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Abstract
Aim: To report the outcomes of medical and surgical management in patients diagnosed with Aqueous
Misdirection Syndrome (AMS).
Methods: A retrospective chart review of all cases diagnosed with AMS at a single tertiary care eye
center during the period from 2014 to 2021. Outcome measures were anatomical success deepening of
the Anterior Chamber (AC), functional success improvement in visual acuity and treatment success
control of Intraocular Pressure (IOP).
Results: A total of 26 eyes with AMS from 24 patients were included. The patients were followed for a
mean duration of 24 ± 18 months. Although some patients initially responded to medical and laser
therapy, all but one (3.8%) eventually required surgery during the first three months after
presentation. The mean duration from presentation until surgery was 45.9 ± 45.8 days (range: 2-119).
The majority of cases (69.2%) were managed by pars plana vitrectomy. At the last follow-up visit,
anatomical success was achieved in twenty (76%) eyes, 15 (57%) eyes had a final visual acuity that was
either similar to or better than baseline and successful control of IOP was achieved in 17 (65%) eyes.
Univariate analysis revealed that a history of trabeculectomy as a cause of AMS was a risk factor for
treatment failure (OR, 7.8; 95% CI, 1.16-52.35; P, 0.02).
Conclusion: Our findings indicate that medical and laser management of AMS provide temporary
control and almost all patients eventually require surgery within the first three months. A history of
trabeculectomy was found to be a risk factor for treatment failure.

Introduction
Aqueous Misdirection Syndrome (AMS) or malignant
glaucoma is a relatively uncommon cause of secondary angle
closure glaucoma that can threaten vision if not treated early
[1]. It occurs due to anterior rotation of the ciliary body
resulting in a misdirected pathway of aqueous humour
posteriorly and blockage of the movement into the Anterior
Chamber (AC) at the level of the equator of the lens, vitreous
face and ciliary processes.

Clinically, it presents as axial shallowing of the AC despite a
patent Peripheral Iridotomy (PI) with elevated or normal
Intraocular Pressure (IOP). It is considered a diagnosis of
exclusion, after ruling out mimickers i.e. pupillary block,
serous and hemorrhagic choroidal detachment [2]. AMS may
occur following any type of intraocular surgery, but it is most
commonly associated with glaucoma surgery [3,4].

The initial management is medical by topical drops (e.g.
cycloplegics, sympathomimetics, beta-blockers), in addition to

systemic hyperosmotic therapy. The aim of treatment is to 
shrink the vitreous, displace the lens iris diaphragm and 
decrease aqueous production. In addition to medical treatment, 
Nd-Yag laser hyaloidotomy and capsulotomy are laser 
interventions that are used to treat AMS.

Surgical management is indicated in the event of a failure in the 
aforementioned treatment modalities and the aim of surgery is 
to increase the aqueous flow into the AC by either disrupting 
the vitreous face via trans-corneal needling or removing the 
vitreous by anterior or Pars Plana Vitrectomy (PPV) [5-9]

The majority of AMS reports in the literature focus on a single 
treatment modality (e.g. PPV) [10-13]; thus, there is a limited 
amount of data on the combined outcomes of AMS treatment 
following different types of interventions. Therefore, the aim of 
our current study is to report the treatment outcomes of a serial 
cohort of AMS patients managed at a tertiary care eye hospital.
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to presentation. The functional outcome was assessed by 
comparing baseline best corrected visual acuity and acuity at 
the final follow-up visit. Finally, treatment success was defined 
as success in achieving an IOP level between 5 and 21 mmHg 
either with or without glaucoma medications and without loss 
of light perception.

Data analysis
Statistical analysis was performed using R (RStudio version 
1.1.463 Mac, RStudio Inc., Boston, MA). Quantitative 
variables were reported in mean ± Standard Deviation (SD) 
and evaluated using the Student’s t-test, while categorical 
variables were reported in percentages and numbers. Kaplan-
Meier survival analysis was used to estimate the success rate in 
cases that underwent PPV. P-values < 0.05 were considered as 
statistically significant.

Results
Baseline characteristics are outlined in Table 1. Twenty-six 
eyes of 24 patients were included. The mean age of patients 
was 57.8 ± 22.9 (range from 4-87 years old) and 15 (62%) 
were female. Five patients (20%) were diagnosed with AMS 
prior to presentation at our institute with a mean duration of 
28.2 ± 20.4 (range 7-80) days from diagnosis until 
presentation. Eighteen (69%) patients were previously 
diagnosed with glaucoma and the most common type was 
primary angle-closure glaucoma (72%). At presentation, the 
mean IOP was 27.2 ± 10.3 mmHg (range: 9-45) and the mean 
number of glaucoma medications used was 2.4 ± 1.8 (range: 
0-4).

