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ORIGINAL ARTICLE

Factors Associated With Glaucoma Surgery in Pediatric Non-Infectious Uveitis
Charlotte L.L.I. van Meerwijk, MDa,b, Wietse G. Wieringa, MPA, PhDa, Joke H. de Boer, MD, PhDc, 
Nomdo M. Jansonius, MD, PhDa,b, and Leonoor I. Los, MD, PhDa,d

aDepartment of Ophthalmology, University Medical Center Groningen, University of Groningen, Groningen, The Netherlands; bResearch School of 
Behavioral and Cognitive Neurosciences, Graduate School of Medical Sciences, University of Groningen, Groningen, The Netherlands; cDepartment of 
Ophthalmology, University Medical Center Utrecht, University of Utrecht, Utrecht, The Netherlands; dW.J. Kolff Institute, Graduate School of Medical 
Sciences, University of Groningen, Groningen, The Netherlands

ABSTRACT
Purpose: To identify factors associated with glaucoma surgery in pediatric uveitis.
Methods: Patients diagnosed with uveitis before their 18th birthday and with an observation period of at 
least one year were included in a retrospective case-control study.
Results: A total of 185 patients were included, 84 of whom had undergone glaucoma surgery. Juvenile 
idiopathic arthritis (JIA)-related uveitis was associated with undergoing glaucoma surgery (p = .002). In the 
JIA-subgroup, the presence of anterior segment complications (OR 3.1 (95% CI 1.0 to 9.6); P = .045) and an 
IOP > 21 mmHg during the first uveitis remission (OR 4.5 (95% CI 1.3 to 15.2); P = .015) were associated 
with an increased risk of glaucoma surgery. Sixty-eight percent of the cases needed glaucoma surgery 
within one year after they started IOP-lowering triple therapy.
Conclusion: The risk profile for undergoing glaucoma surgery as outlined in this study is a valuable help 
to recognize and treat secondary glaucoma in a timely manner.
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The most common causes of vision loss in pediatric uveitis are 
cataract, papillitis, glaucoma, cystoid macular edema, and band 
keratopathy, of which the visual loss in secondary glaucoma is 
always irreversible.1 The reported prevalence of secondary 
glaucoma in children with uveitis ranges between 5% and 
25%1–4 and elevated intraocular pressure (IOP) has been 
reported between 3% and 51%.4

Secondary glaucoma occurs when uveitis is associated with 
elevated IOP and optic nerve damage, resulting in irreversible 
visual field loss. Multiple factors, such as damage of the trabe
cular meshwork due to inflammation, the use of steroids, or the 
development of peripheral anterior synechiae, can increase the 
IOP. Secondary glaucoma in pediatric uveitis has an unpredict
able course, with large IOP fluctuations and varying responses to 
IOP-lowering medications.5 Increased IOP is initially treated 
pharmacologically in a stepladder approach. If IOP remains 
unacceptably high, glaucoma surgery is required. To obtain the 
best long-term visual outcome, it is important to identify those 
children who are at increased risk for the development of sec
ondary glaucoma at an early stage and to treat them adequately, 
before irreversible damage has occurred.6

Two previous studies about pediatric uveitis reported 
a female preponderance, juvenile idiopathic arthritis (JIA) as 
the most common etiology, and anterior uveitis as a predictive 
anatomical site for developing ocular hypertension or 
glaucoma.7,8 Heinz et al. showed a significantly higher need 
for glaucoma surgery in pediatric uveitis compared to uveitis in 
adults.7

The aim of this study is to identify risk factors for glaucoma 
surgery in pediatric uveitis. For this purpose, we evaluated 
a large group of children with uveitis and compared those 
who needed surgery to those who did not. Identification of 
factors associated with glaucoma surgery may contribute to the 
early detection of the need for glaucoma surgery in these 
patients and thereby prevent or reduce irreversible damage.

