suggesting that implants with
arger plates produce greater pressure reduction.8,11

Visual acuity decreased in both treatment groups during
he first 3 years of follow-up. Snellen and ETDRS VA were
imilar between treatment groups at 3 years, and no
ignificant differences in the rates and reasons for vision
oss were present in the tube and trabeculectomy groups.

any of the causes of loss of 2 or more Snellen lines were
ot directly attributable to the surgical procedures under
tudy (eg, diabetic retinopathy, ischemic optic neuropa-
hy). The development of cataract was a frequent cause of
ision loss, although many of these patients regained VA
ith subsequent cataract surgery. There is strong evidence

hat glaucoma surgery increases cataract incidence and
rogression.43 No significant difference in the rates of
ataract progression or cataract surgery were observed

etween treatment groups. r
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The benefit of tube shunt surgery or trabeculectomy
ith MMC in reducing IOP must be interpreted in the
ontext of adverse events associated with these procedures.

large number of surgical complications were seen in the
VT Study, but most were transient and did not require

ntervention. A similar high rate of complications in the
arly postoperative period was also reported in the Collabo-
ative Initial Glaucoma Treatment Study.44 More patients in
he trabeculectomy group experienced postoperative compli-
ations than the tube group in the TVT Study. However, all
urgical complications are not equal in severity, and the
ate of serious complications associated with reoperation
nd/or vision loss was similar in both treatment groups.
ysesthesia, wound leaks, and bleb leaks occurred with

reater frequency in the trabeculectomy group compared
ith the tube group. There was a trend toward a higher

ncidence of diplopia and tube erosion in the tube group
nd hyphema in the trabeculectomy group, but these
ifferences did not reach statistical significance. Al-
hough many of the differences in complications were
ot statistically significant, they may be clinically rele-
ant. For example, the development of endophthalmitis
r blebitis in 1 patient in the tube group and 3 patients
n the trabeculectomy group is not statistically signifi-
ant, but these findings raise concern. The power of this
tudy to detect differences in complications with low
ates of occurrence was limited by the sample size.

Stein and associates recently evaluated the rates of post-
perative complications after glaucoma surgery among Medi-
are beneficiaries.45 The rates of adverse outcomes were
igher after tube shunt surgery than primary trabeculectomy
r trabeculectomy with scarring. The authors of the study45

nd accompanying Editorial46 acknowledged the limitations
f data derived from Medicare claims, including the possibil-
ty of misattributing adverse events from the fellow eye. Tube
hunts have historically been reserved for patients who have
ailed or are more prone to fail standard filtering surgery, and
he results of this study are likely related to differences in case
everity among the glaucoma procedures that were compared.
n contrast, patients who underwent tube shunt surgery and
rabeculectomy with MMC in the TVT Study had similar
haracteristics as a result of the randomization process, and
ncluded lower-risk patients than have traditionally had tube
hunt surgery.

There are several limitations to the TVT Study. The
tudy enrolled patients who met specific inclusion and
xclusion criteria, and they received a standardized trab-
culectomy with MMC or 350-mm2 Baerveldt glaucoma
mplant. The study results cannot be generalized to differ-
nt patient groups or other implant types. The low inci-
ence of certain complications and the small size of many
atient subgroups limits the power of the study to detect
ignificant differences. There were no standardized defini-
ions or quantification of surgical complications. A limbus-
ased conjunctival flap was used in most patients

andomized to the trabeculectomy group, and MMC (0.4
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g/ml) was applied intraoperatively for 4 minutes. A trend
oward use of fornix-based conjunctival flaps with a more
iffuse application of MMC at a lower dosage has devel-
ped since the TVT Study was initiated.47 This modifica-
ion in surgical technique may result in lower rates of
ypotony and bleb-related complications after trabeculec-
omy.48 A subgroup of patients enrolled in the TVT Study
ie, those with a history of prior trabeculectomy with
MC) had already failed one treatment arm of the study,

nd potentially could have introduced bias in favor of the
ube group. We felt that the study question of whether one
urgical procedure was superior to the other was clinically
elevant in eyes that had failed a MMC trabeculectomy,
nd a separate stratum (stratum 4) was created for these
yes to facilitate data analysis and address concerns about
ossible bias. No significant differences in treatment effi-
acy were observed between strata.

The 3-year results of the TVT Study provide further
vidence that the role of tube shunts should be expanded
n the surgical management of glaucoma. Although these
evices have traditionally been reserved for refractory
laucomas at high-risk of failure with standard filtering

urgery, this study enrolled eyes at lower-risk of surgical s

Carranza, and Athena Espinoza.

AMERICAN JOURNAL OF82
ailure. In eyes with previous cataract and/or glaucoma
urgery, the TVT Study found that tube shunt surgery was
ore likely to maintain IOP control and avoid persistent
ypotony, reoperation for glaucoma, or loss of light per-
eption vision compared to trabeculectomy with MMC
uring the first 3 years of follow-up. Both surgical proce-
ures were associated with similar IOP reduction and use of
upplemental medical therapy at 3 years. The incidence of
ostoperative complications was higher after trabeculec-
omy with MMC compared with tube shunt surgery, but
erious complications associated with reoperation and/or
ision loss occurred with similar frequency with both
urgical procedures. The TVT Study does not demonstrate
lear superiority of one glaucoma operation over the other.
here are other factors that must be considered when

electing a surgical procedure in patients with medically
ncontrolled glaucoma, including the surgeon’s skill and
xperience with both operations, the patient’s willingness
o undergo repeat glaucoma surgery, and the surgeon’s
lanned surgical approach should failure occur. Additional
ollow-up is needed to fully assess the risks and benefits of
ube shunt surgery and trabeculectomy with MMC in

imilar patient groups.
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