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ABSTRACT

Purpose: To evaluate the prognosis of patients
with blunt trauma-mediated cyclodialysis cleft

and lens subluxation treated by dual capsular
tension rings (CTRs) with different preoperative
intraocular pressures (IOPs).
Methods: Twenty-five patients with cyclodial-
ysis cleft and lens subluxation after blunt
trauma were recruited in this study. They were
categorized into the low IOP group
(IOP\10 mmHg) and normal IOP group (be-
tween 10 mm and 21 mmHg). A modified CTR
(MCTR) or CTR was sutured into the ciliary
sulcus, and another MCTR or CTR was implan-
ted in the capsular bag. The prognosis outcome
measurements, including BCVA (LogMAR), IOP,
UBM, and macular character on OCT, were
collected during the regular outpatient follow-
up after surgery until the recovery of cyclodial-
ysis cleft was found. Measures of cyclodialysis
cleft recovery included successful IOP control
(defined as an IOP within 10–21 mmHg), con-
firmation of cleft closure on UBM, and confir-
mation of IOL centration under slit-lamp
examination. Follow-up period or recovery time
was regarded as the duration between discharge
from the hospital after the operation and the
recovery of cyclodialysis cleft. The longest fol-
low-up period was 1 year.
Results: Cyclodialysis cleft was successfully
treated in 21/25 eyes, whereas lens subluxation
was treated effectively in all 25 eyes. CTRs and
IOLs were stable in all eyes. BCVA (P\ 0.001)
and IOP (P\0.001) were significantly
improved after surgery. The primary surgical
complication included reversible IOP spike in
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seven eyes. Postoperative BCVA was found to
have correlation with the preoperative IOP
(P = 0.016), maculopathy (P = 0.002,), and
trauma duration (P = 0.046). Worse BCVA
(P = 0.037) and more severe grade of macu-
lopathy (P = 0.030) were observed in the low
IOP group (14 eyes). In contrast, a better prog-
nosis and greater probability of IOP spike
(P = 0.021) were observed in the normal IOP
group (11 eyes).
Conclusion: Timely and proper intervention
for traumatic cyclodialysis cleft associated with
lens subluxation is essential. Lower preoperative
IOP is associated with worse prognosis and
prolonged recovery time, while caution should
be taken in IOP spike monitoring in patients
with normal preoperative IOP.

Keywords: Cyclodialysis cleft; Lens
subluxation; Trauma; Dual capsular tension
ring

Key Summary Points

Why carry out this study?

Traumatic cyclodialysis coexisting with
lens subluxation is rare and complicated.
It can further cause hypotony, leading to
several associated complications, such as
cataracts. Early detection and surgical
recovery of ciliary body separation and
lens dislocation are helpful in the recovery
of visual function. However, the
relationship between preoperative
intraocular pressure and patient prognosis
remains unclear.

What was learned from the study?

Timely and proper intervention for
traumatic cyclodialysis cleft associated
with lens subluxation is essential. Lower
preoperative IOP is associated with worse
prognosis and prolonged recovery time,
while caution should be taken in IOP
spike monitoring in patients with normal
preoperative IOP.

DIGITAL FEATURES

This article is published with digital features,
including videos to facilitate understanding of
the article. To view digital features for this
article go to https://doi.org/10.6084/m9.
figshare.18406931.

INTRODUCTION

Cyclodialysis cleft occurs because of separation
of the longitudinal ciliary muscle fibers from
the scleral spur, creating an abnormal and
additional pathway for the aqueous humor
drainage [1]. Excessive drainage of aqueous
humor along with hypofunction of the ciliary
body leads to chronic hypotony and associated
complications [2]. Reported incidences of blunt
trauma-mediated cyclodialysis cleft are between
1 and 11% of all the cases [3]. In addition, the
incorrect insertion of the ciliary body from the
origin of the lens zonular fibers can cause
zonular weakness and lens subluxation [1, 4, 5].
Cyclodialysis itself is a rare condition; traumatic
cyclodialysis coexisting with lens subluxation is
even more uncommon and complicated. Con-
servative management does not help in the
resolution of lens subluxation in cyclodialysis
patients; hence, prompt surgical interventions
are necessary. Early detection with accurate
intervention helps in restoration of the apposi-
tion of the detached ciliary body and dislocated
lens, which further aids in the recovery of visual
function [6].

