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Background 
To evaluate the efficacy and safety of Trabeculectomy with collagen implant in patients with medically uncontrolled glaucoma.

Methods: 

This is prospective, non randomized, interventional case series.76 eyes of 76 patients with medically uncontrolled glaucoma  were  enrolled.  Detailed ocular examination was done in each subject & details were recorded. Conventional fornix based Trabeculectomy with subconjunctival collagen (Ologen) implantation was performed in all patients. Preoperative data included age, gender, best corrected visual acuity (BCVA),intraocular pressure(IOP), glaucoma type, number of preoperative glaucoma medications were recorded. Post operative IOP, number of post operative glaucoma medications & post operative complications were recorded. Each patient was followed up for at least 6 months.    

Results: 
Mean  pre operated IOP  was 34.21 ±12.5 with 2.3 number of IOP lowering medications (range 2-3) .Post operative IOP, after 3 month 13.85±5.42mm of Hg (p value 0.060) after 6 month 16.42±6.42 mm of Hg (p value .056) . Mean IOP lowering medications and IOP reduction after 6 months were 0.17  (P=<.001)) and 17.79 mmHg  respectively..Complete success at month 3  was 97.36%, and at the last visit was 88.15,%. Postoperative complications within one month were hyphema (n-3),shallow anterior chamber (n-1), wound leak (n-2)  .All were improved with conservative management gradually. 3 patients developed cataract with in 3 months.
Conclusion:
Filtration surgery with collagen implantation is a safe and effective treatment to control IOP non responsive to topical antiglaucoma  medications.
Glaucoma is the second leading cause of blindness worldwide. Trabeculectomy introduced by cairns 1968, remains the “gold standard” surgical option for reduction of IOP. However, episcleral fibrosis and subconjunctival scarring are the major causes of surgical failure. Conjunctival scarring that consist of linear collagen deposition can cause blockage of aqueous outflow by creating adhesions between conjunctiva and episclera and between scleral flap and underlying tissues.2,3MMC and 5-FU are the most commonly used adjunctive for the inhibition of fibroblast proliferation to prevent scarring. But these are cytotoxic causing non selective cell death and wound healing with thin avascular epithelium.4 So use of anti metabolites increases the risk of  post operative wound leak, hypotony,  blebitis and endopthalmitis.5 Collagen implant is a  biocompatible and biodegradable highly porous structure consisting > 90% atelocollagen and< 10% glycosaminoglycans. It is designed to be used at the time of trabeculectomy to promote wound healing without MMC 4.

The implant is placed directly over the scleral flap and influences the healing process by forcing fibroblasts and myofibroblasts to grow into the pores and secrete connective tissue in the form of a loose matrix reducing scar formation and wound contraction. This theoretically improves surgical success over trabeculectomy performed without the adjunctive use of antifibrotic agents. Since published data regarding this implant and its role in trabeculectomy is limited, this study was conducted to find more information about this new material and its effect on trabeculectomy surgery.
Methods : 
This is prospective, non randomized , interventional case series that was done in the glaucoma department of Chittagong Eye Infirmary and Training Complex, Bangladesh from January 2010 to july 2012.    6x1 mm circular collagen were used for the implant. CEITC hospital review board approved the study following Helsinki declaration.76 eyes of 76 patients with the different types of  glaucoma not controlled and/or not tolerating the medications requiring trabeculectomy were enrolled. Those patient needing cataract surgery,combined procedure was done (trabreculectomy with collagen implant +implantation of posterior IOL)  Informed consent was taken after detail explanation about the implant and operation. No patient lost for follow up. For each patient the following data were collected preoperatively: age, gender, type of glaucoma, BCVA, IOP (as measured the day before surgery) and number of preoperative anti glaucoma medications used. The operative data included date of operation, surgical technique,   and presence of any intraoperative complications. Postoperative IOP, number of postoperative glaucoma medications and postoperative complications were also recorded. At each postoperative visit, the examination included measurement of BCVA, IOP measurement, slit-lamp biomicroscopy, assessment of cell and flare, bleb evaluation and funduscopy. Post operatively subjects were examined on day 1,day7, 1,3 & 6.month.In some cases more close follow up were needed. IOP measurement was performed using the Goldmann applanation tonometry.. A primary outcome measure was success, as defined by the following criteria: (1) complete success defined as having an IOP of 21 mmHg or less without antiglaucoma medication; and (2) qualified success defined having an IOP of 21 mmHg or less, with  antiglaucoma medication. Hypotony was defined as an IOP< 6 mmHg. Flat anterior chamberwas defined as iridocorneal touch or the depth of anterior chamber less than one corneal thickness centrally. 
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FIG-1:A piece of Ologen
Surgical Technique :

