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3. Discussion

3.1. Ab externo Trabeculotomy in primary open angle glaucoma and uveitic 

glaucoma.

Glaucoma is a common, potentially sight-threatening complication of chronic uveitis. The 

reported incidence of UG is between 6.5% and 46% (Heinz et al., 2009, Merayo-Lloves et al., 

1999, Neri et al., 2004, Panek et al., 1990). It increases in the course of the chronic uveitis from 

6.5% after one year to 22.3% after 10 years (Neri et al., 2004). Surgical treatment is often 

required to control the IOP in UG. Transscleral diode cyclophotocoagulation, deep sclerectomy, 

trabeculectomy with and without antimetabolites, and glaucoma drainage devices have been used 

with variable success (Auer et al., 2004, Ceballos et al., 2002a, Ceballos et al., 2002b, Chawla et 

al., 2013, Dupas et al., 2010, Heinz et al., 2006, Hill et al., 1993, Iwao et al., 2014, Kaburaki et 

al., 2009, Molteno et al., 2001, Noble et al., 2007, Papadaki et al., 2007, Schlote et al., 2000, 

Stavrou and Murray, 1999, Voykov et al., 2014). 

Schlote et al. reported a success rate of 77.2% after one year for TDLC in the treatment of UG. 

Similar results were reported for patients with Fuchs uveitis syndrome (FUS) (Schlote et al., 

2000, Voykov et al., 2014). However, more than one TDLC treatment was necessary to achieve 

success in the majority of eyes. Also, the efficacy of TDLC seems to depend on the type of 

uveitis. Heinz et al. reported a failure rate of TDLC of 68% in a series of 21 eyes with glaucoma 

secondary to juvenile idiopathic arthritis.  

Non-penetrating deep sclerectomy (NPDS) is another option in the treatment of UG. It has been 

introduced to avoid bleb-related postoperative complications of filtration surgery. Dupas et al. 

reported in a prospective comparative study similar success rates for NPDS and trabeculectomy 

in UG after one year. However, deep sclerectomy patients required significantly more 

postoperative adjustments in form of goniopuncture or needling to achieve success compared to 

the trabeculectomy group (Dupas et al., 2010). Similar results were reported by others as well 

(Auer et al., 2004, Souissi et al., 2006). However, there are no sufficient long-term data of deep 

sclerectomy in the treatment of UG. One study reported a success rate of 18.9% after 30 months, 
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which is lower than the success rates for trabeculotomy ab externo in the current study (Khairy et 

al., 2006).  

Glaucoma drainage devices (GDD) are an alternative approach in the treatment of uncontrolled 

UG. Ceballos et al. reported a success rate of 91.7% with the Baerveldt glaucoma drainage 

device after two years (Ceballos et al., 2002b). Very promising results have been reported for the 

Molteno implant with a success rate of 75% after 10 years (Molteno et al., 2001). Papadaki et al 

showed good results for the Ahmed glaucoma valve in UG with success rates of 77% and 50% 

after one and four years, respectively (Papadaki et al., 2007). However, high success rates of 

GDD go along with serious postoperative complications like postoperative hypotony, hypotony 

maculopathy, choroidal effusion and corneal endothelium dysfunction (Ceballos et al., 2002b, 

Gedde et al., 2012, Molteno et al., 2001). Also, the postoperative Tenon cyst formation is 

considered as a rate limiting step in the success of glaucoma implants surgery (Eibschitz-

Tsimhoni et al., 2005, Gil-Carrasco et al., 1998, Lai et al., 2000, Ozdal et al., 2006). The reported 

incidence of the encapsulated bleb formation ranges between 23% and 42.8% (Gil-Carrasco et 

al., 1998, Ozdal et al., 2006). Gil-Carrasco et al. reported that encapsulated blebs tend to occur in 

young patients (range 22-44 years), which corresponds to the typical age of patients with UG

(Gil-Carrasco et al., 1998).  

