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Purpose: We aimed to evaluate the risk factors and develop a prognostic

nomogram of long-term low vision after diabetic vitrectomy.

Methods: This retrospective study included 186 patients (250 eyes) that

underwent primary vitrectomy for proliferative diabetic retinopathy with a

minimum follow-up period of one year. Patients were assigned to the training

cohort (200 eyes) or validation cohort (50 eyes) at a 4:1 ratio randomly. Based on

a cutoff value of 0.3 in best-corrected visual acuity (BCVA) measurement, the

training cohort was separated into groups with or without low vision. Univariate

and multivariate logistic regression analyses were performed on preoperative

systemic and ocular characteristics to develop a risk prediction model and

nomogram. The calibration curve and the area under the receiver operating

characteristic curves (AUC) were used to evaluate the calibration and

discrimination of the model. The nomogram was internally validated using the

bootstrapping method, and it was further verified in an external cohort.

Results: Four independent risk factors were selected by stepwise forward

regression, including tractional retinal detachment (b=1.443, OR=4.235,

P<0.001), symptom duration ≥6 months (b=0.954, OR=2.595, P=0.004),

preoperative BCVA measurement (b=0.540, OR=1.716, P=0.033), and

hypertension (b=0.645, OR=1.905, P=0.044). AUC values of 0.764 (95% CI:

0.699-0.829) in the training cohort and 0.755 (95% CI: 0.619-0.891) in the

validation cohort indicated the good predictive ability of the model.

Conclusion: The prognostic nomogram established in this study is useful for

predicting long-term low vision after diabetic vitrectomy.

KEYWORDS

proliferative diabetic retinopathy, vitrectomy, nomogram, risk prediction model,
low vision
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1 Introduction

Diabetic retinopathy (DR) has become the leading cause of

blindness among working-age adults (20–79 years old) (1). In 2020,

the worldwide prevalence of DR was approximately 103.12 million,

and it is anticipated that by 2030, this number would rise to 129.84

million, and by 2045, it will reach 160 million (2), illustrating the

growing burden of DR as a public health issue. Proliferative DR

(PDR), characterized by neovascularization, can result in

considerable vision loss owing to severe complications (3).

The development of microincision vitrectomy surgery has

greatly improved the precision, safety, and efficiency of

intraocular surgery in recent years. Pars plana vitrectomy (PPV)

has been widely used in the treatment of PDR complications,

including un-clearing vitreous hemorrhage (VH) (1–6 months)

and tractional retinal detachment (TRD) involving or threatening

the macula (4). This surgery is performed to remove VH, peel off the

fibrovascular membrane, and reattach the retina. The life

expectancy of people with diabetes is increasing, and their

demands for a higher quality of life are rising (5). Therefore, the

purpose of PPV for PDR is not only intended to prevent blindness,

but also to sustain good visual function long-term.

Before surgery, a better understanding of prognostic factors

related to long-term vision after vitrectomy can help clinicians

make better surgical decisions, assist patients with PDR in adjusting

their psychological expectations, and foster better patient-doctor

communication. Previous studies have explored several factors

related to postoperative vision; however, the independent

variables differ among them (6–9). In this study, we developed

and validated a preoperative data-based prognostic nomogram for

long-term low vision after diabetic vitrectomy using appropriate

sample size and comprehensive medical records. Furthermore, we

analyzed the clinical features of PDR patients complicated with

chronic kidney disease (CKD).
2 Methods

2.1 Study design and participants

This is a single-center and retrospective study (registered at

ClinicalTrials.gov: NCT05631054). It was approved by the Ethics

Committee of Tianjin Medical University Eye Hospital (approval

number: 2022KY-27) and was conducted in accordance with the

Declaration of Helsinki. We included 186 PDR patients (250 eyes)

who underwent primary vitrectomy in Tianjin Medical University

Eye Hospital from January 2016 to October 2021. We defined 12

months postoperatively as a long-term period because previous

studies have indicated that patients could gain stable visual acuity

after this period of time (7, 8). The key inclusion criteria were: (1)