Patients and methods

Patients diagnosed with uveitis before their 18th birthday and 
with a minimal observation period of 1 year were included 
from the departments of ophthalmology of the University 
Medical Centers Groningen (UMCG), the Netherlands, and 
Utrecht (UMCU), the Netherlands. Patients were diagnosed 
with non-infectious uveitis between 1989 and 2016 and were 
identified from the uveitis databases of both centers. We 
designed a case-control study.9 All patients with pediatric 
uveitis who had undergone glaucoma surgery were included 
as cases. Initially, in the UMCU, for each case, one random 
patient with pediatric uveitis and without a history of glaucoma 
surgery was included as a control. Because the UMCG-cohort 
appeared to have a lower number of cases, all patients without 
glaucoma surgery from the UMCG were included as controls, 
to increase the power of the study.10 Data collection was done 
from the ophthalmic medical records until July 2018. The 
Medical Ethical Committees of the UMCG and the UMCU 
approved the conduction of the study.
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Uveitis diagnosis

The diagnosis of uveitis was made by ophthalmologists specia
lized in pediatric uveitis. Classification of uveitis was done 
according to the Standardization of Uveitis Nomenclature 
(SUN) criteria.11 Children were evaluated for the presence of 
an underlying systemic disease by pediatric rheumatologists. 
The diagnosis of posterior and panuveitis was made by fundo
scopy; the diagnosis of macular edema was made by optical 
coherence tomography.

General descriptives

Measurements at the presentation were based on the first consul
tation in the hospital of expertise for uveitis (UMCU/UMCG). The 
following information at presentation was recorded: age at onset of 
uveitis, sex, bilaterality of the uveitis, anatomical classification of 
uveitis, visual acuity in LogMAR, IOP, etiology of the uveitis, 
ocular complications, antinuclear antibodies (ANA) status, and 
the use of ‘disease modifying anti-rheumatic drugs’ (DMARDs). 
Anterior segment complications included band keratopathy, cat
aract, and posterior synechiae. Posterior segment complications 
included macular edema and papillitis. Different subtypes of 
DMARDS were reported: systemic steroids, conventional syn
thetic (cs)DMARDs (like methotrexate, mycophenolic acid and 
salazopyrin), and biological (b)DMARDs (like adalimumab and 
infliximab). The DMARDs used in the first presentation were 
divided into subgroups: the first presentation before 2000 (before 
the introduction of methotrexate and mycophenolic acid), 
between 2000 and 2010, and after 2010 (after the introduction of 
bDMARDs). The following information was recorded during the 
observation period: IOP, use of IOP-lowering medication, use of 
DMARDs and daily use of topical steroids during the first episode 
of uveitis remission, highest IOP, start of IOP-lowering medica
tion, maximum IOP-lowering medication, moment of starting 
triple therapy of IOP-lowering medication, and cataract surgery. 
To get an impression of the impact of a steroid-induced IOP 
response in quiescent uveitis, the topical steroid use during the 
first episode of uveitis remission was reported. The term ‘remis
sion’ was used, when quiescence of uveitis was achieved, with or 
without medication, for at least three months. The amount of 
topical steroid use per day was counted as follows: use of topical 
prednisolone (drops or ointment) and dexamethasone was 
counted as 1 unit per drop, use of rimexolone (Vexol, Alcon bv) 
or fluorometholone (FML liquifilm, Abbvie bv) as 0.5 units per 
drop, and use of subconjunctival triamcinolone (Kenacort, Bristol- 
Myers Squibb) as 4 units. In order to get an insight into the 
DMARD use later during the observation period, the use of 
DMARDS was scored in the period before surgery in the cases. 
In the controls, the DMARD use was reported 2.5 years after their 
first visit, based on the median time period of glaucoma surgery in 
the cases. The observation period ended when glaucoma surgery 
was performed or, in the control group, at the last ophthalmic 
examination. In both centers, the goal of uveitis treatment was to 
obtain disease remission, based on the SUN criteria,11 with 
a maximum daily maintenance dosage of topical steroids of 2 
times per day, with or without systemic immunosuppressive 
medication.