Compared to the above surgical techniques, trabeculotomy ab externo was moderately successful 

as a stand-alone procedure in our case series. However, the use of glaucoma medications or 

cycloablative procedures improved the success rates considerably. The majority of treatment 

failures in the current study occurred within the first three months after surgery. Most of these 

patients were under the age of 30 years (4/7, range 15-43 years), and had either FUS (four eyes) 

or granulomatous uveitis (two eyes). A possible explanation for early failure in these cases might 

be secondary structural abnormalities in the Schlemm’s canal and the collecting channels 

associated with longstanding uveitis. Younger age is also a possible reason for failure, 

considering that age below 30 years is a well-known risk factor for failure in glaucoma surgery 

(Costa et al., 1993, Investigators, 2002). It should also be considered, that FUS differs from other 

uveitic forms in its unilaterality, absence of acute symptoms and the mild anterior chamber 

inflammation which is irresponsive to steroids (Bonfioli et al., 2005). 

It is therefore possible that the specific features of FUS lead to different results of glaucoma 

treatment in these patients compared to glaucoma secondary to other uveitis entities. The
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treatment failures that have occurred in UG raised up several questions; firstly whether surgical 

efficacy of ab externo trabeculotomy differs between UG and POAG? Secondly, if so, should we 

follow different surgical strategies in POAG and UG? And thirdly, is chronic inflammation a risk 

factor for failure even it was controlled preoperatively? To answer the above mentioned 

questions we had to investigate the efficacy of ab externo Trabeculeculotomy in POAG to 

compare them with UG. 

Ab externo trabeculotomy is usually a first choice surgical treatment in congenital and juvenile 

glaucoma. However, a study by Tanihara et al. has demonstrated that the procedure is an 

effective treatment for POAG, as well, even in adults. In this study, the success rate of the 

procedure was 58% after five years. The authors also reported that the success was significantly 

higher in patients with lower preoperative IOP (< 30 mmHg). In these patients, the final success 

probability after five years was 66.9%. On the other hand, age did not significantly influence the 

success of surgery (Tanihara et al., 1993). 

Although direct comparison is difficult because of the different study populations and success 

criteria, our results in the POAG group are similar (qualified success) to those mentioned in the 

above study. However, the success rate in the UG group was significantly lower. The different 

pathomechanisms of IOP elevation in POAG and UG might be a possible explanation for this 

difference. Another point that might explain the lower success in the uveitis group is the type of 

uveitis forms. It’s heir important to mention that the cornerstone in the proper management of 

uveitis is based on the proper diagnosis of the form of uveitis and the proper adjustment of its 

therapy according to its activity status and recurrence. In our study the uveitic aetiologies were 

idiopathic anterior uveitis (six eyes), idiopathic uveitis intermedia (four eyes), posterior uveitis 

(two eyes), Fuchs uveitis syndrome (FUS) (five eyes), herpetic uveitis (one eye), Posner-

Schlossmann syndrome (two eyes) and granulomatous uveitis (two eyes). In four eyes with 

anterior uveitis, uveitis was controlled with MTX and low dose of systemic steroid and in two 

eyes with Humira and Cellcept. Granulomatous uveitis was controlled with MTX and low dose 

of systemic steroid.  Two of the four eyes with uveitis intermedia, were controlled with Myfortic, 

in a single eye with Cellcept and in another single eye with only low doses of systemic steroid. 

Herpetic uveitis was controlled with systemic Aciclovir. The two eyes with Posner-Schlossmann 

syndrome, were controlled with systemic Valcyte. All five eyes with FUS were under non 

steroid anti-inflammatory eye drops. Active uveitis was absent in all patients preoperatively for 
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at least a period of three months.  The majority of failures in the UG group occurred in patients 

with FUS (four eyes) and granulomatous uveitis (two eyes).  Typically, FUS

associated with mild anterior chamber inflammation which is difficult to control and irresponsive 

to steroids compared to other uveitis forms (Mohamed and Zamir, 2005). It is possible that the 

persistent low-grade inflammation in FUS leads to obstruction in the collector channel opening 

(CCO) or the intrascleral channels, which could explain the high failure rate in FUS eyes in our 

study. A recent study described the intraoperative observation of a perilimbal and/or episcleral 

vessel fluid wave seen during trabectome surgery and termed it episcleral venous fluid wave 

(EVFW) (Fellman and Grover, 2014). The EVFW correlated well with the outcomes of

trabectome surgery in patients with various types of open-angle glaucomas. The authors 

demonstrated that if a wave was not seen or barely present, there was likely obstruction CCO or 

intrascleral channels preventing flow to the episcleral veins (Fellman et al., 2015).