Eyes 26

Patients 24

Age

Mean (SD) 57.8 (22.9)

Range Apr-87

n %

Sex

Male 9 37.5

Female 15 62.5

Eye

Right 13 50.0

Left 13 50.0

Systemic diseases

DLD 6 25.0

IDA 1 4.2
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Materials and Methods

Study design and sample size
We performed a retrospective chart review of all patients 
diagnosed with AMS (ICD code: H40.839) from 2014 to 2021 
at a single tertiary eye care center. The diagnostic criteria of 
AMS were elevated IOP associated with a uniform (central and 
peripheral) shallowing of the AC in the presence of a patent PI 
and the absence of any posterior segment pathology (e.g. 
choroidal effusion, suprachoroidal hemorrhage, posterior 
segment tumor).

Demographics and clinical information
At presentation, the following demographic and clinical details 
were obtained from the electronic medical records: age, sex, 
systemic disease, laterality of the affected eye, best corrected 
visual acuity, IOP, refraction, axial length, lens status, cup to 
disc ratio, number of glaucoma medications used, history of 
any ocular disease and past surgical history. We also 
documented whether the patient was diagnosed before 
presentation at our institute and if so, the period from diagnosis 
until presentation at our hospital.

In each subsequent follow-up visit, we documented 
the following: Best corrected visual acuity, IOP, number 
of glaucoma medications used, AC depth, 
complications, recurrence and the need for additional laser 
and/or surgical intervention.

Outcome measures
The three outcome measures in our study were: Anatomical 
success, functional outcome and treatment success. Anatomical 
success was defined as further deepening of the AC compared
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Hypothyroidism 1 4.2

DVT 1 4.2

Bronchial asthma 3 12.5

DM 2 8.3

HTN 5 20.8

Renal Cancer 1 4.2

BPH 1 4.2

IHD 1 4.2

CKD 2 8.3

Diagnosed with AMD prior to presentation?

Yes 5 19.2

No 21 80.8

If Yes, duration (in days) since diagnosis

Mean (SD) 28.2 (20.4)

Range 7-60

Time from precipitating surgery until AMD diagnosis

Mean (SD) 26.1 ( 29.1)

Range 1-90

Cause of AMD

Phacoemulsification 6 23.1

Trabeculectomy 8 30.8

ECCE 6 23.1

AGV 4 15.4

PKP + AGV 1 3.8

DSAEK 1 3.8

Diagnosed with glaucoma prior to AMD

Yes 18 69.2

No 8 30.8

0.0

If Yes, glaucoma diagnosis?

PACG 13 72.2

JOAG 2 11.1

PXG 1 5.6

NVG 1 5.6

Phacomorphic 1 5.6

Prior ocular surgery?

Phacoemulsification 10 38.5

ECCE 3  11.5

Combined ECCE + Trab 1 3.8
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PKP 1 3.8

PPV 1 3.8

Tube 4 15.4

Trab 5 19.2

Number of glaucoma medications at presentation

Mean (SD) 2.4 (1.8)

Range 0-4

BCVA at presentation

20/80 or better 3 11.5

20/100 to 20/400 11 42.3

CF or worse 12 46.2

Refraction

Mild hyperopia ( 0 to +2 D ) 3 11.5

Moderate hyperopia ( +2 to +6 D ) 0  0.0

High hyperopia ( more than +6 D ) 2 7.7

Myopia 5 19.2

n/a 16 61.5

IOP at presentation

Mean (SD) 27.2 (10.3)

Range 9-45

Anterior chamber

Shallow peripherally, deep centrally 4 15.4

Shallow all over 11 42.3

Flat (Iridocorneal touch) 11 42.3

Peripheral iridotomy

Present 17 65.4

Absent 9 34.6

Lens status

Phakic 9 34.6

Pseudophakic 16 61.5

Aphakic 1 3.8

CDR

0.1 1 3.8

0.4 2 7.7 

0.5 2 7.7

0.6 2 7.7

0.7 4 15.4

0.8 4 15.4

0.9 6 23.1
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total cup 2 7.7

no view 3 11.5

Axial length (in mm)

15 mm 1 3.8

20 mm 1 3.8

21 mm 1 3.8

22 mm 2 7.7

23 mm 2 7.7

n/a 19 73.1

The majority (76%) of patients were initially managed with 
medical treatment, whereas the remaining (24%) underwent 
laser treatment. Almost all (96.2%) patients eventually 
required surgery to control AMS. The mean duration from 
presentation until the first surgery was 45.9 ± 45.8 days (range: 
2-119).

