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Abstract
Purpose This study assesses short-term intraocular pressure (IOP) change in the fellow eye of glaucoma patients after mitomycin
C–augmented trabeculectomy, filtering canaloplasty, or PreserFlo™ microshunt implantation in the treated eye.
Materials and methods Retrospective chart review of 235 glaucoma patients (235 eyes) was performed. Patients underwent
initial trabeculectomy (187 patients), filtering canaloplasty (25 patients), or PreserFlo™microshunt implantation (23 patients) in
one eye, while the fellow eye was naïve to any previous glaucoma surgery. IOP was evaluated before and on the 1st and 2nd days
and at 1 week after surgery. Main outcome measure was IOP change in the fellow eye. Secondary outcomes were proportion of
clinically significant IOP elevation in the fellow eye and evaluation of potential risk factors associated with postoperative IOP
fluctuation.
Results IOP in the fellow eye at 1 week after trabeculectomy was statistically significantly lower than preoperatively
(p < 0.0001), while the IOP did not change significantly in the fellow eyes in filtering canaloplasty or PreserFlo groups. The
higher the preoperative IOP was in the fellow eye, the larger was the intraocular pressure-lowering effect at 1 week after
trabeculectomy (p < 0.0001). A clinically significant IOP elevation was noted in 14.2%, 9.5%, and 5% of fellow eyes after
trabeculectomy, filtering canaloplasty, or PreserFlo™ microshunt implantation, respectively.
Conclusions This study shows an IOP-lowering effect in the fellow eye of glaucoma patients after trabeculectomy. Significant
IOP rise might occur in the fellow eye of some glaucoma patients after different types of glaucoma surgery.
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Trabeculectomy

Introduction

Intraocular pressure (IOP) change in fellow untreated eyes
accompanied by a corresponding IOP reduction in the operat-
ed eye has been identified as the “consensual ophthalmotonic
reaction” (COR) and was firstly described in 1924 by
Weekers through an experimental study [1]. This response
was shown after contusions, ocular compression, tonography,
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and cauterization of the sclera [2–4]. Later COR was de-
scribed in glaucoma patients following unilateral use of topi-
cal IOP-lowering medications [5–11]. A retrospective review
by Gibbens indicated a fellow eye IOP response after monoc-
ular application of antiglaucomatous drops in 13 patients with
ocular hypertension [12]. The Ocular Hypertension Treatment
Study showed IOP reduction in the untreated fellow eye of
approximately 1.5 mmHg after initiation of unilateral topical
beta-blocker therapy in over 700 patients [5]. This effect could
be explained as systemic absorption and transfer of the topical
beta-blocker to the fellow eye via the bloodstream, as was
proposed by Zimmerman and Kaufman [6]. In contrast to
Gibbens, Newman et al. reported an IOP reduction in fellow
untreated eyes of 38 patients with ocular hypertension or glau-
coma only with beta-blocker and not with other topical IOP-
lowering medications [13]. IOP reduction of 8–11.2% from
baseline in the fellow eye of glaucoma patients was reported
after laser therapy [14–16].

The first report on COR after a fistulating surgery in exper-
imental animals was published by Wilmer in 1927 [17].
Similar IOP reduction in the fellow eye was shown in glauco-
ma patients after penetrating surgery [18–20]. The first report
on IOP elevation in the fellow eye after unilateral paracentesis
was published by Al-Ghadyan et al. investigating rabbits [21].
The incidence for IOP rise in the fellow eye following surgery
in humans has been reported by Simmons to be around 10%
[22]. Several other studies have shown the possibility of IOP
elevation in the fellow eye after unilateral glaucoma surgery
including not only trabeculectomy (TE) but glaucoma drain-
age device (ExPress shunt®, Ahmed Valve, Aurolab Aqueous
Drainage Device) implantations as well [23–25]. Thus, there
is still a controversial discussion in the literature whether there
is an IOP decrease, increase, or no change in the fellow eye
after IOP-lowering surgery.