>18 years of age; (2) diagnosed with type I or II diabetes mellitus; (3)

voluntarily signed an informed consent form; (4) presence of un-

clearing VH (1–6 months); and (5) TRD involving or threatening

the macular confirmed by ophthalmic examinations. The key

exclusion criteria were: (1) a follow-up period of<12 months; (2)

prior intraocular surgeries in the study eye (except cataract surgery);
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(3) missing medical records; (4) combined with non-diabetic

complications (e.g., retinal vein occlusion, macular hole,

keratopathy); (5) surgeries of the study eye within 3 months prior

to the last follow-up (e.g., cataract surgery, intravitreal injection, re-

vitrectomy, silicone oil extraction). At a 4:1 ratio, patients were

assigned to either the training cohort (200 eyes) or the validation

cohort (50 eyes) randomly.
2.2 Surgical procedures

Standard 23- or 25-gauge PPV was performed under

retrobulbar anesthesia. Intravitreal injection of anti-vascular

endothelial growth factor (VEGF) drugs was performed 3–5 days

prior to surgery in eyes with broad basement adhesion of the

fibrovascular proliferative membrane to the retina. The anterior,

posterior, and peripheral vitreous body were substantially removed

using a high-speed vitrectomy surgical system, and the posterior

vitreous cortex was removed with the aid of triamcinolone

acetonide. Moreover, neovascular membranes were dissected and/

or peeled off. Endo-laser photocoagulation was finished, and the

number of laser shots depended on the preoperative laser status and

detached area of the retina. Depending on the condition of the

retina, tamponade with a balanced salt solution, air, C3F8 gas, or

silicone oil was used. Intravitreal injection of anti-VEGF drugs or

dexamethasone intravitreal implant was performed, if necessary.

Phacoemulsification and intraocular lens implantation were

combined for visually significant cataracts. Generally, silicone oil

was removed 3–6 months postoperatively when the retina was

stable. The surgical procedures were all performed by one surgeon.
2.3 Data collection

We collected data by reviewing the patients’medical records. As

systemic factors, we collected the information on sex, age, diabetes

type, diabetes duration, hypertension, dialysis, coronary heart

disease, cerebral infarction, and blood test (the details are listed in

Table 1). The CKD epidemiology collaboration equation was used

to calculate the estimated glomerular filtration rate (eGFR) (10).

Moreover, the following ophthalmological parameters were

collected: symptom duration, best-corrected visual acuity (BCVA)

measurement, indication for surgery, history of pan-retinal

photocoagulation, and history of anti-VEGF intravitreal injection.

The primary outcome was the BCVA measurement at the last

follow-up, and the secondary outcomes included the anatomical

outcome and occurrence of neovascular glaucoma (NVG) and

re-vitrectomy.
2.4 Statistical analysis

Low vision was defined as a BCVA<0.3, according to the

standard of the WHO 2015 (8). According to BCVA at the last

follow-up, the training cohort was divided into low vision and non-

low vision groups for comparative analysis. Regarding the change in
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BCVA, an increase of ≥0.3 logarithmic minimum angle of

resolution (logMAR), a change of<0.3 logMAR, and a decrease of

≥0.3 logMAR were defined as “improvement,” “invariant”, and

“worsening”, respectively. For statistical analysis, the decimal visual

acuity was transformed to logMAR. Values of 1.85, 2.3, 2.6, and 2.9

logMAR were assigned to counting fingers, hand movement, light

perception, and no light perception, respectively (11). We selected

60 mL/min/1.73 m2 and 30 mL/min/1.73 m2 as the cutoff values for

eGFR (12). A value >60 mL/min/1.73 m2 (normal eGFR), 30–60

mL/min/1.73 m2 (medium eGFR), and<30 mL/min/1.73 m2 (low

eGFR) indicated borderline/normal renal function, early renal

insufficiency, and poor renal function, respectively. For

continuous variables, statistical results were displayed as mean ±

standard deviation (SD) when they were normally distributed and

as the median and interquartile range (IQR) when they were non-

normally distributed. Percentage and frequency were used for

categorical variables. The statistical analysis of continuous

variables was conducted using t-test, Mann-Whitney U test, and

analysis of variance, while categorical variables were analyzed using

chi-squared test or Fisher’s exact test.