Regarding surgical interventions, three (12%) patients 
underwent AC reformation combined with a surgical PI, all of 
which failed and eventually required PPV. One (4%) patient 
underwent AC reformation combined with phacoemulsification 
and the IOP was controlled in this patient without any further 
intervention. Four (16%) patients were managed by 
Cyclophotocoagulation (CPC) that was opted due to poor 
visual potential. Out of these, the IOP remained controlled in 
one patient, two patients progressed to no light perception and 
one patient required an additional session of CPC. Finally, 
glaucoma drainage device surgery and goniosynechiolysis 
were performed in one (4%) patient each; both of these patients 
did not require further intervention.

Eighteen (69%) patients eventually required PPV to control 
IOP. PPV was combined with phacoemulsification in 3 (12%) 
patients and glaucoma drainage device surgery in 2 (8%) 
patients. A Kaplan-Meier curve was plotted to assess the 
survival probability of patients who underwent PPV (Figure 1). 
The overall success rate of achieving IOP between 5-21 mmHg 
at five years was 60%. The mean duration of follow-up was 
24.5 ± 18.2 months (range: 8-62). At the last follow-up visit, 
the mean IOP was 17.2 ± 9.5 mmHg (compared to 27.2 ± 10.3 
at baseline, P<0.001) and the mean number of glaucoma 
medications used was 1.8 ± 1.5 (compared to 3.1 ± 1.4 at 
baseline, P=0.005).

Figure 1. Survival analysis of cases that underwent Pars 
Plana Vitrectomy (PPV) for the management of 
Aqueous Misdirection Syndrome (AMS).

Table 2 outlines the results of the outcome measures of our 
study (anatomical success, functional outcome and treatment 
success). Furthermore, a univariate analysis was performed to 
identify the risk factors for treatment failure (Table 3). The 
only factor that was significantly associated with failure was a 
history of trabeculectomy as the cause of AMS (OR: 7.8, 95%
CI: 1.16-52.35, P-value: 0.02).

 Final outcomes of the study n %

Anatomical success*

Yes 20 76.9

No 5 19.2

NA 1 3.8

Functional outcome#
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Vision improved 4 15.4

Vision worsened 11 42.3

Same 11 42.3

Treatment success$

Yes 15 57.7

No 11 42.3

*Defined as further deepening of the AC compared to presentation.

#Assessed by comparing baseline best-corrected visual acuity and acuity at the final follow-up visit.

$Defined as success in achieving an IOP level between 5 and 21 mmHg either with or without glaucoma medications and without loss of light perception.

Table 3. Analysis of risk factors for failure of treatment.

Variable Treatment Failure Univariate Analysis 

n % OR 95% CI P

Cause of AMD

Trabeculectomy 7.8 (1.16-52.35) 0.020

Yes 6 54.5

No 5 45.5

Phaco NA NA NA

Yes 0 0.0

No 11 100.0

ECCE 1.5 (0.24-9.38) 0.660

Yes 3 27.3

No 8 72.7

AGV 0.89 (0.12-6.48) 0.91 

Yes 2 18.2

No 9 81.8

Lens status

Phakic 5 45.5 0.44 (0.08-2.27)  0.32

Pseudophakic 6 54.5

Systemic disease

DM NA NA NA

Yes 2 18.2

No 9 81.8

HTN 2.44 (0.33-17.91) 0.370

Yes 3 27.3

No 8 72.7

DLD 1.5 (0.24-9.38) 0.660

Yes 1 9.1
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No 10 90.9

BA 0.65 (0.05-8.23)  0.740

Yes 1 9.1

No 10 90.9

Discussion
In our current study, we sought to retrospectively review all
cases diagnosed with AMS from presentation until the last
follow-up documenting all interventions undergone during
management, both medical and surgical. We believe that this
would provide more insight into the effectiveness of different
treatment modalities and the outcomes of AMS management in
general.

AMS can be precipitated by many factors including miotics,
YAG laser treatment, diode laser CPC, trauma, intraocular
surgeries especially glaucoma surgery. In our study, the most
common cause of AMS was trabeculectomy (30.8%) as in
previous studies. Other less common causes were cataract
surgery, glaucoma drainage device surgery and keratoplasty.

