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Minimally invasive glaucoma surgeries (MIGS) are currently becoming prevalent. Trabeculotomy, classically
performed with the ‘ab externo’ approach, can also be performed with clean a corneal approach in consideration of
recent developments. The most significant advantage of this method, termed as “gonioscopy-assisted transluminal
trabeculotomy” (GATT), is the ability to perform trabeculotomy without any conjunctival or scleral incisions. This
approach both decreases the incidence of postoperative complications and protects the conjunctiva and sclera for
possible subsequent filtration surgeries. GATT is a surgery with a learning curve, and it requires expertise in angle
structures and gonioscopy. In experienced hands and convenient cases, high success rates have been reported
[1-3]. In this study, the safety, success and complication rates of GATT combined with phacoemulsification and
intraocular lens (IOL) implantation surgery were evaluated.

Purpose — to evaluate the success, safety and complication rates of gonioscopy-assisted transluminal
trabeculotomy (GATT) combined with cataract surgery.

Material and methods

Study Design

The files of 35 patients who underwent GATT combined with phacoemulsification and IOL implantation
surgeries at the Department of Ophthalmology, Faculty of Medicine, Uludag University (Bursa, Turkey), between
November 2015 and August 2017 were reviewed retrospectively. The data on age; glaucoma type; preoperative
and final visual acuity; intraocular pressure (IOP) preoperatively and 1st week, 1st month, 3rd months and 6th
months postoperatively; the number of antiglaucoma medications used preoperatively and postoperatively;
and postoperative complications were collected. Using these data, the differences in IOP and in the number of
medications used postoperatively compared to the preoperative period were evaluated. A need for reoperation, a
lack of a decrease in the number of medications used, and an IOP greater than 21 mmHg or deep hypotony 6th
months postoperatively was considered to indicate surgical failure.

Surgical Procedure, Postoperative Care and Follow-up

All patients were operated under general or local anaesthesia by the same surgeon (M.B.). Corneal incisions
were formed in the inferonasal/superonasal and temporal quadrants with a 20-gauge stiletto knife. After the ocular
viscoelastic device was injected into the anterior chamber, an incision (goniotomy) of approximately 1-1.5 mm
was formed in the angle under indirect gonioscopy using an indirect gonioscopy lens (Swan Jacob) through a
temporal incision. A 5/0 prolene suture inserted from the inferonasal/superonasal incision to the anterior chamber
was grasped and inserted into the goniotomy with the microforceps introduced into the anterior chamber from
the temporal incision. The 5/0 prolene suture was pushed forward along Schlemm’s canal circumferentially
360 degrees. Next, the distal edge of the suture, that protruded from the goniotomy,was held and 360-degree
trabeculotomy was performed by pulling the proximal edge out of the temporal incision (traction). In 12 cases,
because the suture could not be pushed forward, 180- or 270-degree trabeculotomy was performed instead of 360-
degree trabeculotomy. In all patients, phacoemulsification and IOL implantation were performed after GATT, and
an IOL was placed in the posterior chamber in the bag.

Postoperatively, steroid drops and antibiotic drops were prescribed to the patients. Steroid drops at gradually
reducing doses were used for approximately 4 weeks, and antibiotic use was stopped in the first week postoperatively.
Postoperative follow-ups were performed at the 1st week, 1st month, 3rd month and 6th month post-surgery. At
every visit, visual acuity, IOP and the number of antiglaucoma medications used were recorded.

Statistical Analysis

The data on age, visual acuity, [OP and number of medications used are expressed as the means and standard
deviations. The type of glaucoma, the decreases in IOP and in the number of medications used and complications are
expressed as percentages. The postoperative IOP, visual acuity and number of medications used were compared to
the preoperative values with the paired sample t test. P values below 0.05 were considered statistically significant.
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Results and discussion
The average age of the 35 patients who underwent GATT combined with phacoemulsification and 10L
implantation surgery at the Department of Ophthalmology, Faculty of Medicine, Uludag University (Bursa,
Turkey), between November 2015 and August 2017 was 63.6+16 years (range: 28- 82 years). The type of glaucoma

was primary open-angle glaucoma (POAG) in 33 of the 35 patients (94.3%), pseudoexfoliative glaucoma in one
patient and irido-corneal dysgenesis in one patient. The patient characteristics are presented in Table 1.