The multivariate binary logistic regression analysis considered

variables with a P-value<0.1 from the univariate analysis, and

stepwise forward regression was used to explore variables with a P-

value<0.05 as potential independent predictors. The variance

inflation factor was calculated to test for multicollinearity amongst

the independent variables. In accordance with the outcomes of the

multivariate logistic regression analysis, a nomogram for estimating

the probability of long-term low vision after diabetic vitrectomy

was built.

The discrimination capacities of the predictive indicators were

described using receiver operating characteristic (ROC) curves.

Generally, a value >0.7 of the area under the ROC curve (AUC)

is considered to indicate good discrimination. The threshold of the

equation was determined by the maximum Youden Index

(sensitivity + specificity - 1). The calibration was tested and

depicted using the Hosmer-Lemeshow test and calibration curves.

The nomogram was internally validated using the bootstrapping

approach, and it was externally validated in an external cohort. All
Frontiers in Endocrinology 03
statistics were analyzed using IBM SPSS Statistics ver. 25.0 (SPSS,

Chicago, IL, USA) and R software ver. 4.0.1 (R Project for Statistical

Computing, Vienna, Austria). A two-sided P-value of<0.05 was

considered statistically significant.
3 Results

3.1 Patient characteristics
and ophthalmic outcomes

A total of 491 patients underwent primary vitrectomy for PDR

at Tianjin Medical University Eye Hospital from January 2016 to

October 2021. Among them, 186 patients (250 eyes) who met the

eligibility criteria were included in this study. The mean follow-up

duration was 32 ± 21 months. For all eyes, the mean postoperative

BCVA was 1.53 ± 0.66 logMAR, and it increased to 0.8 ± 0.85

logMAR at the last follow-up (P<0.001). The total incidence of

long-term low vision was 43.6%. The rate of improvement,

invariant, and worsening of BCVA was 68.8%, 15.2%, and 16.0%,

respectively. The rate of the final BCVA of ≥0.7, 0.3–0.7, 0.1–0.3,

and<0.1 was 22%, 34.4%, 18.4%, and 25.2%, respectively. Final

anatomical success was achieved in 235 eyes (94%). During the

follow-up period, 40 eyes (16%) underwent re-vitrectomy for

recurrent VH in 31 eyes and retinal detachment in 9 eyes, and 18

eyes (7.2%) developed NVG.
3.2 Predictive model and
nomogram development

In the training cohort of 200 eyes, low vision occurred in 89 eyes

(44.5%). Table 1 provides a list of the characteristics evaluated in

this study. The results indicated that age, diabetes type,

hypertension, eGFR, symptom duration, preoperative BCVA

measurement, and TRD were significantly related to long-term

low vision after diabetic vitrectomy (P<0.05).
TABLE 1 Baseline characteristics of the training cohort.

Non-low vision (n=111) Low vision (n=89) c2/Z/t P

Sexa(Male%) 43(36.8) 29(32.6) 0.812 0.368

Ageb[M(Q1,Q3),years] 47(38,55) 50(41,59) 1.980 0.048*

Diabetes typea(type2%) 94(84.7) 84(94.4) 4.745 0.029*

Diabetes durationb[M(Q1,Q3),years] 10(5,16) 10(8,15) 1.220 0.222

HbA1cb[M(Q1,Q3),%] 7.9(6.7,8.9) 7.5(6.6,8.2) -1.647 0.100

Dialysisa[n(%)] 3(2.7) 4(4.5) 0.089 0.766

Hypertensiona[n(%)] 48(43.2) 54(60.7) 6.006 0.014*

CHDa[n(%)] 16(14.4) 15(16.9) 0.224 0.636

Cerebral infarctiona[n(%)] 6(5.4) 7(7.9) 0.492 0.483

(Continued)
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Considering the practical clinical application, we stratified three

continuous variables: age (≤55 years old, >55 years old), symptom

duration (<6 months, ≥6 months), and eGFR (<60 mL/min/1.73 m2,

≥60 mL/min/1.73 m2). According to stepwise forward regression

analysis, four independent predictors were included in the risk

prediction model: TRD (b=1.443, OR=4.235, P<0.001), symptom

duration ≥6 months (b=0.954, OR=2.595, P=0.004), preoperative
BCVA measurement (b=0.540, OR=1.716, P=0.033), and hypertension

(b=0.645, OR=1.905, P=0.044). The result of the logistic regression

analysis is presented in Table 2. The equation of the model is:
Frontiers in Endocrinology 04
logitP = � 2:295 + 1:443� (TRD = 1) + 0:954�
(symptom duration ≥ 6months = 1) + 0:540�

(logMARBCVA) + 0:645� (hypertension = 1),

P = elogitP=(1 + elogitP)

where logitP is the linear predictive value and P is the

predictive probability.