In addition, glaucoma surgery has undergone changes in
recent years. Less invasive techniques using small stents for
subconjunctival filtration have been developed recently. We
therefore analyzed the effect of PreserFlo™ microshunt im-
plantation (PMI) in this study as well. Filtering canaloplasty
(FCP) is a technique that has been recently developed [26].
We wanted to know whether these three techniques cause
inter-eye changes of IOP after surgery to shed light on sys-
temic effects of unilateral surgery.

Materials and methods

We performed a retrospective clinical study including 235
patients who underwent mitomycin C (MMC)–augmented
TE, FCP, or PMI as initial unilateral glaucoma surgery from
January 2019 to January 2020 at the Department of
Ophthalmology of the University Medical Center of the
Johannes Gutenberg-University Mainz, Germany. Initial TE

was performed in 187 patients, FCP in 25 patients, and PMI in
23 patients in one (treated) eye, while the fellow eye had not
had any previous glaucoma surgery. All surgeries were per-
formed by two experienced glaucoma surgeons (EMH, PC).
The study adhered to the tenets of the Declaration of Helsinki
and was approved by the ethics committee of the medical
board of Rhineland-Palatinate, Germany.

Indication for surgery was deterioration of optic nerve
head, retinal nerve fiber layer thickness, or of visual field.
Decision was made on a clinical basis, and informed consent
was obtained in all patients.

For this study, main outcomemeasure was IOP change in the
fellow eye. Secondary outcomes were proportion of clinically
significant IOP elevation (occurrence of postoperative IOP >
21 mmHg with preoperative IOP ≤ 21 mmHg) in the fellow
eye during follow-up and evaluation of potential risk factors
(predictive factors) associated with IOP change. The amount
and percentage of IOP change from preoperative level in the
fellow eye was evaluated for each postoperative follow-up.

Patients who underwent simultaneous bilateral glaucoma
surgeries or had only one functional eye (monocular patients)
were excluded. Two patients who stopped topical therapy in
the fellow eye before surgery were also excluded from further
analysis. According to the preoperative standard operating
procedure of the Mainz University Eye Hospital, patients
discontinued topical medication in the eye scheduled for sur-
gery 2–4 weeks preoperatively and treated with systemic ac-
etazolamide during this time to reduce inflammation in the
conjunctiva, except 4 patients with intolerance to acetazol-
amide. Five days preoperatively, preservative-free topical ste-
roids (Dexa EDO 1.3 mg/mL) were administered 4 times dai-
ly. Systemic acetazolamide was discontinued postoperatively
in all patients.

Preoperative IOP was taken at the time of surgery indica-
tion and was defined as the median of three IOP measure-
ments in every patient. In most of our patients, day-and-
night IOP profiles were performed by local ophthalmologists
or in our clinic. Postoperatively, IOP was measured on day 1,
day 2, and at 1 week after surgery.We took only morning IOP
measurements.

Surgery

Trabeculectomy

Local, general, or combined anesthesia was applied. A fornix-
based conjunctival peritomy (6 mm) at the limbus was per-
formed. MMC with concentration 0.2 mg/mL and exposure
time 3 min was applied subconjunctivally, followed by irriga-
tion with 30 mL of balanced salt solution. A partial-thickness
scleral flap of size 4 × 4 mm was created. A paracentesis
wound was created with a 15 degree side port knife at the
temporal clear cornea. During TE, Schlemm’s canal (SC)
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and trabecular meshwork (TM) excision was made with a 15
degree stab knife and a surgical basal peripheral iridectomy
was performed.

Filtering canaloplasty

This method, developed at our department, is a modification
of common suture canaloplasty. It provides a three-way out-
flow for the aqueous humor: first, by SC dilation and suturing;
second, by deep second scleral flap dissection for
suprachoroidal outflow enhancement; and third, by allowing
some filtration over time, supported by the application of
MMC.

