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Figure 1 Nomogram for probability of participants completing follow-up A: Nomogram for predicting the probability of participants
completing 1 or 3y follow-up. Locate pagetoid spread and draw a vertical line up to the “Points” axis to obtain the score of pagetoid spread for 4
variables: smoking (no/yes), RD involving macula (no/yes), ApoA1l (g/L) and ApoE (mg/L). Scores were then summed and the total number was
located on the line labeled “Total Points”. The follow-up completion probability is determined at the intersection of 1-year and 3-year follow-
up probability axes. B, C: The probability of participants completing follow-up of 1y (B) and 3y (C) is predicted using nomogram scores. ApoA1l:
Apolipoprotein Al; ApoE: Apolipoprotein E; RD: Retinal detachment.

Figure 2 An illustration of the calibration plots for follow-up completion probability at 1y (A) and 3y (B) An x-axis plots nomogram-predicted
probability, and a y-axis plots observed probability. Vertical lines indicate 95% confidence intervals of the estimates. An origin-to-destination
model with gray lines symbolizing perfect calibration is characterized by predicted probabilities that match actual probabilities. Red dots

indicate predicted probabilities; Blue crosses indicate bootstrap corrected estimates. B=1000 repetitions.

Table 3 Analyses of the predictors of PVR using univariate and multivariate cox proportional hazards regression

Univariable Multivariable
Items
HR (95%Cl) P HR (95%CI) P

Cigarette smoking status (never vSprevious or current smoking)® 0.41 (0.30-0.57) <0.001 0.43 (0.31-0.60) <0.001
RD involving macular (ne yes§ 0.46 (0.33-0.65) <0.001 0.52 (0.37-0.73)  <0.001
LDL 1.25 (1.02-1.53) 0.030

Apolipoprotein Al 1.01 (1.01-1.02) <0.001 1.01 (1.01-1.02) <0.001
Apolipoprotein E 5.25 (2.29-12.06) <0.001 3.81(1.64-8.85) 0.002

Characteristics included in multivariable model. Cl: Confidence interval; HR: Hazard Ratio; LDL: Low density lipoprotein cholesterol; RD: Retinal

detachment; PVR: Proliferative vitreoretinopathy.

risks, and P=0.001 for the intermediate and high risks). The = DISCUSSION
distributions of the risk scores, completion time, completion =~ PVR is a prevalent cause of unsuccessful RD repair, resulting
status, and expression patterns of the four factors are illustrated  in the requirement for supplementary surgical intervention and

in Figure 4. poorer visual outcomes. The literature presents incongruous
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Figure 3 Kaplan-Meier curves of follow-up completion probability
for three risk level groups (low, moderate, and high risk) sorted by

nomogram score.
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Figure 4 The risk score distribution, completion status
distribution, and expression profiles distribution of four factors
ApoE: Apolipoprotein E; ApoAl: Apolipoprotein Al; RD: Retinal

detachment; BMI: Body mass index.

and diverse studies regarding the risk factors of PVR,
including uveitis, giant RT, aphakia, and high myopia, which
remain a topic of debate. In this study, we aimed to identify
serum lipidaemic factors that can predict the formation of
PVR in cases after RRD surgery. To our knowledge, this is the
first evaluation of the predictive factors for PVR formation to
involve analysis of preoperative serum lipidaemic and clinical
factors among nondiabetic patients who have undergone
primary RRD surgery.

The clinico-pathologic findings suggest that PVR is an
extension of the physiologic wound-healing response to RRD.
Previous studies show that exposure of human fibroblasts to
vitreous fluids from patients with PVR causes a rapid and
sustained increase in arachidonic acid metabolite release as

measured by competitive enzyme-immunoassay. The findings

738

implicate that bioactive lipids, such as prostaglandin E2, is
a contributor to enhanced intraocular fibrosis in PVR"*%,
Many studies have shown that lipid factors are involved
in the occurrence and development of a variety of retinal

7] The essence is that blood lipids are involved in

diseases
the regulation of inflammatory response, including ApoA1l and
ApoE"™".

This study demonstrated that baseline serum concentrations
of ApoAl were significantly elevated in patients with PVR
compared to a control group. Furthermore, ApoAl was
identified as a potential predictor of PVR formation following
primary RRD surgery. The underlying mechanism for this
association may involve cytokines that are evaluated during
the early stages of PVR development, which facilitate T-cell
recruitment and activate mTOR signalling, as indicated by
pathway analysis”". ApoA1, a primary structural component
of HDL"?, plays a key role in retinal lipid metabolism. It
facilitates the transport and clearance of lipids within the
retina, notably by removing harmful oxidized lipids that
accumulate during retinal stress or injury™. Beyond its lipid-
modulating functions, ApoAl exerts immunomodulatory
effects, including the regulation of the effector T-cell (Teff)
to regulatory T-cell (Treg) balance and the suppression
of pro-inflammatory cytokine production™. Therefore,
elevated serum ApoAl levels might serve as an indicator of
the intensity of the inflammatory response in RD, reflecting
an adaptive or compensatory mechanism to mitigate tissue
damage. This hypothesis is further supported by prior studies
that patients with severe PVR exhibit significantly higher
ApoAl concentrations in the vitreous compared to those with
mild PVR. These findings suggest a direct correlation between
ApoAl levels and the progression of PVR, potentially driven
by localized inflammation and lipid dysregulation in the retinal
microenvironment!'®. Collectively, these data underscore
the dual role of ApoAl as both a functional mediator and a
biomarker in the development of PVR, offering new avenues
for understanding its pathophysiology and improving risk
stratification following RRD surgery.