The variance inflation factor of each predictor in this model

was<10, indicating there was no multicollinearity among the
TABLE 1 Continued

Non-low vision (n=111) Low vision (n=89) c2/Z/t P

TCb[M(Q1,Q3),mmol/L] 4.90(4.20,5.50) 5.00(4.07,5.71) 0.408 0.683

TGb[M(Q1,Q3),mmol/L] 1.66(1.18,2.29) 1.73(1.26,2.50) 0.372 0.710

PTb[M(Q1,Q3),s] 11.6(11.0,12.3) 11.5(10.9,12.1) -0.645 0.519

APTTb[M(Q1,Q3),s] 30.4(28.1,33.3) 29.6(27.4,32.4) -1.573 0.116

FIBb[M(Q1,Q3),g/L] 3.15(2.74,3.61) 3.11(2.74,3.95) 0.652 0.514

BUNb[M(Q1,Q3),mmol/L] 5.37(4.10,7.00) 5.79(4.60,7.93) 1.350 0.177

eGFRb[M(Q1,Q3), mL/min/1.73 m2] 91.49(64.57,105.65) 79.96(54.20,99.67) -2.396 0.017*

HGBc(x¯± s,g/L) 132 ± 17 130 ± 16 0.964 0.336

Symptom durationb[M(Q1,Q3),months] 3(1,6) 5(2,12) 2.909 0.004*

logMARBCVAb[M(Q1,Q3)] 1.30(0.80,1.85) 1.70(1.28,2.30) 2.431 0.015*

TRDa[n(%)] 24(21.6) 51(57.3) 26.833 <0.001**

History of PRPa[n(%)] 42(37.8) 34(38.2) 0.003 0.958

History of anti-VEGFa[n(%)] 18(16.2) 13(14.6) 0.098 0.755

Follow-up periodb[M(Q1,Q3),months] 23(13,44) 36(17,48) 1.435 0.151
front
a: chi-squared test, b: Mann-Whitney test, c: t-test; *P<0.05, **P<0.01.
HbA1c, glycosylated hemoglobin A1c; CHD, coronary heart disease; TC, total cholesterol; TG, triglyceride; PT, prothrombin time.
APTT, activated partial thromboplastin time; FIB, fibrinogen; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.
HGB, hemoglobin; TRD, tractional retinal detachment; PRP, panretinal photocoagulation; VEGF, vascular endothelial growth factor.
TABLE 2 Stepwise multivariate logistic regression for long-term low vision after diabetic vitrectomy.

Predictors b S.E Wald statistic OR(95%CI) P

Constant -2.295 0.496 21.387 <0.001**

TRD

No 0 1

Yes 1.443 0.331 18.981 4.235(2.212,8.108) <0.001**

Symptom duration≥6m

No 0 1

Yes 0.954 0.334 8.135 2.595(1.348,4.997) 0.004*

logMARBCVA 0.540 0.253 4.556 1.716(1.045,2.818) 0.033*

Hypertension

No 0 1

Yes 0.645 0.321 4.041 1.905(1.016,3.572) 0.044*
TRD, tractional retinal detatchment; m, months; *P<0.05, **P<0.01.
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independent variables. The cutoff score that maximized the Youden

index was 0.495 (sensitivity, 62.9%; specificity, 78.4%).