The second deep scleral flap of size 1.5 × 3mmwas created
within the borders of the superficial flap dissecting forward,
exposing the choroid, into the clear cornea. The roof of SC
was carefully detached with multifunctional 25-gauge for-
ceps. The inner scleral flap was removed. Then, insertion of
iTrack™ catheter (iTrack Surgical System Ellex, Distributor
Ruck, Germany) was performed over 360 degree. Every 2
clock hours, a precise amount of Healon® PRO was injected
into SC via the screw-driven injector. The optical fiber that
illuminated the tip of the microcatheter provided guidance to
the path of the catheter as it was advanced. Care was taken to
keep the catheter in perpetual motion through SC when vis-
coelastic was injected to prevent the creation of a Descemet
membrane detachment. When the distal tip of the catheter re-
emerged from the opposite opening of SC, a 10–0 polypro-
pylene (Prolene) suture was tied to it and the microcatheter
was withdrawn from the canal. Prolene suture was detached
from the catheter and tightened to apply a moderate tension to
the tissues of the inner wall of SC to the extent of visible slight
indentation of the outer SC.

The scleral flap in FCP as well as in TE was then closed
loosely with up to 10.0 Nylon single-stitch sutures (at discre-
tion of the surgeon) to allow gentle subconjunctival filtration.

PreserFlo™ microshunt

After conjunctival opening at the limbus and subconjunctival
preparation, wet field cautery of episcleral veins was per-
formed. MMC was applied on three sponges (3 min) under
the tenon and washed out with 30 mL BSS. After marking the
sclera 3 mm from the limbus, a 1-mm-deep scleral pocket was
made using a triangular knife. A 25-gauge needle was intro-
duced into the pocket and a scleral needle track was created
into the anterior chamber followed by insertion of the
microshunt through this track into the anterior chamber. The
fins of the shunt were anchored in the scleral pocket. After
checking for flow, tenon is adapted anteriorly with two 10.0
Nylon single sutures followed by an interlocked watertight
running 10.0 Nylon suture in a meander-like fashion (Mainz
suture) used in all 3 types of filtering surgery [27].

Subconjunctival injection of 4 mg dexamethasone was per-
formed in the inferior fornix of the conjunctiva, and then,
ofloxacin ointment was applied prior bandage.

Postoperative topical medications included dexamethasone
0.1% drops 6 times a day (tapering off over 6 weeks), 0.3%
ofloxacin 4 times a day (5 days), and 1% prednisolone
pivalate ointment once a day (2 weeks). In cases of transient
hypotony with anterior chamber shallowing, atropine 1% was
prescribed.

Statistical analysis

Absolute and relative frequencies were computed for dichot-
omous data; continuous data are presented as mean ± standard
deviation and median respective inter-quartile range. Paired
Wilcoxon test was used to compare preoperative and postop-
erative IOP in both eyes. Correlations between the IOP change
from baseline to follow-up in the treated eye and the IOP
change in the fellow eye were analyzed using Spearman’s
rank correlation. Predictive factors for IOP change in the fel-
low eye were analyzed using linear regression analysis with
gender, age, preoperative IOP in the fellow eye, previous cat-
aract extraction, IOP change in the operated eye, and duration
of glaucoma as independent variables. All statistical analyses
were conducted with R (R Core Team 2020, R Foundation for
Statistical Computing, Vienna, Austria).

Results

Demographic and clinical data, including type of glaucoma
and surgical status, are shown in Table 1.

Trabeculectomy group

The mean age of patients in the TE study group was 67.1 ±
10.4 years. The median (range) preoperative and postopera-
tive IOP in the treated eye on the 1st and 2nd days and at
1 week after TE were 20 (17–26) mmHg, 13 (9–20) mmHg,
12 (8–18.3) mmHg, and 9 (5–11) mmHg, respectively. The
median preoperative and postoperative IOP in the fellow eye
on the 1st and 2nd days and at 1 week after TE were 17 (14–
20) mmHg, 16 (14–21) mmHg, 15 (13–18) mmHg, and 14
(12–17) mmHg, respectively. In 148 (79.1%) fellow eyes,
preoperative IOP was ≤ 21 mmHg, and in 7 (3.7%) fellow
eyes, preoperative IOP was ≥ 30 mmHg. There was no statis-
tically significant difference between preoperative IOP and
IOP in the fellow eye on the 1st day after surgery (p = 0.10),
but IOP at 1 week after TE was statistically significantly lower
than that preoperatively (p < 0.0001). The median IOP change
in the operated eyes was − 8 (− 14 to 0) mmHg and in the
fellow eyes 0 (− 5 to 3) mmHg on the 1st day after TE. At
1 week after TE, the median IOP change in the treated eyes
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was − 12 (− 18 to − 7)mmHg and in the fellow eyes − 3 (− 6 to
0) mmHg. The higher the IOP reduction was in the surgical
eye, the larger was the IOP reduction in the fellow eye (rho =
0.24, p = 0.001) (Fig. 1). IOP elevation occurred in 33% and
22% of fellow eyes on the 1st postoperative day and at 1 week
after TE, respectively (Table 2).

