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Zonular Apparatus Capsular Bag Insufficiency

with Spontaneous Posterior Capsule Rupture

Kohei Miyata, Natsuko Maeda and Shinichiro Kobayakawa

Department of Ophthalmology, Nippon Medical School Musashikosugi Hospital, Kanagawa, Japan

Background: Zonular apparatus capsular bag (ZACB) insufficiency causes late postoperative spontane-
ous in-the-bag intraocular lens (IOL) dislocation, a serious complication of cataract surgery. Spontane-
ous posterior capsule rupture (SPCR) with IOL dislocation is a rare complication. This study reports
and discusses clinical features and outcomes of ZACB insufficiency with SPCR.

Methods: We retrospectively reviewed 7 cases of SPCR that developed after cataract surgery at Nippon
Medical School Musashi Kosugi Hospital between March 2021 and February 2025. Clinical records and
surgical videos were examined to collect data on patient age, sex, associated systemic and ocular condi-
tions, medications, dates of IOL implantation and explantation, signs and symptoms prompting explan-
tation, and surgical outcomes. The stage of capsular rupture and location of intraocular lens dislocation
were classified on the basis of intraoperative findings.

Results: The anterior capsule rim and zonule were intact in 5 SPCR cases, with the exchanged IOL fix-
ated in the sulcus. Two cases of SPCR exhibited both anterior and posterior capsule dislocation requir-
ing intrascleral IOL fixation. The average age of the patients was 52 years (range: 29-83 years; 6 men, 1
woman), and 5 (4 men, 1 woman) had atopic dermatitis. Time since the initial cataract surgery ranged
from 10 to 20 years (mean, 13.8 years).

Conclusions: Most SPCR cases were associated with atopic dermatitis, with minor trauma possibly con-
tributing to ZACB insulfficiency. Capsule morphology was preserved in most SPCR cases, with the ex-
ception of posterior capsule rupture.
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Introduction IOL-capsule complex is dislocated. Out-of-the-bag IOL

Late postoperative spontaneous in-the-bag intraocular
lens (IOL) dislocation is a serious complication of cata-
ract surgery. Several articles have reported a recent in-
creasing trend in late in-the-bag IOL dislocation. Cumula-
tive incidence was 0.5% to 3%, the average interval from
cataract surgery to occurrence was 6 to 12 years, and
mean patient age was 65 to 85 years'.

IOL dislocations are classified according to the position
of the IOL as in-the-bag or out-of-the-bag. For in-the-bag

dislocation, the IOL is inside the capsule and the whole

dislocation refers to displacement of an intraocular lens
that occurs outside the capsular bag, which usually hap-
pens during the early postoperative period and is often
associated with rupture of the posterior capsule during
surgery. In contrast, in-the-bag IOL dislocation usually
occurs much later after cataract surgery, because of zonu-
lar weakening and loosening, and is often associated
with contraction of the anterior lens capsule. In addition,
in-the-bag IOL dislocation is best understood as a mani-

festation of the zonular apparatus and capsular bag
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(ZACB) insufficiency.

Posterior capsule rupture is one of the most common
intraoperative complications of cataract surgery and can
also result from postoperative trauma® . Spontaneous
posterior capsule rupture (SPCR) after cataract surgery
and IOL implantation, resulting in IOL dislocation, is
rare. In cases of SPCR, IOL dislocation is classified as
out-of-the-bag when the IOL is fully dislocated into and
resides within the vitreous cavity. However, there are
also cases that are classified as in-the-bag, ie, when a
portion of the IOL remains partially retained within the
residual capsular bag. Our present literature review re-
vealed that fewer than 30 cases have been reported™.
Thus, because of the limited number of documented
cases, the exact mechanism underlying SPCR remains un-
clear. Culp et al.’ reported the clinical and histopathologi-
cal findings of dead bag syndrome, including eight cases
of SPCR. In contrast to these previously reported cases,
the present SPCR cases had distinct features, including
lens epithelial cells (LECs) on the inner surface of the an-
terior capsule and Soemmerring’s ring in some cases.
However, in other cases, the anterior capsule remained
intact, with preservation of the ZACB.

The aim of the present study was to report and discuss
the clinical features and outcomes of 7 cases of ZACB in-
sufficiency associated with SPCR. Furthermore, we
staged these cases to improve understanding of the
pathological progression of SPCR and determine appro-

priate surgical management.