Notably, patients who developed PVR exhibited significantly
elevated levels of serum ApoE, highlighting its potential role
in the disease process. Statistical analysis further identified
ApoE as a significant risk factor, with a striking 3.81-fold
increase in serum concentration observed in the PVR group
compared to control group. Histopathological examination
provided additional insights, revealing the accumulation
of neutral lipids and ApoE within the Bruch’s membrane,
alongside the infiltration of immune cells beneath the retinal
pigment epithelium (RPE) layer. These deposits were
particularly pronounced in areas characterized by RPE atrophy
and thin subretinal lesions, suggesting a localized pathological
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process tied to lipid dysregulation and inflammation,

Researchers in a previous study also reported higher levels
of ApoE in patients with age-related macular degeneration,
a condition similarly marked by outer retinal and RPE
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damage™. In the development of PVR, elevated ApoE may
also serve as a biomarker of injury to the outer retina and
RPE, reflecting the degenerative changes that accompany RD
and subsequent fibrotic complications. Intriguingly, ApoE4,
one of three common ApoE variants (ApoE2, ApoE3, and
ApoE4), has been implicated in modulating inflammatory
and neuroprotective responses in other ocular models. For
instance, studies in glaucoma have shown that ApoE4 inhibits
neurodegenerative microglial activation and confers protection

against retinal ganglion cells (RGCs) loss"”

, contrasting
with the pro-inflammatory tendencies of other isoforms. This
raises the possibility that elevated ApoE4 levels in PVR might
represent a compensatory anti-inflammatory or neuroprotective
mechanism triggered by RD, aimed at mitigating further tissue
damage. However, the precise role of ApoE, and particularly
ApoE4, in PVR pathogenesis remains incompletely understood.
The interplay between ApoE accumulation, lipid metabolism,
and immune cell activity in the subretinal space warrants
further investigation. Future studies should explore whether
ApoE isoforms differentially influence PVR progression
and whether targeting ApoE-related pathways could offer
therapeutic benefits in preventing or managing PVR following
RD repair.

Cigarette smoking is anticipated to predict the development
of PVR following a primary RRD surgery, aligning with
previous studies'". The precise aetiology of this correlation
remains elusive. However, the extant literature suggests that
PVR formation is linked to the breakdown of the blood—
retinal barrier™ and recent experimentation in a murine model
has demonstrated that cigarette smoking can undermine the
stability of this barrier™. Additionally, smoking is known to
elicit an inflammatory response in developing retinal tissues"”".
This mechanism speeds up the movement and growth of retinal
pigment epithelial cells that are discharged into the vitreous
after RD. Further investigation is needed to clucidate the
correlation between smoking and the occurrence of uveitis and
retinal neovascularization, which may bear resemblance to this

40-41
phenomenon'

I Moreover, additional studies are required to
determine the influence of cigarette smoking on the formation
of PVR following RRD surgery.

With respect to preoperative anatomy, our study revealed that
macula-involving RDs exhibited a higher propensity for the
development of PVR than macula-sparing RD. Prior research
has established a robust correlation between the extent of RD
and PVR™'"”. The pattern of macula involvement is probably

a substitute for duration and an indicator of the extent of

RD, both increase the likelihood of PVR development'*”.
Consequently, we recommend that referring and treating
doctors prioritize the timely repair of detachments that spare
the macula as a preventive strategy to avoid PVR formation in
cases where the macula is involved.

The literature lacks a comprehensive investigation into the
duration of PVR formation following primary RRD surgery.
The average duration for PVR formation ranges from 19 to
501d"". In our study, 63.4% developed PVR within 6mo after
primary RRD surgery, with a median duration of 145d for
PVR formation. Our study differed from previous research in
that we utilized silicone oil in a greater number of cases. Prior
investigations have indicated that air tamponade may elevate
the risk of PVR formation when compared to alternative
tamponade agents (silicone oil)"™. This may be attributed to the
transient tamponade effect of air, which may not adequately
promote wound healing and may ultimately lead to PVR
formation following RD repair. As such, it is advisable to
closely monitor patients for potential sequelae during both the
carly and late postoperative periods.

Our research is distinctive as it incorporates lipidaemic
baseline characteristics in both the case and control groups,
rendering the findings practical and relevant to real-world
patients. However, the study is constrained by its retrospective
design, which may have introduced confounding variables
despite our efforts to mitigate them, as evidenced by the
C-index of 0.555, which indicates moderate discrimination
ability of the nomogram. Although the nomogram may not
be a standalone predictive tool, it provides valuable insights
for risk stratification when combined with clinical judgment.
To comprehensively comprehend risk factors of developing
PVR following primary RRD surgery, a larger sample cohort
study and the inclusion of additional biomarkers are needed.
Besides, our study has another limitation. Since this study is
a retrospective study, the data of confounding factors, such
as systemic lipid disorders, are not sufficiently collected, and
the confounding factors cannot be analysed and discussed.
In future studies, we need to collect various indicators of
the subjects as much as possible and analyse and discuss the
confounding factors in detail, so as to make the results of our
study more credible.

In conclusion, ApoAl and ApoE may be modifiable risk
factors for PVR formation following primary RRD surgery.
Consequently, our results underscore the importance of
lipidaemic assessment prior to RD repair. Furthermore, it
is imperative to implement preventative measures, such
as disseminating health education regarding the impact of
lipidaemic factors and smoking on ocular health, due to lack of
awareness among the general public.
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