Indication for glaucoma surgery

The indication for glaucoma surgery was made by glaucoma 
specialists and was mostly based on an IOP > 21 mmHg with 
maximum tolerated IOP-lowering medication and individual 
patient characteristics, such as age, visual acuity, changes in 
optic disc cupping, and the extent, duration, and speed of the 
IOP increase. This is in line with recommendations in the 
literature, where the diagnosis of secondary glaucoma in chil
dren is most often based on a substantial increase in IOP over 
a relatively short period of time.12–14 Unfortunately, in young 
children, reliable measurements of changes in optic disc cup
ping and perimetry are usually not possible, and thus 
a diagnosis of glaucoma cannot be based on a definition that 
includes reproducible visual field defects.15 In practice, most 
children with ongoing substantial IOP rise in our study group 
underwent glaucoma surgery, recognizing the risk of 
a significant reduction in visual acuity due to damage to the 
optic disc with suboptimal IOP control.

Data analysis

One eye per patient was analyzed. If a patient underwent 
glaucoma surgery in both eyes, the eye that first underwent 
surgery was included. In the control group, if the uveitis was 
bilateral, the eye with the first presentation of uveitis was used. 
If both eyes were affected at the same time, the worse eye, based 
on the visual acuity, complications, and IOP was chosen. When 
both eyes were equally affected, a random eye was chosen.

Descriptive statistics were used to present the ratio variables 
with median and interquartile range (IQR) because of the non- 
parametric distribution. Medians were compared using the 
Wilcoxon test for paired samples and the Mann-Whitney 
U-test for independent samples. For the differences between 
the nominal data groups, we used the Pearson chi-square test. 
Kaplan-Meier curves were used to graphically display at which 
time-point during the observation period the event (glaucoma 
surgery) occurred in the cases.

The following analyses were performed in the entire study 
group (cases versus controls): First, univariable analyses of 
characteristics at presentation were performed and covariates 
with P-values ≤0.2 were entered into a Cox survival analysis in 
a backward stepwise conditional method. Glaucoma surgery 
was defined as the event. Second, univariable analyses of fac
tors present during the observation period were done. 
Subgroup analyses: The Cox regression analysis showed that 
JIA was the most important factor associated with glaucoma 
surgery. Therefore, an additional series of univariable analyses 
of factors present during the observation period was done in 
this subgroup, followed by a logistic regression analysis of 
covariates with a P-value ≤0.2. Data was statistically analyzed 
with SPSS 23.0.0 (SPSS Inc, Chicago, Illinois, USA). A P-value 
<0.05 was considered statistically significant. A Bonferroni 
correction was applied where needed.

Results

In total, 84 cases and 101 controls were included in the study. 
Table 1 shows the univariable analyses of the covariates at 
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presentation. After dichotomization of the categorical covari
ates, the following characteristics at presentation were entered 
into the Cox analysis: age (P = .06), anatomic location of the 
uveitis (anterior versus other, P = .06), anterior segment com
plications (present versus absent, P = .17), etiology (JIA versus 
non-JIA, P = .002), and ANA status (positive versus negative, 
P = .15). To correct for possible differences between the two 
centers, ‘center’ was added as a covariate to the multivariable 
analyses. All covariates used in the Cox survival analysis had 
below 10% missing data points. The final step of the backward 
stepwise model enclosed only covariates with a P-value of 
≤ 0.1. In the final model of the Cox survival analysis, the 
etiology (JIA) was the most important independent covariate 
at presentation (HR 1.5 (95% CI 1.0 to 2.4); P = .067) associated 
with glaucoma surgery. We additionally performed the Cox 
regression analysis in the non-JIA subgroup. However, no 
significant risk factors were seen in this analysis.

