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IntraScleral Venous Plexus (ISVP) image during 
active outflow rendered in 3D (Bioptigen SD-OCT). 



Factors determining IOP level  

Episcleral venous pressure: 7-14 mm Hg 
9-10 mmHg (probably) real  
 

Resistance against outflow 
Trabecular meshwork 

Schlemm’s Canal 
(Uveoscleral tissue) 

 Aqueous production 
Quantity/time unit 

µL/min 

IOP level as a function of the balance/equilibrium among 3 factors 
O 



Normal value of IOP 

Egna-Neumarkt Study (4297 subjects) - Ophthalmology 105:209; 1998. 



Normal value of IOP 

• 15.03  ±  2.69  mmHg  (mean ± SD) 

• Il 95.45 % of population within ± 2 SD 
  (Gaussian parameter) 

 
 9.65              15.03            20.41 - 2 DS + 2 DS 

Egna-Neumarkt Study (4297 subjects) - Ophthalmology 105:209; 1998. 



Site of resistance 

 Alain Bechetoille, 1987 



Resistance to the aqueous outflow 

The most resistance to the aqueous 
outflow is located into the 

juxtacanalicular trabeculum 

JCT 

Extracellular matrix accumulation 
into juxta-canalicular tissue of the 
trabecular meshwork is related to 
an increase in  resistance to the 
aqueous outflow in POAG eyes 



High IOP (very high increasing)  

may be the cause of  

• collapse of Schlemm’s canal  

• closure of collector channels  

 



Scenario 
 

• External filtration:  Trabeculectomy  and  Ex-press USF 
• Controlled external filtration: Deep sclerectomy (+ goniopuncture) 

 
• Opening of normal pathway 
 - Ab externo: Viscocanalostomy and Canaloplasty 
 - Ab interno: Hydrus, i-Stent 
• Opening of uveoscleral pathway 
 - Ab externo: Goldshunt 
 - Ab interno: Cy-pass  
   
 

 

Different surgeries - Different IOP results  



Cairns, 1968 (Castelli, 1966) 

 
 Direct communication between  

AC and subconjunctival space (*). 
 
 

 
 Conjunctival bleb. 

1 - External filtration  - Trabeculectomy 
  

* 

AC 



Trabeculectomy with MM-C 

Intraoperative, before AC opening 
0.2-0.4 mg/ml 
1-4 minutes 

 



IOP Results  
• Usually «low teen» 

• Possibility of Hypotony 
 (4-38% - 7 References)  

• Tissue Scarring 



Postoperative bleb management  

Bleb 

flat 

elevated 

high IOP 

low IOP and shallow/flat AC 

high IOP and normal AC 

low IOP and normal AC 

shallow AC 

normal AC 

pupillary block 
malignant glaucoma 

chor.hemorrhagic det. 

breach occluded 
tight scleral flap 

leakage (Seidel +) 
choroidal detachment 

encapsulated bleb 

OK ! 

{ 

{ 

{ 



2 - Controlled external filtration  
Deep Sclerectomy - Rationale 

Trabeculectomy 

Deep Sclerectomy 



Surgical technique of DS+implant (RHAI) 

• Superficial scleral flap (5x5 mm) 

• Deep scleral flap (4 mm) 

• Removal of external trabeculum 

• Triangular implant (SK-GEL 3.5 mm) 

• Two nylon stitches 



IOP results of first surgery in POAG   
n = 32      follow-up = 22 ± 5 m 

      Preop. 26.3 ± 4.5 mmHg 

      Postop. 16.0 ± 3.6 mmHg  (- 39 %)     
 
 ≤ 21 mmHg w/o drugs 19/32  (59 %) 14.4  ± 3.0 mmHg 

 ≤ 21 mmHg w drugs     7/32  (22 %) 17.2  ± 1.8 mmHg* 

 > 21 mmHg w drugs          6/32  (19 %) 23.9  ± 2.4 mmHg*   

      
      Qualified success = 81 % 
                 without postoperative goniopuncture / 5-FU 

 



Decompression space  (ds) 

The aqueous flow depends on:  
1. Resistance of the TDm  

2. Gradient of pressure between AC and decompression space 



Decompression space  (ds) 

15 days postop. 
3 months postop. 
12/15 scar tissue  

Without implant 
 

1 year  postop. 
15/15 detectable  

With implant 
(RHAI) 

* 



Decompression space and IOP  (n = 56) 

    IOP ≤ 21 mmHg       IOP > 21 mmHg 
 

Present/Partly detect.  39   7  46 

 
Undetectable    1   9  10 

 
     40          16  56 

χ2 =  18.994      p = 0.0001       
    A visible decompression space  

doesn’t mean successful surgery ! 