Table 1
Characteristics of the study patients

Age (yrs) |
Mean+SD 63.6£16
Range 28-82
Type of glaucoma, n (%) |
Primary open angle 33 (94.3)
Pseudoexfoliative 1(2.9)
Irido-corneal dysgenesis 1(2.9)
Preoperative IOP (mmHg) |
Mean+SD 33.4+10.7
Range 19-60
Preoperative antiglaucoma medications (n) |
Mean+SD 2.7+0.6
Range 0-3
Preoperative visual acuity (logMAR)
Mean+SD 1.54+1.2
Range 0.15-3.1

yrs — years; n — number; SD — standard deviation; IOP — intraocular pressure

The average preoperative visual acuity of the patients was logMAR 1.54+1.2. The average postoperative visual
acuity was logMAR 0.39+0.37. A significant increase in visual acuity was detected post-surgery (P<0.05).

The average preoperative IOP was 33.4+10.7 mmHg. The decrease in the average postoperative IOP was
23.6+10.9 mm Hg (66.5+12.2%) on the 1st day, 21.3£9.3 mm Hg (64.6+£11.9%) in the 1st week, 22.7+10.1 mm Hg
(65+10.8%) in the 1st month, 21.24+8.3 mm Hg (65.4£8.3%) in the 3rd month and 23.7+11.8 mm Hg (%65.2+10.9)
in the 6th month. Compared to the preoperative period, IOP was significantly lower at all postoperative follow-up
times (P<0.05) (Table 2).

The numbers of antiglaucoma medications and active ingredients used were reduced significantly in the
postoperative period compared to the preoperative period (both P<0.05) (Table 3). The average decrease in the number
of antiglaucoma medications was 2.5+0.8, and the average decrease in the number of active ingredients was 3.4+1.2.

Table 2
Preoperative and postoperative IOP levels
Time point | Mean 10P (mmHg)+ SD 7 Patients (n) P value*
Preoperative 33.4+10.7 34
Postoperative

1 day 10.6£2.9 33 0.000
1 week 10.6+2.4 29 0.000
1 month 11.242.8 31 0.000
3 months 10.542.1 24 0.000
6 months 11.2+2.3 19 0.000
* Comparisons of IOP between the preoperative and postoperative measurements were performed with
paired samples t tests IOP — intraocular pressure; SD — standard deviation; n — number

Table 3
Preoperative and postoperative antiglaucoma medications

n=34 Medications (n, mean+SD) Active ingredients (n, mean+SD) P value*
Preoperative | 2.740.6 3.740.8 0.000

Postoperative 0.2+0.4 0.4+0.7 0.000
* Comparisons of the numbers of medications and ingredients between the preoperative and postoperative measurements were
performed with paired samples t tests n — number; SD — standard deviation
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The most frequent complication was hyphaema. In 10 of the 35 patients (28.6%), hyphaema was observed, but
due to the limited severity of this complication, no layer of blood formed in the anterior chamber. Hyphaema was
resolved within a maximum of one week. Prolonged hyphaema did not develop in any of the patients. Transient
IOP spikes did not occur in any patients. Complications reported previously, such as Descement’s membrane
detachment, corneal oedema and iridodialysis were not observed. During the follow-up examinations, cystoid
macular oedema emerged in one patient, and this condition was considered to be relevant to the present retinal
vein occlusion in the patient. Deep hypotony developed in only one patient (2.9%); in this case, the surgery was
considered to have failed. No patients required reoperation.