Surgeries were done by single surgeons . After peribulbar anesthesia & proper draping, fornix based incision was given around 12’O Clock. Triangular, superficial scleral flap (4x4mm) was produced facing apex towards 12 O’ clock position. 2x1 mm deep sclerectomy& a peripheral iridectomy was performed thereafter. Scleral flap was closed with a single suture (10/O nylon). Ologen was placed over the apex of the triangular flap beneath the conjunctiva after making the operation area dry. Conjunctiva was closed like a wing with 2 sutures by 10/O nylon. Post operatively all patients were treated with Atropin 1%, 3 times daily for 2 weeks, Moxifloxacin 4 times daily for 1 week & Prednisolone acetate eye drop 6 times daily for 3 weeks then tapered gradually. 

Statistical analysis was done with windows SPSS. Pre operative & demographic data & IOP comparison were analyzed with students T test. Surgical failure success & complications were analyzed with the (2 test. With long rank test, Kaplan-Meier survival analysis for surgical success were calculated. P   values  < 0.05 were taken as statistically significant. 
Results:
In this prospective study 76  patients   with mean age of 45.03 ±7.5 ( range 11-80  years) were enrolled. There were 56 males and 20 females. For the better understanding the results, the total patients (N=76) were categorized into 6 age groups. The most of the patients belonged to three age groups that is( 31-40), (41-50)and 60+years groups. The percentage of patient into these groups are 20.27 (n=16), 20.62(n=16), 18.91(n=18) respectively .
Table 1:- Percentage Distribution of Age & Gender of operated patients

	 
	Male
	Female
	Total

	Age group
	N
	%
	N
	%
	N
	%

	11-20
	8
	10.52
	3
	3.94
	11
	14.60

	21-30
	7
	9.21
	3
	3.94
	10
	13.51

	31-40
	12
	15.78
	5
	6.57
	17
	20.27

	41-50
	12
	15.78
	4
	5.26
	16
	20.62

	51-60
	5
	6.57
	3
	3.94
	8
	12.16

	61+
	12
	15.78
	2
	2.63
	14
	18.91

	Total
	56
	73.64
	20
	26.36
	76
	100

	Mean Age 45.03 ±7.5


Table 2:- visual acuity before and after operation 
	Visual acuity
	Initial VA

(Presenting)

Affected eye
	(Post operative) 1 month


	(Post operative) 3 Months


	(Post operative) 6 Months

	
	N=76
	Percentage
	N=76
	Percentage
	N=76
	Percentage
	N=76
	Percentage

	
	6/6-6/24
	21
	27.63
	38
	50.00
	46
	60.52
	48
	63.15

	
	6/36-6/60
	17
	22.36
	16
	21.05
	12
	15.78
	10
	13.15

	
	3/60-NPL
	38
	50.00
	22
	28.94
	18
	23.68
	18
	23.68

	
	Total
	76
	100
	76
	100
	76
	100
	76
	100


Pre operatively 50% patients (n -38) had poor visual acuity </=3/60, about 22.36 % patients (n-17) had border line visual acuity (6\36-6\60) and  27.63% patients(n-21)  presented with good VA. After 1 month  50% of patients had ‘good” VA between 6/6- 6/18, after 6 month 63.15%(n-48)  patients had  “good” BCVA (table 2)
Table-3 Types of glaucoma:
	Types of Diagnosis
	Frequency
	Percentage

	PACG
	28
	36.84

	POAG
	16
	21.05

	GCC
	10
	13.15

	Steroid Induced Glaucoma
	8
	10.52

	NVG
	6
	7.89

	Secondary Glaucoma
	6
	7.89

	NTG
	2
	2.63

	Total
	76
	100


36.84% patients (n-28) were  presented with primary angle closure glaucoma (PACG) Primary open angle  glaucoma (POAG) was diagnosed in16 patients (21.05%). Glaucomatocyclitic crisis was found in 10 patients (13.15%).8 patients (10.52) presented with Steroid induced glaucoma,7.89%(n-6)  presented with neovascular glaucoma,7.89%(n-6)  with Secondary glaucoma and ,2.63% (n-2)   with normal tension glaucoma. (table -3)  
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Figure - 2. Percentage Distribution of Diagnosis of Treated Patient's
Table - 4 Pre and postoperative anti glaucoma medication.
	Preoperative
	Postoperative