Then a nomogram was depicted to present the logistic

prediction model (Figure 1). The total points were calculated

according to the conditions of different patients. More total

points indicated a higher probability of occurrence of long-term

low vision after diabetic vitrectomy.
3.3 Validation and evaluation
of the nomogram

The ROC curves for the model and each predictor are depicted

in Figure 2. The discrimination was good, as indicated by the AUC

of 0.764 (95% CI: 0.699–0.829). The nomogram also exhibited good

calibration on its calibration curve (Figure 3). Moreover, the

Hosmer–Lemeshow test confirmed the calibration (c2 = 8.799,

P=0.360). The AUC of the internal validation was 0.747 using

bootstrapping with 1,000 replicates. The external validation cohort

included 50 eyes, and long-term low vision occurred in 20 eyes

(40%). There were no significant differences in all baseline

characteristics between the two cohorts (Table 3). In the external

validation cohort, the model exhibited good prediction accuracy

according to the AUC of 0.755 (95% CI: 0.619–0.891).
3.4 Renal function-stratified analysis

In the training cohort, eGFR differed significantly only in the

univariate analysis between the low and non-low vision groups. We

further analyzed the features and prognosis of all the patients with

borderline/normal renal function (n=184), early renal insufficiency

(n=43), and poor renal function (n=23). For baseline characteristics,

patients with worse renal function were shown to have significantly

longer symptom duration, more hypertension, lower hemoglobin

levels, lower hemoglobin A1c levels, and higher fibrinogen levels

(P<0.05). There was no significant difference in preoperative

median BCVA measurement (normal eGFR group, 1.7 (1.0–2.0)

logMAR; median eGFR group, 1.5 (1.0–2.3) logMAR; low eGFR
Frontiers in Endocrinology 05
group, 2.3 (0.8–2.3) logMAR; P=0.178). The long-term BCVA

significantly improved in the three groups (P<0.01); however,

those with lower eGFR experienced considerably worse vision

outcomes (normal eGFR group, 0.4 (0.15–1.0) logMAR; median

eGFR group, 0.7 (0.4–1.3) logMAR; low eGFR group, 0.8 (0.4–2.3)

logMAR; P=0.011). Furthermore, there was no significant difference

in BCVA changes among the groups (P=0.068). After adjusting for

symptom duration and hypertension, renal function was still an

independent predictor of negative visual outcomes in the

multilinear regression analysis (P=0.024). The incidence of NVG

in the renal insufficiency group (n=66) was substantially higher

than that in the group of patients with borderline/normal renal

function (13.6% vs. 4.9%, P=0.018). Finally, incidence of re-

vitrectomy in the three groups did not differ significantly from

one another (P=0.933).
4 Discussion

For serious PDR complications, vitrectomy may be the only

approach to improve visual acuity. Microinvasive vitreous surgery
FIGURE 2

ROC curves of multivate logistic regression model.
FIGURE 3

Calibration curve of the risk prediction model.
FIGURE 1

Nomogram for predicting long-term low vision after diabetic
vitrectomy.
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and an optimized vitrectomy platform with fluid and pressure

control have greatly reduced the complications of PPV; however,

some patients cannot fully achieve their ideal visual function long-

term after diabetic vitrectomy. The estimated incidences of long-

term postoperative BCVA<0.3 and<0.1 are 40% and 20%,

respectively (6–8, 13), often failing to meet patient expectations.

We have therefore established a prognostic nomogram of long-term

low vision after diabetic vitrectomy using preoperative

characteristics. Moreover, high-risk patients should be closely

monitored to minimize the possibility of long-term vision loss

after vitrectomy.

In this study, TRD, symptom duration, preoperative BCVA

measurement, and hypertension were identified as independent risk

factors for long-term low vision after diabetic vitrectomy. With an

AUC value of 0.764, along with 0.747 and 0.755 in the internal and

external validation cohorts, the risk prediction model based on the

four parameters demonstrated good discrimination. The

nomogram provided a graphical representation of mathematical
Frontiers in Endocrinology 06
formulas, facilitating understanding and application. The factors in

this model are easily obtainable, allowing doctors to make a

preliminary evaluation of long-term functional outcomes through

routine examinations and have good preoperative communication

with patients.