Currently, with the new definitions, glaucoma surgery approaches are categorized into ‘ab interno’ and ‘ab
externo’. The conjunctival and scleral dissections performed in the ‘ab externo’ approaches may lead to conjunctival
scarring, which reduces the success of the surgery. Recently, the applications of ‘ab interno’ approaches have become
prevalent. These are also referred to as MIGS. ‘Ab interno’ methods are performed through the clear cornea via small
corneal incisions. Because they do not require conjunctival dissection, they allow for possible subsequent filtration
surgeries. ‘Ab interno’ methods can be roughly categorized into three types: subconjunctival, suprachorodial and
Schlemm’s canal approaches. In the ‘ab interno’ methods with Schlemm’s canal approach, the aqueous humour
in the anterior chamber is drained through Schlemm’s canal and collector canals. Trabectome (Neomedix, Tustin,
CA), iStent (Glaukos Corporation, Laguna Hills, CA), Hydrus (Ivantis, Irvine, CA), excimer laser trabeculostomy
and GATT are the ‘ab interno’ methods that provide drainage to Schlemm’s canal and collector canals. While
the trabecular meshwork is bypassed in some of these methods, in GATT, the trabecular meshwork is opened
circumferentially. GATT was defined by Grover et al. in 2014 [1]. In this method, 360-degree disruption of the
trabecular meshwork was not performed ‘ab externo’, as it had been defined previously; instead, it was performed
‘ab interno’ under gonioscopy via temporal and superonasal/inferonasal paracentesis with a microcatheter or suture.
The main advantage of this method is the ability to perform trabeculotomy without conjunctival and scleral incisions.
This technique provides protection of the conjunctiva and sclera for possible filtration surgeries if necessary.

‘Ab externo’ metal trabeculotomy (McPherson or Harms) enables reaching only 120 degrees; therefore, it does
not provide sufficient results for adults. ‘Ab externo’ circumferential 360-degree trabeculotomy provides much
more effective results [4]. Chin et al. modified the conventional ‘ab externo’ 360-degree suture trabeculotomy
and reported higher success rates in both the POAG and secondary open-angle glaucoma (SOAG) compared to
metal trabeculotomy (in POAG, 84% versus 31%; in SOAG, 89% versus 50%) [4]. In their study, in the 12th
month postoperatively, the average IOP was 13.1 mmHg, and the average number of medications used was 0.5.
In the POAG patients who underwent GATT, Grover et al. reported a decrease of 7.7+6.2 mm Hg (30+£22.7%) in
IOP and a decrease of 0.9+1.3 in the number of the medications used in the 6th month postoperatively as well as,
a decrease of 11.1£6.1 mm Hg (39.8+16%) in IOP and a decrease of 1.1£1.8 in the number of the medications
used in the 12th month postoperatively; in the secondary glaucoma group, they reported a decrease of 17.24+10.8
mm Hg (52.7+£15.8%) in IOP and a decrease of 2.241.5 in the number of the medications used in the 6th month
as well as a decrease of 19.9+£10.2 mm Hg (56.8+17.4%) in IOP and a decrease of 1.9+2.1 in the number of the
medications used in the 12th month postoperatively [1]. The rate of failure was 9% (8 patients out of 85) [1]. In
the current study, POAG patients represented the majority; at the end of the 6th month post-surgery, the average
IOP was 11.242.3 mm Hg, and the average number of antiglaucoma medications used was 0.2+0.4. Additionally,
in the 6th month postoperatively, decreases of 23.7+11.8 mm Hg (65.2+10.9%) in the average IOP and 2.5+0.8 in
the average number of antiglaucoma medications used were observed. The failure rate was 2.9%.

It’s generally believed that even when 360-degree (‘ab externo or ‘ab interno’) trabeculotomy is performed,
similar to other nonfiltrating surgeries, the IOP-decreasing effect of trabeculotomy is not as significant as that
of trabeculectomy. Therefore, trabeculotomy is not recommended in advanced glaucoma cases. However, in the
current study, in patients who underwent GATT combined with cataract surgery, an IOP decrease of 20 mm Hg and
65% was obtained. In the current study, a more significant IOP decrease was obtained than in the study of Grover et
al. because POAG patients with higher preoperative IOP were enrolled. According to our results, reconsideration
of this general belief is recommended.