	Medications
	Number
	Percentage
	Number
	Percentage

	Medication (1)
	6
	7.89
	7
	9.21

	Medication (2)
	41
	53.94
	
	

	Medication  (3)
	29
	38.15
	2
	2.63

	Total
	76
	100
	9
	11.84

	mean
	2.3
	
	0.17
	


38.15% (n-29) patients used 3 medications preoperatively. 2.63%(n-2) used 3 drugs postoperatively. Mean preoperative and postoperative IOP lowering medication were 2.3  (range 2-3) and 0.17 respectively .Table - 4

Table - 5 Types of Surgery 

	Types of Surgery
	Frequency
	Percentage

	Trab+Collagen
	69
	90.78

	Trab+Collagen+PCL
	5
	6.57

	Retrab+Collagen
	2
	2.63

	Total
	76
	100


90.78%(n-69) patients underwent trabeculectomy with collagen implantation. 6.57%(n-5) patients underwent  trabeculectomy with collagen implantation and  posterior chamber lens implantation. 2 patients underwent re trabeculectomy with collagen implant. (Table-5) 
Table -6 Initial IOP operated and Non-operated eye

	IOP

(mmHg)
	Preoperated IOP


	Operated eye

1 month
	Operated eye

3 months
	Operated eye

6 months

	
	frequency
	Percentage
	
	Frequency
	Percentage
	
	Frequency
	Percentage
	
	Frequency
	Percentage
	

	0-10
	
	
	Mean
34.21 ±12.50
	28
	36.84
	Mean

16.71

±6.38
	25
	32.89
	Mean

13.85

±5.42
	14
	18.42
	Mean

16.42

±6.42

	11-20
	14
	18.42
	
	40
	52.63
	
	49
	64.47
	
	53
	69.73
	

	21-30
	12
	15.78
	
	5
	6.57
	
	2
	2.63
	
	7
	9.21
	

	31-40
	23
	30.26
	
	1
	1.31
	
	0
	0
	
	0
	0
	

	41-50
	09
	11.86
	
	2
	2.62
	
	0
	0
	
	2
	2.64
	

	51+
	18
	23.68
	
	0
	0
	
	0
	0
	
	0
	0
	

	Total
	76
	
	
	76
	100
	
	76
	100
	
	76
	100
	

	P value for 1 months=.063, 3 months= .050, 6 months= .050
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Figure -3.  Comparison of IOP at Preoperative & follow up visits
Mean  pre operated IOP 34.21 ±12.50 mm of Hg (range 4-58)Mean postoperative IOP was 16.71±6.38 mm of Hg (range 4- 48) on month 1, 13.85 ±5.42 mmHg  (range 4-28) on month 3, 16.42±6.42 mm of Hg (range 4-50) at month 6.  .Differences of preoperative and postoperative IOP at month 6 was statistically significant (P=0.50) Mean IOP reduction at the end of month 3 and at the last visit were 20.36 mmHg(59.5%) and 17.79 mmHg (52%)respectively.(table 6)

Table 7 Comparison between IOP pre and post operatively in different type of glaucoma 

	Diagnosis
	Initial Mean IOP
	Mean  & Standard Deviation of  IOP 1 Month
	Mean  & Standard Deviation of  IOP 3 Months
	Mean  & Standard Deviation of  IOP 6 months