In this model, TRD involving or threatening the macular was

regarded as the greatest risk factor. Patients with TRD had a 4.235

times increased incidence of postoperative long-term low vision

than individuals without TRD. Although the final retinal

reattachment rates have been reported to range from 95–100%

(14), the increase in visual acuity following diabetic vitrectomy is

not necessarily correlated with anatomic success. At the end stage of

PDR, the detached retina loses the supply of choroidal nutrition,

resulting in chronic microvascular deficiency of the retina (15). In

addition, silicone oil filling is often needed for complex TRD, and

because silicone oil has no substance exchange or metabolism, the

likelihood of complications including high intraocular pressure,

corneal decompensation, banded keratopathy, anterior uveitis,
TABLE 3 Comparison of baseline characteristics of training cohort and validation cohort.

Training cohort (n=200) Validation cohort (n=50) c2/Z/t P

Sexa(Male%) 72(36) 15(30) 0.635 0.426

Ageb[M(Q1,Q3),years] 49(39,58) 49(36,56) -1.134 0.257

Diabetes typea(type2%) 178(89) 41(82) 1.804 0.179

Diabetes durationb[M(Q1,Q3),years] 10(7,16) 10(3,15) -0.892 0.372

HbA1cb[M(Q1,Q3),%] 7.7(6.7,8.6) 7.9(6.7,8.7) 0.352 0.725

Dialysisa[n(%)] 7(3.5) 3(6.4) 0.241 0.623

Hypertensiona[n(%)] 102(51) 24(48) 0.144 0.704

CHDa[n(%)] 31(15.5) 10(20) 0.591 0.442

Cerebral infarctiona[n(%)] 13(6.5) 5(10) 0.733 0.392

TCb[M(Q1,Q3),mmol/L] 4.92(4.19,5.50) 5.40(3.99,5.83) 0.870 0.384

TGb[M(Q1,Q3),mmol/L] 1.70(1.24,2.35) 1.66(0.97,3.05) 0.324 0.746

PTb[M(Q1,Q3),s] 11.5(10.9,12.2) 11.1(10.5,11.7) -1.944 0.052

APTTb[M(Q1,Q3),s] 30.0(27.8,32.6) 29.8(26.8,32.4) -0.824 0.410

FIBb[M(Q1,Q3),g/L] 3.11(2.73,3.79) 3.17(2.68,3.61) 0.053 0.958

BUNb[M(Q1,Q3),mmol/L] 5.60(4.38,7.31) 5.85(5.09,8.05) 1.755 0.079

eGFRb[M(Q1,Q3), mL/min/1.73 m2] 86.7(57.2,104.1) 87.5(57.2,105.3) 0.102 0.919

HGBc(x¯ ± s,g/L) 131 ± 16 126 ± 19 1.929 0.055

Symptom durationb[M(Q1,Q3),months] 3(1,6) 3(1,6) -1.084 0.279

logMARBCVAb[M(Q1,Q3)] 1.60(1.00,2.23) 1.85(1.15,2.30) 1.144 0.253

TRDa[n(%)] 75(37.5) 19(38) 0.004 0.948

History of PRPa[n(%)] 76(38) 20(40) 0.068 0.795

History of anti-VEGFa[n(%)] 31(15.5) 8(16) 0.008 0.931

Follow-up periodb[M(Q1,Q3),months] 29(15,45) 19(13,39) -1.798 0.072
frontier
a:chi-squared test, b: Mann-Whitney test, c: t-test; *P<0.05, **P<0.01.
HbA1c, glycosylated hemoglobin A1c; CHD, coronary heart disease; TC, total cholesterol; TG, triglyceride; PT, prothrombin time.
APTT, activated partial thromboplastin time; FIB, fibrinogen; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.
HGB, hemoglobin; TRD, tractional retinal detachment; PRP, panretinal photocoagulation; VEGF, vascular endothelial growth factor.
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cataracts, optic neuropathy, and aseptic endophthalmitis, which all

have an impact on visual function, increases over time (16–19). The

prognostic factors included in our model are consistent with

previous studies (20–22). Because of a long symptom duration

and poor preoperative BCVA measurement, the diagnosis and

treatment of PDR are not timely, resulting in irreversible retinal

lesions. Moreover, hypertension can lead to thinning and distortion

of the retinal artery, microangioma, retinal hemorrhage, retinal

exudation, and optic disc edema; therefore, DR development as well

as postoperative VH are both at danger because of it (23).