IOP results of prospective 
comparative study after 1 year  

   Preop. IOP Postop. IOP 
      
TRAB 25.9 ± 5.1  12.7 ± 4.8 *  - 51 % 
DS+RHAI 23.4 ± 4.2  14.5 ± 2.9 *  - 38 % 

DS  25.1 ± 3.8  18.4 ± 4.4 *  - 27 % 

* All differences between postop. IOP: p<0.001 



UBM characteristics associated with 
aqueous outflow 

Longitudinal 
(anteroposterior) 

Transverse 
(parallel to the limbus) 



UBM characteristics associated with 
aqueous outflow 

Conjunctival filtering bleb   21/32 - 66 % 
Supraciliary hypo-echoic area  19/32 - 59 % 

Hyporeflectivity of scleral tissue  16/32 - 50 % 
 

no UBM characteristics     3/32 -   9 % 



UBM characteristics  and IOP  
POAG - first surgery 

    IOP ≤ 21 mmHg         IOP > 21 mmHg  
 

           0 UBM charact.  0           3           3 

           1 UBM charact.  9           1         10 

           2 UBM charact.            11           2                    13 

       3 UBM charact.  6           0           6 
 
               26           6                    32 

     χ2 = 14.984    p = 0.002 

      



Supraciliary hypo-echoic area 

Normal Trabeculectomy and  
uveal detachment 

Deep sclerectomy 



Supraciliary hypo-echoic area 
and postop. IOP after 1 year 

SCHEA  (n = 19)  15.4  ± 3.1 mmHg 

 
No SCHEA (n = 13)  16.9  ± 3.9 mmHg 

    
Clinical difference, not statistically significant (P = 0.251) 



IOP Results  
• Usually «mid (high) teen» 

• Goniopuncture  

• Different mechanism 



3 - Opening of normal pathway 
Viscocanalostomy 

  

2 months post-op 
Reduced number of trabecular lamellae, large intertrabecular spaces 
Schlemm’s canal forms protrusions toward the trabecular meshwork 



Viscocanalostomy 
  

IOP Results  
• Usually «mid teen» 

• Opening of collectors channels 

and Schlemm’s canal 



Canaloplasty - Surgery 



GlaucoLight Fiber 
(D.O.R.C. International, Zuidland, The Netherlands) 

Canaloplasty: devices 

integrated 
battery-powered 

LED source viscocanalostomy needle 
(Ø= 0,165mm) 

atraumatic tip 
(Ø= 40G/0,15mm) 



Canaloplasty: devices 
iTrack™ 250A microcatheter 

(iScience Interventional, Menlo Park, CA, USA) 

iLumin™ 
Laser-diode based 

Microillumination System 

Ophthalmic Viscosurgical 
Device (OVD) 
Micro-Injector 

For precise injection of Healon GV 
while cannulating Schlemm’s canal 

atraumatic tip 
(Ø= 0,25mm) 



Cortesia Dott. Paolo Brusini 

Canaloplasty - Surgery 



Tensioning of internal wall of Schlemm’s canal 
and trabecular meshwork 

Widening/Expansion of Schlemm’s canal 

Courtesy Doct. Paolo Brusini 





 
Canaloplasty in open angle glaucoma. Mid-

term results from a multicenter study 
 

Brusini P, Caramello G, Benedetti S, Tosoni C 
 

J Glaucoma 
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Canaloplasty - Results 
IOP & Therapy 

IOP 
pre Tp IOP 

1d Tp IOP 
1w Tp IOP 

1m Tp IOP 
3m Tp IOP 

6m Tp IOP 
9m Tp IOP 

12m Tp 

Eyes 26 26 26 24 17 13 7 6 

Mean 24,1 4,0 13,0 0,0 14,2 0,0 16,0 0,2 14,8 0,6 14,0 0,7 14,3 0,5 14,8 0,5 

SD 7,2 0,8 3,8 0,0 3,3 0,0 4,1 0,4 2,7 1,0 2,3 1,0 2,2 0,5 2,1 0,5 

PRE 

1d 1w 1m 
3m 

6m 9m 12m 

IOP [mmHg] 



Canaloplasty vs Trabeculectomy 

           1 year of follow-up 
 
 

IOP  14.7 ± 2.9        13.1 ± 3.0   (p<0.01) 

 
Drugs  48 %              26 % 
 
Compl. n = 8              n = 22 
 (1/3)                (2/3)  
 
   



4 - Opening of uveoscleral pathway 
  

 
Ab externo: Goldshunt  
 
 
 
 
Ab interno: Cy-pass  
   
 

 



 
• Shunt between AC and suprachoroidal space 
• Conjunctival intraepithelial microcysts at the site of implant 

Gold shunt - Mechanism 

Mastropasqua L. et al. Br J Ophthalmol. 2010. 

Working implant. 

Not working implant. 



Gold shunt - Results 

Figus M. et al. Br J Ophthalmol. 2011. 
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Cy-pass - Gonioscopy 



Cy-pass - UBM 



IOP decreasing effect  

•  No conclusion 

•  No “Convincing” references 

•  Short follow-up  

   

 

 



Indication for surgery  

•  Different surgeries 

•  Different post-operative IOP 

•  The choice has to be «customized»     

    (patient and severity of glaucoma) 

  

   

 

 



Grazie 
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