Materials and Methods
This retrospective review analyzed 7 cases of SPCR after
cataract surgery at Nippon Medical School Musashi Ko-
sugi Hospital between March 2021 and February 2025.
SPCR was clinically diagnosed in cases of acute visual
impairment due to intraocular lens dislocation for which
spontaneous rupture of the posterior capsule was identi-
fied as the underlying cause. Of the 7 SPCR patients ana-
lyzed, none had a history of Nd:YAG laser capsulotomy,
pars plana vitrectomy, trauma, or any other identifiable
direct causative factor. A case summary that included pa-
tient age, sex, associated systemic and ocular conditions,
medications, dates of IOL implantation and explantation,
signs and symptoms prompting explantation, and surgi-
cal outcomes was compiled. The diagnosis of atopic der-
matitis was confirmed by reviewing medical records
documenting the dermatologist diagnosis. All surgeries
were performed by the same surgeon (S.K.). The stage of

capsular rupture and location of the intraocular lens dis-
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location were classified based on intraoperative findings.
No standardized grading system was used to assess the
severity of ZACB insulfficiency during surgery.

All the participants received an explanation of the
study and provided informed consent for participation.
The study adhered to the tenets of the Declaration of
Helsinki, and the study protocol was approved by the In-
stitutional Review Central Ethics Committee of the Nip-
pon Medical School Foundation on April 22, 2025 (ap-
proval number: 2024-1583).

Results
Table 1 shows the patients’ characteristics, clinical diag-
noses, and surgical treatment. The mean age of the pa-
tients was 52.4 years (range: 33-64 years), and there were
6 males and 1 female. SPCR occurred at an average of
13.8 years (range: 8—20 years) after the initial cataract sur-
gery, and 5 of the 7 patients had atopic dermatitis.

At the time SPCR was confirmed, 6 cases had a 1-piece
acrylic IOL, while 1 case had a 1-piece polymethyl meth-
acrylate (PMMA) IOL. The IOL position at the time of
explantation was in the pupil area in 4 cases and in the
vitreous in 3 cases. Soemmerring’s ring was present in 3
cases, a small ring was present in 1 case, and no ring
was present in 3 cases.

Peripheral anterior capsule remnants were identified in
5 cases, and sulcus fixation was performed as the initial
exchange procedure. In the remaining 2 cases, for which
the peripheral anterior capsule was absent, scleral fixa-
tion was chosen as the initial exchange procedure. Cases
1 and 7 required a second surgery. In Case 1, sulcus fixa-
tion was performed as the initial exchange procedure.
However, at 1 year and 3 months, the patient developed
retinal detachment, which necessitated a second surgery
for management of IOL subluxation. In Case 7, although
sulcus fixation was also initially performed, IOL subluxa-
tion recurred 1 month later, thereby requiring intrascleral

fixation as the second procedure.

Discussion

Previous reports of SPCR have documented 20 male
cases and only 2 female cases™ . A study by Lee et al.” re-
ported that 4 of 8 patients exhibited habitual eye rubbing
behavior. Similarly, in our study, most patients were male
and many had a history of atopic dermatitis, which is
consistent with previous reports.

Regarding the mechanism of atopic cataract, major ba-
sic protein, which is derived from eosinophil granules in

the aqueous humor, damages the LECs. This leads to re-
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Table 1 Clinical characteristics of the present cases

Case 1 2 3 4 5 6 7

Age (years) 50 83 29 56 57 45 47

Sex M M M M M M F

Laterality R L R R L R L

Race Asian Asian Asian Asian Asian Asian Asian

Length of explantation (years) 8 Unknown 10 14 8 20 23

IOL type 1P Acryl 1P Acryl 1P Acryl 1P Acryl 1P Acryl 1P PMMA 1P Acryl

Ocular comorbidity None None None None None None None

History of intraoperative capsular rupture None None None None None None None

History of Nd:YAG laser capsulotomy None None None None None None None

History of pars plana vitrectomy None None None None None None None

Axial length (mm) 25.33 23.04 24.77 26.36 25.39 22.65 26.37

General comorbidity Atopy None Atopy None Atopy Atopy Atopy

IOL position at explantation Vitreous Vitreous  Pupilarea Pupilarea Pupilarea Pupilarea Vitreous

Expected Soemmerring’s ring + None None None +Little + +

Initial explantation procedure Sulcus Sulcus Sulcus Sulcus Scleral Scleral Sulcus
fixation fixation fixation fixation fixation fixation fixation

Exchange IOL type 3P NX 1PZMA 3P NX 3P NX 3P NX 3P NX 3P NX
Monofocal ~Multifocal Monofocal Monofocal Monofocal Monofocal Monofocal

Results after explantation exchange Retinal Scleral
detachment fixation

duced cellular activity and development of atopic cata-
racts. Because of the decreased activity of the LECs, ad-
hesion between the IOL and the capsular bag may be im-
paired after cataract surgery”. It has been reported that
adhesion between the capsular bag and IOL tends to be
poor in patients with atopic dermatitis, which makes the
IOL more prone to movement. This is associated with to-
ric IOL misalignment".

Patients with atopic dermatitis often rub their faces.
Although the mechanism of SPCR remains unclear, exces-
sive eye rubbing may cause the IOL to rotate, shift, or
become unstable within the capsular bag. These changes
could potentially lead to posterior capsule damage from
the sharp edge of the IOL haptic. In patients with atopic
dermatitis, persistent eye rubbing can result in posterior
capsule rupture and IOL dislocation even years after
cataract surgery. This highlights the importance of post-
operative lifestyle guidance to prevent such complica-
tions.