Various surgical methods are employed for
the management of cyclodialysis [7–11], though
using a classic surgical procedure of direct
cyclopexy can only resolve the problem of
cyclodialysis cleft but requires extensive surgical
skills [12]. Moreover, after direct cyclopexy,
patients still require a secondary intervention
for traumatic cataracts, lens subluxation, vitre-
ous prolapse, and so on. Therefore, an innova-
tive and combined surgical method could offer
a better interventional option. Gupta et al. [13]
used the procedure of placing two capsular
tension rings (CTRs) for treating blunt trauma-
mediated cataract, zonular dialysis, iridodialy-
sis, and cyclodialysis. We also previously used
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the method of dual CTRs combined with pha-
coemulsification while dealing with traumatic
cyclodialysis cleft and zonular dialysis [6]. Dur-
ing the procedure, a modified capsular tension
ring (MCTR) suturing was pushed toward the
maximum height of the cleft, which resulted in
the re-attachment of the detached ciliary body
to the scleral spur by direct mechanical tam-
ponade. Meanwhile, lens subluxation was trea-
ted by phacoemulsification and CTR
implantation. This modified surgical interven-
tion was beneficial in reducing patient’s pain,
the risk of repeated surgery, and the financial
burden. Of note, this technique involved a
small incision, use of routine technique, mini-
mal sutures, and fewer complications.

Cyclodialysis cleft can further cause hypot-
ony, leading to several associated complica-
tions, such as cataracts, optic disk swelling,
refractive changes, retinochoroidal folds, and
maculopathy. Interestingly, in our previous
study, normal intraocular pressure (IOP) was
seen after traumatic cyclodialysis cleft [6].
However, changes in IOP after traumatic cyclo-
dialysis cleft can be attributed to lens disloca-
tion, shallow anterior chamber, anterior
segment inflammation, anterior chamber angle
closure, vitreous prolapse, peripheral anterior
synechiae, and so on. However, during our
clinical observation, we noted better best-cor-
rected visual acuity (BCVA) and susceptibility to
transient IOP rise in these normal IOP patients.

In the present study, the patients with
cyclodialysis cleft and lens subluxation after
blunt trauma were categorized into the normal
IOP group (preoperative IOP from 10 to
21 mmHg) and low IOP group (preoperative IOP
\ 10 mmHg). All the patients underwent the
same surgical procedure as reported before [6].
The two groups were compared postoperatively
for BCVA, IOP spike, and macular changes to
determine the differences in prognosis due to
different preoperative IOPs.

METHODS

Compliance with Ethics Guidelines

All procedures performed on human partici-
pants followed the 1964 Declaration of Helsinki
and its later amendments after receiving proper
approval from the Human Research Ethics
Committee of the Eye & ENT Hospital of Fudan
University (no. 2020126-1). Furthermore,
informed consent was obtained from all partic-
ipants and the guardians of those under
18 years of age. Informed consent for publica-
tion was obtained from all participants.

Patients

The study recruited 25 eligible patients in this
prospective case series study, from January 2017
to December 2019, who attended the ophthal-
mology clinic at the Eye and ENT Hospital of
Fudan University, Shanghai, China. Cyclodial-
ysis cleft was diagnosed as previously reported
[14]. Inclusion criteria: Patients with cyclodial-
ysis cleft and lens subluxation after blunt
trauma who underwent combined insertion of a
CTR or MCTR into the ciliary sulcus and
another CTR or MCTR into the capsular bag.
Exclusion criteria: (1) patients with concomi-
tant vitrectomy for severe ectopia lentis and
vitreous prolapse; (2) patients with severe ocular
complications such as scleral laceration and
choroidal laceration; (3) patients with traumatic
maculopathy except for hypotony maculopa-
thy; (4) follow-up loss; (5) history of vision
correction surgery, glaucoma, keratoconus,
uveitis, or retinal detachment.