Filtering canaloplasty group

The mean age of patients in the FCP study group was 60.2 ±
12.6 years. The median (range) preoperative and postoperative
IOP in the treated eye on the 1st and 2nd days and at 1 week
after FCP were 18 (16–21) mmHg, 10 (7.5–12) mmHg, 10 (8–
12) mmHg, and 11.5 (8–12) mmHg, respectively. The median
preoperative and postoperative IOP in the fellow eye on the 1st

and 2nd days and at 1 week after FCP were 17 (16–19) mmHg,
17 (14.5–18.5) mmHg, 16.5 (13.5–18.3) mmHg, and 17 (14–
18.5) mmHg, respectively. In 21 (84%) fellow eyes, preopera-
tive IOP was ≤ 21 mmHg; in 2 (8%) fellow eyes, preoperative
IOPwas ≥ 30mmHg. There was not any statistically significant
difference between preoperative IOP and IOP in the fellow eye
on the 1st day and at 1 week after surgery (p = 0.33 and p =
0.10). The median IOP change in treated eyes was − 10 (− 14 to
− 4) mmHg and − 2 (− 3 to 0.5) mmHg in fellow eyes on the 1st
day after FCP. The median IOP change in the operated eyes at
1 week after FCP was − 7.5 (− 11.3 to − 5) mmHg and − 2 (−4
to 1.5) mmHg in fellow eyes. No correlation was found be-
tween IOP changes between both eyes. IOP elevation occurred
in 16% and 32%of fellow eyes on the 1st postoperative day and
at 1 week after FCP, respectively.

Table 1 Demographic and clinical data of all patients

Data Type of performed glaucoma surgery

TE FCP PMI

Number of patients 187 25 23

Glaucoma diagnosis

Unilateral/bilateral 6 (3.2%)/181 (96.8%) -/25 (100%) 1 (4.3%)/22 (95.7%)

Operated eye

Right/left 107 (57.2%)/80 (42.8%) 10 (40%)/15 (60%) 8 (34.8%)/15 (65.2%)

Mean age (range), years 67.1±10.4 (40–88) 60.2±12.6 (35–84) 68.6±13.3 (25–86)

Sex, female/male 96 (51%)/91 (49%) 10 (40%)/15 (60%) 14 (61%)/9 (39%)

Type of glaucoma

POAG 111 (59%) 18 (72%) 10 (44)

PEX glaucoma 33 (18%) 3 (12%) 5 (22%)

NTG 23 (12%) 2 (8%) 6 (26%)

Pigmentary glaucoma 9 (5%) 2 (8%) –

Secondary uveal glaucoma 7 (4%) – 2 (9%)

Other 4 (2%) – –

Mean duration of glaucoma, years 8.1±8.5 9.4±6.5 7.6±6.6

Presence of topical therapy in the fellow eye 170 (91%) 24 (96%) 19 (83%)

Surgical status of eye

Previous laser trabeculoplasty

Treated eye/fellow eye 22 (12%)/18 (10%) 3 (12%)/3 (12%) 1 (4%)/1 (4%)

Previous cataract surgery

Treated eye/fellow eye 75 (40%)/62 (33%) 7 (28%)/6 (24%) 16 (70%)/16 (70%)

Previous vitreoretinal surgery

Treated eye/fellow eye 7 (4%)/4 (2%) 1 (4%)/- -/-

Tmax (mmHg), treated eye/fellow eye 31.1±9/30.6±9 31.8±11.6/32.2±13.1 31.6±10.4/29.7±8.9