In addition to the four independent risk factors identified in this

study, other factors have also been thought to affect visual acuity

after diabetic vitrectomy. The progression of PDR is thought to be

considerably influenced by the age at diabetes onset. Younger

patients usually present with more severe anatomical features and

have a higher rate of NVG and postoperative recurrent detachment

(24). However, no previous study has reported that age affects

postoperative vision recovery (6, 7, 24). Nevertheless, low vision in

both eyes following diabetic vitrectomy is related to older age (8). In

our study, advanced age only showed statistical significance in the

univariate analysis. Therefore, although younger patients with PDR

require more complex surgical procedures, their visual acuity can

still be well recovered with proper intraoperative and postoperative

management, whereas older patients tend to have worse

functional outcomes.

CKD is also a concern for researchers; for instance, kidney failure

was regarded as the most frequent cause of death in patients who

underwent diabetic vitrectomy (25, 26). Complications such as

anemia, hypoalbuminemia, and coagulation abnormality caused by

CKD are also hazard elements exacerbating retinopathy (27).

Furthermore, the same pathophysiological mechanism may link

DR, CKD, and renal function impairment; particularly, low eGFR,

contributes to the progression of DR (27–29). However, other studies

have suggested that their relationship is not always consistent (30,

31). Regarding visual outcome, previous studies have not obtained

positive results (32, 33). Moreover, our study showed that the groups

did not significantly differ in baseline BCVAmeasurements or BCVA

change; however, lower eGFR predicted a worse visual outcome.

Regarding other factors, PDR patients with severe renal failure are

more likely to undergo bilateral vitrectomy (34). Additionally,

patients who have an eGFR below 60 ml/min/1.73 m2 are more

likely to develop VH and NVG six months postoperatively (35). Our

study also revealed that postoperative NVG was more common in

patients with renal insufficiency; nonetheless, no significant difference

was found in re-vitrectomy. In addition, many oculists worry that

anticoagulant agents for hemodialysis would increase the possibility

of postoperative bleeding (36). In our study, ten cases required

dialysis, and only two of them developed postoperative VH, which

was not statistically significant as a result of the limited sample size.

Although patients with PDR with renal insufficiency are more likely

to have worse visual outcomes and more complications, this outcome

should not be regarded as a contraindication to PPV. Planned

microinvasive PPV can help patients with PDR with renal

insufficiency achieve the same visual improvement as patients with

normal renal function.
Frontiers in Endocrinology 07
Although previous studies have explored the prognostic factors

of long-term visual acuity after diabetic vitrectomy (6–9, 11), few

studies have established risk prediction models. Furthermore, only

preoperative characteristics were included in this study, and the

AUC was slightly better than the outcomes of logistic regression

analysis in a recently published article (20), which included

intraoperative data, such as silicone oil tamponade. Our model

was further validated by adding an external validation cohort and

expressed as nomogram; therefore, it may be more valuable in

clinical application for doctors and patients to predict long-term

visual outcomes before operation.

Postoperative long-term visual acuity is the most concerning

issue for patients with PDR. In this study, a BCVA measurement of

0.3 was selected as the cutoff value according to the WHO 2015

standard. In clinical practice, we also found a BCVA measurement

of 0.3 to be the critical value of subjective feeling for patients with

PDR. Additionally, in this study, the surgical procedures were

performed by one surgeon, eliminating the impact of skill level

and treatment habits on the prognosis.

Nevertheless, this study had some limitations. First,

confounding variables and bias are present owing to its

retrospective nature. Second, we could not obtain comprehensive

preoperative and follow-up data. Finally, this study did not consider

the difference between 23-gauge and 25-gauge vitrectomy systems

because previous studies have proved that the differences of these

systems in terms of visual prognosis are negligible (37). Future

multicenter research is expected to verify and optimize the model.

Moreover, we will expand the sample size and establish predictive

models using different outcomes. We also plan to include

preoperative imaging data with the help of artificial intelligence.

In conclusion, TRD, symptom duration, preoperative BCVA

measurement, and hypertension are independent risk factors of

long-term low vision after diabetic vitrectomy. The risk prediction

model based on these four risk factors exhibited good predictive

value. This prognostic nomogram could help clinicians make

better surgical decisions, assist patients with PDR in adjusting

their psychological expectations, and foster better patient-

doctor communication.
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