Preoperative Measures

Preoperative data collection included demo-
graphic profile, trauma history and duration of
trauma, BCVA, IOP, anterior chamber depth
(ACD), cyclodialysis cleft size, axial length, and
maculopathy. The BCVA measurements were
converted to logarithm of the minimal angle of
resolution (logMAR) notation. Slit-lamp exami-
nation, non-contact tonometer (CT-80, Topcon
Medical Systems, Oakland, NJ, USA), B-scan
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ultrasonography (Aviso, Quantel Médical, Cler-
mont-Ferrand, France), partial coherence inter-
ferometry (IOLMaster 500 and 700, Carl Zeiss
Meditec AG, Jena, Germany), optical coherence
tomography (Spectrialis OCT, Heidelberg Engi-
neering, Heidelberg, Germany), and UBM (MD-
300 L, MEDA, Tianjin, China) were performed
in all patients. Hypotony maculopathy was
diagnosed as described by Costa et al. [15]. For
statistical analysis, maculopathy was graded as
normal (grade 0), mild chorioretinal folds
(grade 1), moderate chorioretinal folds with
macular fovea edema (grade 2), and severe
macular change such as severe edema and reti-
nal thinning (grade 3) (Fig. 1).

Surgical Plan

All surgeries were performed by the same sur-
geon (Dr. YX Jiang). The surgical procedure was
adopted as described by Jiahui Chen [6]. The
operation process is briefly described as follows:
Under anesthesia or general anesthesia, an
upper transparent corneal tunnel incision and
puncture are performed. After standard stop-
ping and chopping or tilting and rolling pha-
coemulsification techniques and cortical
aspiration, the viscous OVD is re-injected into
the capsular bag. CTR (Morcher Type 14C, Type
14A or Type 14, GmbH, Germany) or MCTR
(Morcher Type 1 L or Type 2C, GmbH, Ger-
many) with perforation preset with 9-0
polypropylene is aligned along the zonular
dialysis zone. The capsular bag is implanted to
support the zonules, and then a foldable
intraocular lens is inserted into the capsule.
After zonular dialysis, a 13-mm Morcher Type 2
L CTR (Morcher GmbH, Germany), MCTR, with
two perforations is pre-placed into the ciliary

sulcus with 10-0 polypropylene, and then the
end of the Prolene suture is placed on the sclera
and it is tied 1 mm behind the edge of the sur-
gical site. The location of a small hole is pushed
to the maximum height of the fissure, which
causes the detached ciliary body to be recon-
nected to the scleral spur via direct mechanical
packaging. Furthermore, the cyclodialysis cleft
closure was confirmed by gonioscopy at the end
of surgery. (Supplementary Material: Surgical
video 1 and 2).

Postoperative Outcome Measures

Postoperative follow-up measurements, includ-
ing BCVA, IOP, UBM, B-scan ultrasonography,
and macular character on OCT, were collected
during the regular outpatient follow-up after
surgery (1 month, 3 months, 6 months,
9 months, and 12 months), until the recovery of
cyclodialysis cleft was found in two consecutive
follow-ups. Measures of cyclodialysis cleft
recovery included a successful IOP control (de-
fined as an IOP within 10–21 mmHg), confir-
mation of cleft closure on UBM, and
confirmation of IOL centration under slit-lamp
examination. Follow-up period or recovery time
was regarded as the duration between discharge
from the hospital after the operation and the
recovery of cyclodialysis cleft. The longest fol-
low-up period was 1 year. Eyes with postopera-
tive IOP spikes received antiglaucoma eye
drops.

Statistical Analysis

Statistical analyses were performed using SPSS
version 26.0 (IBM Corp., Armonk, NY, USA).
The data distribution was confirmed by the

Fig. 1 Grade of maculopathy. a Mild chorioretinal folds (grade 1); b moderate chorioretinal folds (grade 2); c severe
macular change (grade 3)
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Shapiro-Wilk test. Quantitative variables were
presented as mean ± standard deviation
whereas the median (quartiles) and categorical
statistics were described in the counts. Inde-
pendent t-test or Mann-Whitney U-test was
applied as appropriate to compare the clinical
characteristics between the two groups. Wil-
coxon signed rank test or paired t-test was used
for pre- and postoperative parameters. Chi-
square test or Fisher’s exact probability test was
used for categorical variables, such as IOP spike
and maculopathy, between the two groups.
Pearson’s or Spearman’s correlation analysis was
used to explore the relevant factors. The results
of two-tailed tests were considered significant at
P\ 0.05.