CCT (μm), treated eye/fellow eye 524.6±37.3/526.2±34.3 517.7±29.6/516.6±34.2 527.3±25.5/532.3±25.2

CDVA, treated eye/fellow eye 0.7±0.3/0.8±0.3 0.7±0.3/0.8±0.2 0.7±0.3/0.7±0.3

MD (dB), treated eye/fellow eye 12.4±6.9/6.9±5.5 11.7±6.8/7.7±6.7 10.6±5.7/7.2±6.8

TE, trabeculectomy; FCP, filtering canaloplasty; PMI, PreserFloTM microshunt implantation; SD, standard deviation; POAG, primary open angle
glaucoma; PEX glaucoma, pseudoexfoliative glaucoma; NTG, normal tension glaucoma; Tmax, maximum intraocular pressure; CCT, central corneal
thickness; CDVA, corrected distance visual acuity; MD, mean deviation (Octopus perimetry)
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PreserFlo™ microshunt group

Themean age of patients in the PMI groupwas 68.6 ± 13.3 years.
The median preoperative and postoperative IOP in the treated
eye on the 1st and 2nd days and at 1 week after PMI were 17
(14.5–20.5) mmHg, 7 (5–9.5) mmHg, 7 (5–8) mmHg, and 7 (6–
8.8) mmHg, respectively. The median preoperative and postop-
erative IOP on the 1st and 2nd days and at 1 week after PMI in
the fellow eye were 15 (12.5–18) mmHg, 14 (13–16) mmHg, 16
(12.5–18) mmHg, and 14 (12–16) mmHg, respectively. In 20
(87%) fellow eyes, preoperative IOPwas ≤ 21mmHg; in 1 (4%)
fellow eye, preoperative IOP was ≥ 30 mmHg. There was not
any statistically significant difference between preoperative IOP
and IOP in the fellow eye on the 1st day and at 1 week after
surgery (p = 0.67 and p = 0.08). Themedian IOP change in treat-
ed eyes was − 10 (− 14.5 to − 7) mmHg and − 0.5 (− 3 to 2.8)
mmHg in fellow eyes on the 1st day after PMI. The median IOP
change in treated eyes at 1week after PMIwas− 9.5 (− 14.8 to−
6.3) mmHg and − 2 (− 4 to 1.8) mmHg in fellow eyes, with
significant correlation between both eyes (rho = 0.82;
p < 0.0001) (Fig. 2). IOP elevation was found in 35% of fellow
eyes both on the 1st day and at 1week after PMI; in 9% of fellow

eyes, this IOP rose more than 50% from baseline on the 1st day
after PMI.

All groups

The median preoperative and postoperative IOP in the treated
eye on the 1st and 2nd days and at 1 week after surgery were
20 (17–26) mmHg, 11 (8–18) mmHg, 11 (7–18) mmHg, and 9
(6–12) mmHg, respectively. The median preoperative and post-
operative IOP on the 1st and 2nd days and at 1week after surgery
in the fellow eyewere 17 (14–20)mmHg, 16 (14–19)mmHg, 16
(13–18) mmHg, and 14 (12–17) mmHg, respectively. There was
not a statistically significant difference between preoperative IOP
and IOP in the fellow eye on the 1st day after surgery (p = 0.06),
but IOP at 1 week after filtering surgery was statistically signif-
icantly lower than that preoperatively (p < 0.0001). The median
IOP change in treated eyes was − 8 (− 14 to − 2) mmHg and −
0.5 (− 4 to 3) mmHg in fellow eyes on the 1st day after surgery.
The median IOP change in treated eyes at 1 week after surgery
was − 11 (− 17 to − 7) mmHg and − 3 (− 5.5 to 1) mmHg in
fellow eyes, with significant correlation between both eyes (rho =
0.33; p< 0.0001).