	PACG
	37.85±13.07
	18.21±11.76
	16.28±10.90
	18.07±11.13

	GCC
	19.40±2.27
	11.80±2.39
	11.20±2.85
	15.20±7.13

	Steriod Induced
	45.00±13.04
	20.75±6.40
	15.25±4.65
	15.50±4.75

	POAG
	34.12±8.77
	15.25±3.08
	13.75±3.71
	13.62±3.36

	NVG
	41.3±8.4
	21.3±20.9
	21.3±5.16
	26.6±18.27

	NTG
	18
	12
	16
	16

	Secondary Glaucoma
	36 ±3.57
	16 ±7.79
	14.6±2.00
	13.3±2.06


In PACG Mean  pre operated IOP 37.85±13.07 mm of Hg, 18.21±11.76 mm of Hg in month 1, 16.28±10.90 mm of Hg in month 3, 18.07±11.13 mm of Hg in month 6.In steroid induced glaucoma mean  pre operated IOP 45.00±13.04 mm of Hg, 20.75±6.40mm of Hg in month 1, 15.50±4.75mm of Hg in month 6. In POAG mean  pre operated IOP 34.12±8.77,  After 6 month 13.62±3.36 mm of Hg.  In NVG  pre operative IOP 41.3±8.4 mm of Hg, 21.3±20.9 mm of Hg in month 1,After 6 month IOP was 26.6±18.27 mm of Hg.(table 7)
Postoperative complication includes hyphema in 3 patients, shallow anterior chamber in 1 patient and wound  leak in 2 eyes. All 3 occurred with in 1 month. 6.75%(n-5)patients develop cataract with in 3 months.(table 8)
Table 8 Post operative complication   
	
	With in 1 month
	With in 3 months
	With in 6 months

	
	Frequency
	Percentage
	Frequency
	Percentage
	Frequency
	Percentage

	Hyphema
	3
	4.05
	0
	0
	0
	0

	Shallow AC


	1
	1.35
	0
	0
	0
	0

	Wound leak
	2
	2.70
	0
	0
	0
	0

	cataract
	0
	0
	5
	6.75
	0
	0


Based on our definitions for success, at month 3 complete success was 97.36, qualified success2.63% at the last visit complete success was 88.15,%.qualified success was 9.21%. 2.64% are failed.(table-9)
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Figure -4. Implanted Collagen During Filtration Surgery
Discussion:
Trabeculectomy was introduced by Cairns in 1968 and remains the most common surgical procedure for the treatment of glaucoma . The procedure is supposed to remove a portion of the trabecular meshwork, and using a partial-thickness scleral flap to cover the sclerostomy -a fistula is created between the anterior chamber and the subconjunctival space.1,7,8 Excessive postoperative scarring causes fibrosis which obstructs the aqueous outflow significantly reducing success of trabeculectomy.9 Both MMC and 5-FU reduce fibroblast proliferation in the sub conjunctival space as well as in the tenon capsule.So these agents are used to augment the success of trabeculectomy.10 In 1990, MMC was applied as an anti metabolite during trabeculectomy [9]. According to different studies, the success rate of trabeculectomy with MMC with 3 months to 3 years follow-up has been reported from 62% to 93%. [11-13] This is associated with an increase in adverse effect such as, a vascular blebs, thinning of the conjunctiva, subsequent blebitis and endophthalmitis, 14  Severe hypotony could result in several complications such as choroidal detachment, gradual bleb failure, cataract and corneal oedema,and can be associated with maculopathy and loss of visual acuity 15,16  5-FU is also associated with corneal epithelial toxicity leading to tearing, discomfort and blurred vision(6). MMC also may cause cilliary body damage (resulting in hypotony), corneal endothelial cell damage and limbal stem cell deficiency.17-19 These complications lead to the continued search for alternative intraoperative antiscarring treatment. One of these modalities which has been introduced during the past few years is collagen implant which is a biodegradable collagen glycosaminoglycan matrix (biodegradable within 30-90 days) which occupies subconjunctival space by its volume and guide the fibroblast growth randomly inside the matrix.20
Our study is a nonrandomized  study, so we included all ages of patients of  different types of medically uncontrolled glaucoma for trabeculectomy with collagen implant. In our subcontinent primary angle closure glaucoma is the most common (36.84%).In developing country like Bangladesh PACG usually present symptomatically with severe visual loss in one or both eyes or a painful acute attack .In that case non reacting pupil and peripheral anterior synechiae are common findings.Those patient non responding to antiglaucoma medications need  trabeculectomy operation .Long term postoperative inflammation, shallow anterior chamber and subsequently failed trabeculectomy, cataract formation are frequently associated with patients  of primary angle closure glaucoma. In our study in PACG, after 6 month of collegen implantation ,IOP was  18.07±11.13 mm of Hg with  no postoperative shallow anterior chamber and no significant postoperative inflammation .Follow up for longer period  is necessary.
In  POAG, steroid induced glaucoma, 6 month after filtration surgery with collagen implantation, IOP was well controlled. Preoperatively 50% patients visited with VA<6/60 and 27.63%  with 6/6-6/18. Postoperatively 63.15%   patients retain their vision within 6/6-6/18. Blurred vision is due to high IOP which induces corneal edema. 5 patients presented glaucoma   with cataract so they underwent trabeculectomy with collagen implant with posterior chamber lens implantation.
Dr.P. Sathyan in his retrospective non-randomized and non-comparative study in two different centre of India  found success rate of trabeculectomy with collagen implant  at the end of 6 months ,complete success in Madurai and in Coimbatore were 70%  91.42% respectively. Reduction in antiglaucoma medications 2.68 to 1.26 (52.98%) in Madurai  and 2.37 to 1 (57.80%) in Coimbatore.21 In our study complete success at month 3 was 97.36%, at the month 6 was 88.15,%.Reduction in antiglaucoma medications  2.9 to  0.17.