Univariable analyses of covariates during the observation 
period in the entire group (Table 2) showed a significantly 
higher IOP (21 mmHg in cases versus 18 mmHg in controls, 
P = .009) and more topical steroids use in the cases (3 units 
versus 1 unit, P < .001) during the first remission. During the 
observation period, the highest IOP was measured later in the 

cases than in the controls (after 27 versus 14 months, P = .007), 
resulting in a higher event-rate during the first years of the 
observation period (Figure 1). In 68% of the cases, glaucoma 
surgery was required within 1 year after increasing the IOP- 
lowering medication to triple therapy (Table 3). As a primary 
surgical procedure, a trabeculectomy was performed in 36 
cases, a Baerveldt drainage implant in 35 cases and an 
Ahmed drainage implant in 13 cases.

At presentation, systemic disease-modifying anti-rheumatic 
drugs (DMARDS) were significant more frequently used in the 
control group (49% versus 68%, P = .007; Table 1), which was 
mainly based on the differences in the use of systemic steroids 
(P = .007) in patients with their first presentation between 2000 
and 2010 (P = .01). The indication to start DMARDs was 
(partly) based on the uveitis in 61% of cases and 77% of 
controls (P = .08). In the other patients, DMARDs were started 
because of the underlying systemic disease (such as JIA). The 
differences in the use of DMARDs were no longer seen during 
the first uveitis remission (P = .2; Table 2). In the period 
around glaucoma surgery (or around 2.5 years after presenta
tion in the controls), bDMARDs were started apparently more 
often in the controls (P = .05). A few patients used systemic 
steroids during this period, most often at a low dose in a slowly 

Table 1. Characteristics at presentation.

Total 
(n = 185)

Glaucoma surgery  
(cases, n = 84)

No glaucoma surgery  
(controls, n = 101) P-value

Center 1a 88 (48%) 34 54
Center 2b 97 (52%) 50 47
Age at uveitis onset (years)c 7 (4-10) 6 (4-9) 7 (5-11) 0.06
Sex – female 111 (60%) 53 58 0.43
Bilateral disease 129 (70%) 56 73 0.41
Anatomic location uveitis 0.06
- Anterior 134 (72%) 66 68
- Intermediate 21 (11%) 6 15
- Posterior 5 (3%) 0 5
- Panuveitis 25 (14%) 12 13
LogMARd visual acuity at presentationa 0.22 (0.01 to 0.60) 0.19 (0.02 to 0.58) 0.22 (0.00 to 0.70) 0.71
IOPe measurement at presentation (mmHg)c 17 (14 - 18) 17 (14 - 21) 17 (14 - 18) 0.23
Ocular complications 0.17
- No complications 54 (29%) 24 30
-Anterior segmentcomplicationsf 64 (35%) 36 28
- Posterior segment complicationsg 29 (16%) 10 19
Anterior and posterior segment complications 36 (20%) 14 22
Etiology 0.002
- Unknown 81 (44%) 28 53
- JIAh 92 (50%) 53 39
- HLA-B27 6 (3%) 3 3
- Other auto-immune 6 (3%) 0 6
ANAiseropositive 103 (56%) 53 50 0.15
Treatment with systemic DMARDsj at presentation 110 (60%) 41 69 0.007

Systemic steroids at presentation 70 (38%) 23 47 0.007
- Presentation before 2000 (N = 26) 8 3 5 0.17
- Presentation between 2000-2010 (N = 91) 29 10 19 0.01
- Presentation after 2010 (N = 68) 33 10 23 0.82

Systemic csDMARDsk at presentation 65 (35%) 29 36 0.87
- Presentation before 2000 4 3 1 0.45
- Presentation between 2000-2010 29 19 10 0.13
- Presentation after 2010 32 7 25 0.20

Systemic bDMARDsl at presentation 2 (1%) 0 2 0.20
- Presentation before 2000 0 0 0 n/a
- Presentation between 2000-2010 0 0 0 n/a
- Presentation after 2010 2 0 2 0.34

aCenter 1 = University Medical Center Groningen, bCenter 2 = University Medical Center Utrecht, cMedian (interquartile range dlogarithm of the minimum angle of resolution, eIOP 
= intraocular pressure, fanterior complications at presentation: band keratopathy, cataract, posterior synechiae, gposterior complications at presentation: macular edema, 
papillitis, hJuvenile idiopathic arthritis,ijAntinuclear antibodies, jDisease-Modifying Antirheumatic Drugs,klconventional synthetic DMARD, lbiological DMARD.
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tapering schedule in combination with a DMARD. All cases 
temporarily received systemic steroids around the surgical 
intervention to limit the inflammation caused by the surgery.