Intraocular pressure elevation in fellow eyes after
surgery

IOP elevation (postoperative IOP > 21 mmHg) within 1 week
follow-up period after surgery in fellow eyes with preopera-
tive IOP ≤ 21 mmHg (189 eyes) was detected in 24 (12.7%)
eyes. The cumulative proportion of unexplained IOP elevation
was 14.2% (21 from 148 eyes) after TE, 9.5% (2 from 21
eyes) after FCP, and 5% (1 from 20 eyes) after PMI. All
IOP-lowering medications were continued in the fellow eye
of 22 patients. Two patients who were not on fellow eye
medication before surgery were initiated on therapy during
hospital stay due to elevated IOP. In 75% fellow eyes, IOP
elevation was discovered on the 1st postoperative day, in
41.7% eyes on the 2nd postoperative day, and in 20.8% eyes
at 1 week after surgery. In 7 (33.3%) TE patients, IOP rise in

Fig. 1 Correlation between IOP changes from baseline in the operated
and in the fellow eye of patients at 1 week after trabeculectomy (rho =
0.24, p = 0.001). TE, trabeculectomy

Table 2 Percentage of IOP
change from baseline in the
fellow eye on the 1st day and at
1 week after surgery

Percentage of IOP change TE, % of fellow eyes FCP, % of fellow eyes PMI, % of fellow eyes

1st day 1 week 1st day 1 week 1st day 1 week

IOP reduction

≥30% 13% 42% 4% 12% 9% 13%

≥50% 2% 4% 4% – 4% 4%

IOP elevation 33% 22% 16% 32% 35% 35%

≥30% 9% 8% 8% 4% 13% 9%

≥50% 5% 3% 8% – 9% 4%

TE, trabeculectomy; FCP, filtering canaloplasty; PMI, PreserFloTM microshunt implantation

3049Graefes Arch Clin Exp Ophthalmol (2021) 259:3045–3053



the fellow eye occurred at 2 or more follow-ups. Nine (37.5%)
patients demonstrated fellow eye IOP rise > 50% from base-
line. 11.1% and 20% of the patients with IOP > 21 mmHg in
the fellow eye on the 1st and 2nd postoperative days, respec-
tively, and no patient with IOP > 21 mmHg in the fellow eye
at 1 week after surgery had transient hypotony in the treated
eye, associated with overdraining bleb without requirement
for further surgical intervention.

Linear regression analysis revealed preoperative IOP in
fellow eye as a statistically associated factor for IOP change
in the fellow eye after 1 week, while age, gender, phakic status
of the fellow eye, IOP change in the treated eye at 1 week after

surgery, and duration of glaucoma were not associated
(Table 3). Consequently, the higher the preoperative IOP
was in fellow eyes, the larger was the IOP-lowering effect at
1 week after TE (Fig. 3) and after PMI (Fig. 4).

Twenty-two (9.4%) patients had not received any IOP-
lowering drops in the fellow eye because of unilateral glaucoma
(31.8%) or intolerance to antiglaucomatous drops (68.2%).
Subgroup analysis was performed in TE patients with fellow
eyes without topical therapy and fellow eyes received topical
IOP-lowering drops, respectively. Fellow eyes on topical therapy
showed a statistically significant difference between preoperative
and postoperative IOP on the1st postoperative day and at 1 week
following surgery, while fellow eyes without topical therapy
showed no significant difference (p= 0.02 vs p= 0.72 and p =
0.0001 vs p = 0.08) (see Table, Supplemental Digital Content 1,
which demonstrates subgroup analysis).

Discussion

This study investigates the IOP response in the fellow eye of
patients following initial TE, FCP, or PMI in the early postoper-
ative period. We noted a statistically significant decrease in IOP
in the fellow eyes of TE patients at 1 week after surgery.