RESULTS

Twenty-five eyes of 25 patients were enrolled in
the present study (Fig. 2). The baseline charac-
teristics between the two groups are presented
in Table 1. Significant difference was observed
in the IOP and macular change parameters only
at baseline. During the procedure, one MCTR or
CTR was successfully sutured into the ciliary
sulcus, whereas another MCTR or CTR was
implanted in the capsular bag after

phacoemulsification. In this study, all patients
were followed up for 3 to 12 months, with an
average of 7.55 ± 4.03 months: low IOP group:
7.89 ± 2.53 (range: 6–12 months); normal IOP
group 7.21 ± 3.13 (range: 3–11 months).
Within 1 year after surgery, the cyclodialysis
cleft was closed in 21 eyes (84%). Although
clefts remained in four eyes at 1-year follow-up,
no surgical intervention was required. CTRs and
IOLs were stable in all the patients (25 eyes,
100.0%). At the final follow-up examination,
BCVA improved from 1.1 ± 0.8 LogMAR before
surgery to 0.2 ± 0.4 LogMAR after surgery
(P\0.001). IOP was also significantly increased
from 9.6 ± 2.8 mmHg preoperatively to
13.1 ± 3.5 mmHg at the last postoperative fol-
low-up (P\0.001). First day post-surgery IOP
spike was detected in seven eyes (28.0%), which
was reversible and could be controlled by anti-
glaucoma drugs. However, mild-to-severe mac-
ulopathy occurred in 16 patients (64%).
Importantly, postoperative BCVA had a signifi-
cant correlation with preoperative IOP
(P = 0.016, r = - 0.486), maculopathy
(P = 0.002, r = 0.596), and trauma duration
(P = 0.046, r = - 0.420). Of note, no other seri-
ous complications were observed during the
follow-up period.

Fig. 2 Flow chart of participant recruitment and participation. CTR capsular tension rings; MCTR modified CTR

Ophthalmol Ther (2022) 11:689–699 693



Postoperative comparisons between the two
groups are shown in Table 2. Postoperatively,
significant differences were seen in BCVA, IOP,
IOP spike ratio, and maculopathy. However, in
both groups, BCVA and IOP were significantly
improved (Fig. 3a, b).

In the normal IOP group, the postoperative
BCVA was better (P = 0.037), while the inci-
dence of IOP spike was significantly higher than
in the low IOP group (6/11 vs. 1/14, P = 0.021).
However, no significant correlation was
observed between the IOP spike and BCVA for
the normal IOP group (P = 0.147). Moreover, no
case of a persistent elevated IOP was seen in this
group; also patients without IOP spike main-
tained stable IOPs during the follow-up.

In the low IOP group, postoperative BCVA
was comparatively poor (P = 0.037), with more
severe postoperative macular change
(P = 0.030). IOP recovery time also varied from
1 week to 6 months, and only four eyes reverted
to normal IOP within 1 month postoperatively.
Three eyes had low IOP (7.8 mmHg, 8.0 mmHg,

8.1 mmHg, respectively) until the last follow-
up. However, IOP recovery time did not have an
association with age (P = 0.617), duration of
trauma (P = 0.660), preoperative IOP
(P = 0.839), or cleft extension (P = 0.534).

DISCUSSION

In the current study, 25 eyes with cyclodialysis
cleft and lens subluxation were surgically trea-
ted with dual CTR implantation. Overall surgi-
cal results were satisfying; however, the
prognosis of normal preoperative IOPs differed
from that for low preoperative IOPs.

Cyclodialysis combined with lens subluxa-
tion is a rare but intricate situation. When and
how to operate are worth exploring. Conflicting
views exist on the surgical intervention timing
for treating cyclodialysis cleft. Ormerod [5]
suggested that IOP restoration within 2 months
was associated with better prognosis, whereas
Jing et al. [4] advised closing the cyclodialysis as

Table 1 Baseline characteristics of all 25 patients

Characteristics Groups P

Low IOP (n = 14) Normal IOP (n = 11)

No. of eyes (left/right, n) 14 (5/9) 11 (6/5)