Because JIA-uveitis was the most predictive covariate for 
needing glaucoma surgery, additional analyses were performed 
in the JIA-subgroup. Table 4 shows the univariable analyses of 
the covariates at presentation and covariates during the obser
vation period in this subgroup. A logistic regression analysis 

was performed, with glaucoma surgery as the dependent vari
able. After dichotomization of the categorical covariates, the 
following characteristics were entered as independent covari
ates into the analysis: age at presentation (P = .13), anterior 
segment complications at presentation (present versus absent, 
P = .06), IOP during uveitis remission (below 22 versus above 
21 mmHg, P = .001), and the use of more than 2 units of topical 
steroids during uveitis remission (P = .054). The presence of 
anterior segment complications at presentation (OR 3.1 (95% 
CI 1.0 to 9.6); P = .045) and an IOP > 21 mmHg during uveitis 
remission (OR 4.5 (95% CI 1.3 to 15.2); P = .015) were found to 
be significant risk factors for glaucoma surgery in the JIA- 
subgroup.

Discussion

In the present study, JIA-associated uveitis was the most 
important baseline characteristic associated with glaucoma 
surgery in pediatric non-infectious uveitis. Within the JIA- 
subgroup, the presence of anterior segment complications 
and an IOP > 21 mmHg during the first uveitis remission 
were found to be significant risk factors for glaucoma surgery. 
After the start of triple therapy of IOP-lowering medication, 
most cases underwent glaucoma surgery within 1 year. Our 
results are consistent with the findings in previous studies that 
JIA-associated uveitis is a risk factor for the development of 
ocular hypertension and glaucoma.7,8,16,17 It is known that 
chronic inflammation in the anterior segment, as in JIA- 
uveitis, increases aqueous outflow resistance due to the accu
mulation of inflammatory debris and damage to the trabecular 
meshwork.16

Our results show an increased median IOP in cases and 
controls during the observation period (37 mmHg in cases and 
27 mmHg in controls), indicating that an IOP rise is very 
common in these children. Significant differences of the IOP 
between cases and controls have already emerged during the 
first uveitis remission, with similar results in the JIA-subgroup. 

Figure 1. Kaplan-Meier curve shows the time when cases underwent glaucoma 
surgery after presentation.

Table 3. Interval between the start of a third type of IOP-lowering medication and 
glaucoma surgery.

Time to surgery Cumulative number of patients

< 1 year 57 (68%)
< 2 years 64 (76%)
< 3 years 71 (85%)
< 4 years 76 (91%)
< 5 years 78 (93%)
< 6 years 79 (94%)

Table 2. Variables during observation period.

Total 
(n = 185)

Glaucoma surgery  
(cases, n = 84)

No glaucoma surgery  
(controls, n = 101) P-value

IOPa during first remission (mmHg)b 19 (16 - 24) 21 (17 - 27) 18 (15 - 22) 0.009
Amount of topical steroids daily during first remission(units)b 2 (1-3) 3 (2-4) 1 (0-3) <0.001
Treatment with systemic DMARDSc during first remission

- Total 101 (55%) 40 61 0.20
- Steroids 46 (25%) 17 29 0.31
- csDMARDsd 86 (47%) 36 50 0.71
- bDMARDse 8 (4%) 2 6 0.29