Published results on the topic of fellow eye IOP response
after unilateral IOP-lowering surgery are controversial, due to
differences in the design of performed studies, inclusion
criteria, surgical technique, and length of follow-up. The larg-
est prospective evaluation to date of untreated fellow eye re-
sponse included 300 glaucoma patients after unilateral TE
within the framework of the Collaborative Initial Glaucoma

Fig. 2 Correlation between IOP changes from baseline in the operated
and in the fellow eye of patients at 1 week after PreserFlo™ microshunt
implantation (rho = 0.82, p < 0.0001). PMI, PreserFlo™ microshunt
implantation

Table 3 Factors associated with IOP change in the fellow eye at 1 week after trabeculectomy and PreserFlo™microshunt implantation and all types of
filtering surgery

Factor TE PMI

Estimate Standard error p value Estimate Standard error p value

Gender −1.02 0.55 0.06 −1.37 1.53 0.39

Age −0.03 0.03 0.35 0.004 0.07 0.95

Preoperative IOP in the fellow eye −0.79 0.06 <0.0001* −0.60 0.15 <0.01*

Previous cataract extraction in the fellow eye −1.02 0.65 0.11 −2.42 2.36 0.32

IOP change in the operated eye at 1 week −0.05 0.04 0.17 0.16 0.16 0.32

Duration of glaucoma 0.04 0.03 0.18 0.03 0.12 0.81

Factor All types of filtering surgery

Estimate Standard error p value

Gender −0.89 0.47 0.06

Age −0.04 0.02 0.14

Preoperative IOP in the fellow eye −0.76 0.04 <0.0001*

Previous cataract extraction in the fellow eye −1.1 0.56 <0.05*

IOP change in the operated eye at 1 week −0.03 0.03 0.31

Duration of glaucoma 0.05 0.03 0.1

TE, trabeculectomy; PMI, PreserFlo™ microshunt implantation. * p < .05
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Treatment Study (CIGTS). Radcliffe et al. did not find any
evidence of a substantial effect of TE on the fellow eye IOP
during follow-up. However, this study is limited by the ab-
sence of IOP data concerning the fellow eye in the early post-
operative period, and by a significant number of censoring
events, such as glaucoma or cataract surgery, or laser treat-
ment in the fellow eyes [18]. Vysniauskiene et al. reported an
IOP reduction in fellow eyes of 24 patients in the early post-
operative period after TE, but half of their patients had under-
gone previous TE in the fellow eye, and among those patients
COR was less pronounced [20].

Shum et al. described a mean IOP rise in the fellow eyes of
22 Chinese glaucoma patients, following augmented TE or
ExPress shunt® implantation during the 2 weeks following
surgery. Twenty-three percent of patients demonstrated fellow
eye IOP rise > 30% from baseline. Small sample size, surgical
results of different surgeons, and performance of IOP mea-
surement by different tonometers are the most significant

limitations of this study [24]. Yarangumeli et al. reported an
IOP rise in 33% of fellow eyes. A consistent IOP elevation of
50% or more was found in 8% of fellow eyes during the first
3 months after TE [23]. Kaushik showed a maximum IOP rise
in the fellow eye at 6 weeks following TE, Ahmed valve, and
Aurolab Aqueous Drainage Device implantations [25]. A
leaking or overdraining bleb with the requirement for surgical
intervention was observed in the treated eyes of most of the
patients with a fellow eye IOP rise of greater than 50% from
baseline [18, 24]. In our study, an IOP rise on the 1st postop-
erative day and a clinically significant IOP rise in fellow eyes
within the follow-up period were identified in 31% and in
12.7% of all included patients, respectively. In contrast, no
patient with a clinically significant IOP rise and a postopera-
tive IOP of greater than 21 mmHg in the fellow eye required
further surgical intervention in the treated eye.

We found a correlation between IOP changes from baseline
in the treated and in the fellow eyes at 1 week after surgery in
the TE and PMI groups, as previously reported after TE [18,
23, 24]. In the CIGTS-associated study, a higher baseline IOP,
a lower level of education, and time point of observation were
evaluated as associated factors for higher fellow eye IOP [18].
In our study, a higher baseline IOP in the fellow eye of TE and
PMI patients was a predictive factor for a larger postoperative
IOP-lowering effect.