Gender (male/female, n) 11/3 8/3 1.000

Age (year, min–max) 50.6 ± 7.1 (35–74) 53.4 ± 7.3 (44–66) 0.357

Duration of trauma (month, min–max) 5.8 ± 7.0 (1–24) 6.0 ± 4.7(1–18) 0.335a

Cleft size (clock, min–max) 2.4 ± 2.0 (1–5.5) 2.3 ± 1.4 (1–4) 0.789a

ACD (mm, min–max) 2.1 ± 0.5 (1.28–2.87) 2.0 ± 0.3 (1.33–2.63) 0.540

Axial length (mm, min–max) 22.7 ± 0.8 (21.13–26.25) 23.2 ± 1.7 (21.64–27.81) 0.547a

K1 (D, min–max) 43.6 ± 1.5 (39.7–46.1) 43.3 ± 1.8 (40.1–47.3) 0.753

K2 (D, min–max) 44.2 ± 1.5 (40.2–46.1) 44.6 ± 1.6 (39.8–46.2) 0.534

Traumatic cataract (n) 14 11

Choroidal detachment (n) 13 11

Optic disk swelling (n) 6 7

Secondary angle closure or cracked narrowing (n) 11 10

ACD, anterior chamber depth; K, keratometry; BCVA, best-corrected visual acuity; LogMAR, logarithm of the minimal
angle of resolution; IOP, intraocular pressure
aMann–Whitney U test
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soon as possible after the diagnosis. While
many reported significant visual recoveries after
many years of cyclodialysis onset, the longest
documented interval was 30 years [16, 17].
Agrawal and Hwang [16, 18] found no correla-
tion between the duration of hypotony and
final visual acuity in these patients. In the pre-
sent study, a significant correlation was
observed between the postoperative BCVA and
time of trauma. Based on the findings, we sug-
gest a prompt intervention for cyclodialysis
cleft, especially if it is accompanied by lens
subluxation.

IOP reduction is the focal point for the
cyclodialysis cleft. However, occurrence of

normal IOP in patients with cyclodialysis and
zonular dialysis might occur because of the
mixed etiology, which reduces the outflow of
aqueous humor from the trabecular meshwork.
Of note, preoperative IOP was higher in the
present study than in previous reports
[16, 19, 20]; however, only a few patients met
the criteria for ‘‘statistical’’ hypotony [21].
Therefore, we chose the lower limit of normal
IOP (10 mmHg) based on the grouping standard
to investigate the clinical outcomes in different
preoperative IOPs.

The etiopathogenesis of traumatic macu-
lopathy has been suggested to be due to a
combination of hemodynamic forces that lead

Table 2 Pre- and postoperative clinical characteristics of low and normal IOP groups

Characteristics Groups P value

Low IOP (n = 14) Normal IOP (n = 11)

Preoperative

BCVA(LogMAR, min–max) 1.20 ± 0.9 (0.22–3.00) 1.00 ± 0.7 (0.22–2.10) 0.527a

IOP (mmHg, min–max) 7.67 ± 1.0 (6.3–9.5) 12.60 ± 2.2 (10–15.3) < 0.001a

Maculopathy (normal/mild/moderate/severe, n) 3/6/0/5 6/4/1/0 0.049b

Postoperative

Follow-up periods (month, min–max) 7.89 ± 2.53 (6–12) 7.21 ± 3.13 (3–11)