Unfortunately, the authors did not report on different subtypes of glaucomas.  Similarly, 

Hamanaka et al. showed that eyes with granulomatous uveitis are associated with infiltration of 

lymphocytes, monocytes and macrophages around the inner wall, posterior outer wall of the 

Schlemm’s canal and the collector channels leading to narrowing and occlusion of the 

Schlemm’s canal (Hamanaka et al., 2002). Interestingly, a recent histological study suggested 

that the enhancement of conventional routes may not, however, be important for the IOP-

lowering effect of trabeculotomy. The authors hypothesized that four different types of 

histological changes in the TM may reduce enhancement of the newly created unconventional 

routes by trabeculotomy (Amari et al., 2015). In this case, it is possible that in UG the 

breakdown of the blood-ocular barrier followed by influx of proteins, immunocompetent cells, 

cytokines and chemokines leads more often to the above histological changes in the TM 

compared to POAG. Again, active inflammation in FUS probably accelerates these changes even 

more.  Although, there are only limited number of studies which have compared the outcomes of 

a surgical procedure between patients with POAG and patients with UG, yet however most of 

these studies have determined that the success rate in POAG is higher than that seen in UG (Iwao 

et al., 2014, Kaburaki et al., 2009, Noble et al., 2007, Rachmiel et al., 2008). 

The outcomes of filtration surgery are also worse in UG compared to POAG. Noble et al. 

reported that results of trabeculectomy with MMC were significantly worse in patients with UG 

compared to patients POAG. UG patients required also more postoperative procedures and 
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developed more often cystic blebs.(Noble et al., 2007). In contrast, Kaburaki et al. reported 

similar success rates after five years of follow-up in a retrospective study in patients with 

inactive uveitis in comparison to patients with POAG. However, postoperative complications 

such as longstanding ocular hypotony, hypotonic maculopathy and cataract formation were more 

common in the UG group (Kaburaki et al., 2009). Additionally, a study by Iwao et al. 

demonstrated that trabeculectomy with MMC was less effective in maintaining the IOP 

reduction in UG patients than in POAG patients (Iwao et al., 2014). One study compared the 

results of Ahmed glaucoma valve implantation between patients with UG and patients with 

POAG. The success rates were similar in both groups after 30 months. However, failure in terms 

of tube removal occurred significantly more often in patients with UG (Rachmiel et al., 2008). 

The role of the higher preoperative IOP as a prognostic factor associated with poor prognosis 

after ab externo trabeculotomy remains a matter of debate. Tanihara et al. reported that higher 

preoperative IOP was a negative prognostic factor in POAG (Tanihara et al., 1993). 

In contrast, Iwao et al. demonstrated that higher preoperative IOP was not a prognostic factor for 

surgical failure of trabeculotomy in the treatment of steroid induced glaucoma (Iwao et al., 

2011).   

Likewise, in our study the preoperative IOP in the eyes with failure was not statistically 

significant different in comparison to the eyes without failure. However, due to the small 

number of eyes we could not determine the role of preoperative IOP level conclusively.  

The influence of age on the outcomes of ab externo trabeculotomy has been controversially 

discussed in the literature. Some authors have reported better results in patients with congenital 

and juvenile glaucoma compared to adult-onset glaucoma (Luntz and Livingston, 1977, 

Schwartz and Anderson, 1974). However, Tanihara et al. showed that there was no significant 

difference in the outcomes between a younger (<60 years) and an elderly (≥60 years) groups in 

eyes with POAG (Tanihara et al., 1993). In our study, patients with UG were much younger than 

those with POAG. However, in our opinion, the worse results in the above studies by Schwartz 

and Anderson, Lunt and Livingston, and ours for the non-POAG eyes compared to the eyes with 

POAG are caused by structural changes of the outflow system that differ among various 

glaucoma types and are only indirectly correlated to age.    