It is known that postoperative complications such as bleb leaks, hypotony, shallow anterior chamber, and
choroidal detachment occur less often in trabeculotomy than in trabeculectomy, similar to other nonfiltrating
surgeries. The results of the current study also support this perspective. In the current study, only one patient
with POAG developed deep hypotony. This case was considered as a surgical failure. During the follow-ups, to
recover that patient’s IOP to the normal level, topical and oral steroid application, subtenon steroid injection and
administration of autologous serum into the anterior chamber were attempted. However, deep hypotony could not
be avoided with any of those treatments.
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Cataract surgery reduces IOP through several mechanisms. The anatomic changes occurring in the anterior
chamber, the changes in the trabecular meshwork induced by inflammation and ultrasonic vibrations and increased
traction on zonules are a few of these mechanisms resulting in an increase in outflow [5]. Whether cataract surgery
combined with GATT has an additional IOP-decreasing effect is contraversial. Grover (‘ab interno’) and Shinmei
(“ab externo’) did not detect any significant difference in the IOP decrease between the trabeculotomy and combined
surgery groups in their studies [1, 6]. Chiara et al. noted that combined ‘ab externo’ trabeculotomy and cataract
surgery provided a further decrease of 1-2 mm Hg in IOP compared to trabeculotomy alone [7]. Tanito et al., in
their study evaluating patients who underwent combined surgery determined the rates of cases with an IOP under
21 mm Hg, 17 mm Hg and 15 mmHg at the end of one year post-surgery to be 95.8%, 58.7% and 30%, respectively
[8]. In the current study, only patients who underwent GATT combined with cataract surgery were evaluated.
Because no comparison to the patients who underwent GATT alone was made, no data on whether cataract surgery
had any additional positive effect on the IOP decrease were collected. In the current study, the IOP of all patients
was under 15 mmHg in the 3rd and 6th months postoperatively.

Inability to stop anticoagulation medication, haemorrhagic diathesis, IOL instability, closed angle and serious
endothelial compromise were defined as absolute contraindications for GATT, and prior keratoplasty and inability
to elevate the head postoperatively were defined as relative contraindications by Grover et al. [1].

Trabeculotomy (GATT and ‘ab externo’) can be safely performed on all glaucoma types except for closed angle
glaucoma. Hepsen et al. showed that in pseudoexfoliative glaucoma, modified 360-degree suture trabeculotomy is
efficient [9]. It has been reported that in uveitic glaucoma, trabeculotomy can safely be performed if the uveitis is
under control [1, 6]. Shinmei et al. indicated in their studies that although preoperative IOP was higher in uveitic
glaucoma cases than POAG, postoperative IOP after trabeculotomy was at similar levels to that after POAG [6].
In the current study, the majority of the patients had POAG, although one patient had pseudoexfoliative glaucoma
and one patient had iridocorneal dysgenesis. The success rate was 97.1%.

Hyphaema and transient IOP spikes are the most common complications that develop after trabeculotomy
[1, 6]. Hyphaema emerges when Schlemm’s canal is filled with blood due to reflux from episcleral veins after
the circumferential rupture of the trabecular meshwork [10]. Transient IOP spikes are related to prolonged
hyphaema and can be eliminated by washing out the anterior chamber [6, 10]. Descement’s membrane detachment,
corneal oedema, iridodialysis and cystoid macular oedema are among the complications that may emerge after
trabeculotomy.

Combined surgeries have some disadvantages, such as longer operation duration, slower visual recovery and
more difficult IOP control due to higher inflammation levels in the postoperative period. In cases of cataract
surgeries combined with trabeculectomy, the rates of postoperative complications such as hypotony, bleb leakage,
shallow anterior chamber, choroidal detachment, hyphaema and sclerostomy site blockage were demonstrated to
be increased in several previous studies [11].

However, this case is not valid for trabeculotomy. Performing cataract surgery in the same session may increase
the complications specific to cataract surgery (posterior capsule rupture, zonular dialysis), but because it is a safer
surgery, the rates of these complications frequently observed in filtrating surgeries do not increase when combined
with trabeculotomy. Inatani et al. expressed that hyphaema and transient IOP spikes, which were observed frequently
with trabeculotomy alone, were observed less often with combined surgeries [10]. The reasons for this finding were
reported to be washing out the blood reflux during the cataract surgery and avoiding reflux from episcleral veins,
depending on occurrence of high pressure in the anterior chamber [10]. In their study comparing combined surgery to
trabeculotomy alone, Shinmei et al. reported 10.9% versus 6.5% of cases with prolonged hyphaema and 30.4% versus
37% of cases with transient IOP spikes [6]. In two patients who underwent combined surgery, captured haemorrhage
between the capsule and the IOL was observed [6]. It was stated as a rare complication, and the importance of
performing anterior capsulorhexis of a sufficient size was emphasized to prevent this complication [6].