IOP reduction in the fellow eye could be associated with
improved medication compliance of patients as in-patients, the
continuation of acetazolamide effect taken preoperatively, or the
presence of a central nervous system (CNS)–mediated contralat-
eral effect. As TE is usually planned when the IOP is high on the
variation curve, the IOP reduction in the fellow eye could also be
the result of a “regression to themean” effect [25, 28]. According
to the published data, there are significant postoperative IOP
changes in the fellow eye after unilateral TE in the treated eye,
irrespective of whether the fellow eye was on topical
antiglaucomatous medications or not [20, 23, 25]. Our subgroup
analysis revealed that fellow eyes with no IOP-lowering drops
showed no difference between preoperative and postoperative
IOP, in contrast to fellow eyes on topical therapy. These findings
might provide support for the argument that IOP reduction in the
fellow eye is probably due to improved postoperative compli-
ance, especially because our patients were in-patients during
most of the postoperative period. In terms of central regulation
of IOP, first postulation was done by Leplat, who found that
controlled blunt trauma to a rabbit eye produced a more marked
COR if the animal was not anesthetized [29]. Several experimen-
tal studies have shown that stimulation of the hypothalamus may
be followed by an alteration of IOP [30–32]. Prijot and Stone
suggested a possible role of the parasympathetic nervous system
[2] and Gibbens demonstrated the role of the sympathetic ner-
vous system in limbs of the COR [33]. The CNS-mediated reflex
could also be responsible for the IOP elevation in the fellow eye
after unilateral glaucoma surgery. Other possible explanations for

Fig. 3 Correlation between preoperative IOP in the fellow eye and IOP
change from baseline at 1 week after trabeculectomy (p < 0.0001). TE,
trabeculectomy

Fig. 4 Correlation between preoperative IOP in the fellow eye and IOP
change from baseline at 1 week after PreserFlo™ microshunt
implantation (p < 0.01). PMI, PreserFlo™ microshunt implantation
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the IOP rise in the fellow eye include the postoperativewithdraw-
al of IOP-lowering medications or the postoperative withdrawal
of acetazolamide. Kaushik et al. showed that there was no sig-
nificant difference in the mean IOP rise with and without preop-
erative acetazolamide [25]. An increase in flow rate from 2.56 to
2.90 mL/min after TE was identified by computerized
fluorophotometry, used by Diestelhorst and Krieglstein. This rise
might cause IOP elevation in a predisposed eye with relatively
poor outflow capacity [34]. Glaucoma surgery leads to
underperfusion of the remaining TM by aqueous humor in the
treated eye, followed by deposition of increased extracellular TM
material within the cribriform region. A reflex mechanism, me-
diated by specialized cells in the scleral spur, leads to decreased
outflow also in the fellow eye [23, 35–37].

One of the strengths of our study is that we had included only
subjects with fellow eyes without any previous glaucoma sur-
gery. Measurement time of the IOP was identical to reduce the
effect of daily fluctuation of IOP. Limitations are its retrospective
design and the administration of systemic acetazolamide preop-
eratively to 98% of the included patients. Additionally, 91% of
the included patients received IOP-lowering medications in both
eyes before surgery that was planned and indicated by the glau-
coma surgeon. Thus, it was impossible to analyze the influence,
if any, of different medication regimens on IOP changes in the
fellow eyes of these patients.

To our knowledge, this report is unique in that it is the first
report to evaluate the fellow eye IOP response in the early
postoperative period and to analyze different types of initial
unilateral glaucoma surgery. Our study shows a statistically
significant IOP-lowering effect in the un-operated fellow eye
at 1 week only after TE, and no significant effect due to FCP
or PMI on fellow eye IOP during the early postoperative pe-
riod. Despite the fact that TE does not appear to increase the
mean IOP of the fellow eye—as suggested by several earlier
studies on this topic—an IOP rise is identified in almost one-
third of fellow eyes in all our study groups, and a significant
IOP rise might occur in the fellow eye of some glaucoma
patients after all mentioned types of glaucoma surgery.

Significant IOP elevation in the fellow eyes of patients with
advanced glaucoma and already on maximal medical therapy
could have a clinical impact and influence further clinical
management. Therefore, attention should be paid to follow-
up processes after unilateral filtering surgery. It is recom-
mended to inform each patient preoperatively about the pos-
sibility of IOP change in the fellow eye after penetrating sur-
gery, and to postoperatively measure IOP in both eyes, espe-
cially in the early postoperative period.
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