Gender was also statistically significant different in both groups, however, failure was similar in 

both gender without any statistically significant different. To reveal and compare this point in 

our results with the previous studies and to evaluate its significance in the different types of 
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glaucoma surgery through what was written in literature, it was very surprising for us to find out 

that this in particular point was never been discussed or interpreted before in correlation with the 

outcomes of glaucoma surgery. Hence, we can’t compare our results with any, yet we can tell 

from our data that gender is not a potential risk factor for the failure of trabeculotomy. 

A major advantage of ab externo trabeculotomy is that it avoids the potentially sight-threatening 

complications of filtration surgery. In our study, complication rates were similar and low in both 

UG and POAG groups, although postoperative hyphema was slightly more common in the 

POAG group. Interestingly, Grieshaber et al. demonstrated that postoperative hyphema was a 

positive prognostic indicator in uneventful canaloplasty in regard to IOP reduction, possibly 

representing a restored and patent physiologic aqueous outflow system (Grieshaber et al., 2013).  

In our own experience we have found out that a better success rate can be achieved through 

proper preoperative and postoperative care. Preoperatively, special attention and consideration 

should be given for the patients with UG. Activity of Uveitis should be controlled at least three 

months preoperatively. Systemic adjusted body weight steroid therapy should be given to all 

patients and should be started at least 5 days preoperatively and be tapered slowly 

postoperatively to control any inflammatory responses that might occur. Pilocarpine eyes drops 

should be started directly postoperatively and given for at least 4 weeks to avoid any peripheral 

anterior synechie formation and to maintain the patency of the newly created outflow route.

In the case of lack of proper adjustment of the IOP postoperatively, we have found out that both 

re-introduction of glaucoma medications or cyclodestructive procedures can be helpful and 

effective in adjusting the IOP postoperatively. The limitations of our two above studies include 

their retrospective design as wells as the variety of uveitic glaucoma types treated. Notably, the 

outcomes in eyes with FUS and granulomatous uveitis were worse compared to the remaining 

eyes in the UG group as well as to POAG group. However, the small number of eyes precluded 

from further analyses of these differences.
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3.2. Primary Transconjunctival 23gauge vitrectomy in the diagnosis and treatment of 

presumed fungal endophthalmitis 

Endogenous fungal endophthalmitis is a rare but potentially blinding disease and frequently 

presents a diagnostic and therapeutic challenge. Previous reports have shown that vitreous 

samples obtained during vitrectomy may be more sensitive to a diagnosis of EFE than samples 

obtained by vitreous tap (Tanaka et al., 2001, Weishaar et al., 1998). However, in most published 

studies, only culture proven EFE cases are considered, and very limited data exists about the 

yield of positive cultures in all patients with presumed EFE who underwent diagnostic 

vitrectomy (Essman et al., 1997, Sridhar et al., 2013, Weishaar et al., 1998). In a large case 

series, Lingappan et al. confirmed by vitrectomy, the diagnosis of EFE in 81% of eyes, but the 

authors did not specify what type of vitrectomy was performed on their patients (Lingappan et 

al., 2012). To the best of our knowledge, no studies exist to date explicitly assessing the role of 

primary 23-G vitrectomy in the diagnosis and treatment of EFE. Due to its improved wound 

construction and fluidics, 23-G vitrectomy is thought to be more efficient and safer than 20-G

vitrectomy (Dugel et al., 2012, Eckardt, 2005). The reduced sphere of influence of 23-G

vitrectomy on adjacent tissues seems to be an important advantage in eyes with endophthalmitis, 

which are highly susceptible to iatrogenic damages. Therefore, we used primary 

transconjunctival 23-G vitrectomy in the diagnosis of presumed EFE and could determine the 

causative agent in 75% of investigated eyes. Our data show that 23-G vitrectomy is an effective 

diagnostic procedure in patients with presumed fungal endophthalmitis. Obviously, an adequate 

undiluted vitreous sample, enough for microbiologic and histopathologic examinations, can be 

obtained by transconjunctival 23-G vitrectomy. Moreover, a significant increase in BCVA after 

vitrectomy was observed compared with the baseline BCVA. This suggests that 23-G vitrectomy 

is not only useful for making a diagnosis of EFE, but it is also an effective therapeutic modality 

in patients with endophthalmitis. Vitrectomy removes vitreous opacities, decreases the overall 

burden of organisms and leads to visual improvement (Pappas et al., 2009, Sallam et al., 2006). 