In our study, the initial treatment of AMS was medical in
76.9% of patients. Although some initially responded, almost
all patients (96%) eventually required surgery. This finding isin
concordance with previously reported papers in the literature
[14-16]. This supports the evidence that medical management
in AMS is a temporizing measure. Cycloplegics act by
tightening the lens zonules to pull the lens posteriorly and
reverse shallowing of the AC and subsequently improve the
flow of aqueous humour; however, it is evident that the
cycloplegics effect does not lead to reversal of the underlying
pathology. The IOP lowering effect of glaucoma drops could
also explain the short-term control of AMS in our study by
medical treatment.

Laser therapy is another treatment approach in AMS
management. An anterior hyaloidotomy disrupts the posterior
capsule and anterior vitreous face to allow free flow of aqueous
between the AC and vitreous. However, in our study it was
only effective in one (3.8%) patient. Contrary to our findings,
Greenfield et al. reported a series of 10 eyes with AMS, out of
which four (40%) responded after laser treatment with
deepening of the anterior chamber and normalization of IOP
[17]. A possible reason for a better response to laser in their
study compared to ours is that half of their patients were open-
angle glaucoma. In contrast, the majority (72.2%) of our
patients were angle closure.

Four patients (16%) in our study were initially treated with AC
reformation. Three of these were combined with a surgical PI
and one was combined with phacoemulsification. In the 3 cases
that were combined with a surgical PI, IOP was not controlled
postoperatively and the patients eventually required a PPV,
whereas in the case that had AC reformation combined with
phacoemulsification, the IOP was controlled without further
intervention. Our findings imply that AC reformation alone is
not a sufficient intervention to control AMS; however, this

does not eliminate the utility of AC reformation. A previous
report by Thompson [18] showed that patients undergoing AC
reformation at presentation, followed by surgery, had a higher
chance of achieving IOP control; this could be explained by the
effect of immediate AC reformation on reducing the chances of
synechiae formation.

Although CPC can be an inciting factor to AMS, some reports
have suggested CPC as a treatment option. Thomas reported 5
hyperopic eyes with AMS that were successfully managed with
CPC achieving AC deepening and control of IOP over a
follow-up period ranging from 1 to 8 years after a single CPC
session in 4 cases and two sessions, one year apart, in one
patient [19]. The postulated benefit of CPC in AMS is that it
may aid in reversing the rotation of the ciliary body and lead to
a disruption of the anterior vitreous phase either via laser
energy or the inflammation associated with the procedure
[20,21]. In our study, CPC was opted as an intervention in four
patients (16%). Among these, two patients ended up with no
light perception so no further intervention was performed, one
required another session of CPC that was enough to provide
adequate IOP control and the last patient was controlled after
the first CPC treatment and did not need any further
intervention.

PPV is considered the treatment of last resort in refractory
cases of AMS. The success rate of PPV in our study was 80 %,
80% and 60% at 1,3 and 5 years respectively. The high success
of PPV in AMS reflects its utility in counteracting the
underlying mechanism by removing the vitreous, which is
congested by the shunted aqueous and subsequently
contributing to the posterior displacement of the iris lens
diaphragm, which in turn leads to deepening of the AC. Our
success rate echoes evidence from previous studies that prove
the efficacy of PPV in providing adequate IOP control in
patients with AMS.

A history of trabeculectomy as the precipitating factor of AMS
was significantly associated with treatment failure in our study
(OR: 7.8, 95% CI: 1.16-52.35, P-value: 0.02). This observation
was also noticed in the study reported by Thompson, in which
trabeculectomy was a significant factor associated with a delay
in AMS recovery. It is possible that, of a fistulous tract
diverting aqueous into the subconjunctival space post-
trabeculectomy impedes AC reformation and control of AMS.

Our study is subject to limitations inherent to retrospective
studies. Furthermore, due to failure in documentation, our
results lack several objective parameters (e.g. refraction and
axial length) that could have added more value to our findings.
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Conclusion
In conclusion, medical and laser treatment were only helpful in 
providing short-term control of AMS and almost all patients 
eventually required surgical intervention. AC reformation with 
a surgical PI may temporarily reconstruct the anterior chamber; 
however, it does not reverse AMS. Although some cases 
showed good response following either phacoemulsification or 
CPC, most patients eventually required a PPV. Finally, 
trabeculectomy was a predictor of treatment failure in our 
study.