The authors underlined that there was no significant difference between the two groups in terms of complications,
and that the two groups were equal in terms of safety. In the current study, hyphaema (28.6%) was the most frequent
complication; however, this complication did not cause any IOP increase in any of the patients, and it did not require
anterior chamber lavage. Hyphaema was resolved via topical treatment within a maximum of one week.

Conclusion

As a result, if it is performed on convenient patients, GATT effectively provides an IOP decrease. While
performing GATT in the same session with cataract surgery does not reduce the effectiveness of GATT, the
combined surgery decreases the incidence of complications, especially hyphaema. Therefore, GATT combined
with cataract surgery is a surgical procedure that can safely be performed on convenient patients.
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Baykara M., Poroy C., Erseven C.

KATARAKTA CORRAHIYYOSI iLO YANASI KOMBINOEDILMIS
QONIOSKOPIK TRANSLUMINAL TRABEKULOTOMIYANIN NOTICOLORI

Uludag Universitetinin Tib Fakiiltasi, Oftalmologiya sobasi, Bursa, Tiirkiya

Agar sozlor: glaukoma, qonioskopik transliiminal trabekulotomiya, ab interno, katarakta amaliyyati, minimal
invaziv qglaukoma carrahiyyasi

XULASO

Moaqsad — katarakta corrahiyyosi ilo birgo qonioskopik transliiminal trabekulotomiyanin (QTT) miisbot
naticolorini, tohliikesizliyini vo fosadlarini giymatlondirmok.

Material vo metodlar

Retrospektiv todqiqat Tiirkiys, Bursa Uludag Universitetinin Tib Fakiiltesinin Oftalmologiya sobosindo
aparilmisdir. Todqgiqata agigbucaqli glaukoma, psevdoeksfoliativ qlaukoma va iridokorneal disgenez ilo pasiyentlor
daxil edilmisdir. Naticalorin osas meyarlart gorme itili, gozdaxili tezyiq, istifade edilon antigqlaukomatoz
preparatlarin say1 vo fosadlar olmusdur.

Notica

Omoliyyatdan avval orta gérma itiliyi logMAR fizra 1,54 + 1,2, amasliyyatdan sonra — 0,39 + 0,37 toskil
etmigdir. Gérmo itiliyinin shomiyyatli doracads yiiksalmasi amoliyyatdan sonra miisahido edilmisgdir (P <0,05).
Omoliyyatdan ovval gozdaxili tozyiqin orta gostoricisi 33,4 + 10,7 mm c.s. togkil etmisdir. ©Omoliyyatdan 3 ay
sonra orta GDT 10,5 = 2,1 mm c.s., 6 aydan sonra — 11,2 + 2,3 toskil etmisdir. Omoliyyatdan ovval dovr ilo
miiqayisado omoliyyatdan sonra biitiin miigahido dovrii orzindo GDT ohomiyyatli dorocodo asagt olmusdur (P
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<0,05). Omoliyyatdan avval vo sonraki dovrlorde antiqlaukomatoz miialicodon sonra naticolorin miiqayisali tohlili
aktiv maddslarin 2,5 £+ 0,8 azalmasimi gdstormisdir, amoliyyatdan sonra aktiv maddslor miqdarinin enmasinin
orta gostoricisi iso 3,4 + 1,2 togkil etmigdir. Daha tez rast golinon fosad hifema olmusdur (28,6%). Bir pasiyentdo
(2,9%) dorin hipotoniyanin inkisafina goro omoliyyat ugursuz hesab edilmisdir.

Yekun

Kataraktanin xaric edilmasi ilo yanagi QTT amaliyyatinin yerina yetirilmasi, onun effektivliyini azaltmir. Lakin
bu prosedur QTT zaman1 daha ¢ox rast golinon fosadin — hifemanin tezliyini azaldir. Bu sabobdon bir sira hallarda
kombinasedilmis carrahiyyanin yerins yetirilmasi tohliikasizdir.

Baiixapa M., TTopoii C., Dpcesen C.