In the present study, no severe complications related to vitrectomy were observed. However, 

after vitrectomy, retinal detachment occurred in 32% of eyes. In the literature, few data exist 

regarding the incidence of retinal detachment after vitrectomy for endogenous fungal 

endophthalmitis. Analyzing patients with EFE treated at the Bascom Palmer Eye Institute 
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between 1990 and 2009, Lingappan et al. observed retinal detachment in 29% of vitrectomized 

eyes without providing data on the type of vitrectomy (Lingappan et al., 2012). Because 23-G

vitrectomy has been used in ophthalmologic practice since 2005, it can be assumed that in the 

case series from the Bascom Palmer Eye Institute, a significant number of patients underwent 

20-G vitrectomy. Due to the similar rate of postoperative retinal detachment in our study and in

the study by Lingappan et al. one can speculate that the risk of retinal detachment in patients

with EFE does not increase after 23-G vitrectomy compared with 20-G vitrectomy. Searching for

factors predictive of retinal detachment, we found that poor baseline BCVA is associated with an

increased risk of retinal detachment in EFE. Similar observations were reported in the

Endophthalmitis Vitrectomy Study for patients with acute exogenous endophthalmitis.20 Since

the visual acuity in patients with endophthalmitis is limited by the severity of vitreous infiltration

and macular involvement, our observation that poor baseline BCVA is associated with the

likelihood of developing retinal detachment gives an indirect hint that eyes with more severe

inflammation are at risk of retinal detachment. In two of our patients, the causative organism

could be confirmed by histopathologic examination, in spite of negative fungal cultures.

Recently, the reliability of vitreous histologic detection of pathogenic fungi in the diagnosis of

fungal endophthalmitis was assessed by Liu et al.(Liu et al., 2015). The authors reported that the

sensitivity of the histologic detection of fungi was greater than that of the conventional smear

and culture. It seems that complementary diagnostic techniques should be applied to increase the

rate of confirmed diagnosis after diagnostic vitrectomy. In cases of suspected EFE, not only

microbiologic but also histopathologic examinations of vitreous samples should be performed. In

this study, we could not detect the causative agent in four eyes that were clinically suspected of

having fungal endophthalmitis and were successfully treated with antimycotic therapy. The

diagnosis of fungal infection remains difficult because of the limited sensitivity of non-molecular

diagnostic techniques. The use of molecular methods increases the possibility of rapidly

identifying pathogens; however, the reported sensitivity ranges considerably from 43% to

100%(Arvanitis et al., 2014). False-negative PCR results have been observed in patients with

fungal endophthalmitis (Ogawa et al., 2012). Fungal organisms have strong cell walls that are

difficult to lyse, thus requiring complex methods for DNA isolation (Arvanitis et al., 2014). The

entry of fungal antigens contributing to intraocular inflammation, but not living organisms in the

eyes of patients with systemic fungal infection, might be another explanation for the negative

microbiologic results. An additional point of consideration is the time of sampling and the effect
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of pretreatment given prior to vitrectomy. One of our patients with negative results had been 

pretreated with antifungal agents due to systemic candidiasis. Antimycotic treatment may 

negatively affect the sensitivity of diagnostic tests. In patients with presumed EFE who had 

received antifungal therapy prior to diagnostic vitrectomy, negative microbiologic and 

histopathologic results should be interpreted very cautiously. Due to a significant risk of visual 

loss in untreated eyes with EFE, in such cases, further antifungal treatment should be considered, 

in spite of negative diagnostic tests. In the present series, 73% of the patients were referred to our 

department with an incorrect diagnosis. In clinical practice, many patients with endogenous 

fungal endophthalmitis are misdiagnosed (Essman et al., 1997, Lingappan et al., 2012, Shen and 