BCVA(LogMAR, min–max) 0.59 ± 0.75 (0.00–0.50) 0.38 ± 0.65 (0.00–2.70) 0.037a

IOP (mmHg, min–max) 11.62 ± 3.37 (10.0–16.7) 14.95 ± 2.51 (10–20.0) 0.013c

IOP spike ratio (%, n) 7.1 (1/14) 54.5 (6/11) 0.021b

Maculopathy (normal/mild/moderate/severe, n) 3/6/0/5 7/3/1/0 0.030b

P value (pre- vs. postoperative) \

BCVA(LogMAR, min–max) 0.005d 0.003d \

IOP (mmHg, min–max) < 0.001e 0.079e \

Maculopathy (normal/mild/moderate/severe, n) \ \ \

The significance of bold indicated p\0.05
ACD anterior chamber depth; K keratometry; BCVA best-corrected visual acuity; LogMAR logarithm of the minimal angle
of resolution; IOP intraocular pressure
aMann-Whitney U test
bChi-square test
ct-test
dWilcoxon signed rank test
ePaired t-test
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to vascular damage of the nerve fiber layer (such
as hypotony maculopathy) and direct mechan-
ical forces that lead to photoreceptor and retinal
pigment epithelium destruction (such as chor-
oidal ruptures, submacular hemorrhages, trau-
matic macular holes, and photoreceptor and
retinal pigment epithelium injury). In this
study, we evaluate the outcome of patients with
blunt trauma-mediated cyclodialysis cleft and
lens subluxation treated by dual CTRs in dif-
ferent preoperative IOPs. Except for hypotony
maculopathy, patients with another traumatic
maculopathy were excluded. Hypotony macu-
lopathy is caused by inward scleral wall col-
lapse, causing redundancy of the choroid and
retina, which eventually leads to chorioretinal
folds, vascular tortuosity, and disc edema,
especially at the macula [15]. Although preop-
erative IOPs were not ‘‘typical’’ hypotony in our
study, hypotony maculopathy was observed in
our patients, especially in the low IOP group.
OCT parameter was helpful and convenient for
diagnosing hypotonous maculopathy. Murta
suggested that vision loss probably happens
because of the distortion and misalignment of
photoreceptors [20]. Based on our observation,
severe maculopathy such as irreversible macular
edema and retinal thinning could cause com-
plete loss of vision, while mild chorioretinal
folds imposed a minor threat to BCVA. Some
patients had visual acuity better than 15/25
despite the mild chorioretinal folds seen during

follow-up. Of note, hypotony maculopathy was
more severe and persistent in the low than
normal IOP group, which resulted in worse
BCVA.

IOP recovery was expected after closure of
the cyclodialysis cleft. However, lower preoper-
ative IOP patients required a long time to return
to the normal range, whereas some patients had
hypotony until our last follow-up at 6 months
post-surgery. No significant factor was observed
for IOP recovery time in the current study. The
recovery and stability of IOP after cyclodialysis
surgery are subtle processes, which mainly
depend on restoring the ciliary body as well as
the trabecular meshwork and eventual balance
of secretion and aqueous humor outflow.

Sometimes, closure of the cyclodialysis cleft
leads to a painful and unexpected IOP spike.
However, in the present study, the incidence of
IOP spike following surgical intervention was
much lower than in the previous reports [11, 16],
since our technique was minimally invasive and
least interruptive to the anterior chamber angle.
The incomplete recovery of trabecularmeshwork
function following the restoration of aqueous
humor production by the ciliary body causes IOP
spike [1]. Patients with normal IOP might con-
serve more residual aqueous humor secretion
function or have severe anterior segment
inflammation preoperatively. The immediate
postoperative functional recovery in combina-
tion with inflammation might lead to an IOP

Fig. 3 a Pre- and postoperative BCVA; b pre- and postoperative IOP. *P\ 0.05
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spike, which can be easily controlled and hence
does produce significant damage to the optic
nerve. However, with the functional recovery of
the trabecular meshwork, the IOP generally
returns to the normal range [22]. Therefore, pre-
operatively normal IOP patients have a greater
probability of IOP spike.Moreover these patients
had satisfactory prognosis, confirming that such
transient spikes cause little to no damage to the
eye. According toMurta et al. and Kato et al., IOP
spike eventually plays a positive role inflattening
retinal and choroidal folds and in re-attachment
of the ciliary body to the scleral spur [20, 23]. In
our study, the IOP spike’s impact on choroidal
detachment was also explored. Although there
was a differential tendency in the recovery time
of choroidal detachment in patients with or
without IOP spike, no significant difference was
observed, probably because of the relatively
small sample size.

The present study had the limitation of small
sample size and short follow-up time as some
patients were lost to follow-up because of
COVID-19. Also, considering the rarity of
cyclodialysis cleft, most of the other published
papers are single case reports. However, precise
expertise in this rare disease requires larger
samples and long-term observations. Also, if we
had a larger sample size, a multivariable model
could be considered.

CONCLUSIONS

To conclude, our method using dual CTRs to
treat cyclodialysis cleft associated with lens
subluxation was found to be safe and effective;
however, prompt intervention is recom-
mended. Patients with different preoperative
IOPs had different prognoses. Therefore,
informed consent for low IOP subjects should
include a long recovery time and dissatisfaction
with visual function recovery.
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