Scott et al, account the 1 and 2 years success rate of trabeculectomy with MMC in 68 patients (85.4% and 77.9%, respectively). The mean IOP was reduced from 26.3 to 11.3 mmHg at 1 year and to 11.9 mmHg at 2 years.22 Rosentreter et al found 1 year after surgery 50% reduction of IOP in trabeculectomy with MMC group and 43% reduction in trabeculectomy with ologen group.23 In our study Mean IOP reduction at the end of month 3 and at the 6 month were 20.36 mm Hg (59.5%) and 17.79 mm Hg (52%) respectively.
So these achieved success are also quite near to similar to the success rate of trabeculectomy with MMC done in many countries.
To control intraocular pressure in neo vascular glaucoma is challenging.   Six patients (7.89%)   presented with neovascular glaucoma with 41.3±8.4 preoperative IOP. After 6 month mean IOP was 26.6±18.27 mm of Hg. In 2 patients tabeculectomy with collagen implant becomes failed with 50 intraocular pressures after 6 months of operation..
Dimitris Papaconstantinou et all  in their trabeculectomy with ologen study  showed some complications like hypotony in 1 patient ,  flat anterior chamber  in two patients , hyphaema  in1 eye,  encapsulated bleb in 2 eyes by the end of the first postoperative month, and endophthalmitis in one eye. Flat anterior  chamber with positive seidel test managed with two additional 10-0 nylon sutures were placed in the conjunctiva on the first postoperative day. 5-FU as adjuvant therapy (5 mg) was injected twice weekly via a needle in the operation site for the management of the encapsulated bleb.14
But in contrary to their findings we did not encounter to any significant complications. In our study  postoperative complication includes shallow anterior chamber in 1 patient and wound  leak in 2 patient those were resolved spontaneously after giving subcunjunctival dexamethason injection followed by  firm patching with Atropine1%  for two days. Hyphema developed in 3 patients at immediate post operative period (1st to 3rd). This is probably due to leaking of blood from the scleral flap angle to the anterior chamber. Five patients developed cataract in which 2 are advised for cataract surgery.
In comparison to  MMC related complications, we did not find early postoperative complications like hypotony, or choroidal detachment, and also at the last visit no signs of bleb avascularity, blebitis, endophthalmitis or symptoms of bleb dysesthesia was found. We did not detect any collagen specific side effects, such as translocation of the implant or erosion of the conjunctiva. Collagen did not show any allergy to anybody in our study. But biodegradation is slower than the mentioned period of 60-90 days. Even in all eyes of the collagen group the implant degraded partially even at the end of 6 month after filtration surgery.
So it seems the use of the collagen implant promises comparable IOP reduction after trabeculectomy and a lower risk profile in comparison with the use of anti-metabolites.
Limitations of this study are  short duration of follow-up, and the lack of control group of trabeculectomy with other widely accepted antifibrotic agents like MMC. Our study reveals that, trabeculectomy with implanation of an collagen implant is a safe method for penetrating filtration surgery.

Conclusion:
In the country like Bangladesh and India due to lack of awareness,health education as well as low socioeconomic background and remoteness, frequent post operative follow up is a challenge after filtration surgery.So single safe and effective glaucoma surgery is important to combat this situation.Trabeculectomy with implantation of collagen  is a new, safe and effective alternative to MMC .It has more safety margin than MMC.Longer duration of follow-up in larger number of patients is needed to observe long term affectivity of the collagen.
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