Xu, 2009, Zhang and Wang, 2005). The consequences of unrecognized fungal endophthalmitis 

are severe and despite improved diagnostic and treatment options, EFE remains a sight-

threatening disease due to delayed diagnosis. In the majority of our patients, no signs of systemic 

fungal infection or fungemia were observed. Thus, the ophthalmologist may be the first clinician 

to confirm the diagnosis of fungal infection. Therefore, it is important to be aware of EFE, 

especially in patients with a severe intraocular inflammation and a history of risk factors such as 

recent hospitalization, abdominal surgery, an immunocompromised state, or intravenous drug 

abuse. Clinical findings with a high index of suspicion for EFE are: a severe anterior chamber 

cell reaction or hypopyon associated with mild or no ciliary injection and mild or no ocular pain, 

severe vitreous inflammation with intravitreal puff ball-like lesions, and/or fluffy creamy white 

chorioretinal infiltrates. In such cases, we recommend a prompt diagnostic pars plana vitrectomy 

to establish the correct diagnosis. The limitations of this study arise from its retrospective nature, 

the small patient number, the lack of standardized treatment regimen, and the variable periods of 

follow-up. However, we can show for the first time that primary transconjunctival sutureless 23-

G vitrectomy is a reliable and safe procedure in the diagnosis and treatment of EFE. Clinicians 

should be aware of EFE, particularly in patients with associated risk factors. 



39

4. Summary

A major advantage of ab externo trabeculotomy is that it improves the outflow facility and 

restores the physiological pathway of the aqueous humor outflow without the need of external 

fistulation and hence avoiding the bleb-related complications. In our two studies we were able to 

demonstrate that ab externo trabeculotomy was moderately successful as a stand-alone procedure 

in the management of POAG and UG.  

However, the success rate in the UG group was significantly lower in comparison to the higher 

success rate in POAG. The majority of treatment failures that occurred in the current study in the 

UG group occurred within the first three months after surgery. Most of these patients were young 

patients that had either FUS or granulomatous uveitis.

Therefore special attention should be given to the form of Uveitis and treatment, nevertheless;

the age of the patients, young patients are associated with a higher risk of failure. 

Nevertheless, our study showed that trabekulotomy in combination with antiglaucoma 

medications or cyclodestructive procedures is helpful in increasing its success rate. The 

procedure demonstrated a high safety profile in both UG and POAG.

If endogenous fungal endophthalmitis is suspected, a diagnostic 23G vitrectomy can detect the 

pathogen in the majority of the effected patients. As expected, Candida species are the most 

frequently detected pathogens for the endogenous fungal endophthalmitis. 
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5. Zusammenfassung

Ein Hauptvorteil der ab externo Trabekulotomie ist, dass sie den Abfluss erleichtert und den 

physiologischen Pfad des Kammerwassers wiederherstellt, ohne die Notwendigkeit einer 

externen Fistulation. Somit können die mit einem Filterkisssen assoziierten Risiken vermieden 

werden. In unseren zwei Studien konnten wir zeigen, dass die ab externo Tabekulotomie einen 

mäßigen Erfolg in der Behandlung des POAG und des UG erzielen kann. 

Insbesondere in der UG Gruppe war die Erfolgsrate deutlich geringer als im der POAG Gruppe. 

Die ersten drei Monate nach der Operation waren entscheidend über den Behandlungserfolg. Die 

jungen Patienten mit FUS oder granulomatöser Uveitis profitierten am wenigsten von dem 

Eingriff. Deshalb ist die ab externo Trabekulotomie für diese Patientengruppen eher ungeeignet.  

Unsere Studie konnte außerdem zeigen, dass die Trabekulotomie in Kombination mit 

drucksenkender Medikation oder mit einem zyklodestruktiven Verfahren die Erfolgsraten 

erhöhen kann. Das Verfahren zeigte ein hohes Sicherheitsprofil, sowohl in der UG als auch in 

der POAG.   

Bei Verdacht auf endogene Pilz Endophthalmitiden kann durch eine diagnostische 23G 

Vitrektomie der Erreger bei der Mehrheit der betroffenen Patienten nachgewiesen werden. 

Candida Species waren erwartungsgemäß die am häufigsten nachgewiesenen Erreger für die 

endogenen Pilz Endophthalmitiden.
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