Time to first uveitis remission (months))b 5 (3 - 11) 5 (3 - 10) 6 (3 - 13) 0.38
Use of IOP-lowering medication during the observation period 140 (76%) 84 56 <0.001
Time to start IOP-lowering medication (months)b 6 (1 - 21) 4 (1-18) 8 (1-25) 0.24
Highest IOP during observation period (mmHg)b 32 (25 - 38) 37 (34 - 42) 27 (20 - 31) <0.001
Maximum number of IOP-lowering medicationsb 3 (1-4) 4 (4 - 5) 1 (0 - 2) <0.001
Time to highest IOP during observation period (months)b 18 (6 - 41) 27 (9 - 52) 14 (3 - 36) 0.007
Treatment with systemic DMARDc during indication for glaucoma surgery

- Total 138 (75%) 64 74 0.73
- Steroids 13 (7%) 2 11 0.002
- csDMARDsd 132 (71%) 62 70 0.57
- bDMARDse 33 (18%) 10 23 0.05

Cataract surgery during observation periodf 64 (35%) 31 33 0.55
Observation period (months)b,g 44 (24 – 87) 31 (12-54) 64 (37-108) <0.001

aIOP = intraocular pressure, bmedian (interquartile range), cDisease-Modifying Antirheumatic Drugs, dconventional synthetic DMARD, ebiological DMARD, fcataract 
surgery longer than 3 months before glaucoma surgery, gin cases: time to surgery, in controls: total observation period.
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During the first uveitis remission, the IOP is no longer sup
pressed by reduced ciliary body functioning as seen in active 
uveitis, and therefore the IOP might rise significantly.8 Regular 
IOP monitoring is therefore important during the first months 
of treatment to diagnose and treat ocular hypertension early. 
Another important aspect is the higher number of topical 
steroids used in the cases during the first uveitis remission. It 
is assumable, that steroids add to the early IOP increase in the 
cases as such a steroid-induced response is known to be fre
quent, severe, and rapidly occurring in this age group.3,18,19 

The elevation of IOP due to steroid use can be found as early as 
the first or second week20–22 and depends on the dose. These 
observations underscore that efforts should be made to avoid 
the use of topical steroids and start early with DMARDs as 
much as possible in these children.

In our total study group, the IOP continues to rise after the 
first uveitis remission episode, with the highest IOP after 27 
and 14 months in cases and controls, respectively. Our results 
therefore cannot purely be explained by steroid use alone, 
suggesting that a multifactorial nature of the IOP increase is 
more likely, as described earlier. Not surprisingly, in the cases, 
the IOP increased to higher values during the observation 
period and more IOP-lowering medications were used. It is 
noticeable that the majority of the cases underwent glaucoma 
surgery within one year of increasing IOP-lowering medication 
to three types of medication (Table 3). For this reason, the start 
of a third type of IOP-lowering medication can be regarded as 
a tipping point. A clinically relevant aspect is the interval 
between presentation and glaucoma surgery (median of 
31 months), which indicates the need for prolonged IOP sur
veillance in these patients. An equal observation was published 
by Stroh et al., in which ocular hypertension had developed 
within the first three years of the observation period in the 
majority of patients.17

The larger amount of DMARD use in the controls during 
their first visit is consistent with the finding that the uveitis in 
the controls is less often (only) anteriorly located. The frequent 
use of DMARDs in both groups during the observation period 
(76% in cases and 73% in controls) reflects the chronic course 
of pediatric uveitis. During the observation period, csDMARDs 
(most often methotrexate) were generally the DMARDs of 

choice, and bDMARDs (most often adalimumab) were used 
sporadically. In theory, low-threshold starting of systemic 
immune suppression reduces the ocular inflammation and 
thus the need for high doses and prolonged use of topical 
steroids.23–25 Preventing damage to the trabecular meshwork 
and reducing the chance of a steroid-induced IOP increase may 
contribute to reducing the likelihood of developing ocular 
hypertension17,26,27 and needing glaucoma surgery. In recent 
decades, DMARDs, especially biologics, are more commonly 
used in the treatment of uveitis, based on new insights and 
developments in the field of ophthalmology, rheumatology, 
and inflammatory disease. It would be interesting to evaluate 
the effect of different pharmacological treatment regimens of 
uveitis, especially the role of anti-TNF-alpha blockers, on the 
need for glaucoma surgery in a randomized, prospective study 
design in the future.