References

8J Clin Ophthalmol. 2022 Volume 6 Issue 5 (MRPFT)

Citation: Al Qahtani R, Al Owaifeer AM, Al Shahwan S, et al. Outcomes of medical and surgical management in aqueous misdirection
syndrome. J Clin Ophthalmol. 2022;6(5):1-8.

https://link.springer.com/article/10.1007/s00417-017-3837-0
https://link.springer.com/article/10.1007/s00417-017-3837-0
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/626977
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/626977
https://www.sciencedirect.com/science/article/abs/pii/S0161642012010433?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642012010433?via%3Dihub
https://www.nature.com/articles/eye199321
https://www.nature.com/articles/eye199321
https://link.springer.com/article/10.1007/s00417-011-1763-0
https://link.springer.com/article/10.1007/s00417-011-1763-0
https://link.springer.com/article/10.1007/s00417-011-1763-0
https://www.sciencedirect.com/science/article/abs/pii/S0161642012010433?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642012010433?via%3Dihub
https://journals.lww.com/retinajournal/Abstract/2017/10000/OUTCOMES_OF_PARS_PLANA_VITRECTOMY_IN_THE.14.aspx
https://journals.lww.com/retinajournal/Abstract/2017/10000/OUTCOMES_OF_PARS_PLANA_VITRECTOMY_IN_THE.14.aspx
https://journals.lww.com/retinajournal/Abstract/2017/10000/OUTCOMES_OF_PARS_PLANA_VITRECTOMY_IN_THE.14.aspx
https://journals.lww.com/glaucomajournal/Abstract/2002/06000/Slit_Lamp_Needle_Revision_for_Aqueous_Misdirection.4.aspx
https://journals.lww.com/glaucomajournal/Abstract/2002/06000/Slit_Lamp_Needle_Revision_for_Aqueous_Misdirection.4.aspx
https://journals.lww.com/glaucomajournal/Abstract/2002/06000/Slit_Lamp_Needle_Revision_for_Aqueous_Misdirection.4.aspx
https://journals.lww.com/glaucomajournal/Abstract/2018/04000/Slit_lamp_Needling_of_the_Anterior_Capsule_for.16.aspx
https://journals.lww.com/glaucomajournal/Abstract/2018/04000/Slit_lamp_Needling_of_the_Anterior_Capsule_for.16.aspx
https://journals.lww.com/glaucomajournal/Abstract/2018/04000/Slit_lamp_Needling_of_the_Anterior_Capsule_for.16.aspx
https://journals.lww.com/jcrs/Abstract/2007/01000/Malignant_glaucoma_after_phacoemulsification_.39.aspx
https://journals.lww.com/jcrs/Abstract/2007/01000/Malignant_glaucoma_after_phacoemulsification_.39.aspx
https://journals.lww.com/jcrs/Abstract/2007/01000/Malignant_glaucoma_after_phacoemulsification_.39.aspx
https://www.sciencedirect.com/science/article/abs/pii/S0181551206739626
https://www.sciencedirect.com/science/article/abs/pii/S0181551206739626
https://www.sciencedirect.com/science/article/abs/pii/S0161642006007330?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642006007330?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642006007330?via%3Dihub
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/641796
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/641796
https://jamanetwork.com/journals/jamaophthalmology/article-abstract/641796
https://journals.sagepub.com/doi/10.1177/147323001204000437
https://journals.sagepub.com/doi/10.1177/147323001204000437
https://journals.sagepub.com/doi/10.1177/147323001204000437
https://bjo.bmj.com/content/56/3/263
https://www.aaojournal.org/article/S0161-6420(94)31222-X/pdf
https://www.aaojournal.org/article/S0161-6420(94)31222-X/pdf
https://www.sciencedirect.com/science/article/abs/pii/S0161642099005308?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642099005308?via%3Dihub
https://www.ajo.com/article/S0002-9394(19)30384-8/fulltext
https://www.ajo.com/article/S0002-9394(19)30384-8/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0161642008005381?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642008005381?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642008005381?via%3Dihub
https://www.aaojournal.org/article/S0161-6420(99)00727-7/fulltext
https://www.aaojournal.org/article/S0161-6420(99)00727-7/fulltext
https://www.sciencedirect.com/science/article/abs/pii/S0161642097302942?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642097302942?via%3Dihub
https://www.sciencedirect.com/science/article/abs/pii/S0161642097302942?via%3Dihub

	Contents
	Outcomes of medical and surgical management in aqueous misdirection syndrome.
	Abstract
	Accepted on 28 Sep, 2022
	Introduction
	Materials and Methods
	Study design and sample size
	Demographics and clinical information
	Outcome measures
	Data analysis

	Results
	Discussion
	Conclusion
	References
	*Correspondence to