PE3VJIIBTATHI KOMBUHUPOBAHHOM TOHUOCKOITMYECKOU
TPAHCJIIOMUHAJIbHOUW TPABEKYJIOTOMUWHN B COYETAHUU C
XUPYPIMEN KATAPAKThI

Omoen opmanvmonocuu meouyunckozo gaxyromema Ynusepcumema Yuyoae bypca, Typyus

KiiroueBble ci10Ba: 21aykoma, 20HUOCKORUYECKAs MPAHCIIOMUHANbHAS mpabekyiomomus, ab interno, xupyp-
2ust Kamapakmol, MUHUMAILHO UHGA3USHAS XUPYP2UsL 2IAYKOMbL

PE3IOME

Llesb — OIIEHUTH MOJNIOKUTEIBHBIC PE3YIIBTAThI, 0€30I1aCHOCTD M OCJIO)KHEHNSI TOHUOCKOIIMYECKOI TPaHCIIIOMHU-
HanbHOU Tpadekynoromuu (I'TT) B coueTaHnu ¢ XUpypruei KaTapakThl.

MarepuaJu 1 MeTOAbI

PerpocnexktuBHOE HccienoBaHue ObLIO mpoBeeHo B Otaene opTaabMOIOTHM MEIUIMHCKOIO (haKyabTeTa
VYuuBepcurera Ynynar, bypca, Typuus. B uccinenoBanue BKIIOUEHbI AUEHTHI ¢ IEPBUYHON OTKPBITOYTOJIBHOM
IIayKOMOH, TICEB0IKC(OTUATUBHON TTIAyKOMOW M MPHUIO0-POTOBUYHBIM JUCTeHE30M. OCHOBHBIMU KPHTEPHUAMHU
pe3yabTara ObIIM OCTPOTa 3peHHs, BHyTpura3Hoe nasienue (BIJl), koandecTBO MCIIONb3yeMbIX aHTHUIIAYKOMa-
TO3HBIX IPENAPATOB U OCIOKHEHHUS.

Pesynbrarsi

CpenHsis mpenonepannoHHas octpora 3peHus mo 1ogMAR cocrasmna 1,54 + 1,2, a cpemHsis mocaeonepanioH-
Has octpoTta 3peHust — 0,39 + 0,37. 3HaunTeNbHOE yBETHMUEHUE OCTPOTHI 3peHHs HaOIoaanock nocie oneparmu (P
<0,05). Cpennee npenonepainnonHoe BHyTpuniaznoe aasienue (BIl) cocrasnsino 33,4 + 10,7 mMm pT.cT. Uepes 3
Mec. nocie onepauuu cpeanee BIJI cocrasisin 10,5 + 2,1 mm pr.cT., a Ha 6-M Mecsine — 11,2 £ 2,3 MM pr.cT. Bo Beex
MOCIIeONepainOHHBIX HabmoneHnsax B/l ObIT 3HAYUTETBHO HIDKE, YeM B TEUSHHUE IpeonepanoHHoro nepuoaa (P
<0,05). CpaBHUTEIbHBIN aHATU3 PE3YABTATOB JI0 U MOCIEONEPAIMOHHOTO NEPHOOB IOCIE MPOBEAECHHOIO aHTHUIVIA-
YKOMATO3HOTO JIedeH s TI0Ka3all CHIKEHIE aKTUBHBIX BEHIECTB B cpeHeM Ha 2,5 + 0,8, a cpeqjHee CHUKEHHE KO-
4eCcTBa aKTHBHBIX BEIIECTB MOCIE onepamnuu coctaBumio 3,4 + 1,2. Hanbonee yacTbiM ocioxHeHHEM ObL1a Thdhema
(28,6%). Y onuoro namuenra (2,9%) onepanus CYMTaNaCh HEYJa4HOH M3-32 Pa3BUTHUSI INIyOOKOIH I'MIIOTOHHH.

3akiouenne

Bemmonaenne I'TT B coueTaHnu ¢ ynajieHHEeM KaTapakThl He cHIbKaeT agdexkrusHocTs TATT, HO 3Ta mporeny-
pa yMeHbIIaeT KomuecTBo Hanbosee yacroro ocsoxuernst I TT — rudemsr. [ToaTomy, B psje cirydaes BBITOIHE-
HHE KOMOMHHPOBAHHON XUPYPIUH ABIAETCS OC30MaCHBIM.
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