In the present patients, IOL position at the time of
SPCR was unclear: 4 had an IOL in the pupil area and 3
in the vitreous. Sulcus fixation was performed during the
initial exchange surgery. However, in 2 of 5 cases transi-
tion to intrascleral fixation was soon required.

To better understand SPCR cases, as illustrated in Fig-
ure 1, we classified cases into three stages based on the
condition of the ZACB. In Stage 1, posterior capsule rup-

ture was present, but the ZACB remained intact. Sulcus
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fixation was performed during IOL exchange, and the
IOL remained stable in the sulcus position. Cases 2, 3,
and 4 were classified as Stage 1; the patients exhibited a
ruptured posterior capsule, with a preserved ZACB. The
continuous curvilinear capsulorhexis (CCC) remained in-
tact. In Cases 2 and 3, the IOL was not visible during the
outpatient slit-lamp examination but was identified be-
hind the iris intraoperatively. In Case 4, IOL dislocation
was already evident during an outpatient examination.
In Cases 2-4, the IOL was considered to be partially dis-
located out-of-the-bag. There was dislocation of the IOL
into the vitreous cavity, prompting a 27 G pars plana
vitrectomy for IOL removal and implantation. Using a fi-
nesse loop and micro forceps, the IOL was retrieved and
then positioned on the iris, where it was bisected and ex-
planted. As there was no zonular dehiscence and the
CCC was intact, a 3-piece IOL was implanted into the
capsular bag.

Stage 2 is a transitional stage. The posterior capsule
rupture and ZACB were initially intact. However, a sec-
ond IOL subluxation soon occurred and required scleral
fixation. Cases 1 and 7 were classified as Stage 2, as the
IOL was dislocated out-of-the-bag and within the vitre-
ous cavity. Stage 2 represents a transitional phase marked
by a second IOL subluxation, despite the ZACB and pos-
terior capsule initially being intact. As a result, scleral
fixation is necessary.

In Stage 3, SPCR occurred with a completely disrupted
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Stage 1: SPCR and ZACB are intact.

L]

Stage 2: SPCR and ZACB are initially intact. However, a second IOL subluxation soon occurs.

Case 1

Case 7

"

T
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Figure 1 Staging of SPCR cases based on the condition of the ZACB

ZACB, necessitating scleral fixation. Cases 5 and 6 were
classified as Stage 3. In these patients, part of the IOL
was dislocated out-of-the-bag through a rupture in the
posterior capsule. Unlike the typical in-the-bag IOL dislo-
cation, where the entire IOL-capsule complex is displaced
from ZACB insufficiency, these cases exhibited partial
subluxation of the IOL through a localized posterior cap-
sular rupture.

It is unclear when a case will transition from Stage 1 to
Stage 2. Thus, surgeons are more likely to choose sulcus
fixation initially, as its early outcomes are generally better

than those for scleral fixation. In such cases, all ruptured
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Stage 3: SPCR occurs and the ZACB is completely disrupted.

posterior capsules are transparent.

Previous studies reported cases of “dead bag syn-
drome”®. In these cases, the capsular bag remains clear
for many years postoperatively, without any fibrotic
changes or proliferative material inside. However, in
SPCR cases the capsular bag becomes diaphanous and
floppy, leading to inability to support the IOL. As LECs
are rarely observed on the inner surface of the capsule,
no Soemmerring’s ring is present. In our SPCR cases,
LECs were observed on the inner surface of the anterior
capsule. Furthermore, the posterior capsule remained

clear, similar to dead bag syndrome. However, Soemmer-
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ring’s ring was noted in our cases.

ZACB insufficiency encompasses various forms of in-
the-bag IOL subluxation and dislocation”. Although
SPCR and dead bag syndrome are considered types of
ZACB insufficiency, they significantly differ in their
pathophysiological mechanisms. In our 2 SPCR cases, the
anterior capsule rim and zonule were intact at the time
of the IOL exchange. Nevertheless, the capsular complex
became dislocated shortly afterward. Although LECs
were not absent in our cases, their functional activity was
diminished. This may explain the transparency of the
posterior capsule observed in SPCR, which resembles
that seen in dead bag syndrome. A similar mechanism
has been proposed in atopic cataract, wherein major ba-
sic proteins derived from eosinophilic granules in the
aqueous humor damage lens LECs, leading to decreased
cellular activity. We speculate that a similar pathophysi-
ological process may have contributed to SPCR in our
patients with atopic dermatitis.

In summary, SPCR is a rare, spontaneous late compli-
cation that arises approximately 10 years after cataract
surgery. It tends to be more common in men and in per-
sons with atopic dermatitis. Consideration of the stages
of SPCR progression may assist in determining the ap-

propriate surgical approach.
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