To analyze the differences between the two groups at presenta
tion and in the course of the disease, we followed the patients for as 
long as possible. Despite the fact that most glaucoma surgery was 
performed within 3 years after the presentation of uveitis, and the 
median observation period of the controls was 6 years, we cannot 
exclude that there are patients in the control group who will need 
glaucoma surgery in the future. The results of the current study are 
also limited by the fact, that after inclusion, there was a difference 
in the distributions of cases and controls between the two centers 
due to a relatively higher number of controls in the UMCG. To 
correct for this, we could randomly remove 20 of the UMCG 
controls, but this would reduce the power of the study and it 
would be a post hoc modification. For this reason, we would prefer 
to retain the chosen approach and acknowledge its limitations. 
Additionally, the study is retrospective, which is reflected in for 
example the variability in the observation period, and missing 
data. Another limitation is the presumably moderate representa
tiveness of our study group for the general pediatric uveitis patients 
because our patients were included from two centers of expertise 
for uveitis. In addition, personal experiences or preferences of 
ophthalmologists and pediatric rheumatologists may have influ
enced the choice and course of treatment. The strengths of this 
study are its cohort size, the systematic way in which the data was 
collected and the sharing of expertise in a difficult and challenging 
patient population.

Table 4. Characteristics of JIA-uveitis.

Total Glaucoma surgery (cases, n = 54) No glaucoma surgery (controls, n = 39) P-value

Age at uveitis onset (years)a 5 (3–8) 5 (3–7) 6 (4–11) 0.13b

Gender – female 61 (66%) 36 (67%) 25 (64%) 0.48c

Bilateral disease 73 (78%) 42 (78%) 31 (80%) 0.53c

ANAdpositive 75 (81%) 46 (85%) 29 (74%) 0.29
Anterior segment complications present at diagnosise 55 (59%) 36 (67%) 19 (49%) 0.06c

Cataract surgery during observation period 38 (41%) 23 (43%) 15 (39%) 0.43c

IOPf at diagnosis (mmHg)a 16 (10–20) 15 (8–21) 16 (10–19) 0.45b

IOP during first uveitis remission (mmHg)a 19 (15–23) 21 (18–27) 16 (13–20) 0.001b

> 2 units of topical steroids daily during uveitis remission 36 (39%) 25 (46%) 11 (28%) 0.054c

Time to start IOP-lowering medication (months)a 10 (2–26) 9 (2–24) 13 (1–39) 0.68b

Time start IOP-lowering medication to surgery (months)a n/a 25 (7–39) n/a n/a
Time to first uveitis remission (months)a 6 (3–13) 5 (3–12) 7 (3–15) 0.63b

Observation period (months)a,g 51 (26–93) 36 (17–71) 73 (37–110) 0.001b

aMedian (interquartile range), bMann-Whitney, cPearson chi-square, dAnti nuclear antibodies, eanterior complications at baseline: band keratopathy, cataract, posterior 
synechiae, fIOP = intraocular pressure, gin cases: time to surgery, in controls: total observation period
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Conclusion

This study displays a risk profile for developing pharmacolo
gically uncontrollable high IOP in non-infectious uveitis in 
children needing glaucoma surgery. This risk profile helps 
the clinician to recognize and thereby treats secondary glau
coma at an early stage. Our study shows that starting a third 
type of IOP-lowering medication is a tipping point for needing 
glaucoma surgery in these patients in the near future. Due to 
the considerable time span of the surgical interventions during 
the observation period, the authors emphasize the importance 
of long-term IOP monitoring and risk assessment.
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