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Abstract
Background: The aim of this study was to develop and evaluate a postoperative NVG risk nomogram
based on the clinical data of a Chinese population of patients with PDR.

Methods: A prediction model has been established based on the clinical data of 107 PDR patients who
underwent vitrectomy from March,2017 to March,2018 in Shenyang Fourth People’s Hospital, and they
were followed up for at least 12 months.The presence or absence of NVG were observed.The least
absolute shrinkage and selection operator regression model was used to optimize feature selection for
the postoperative NVG risk model. Multivariable logistic regression analysis was applied to build a
predicting model incorporating the feature selected in the least absolute shrinkage and selection operator
regression model. C-index, calibration plot, and decision curve analysis were also introduced to evaluate
the model. The bootstrapping validation was also utilized to accomplish internal validation.

Results: Risk factors screened out by the model included HbAlc level, presence of diabetic nephropathy
and anti-VEGF therapy. The model was testi�ed with a satisfying C-index of 0.852 (95% CI: 0.740–
0.964).Decision curve analysis showed that the NVG nomogram was clinically useful when intervention
was adopted with the NVG possibility threshold of 2%.

Conclusion: This novel nomogram revealed that a good control of HbAlc level, absence of diabetic
nephropathy and anti-VEGF therapy are prophylactic factors of postoperative NVG in PDR patients. 

Background
Neovascular glaucoma (NVG) secondary to proliferative diabetic retinopathy (PDR) is a potentially
devastating condition,which is often refractory to medical treatment[1].When the affected eye becomes
completely blind, the patient usually complains of excruciating pain, which might lead to ocular
enucleation in the end.The condition was �rstly described in 1871,where neovascularization of iris and
anterior chamber angle was triggered by retinal ischemia,subsequently leading to the formation of �brous
tissue proliferation and synechial angle closure.As a result,elevated intraocular pressure(IOP) and severe
visual impairment are found.

Current treatment options mainly include anti-vascular endothelial growth factor (VEGF)
medications,panretinal photocoagulation(PRP) and surgical methods,such as
trabeculectomy,implantation of aqueous drainage devices,Nd-Yag cyclophotocoagulation,vitrectomy with
PRP and trabeculectomy and cyclocryotherapy[2].The gist of theses various treatments is to treat both
the elevated IOP and the underlying abnormalities immediately.However,the therapeutic effect usually
varies with different individuals because of delayed diagnosis or poor management.

Previous research has failed to reveal the pathogenesis and prognostic factors of postoperative NVG
secondary to PDR.This paper focus on detecting some related clinical factors by developing a credible
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but simple prediction tool for PDR patient group who underwent vitrectomy to assess the risk of NVG
based on clinical data in their treating process.

Methods
Patients

Our study was approved by Ethics Committee of our hospital and adhered to the tenets of Helsinki
Declarations.Informed consents were obtained from all the participants.Patients were retrospectively
collected in the Ophthalmology Department of Shenyang Fourth People Hospital from March,2017 to
March,2018 and followed up for at least 12 months.They were included if they were diagnosed as PDR
and underwent vitrectomy in our hospital.All the vitrectomy procedures were accomplished by the same
experienced ophthalmologist using a 23-gauge three-port vitrectomy system(Alcon Laboratories,Inc.).NVG
was de�ned as neovascularization of the iris and/or iridocorneal angle, with a history of IOP of more than
21 mmHg.The exclusion criteria are listed as follows:(1)Patients with elevated IOP before vitrectomy; 2
Patients who accepted intravitreal injection of Triamcinolone;(3)Patients with recurrent vitreous
hemorrhage.

Data Collection

The medical records and surgical procedures of eligible patients were retrospectively reviewed.Subject
characteristics examined included age,gender,type of diabetic mellitus(DM),HbAlc(glycosylated
hemoglobin),diabetic nephropathy(DN),hyperlipemia, cardiovascular diseases,smoking and
alcoholism.Surgical procedures included anti-VEGF therapy,history of PRP(within 3 months),status of
lens,vitreous tamponade,internal limiting membrane ILM peeling,vitreous hemorrhage(VH) and tractional
retinal detachment(RD).And the presence or absence of NVG were noted.

Statistical Analyses

All data including systemetic and ocular characteristics which are categorical variables are displayed in
numbers and percentages. Statistical analysis was performed using the R software (Version 3.1.1;
https://www.R-project.org).

We performed least absolute shrinkage and selection operator (LASSO) to remove redundancy within the
systemetic and ocular information by selecting the most prognostic characteristics in predicting  the
prevalence of postoperative NVG among PDR group.LASSO is a more reliable method to select some
prognostic features in clinical data and information,which was originally used in

oncology[3-4].So in our study,we �rstly used this method to screen out the optimal predictive features in
risk factors from the PDR patients with postoperative NVG.We also conducted multivariate analysis to
identify the risk factors of postoperative NVG in PDR patients who underwent vitrectomy, and the odds
ratio (OR) with 95% con�dence interval (95% CI) of each related factor was displayed. Moreover,some risk
factors that were considered to be clinically meaningful were also included[5-6]. Nomograms were built
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on the basis of the clinical factors screened out by Lasso regression and multivariate analysis to
construct the clinical integration model[7-8]. A nomogram can provide an individualized, evidence-based,
highly accurate risk estimation which facilitates decision making.

The bootstrapped calibration curves demonstrate the difference between a prediction and observation.
[9].So overall C index(concordance index) has been introduced as a parameter to describe the
performance of a given model applied to the population under consideration and discuss the statistic
used as its sample estimate[10].Decision curve analysis is based on the principle that the relative harms
of false positives and false negatives can be expressed in terms of a probability threshold.[11].The net
bene�t was calculated by subtracting the proportion of all patients who are false positive from the
proportion of the patients who are true positive.So it could model the clinical consequences of true and
false positives in order to assess clinical relevance[12].

Results
Patients’ Baseline Characteristics

A total of 107 patients who underwent vitrectomy for PDR in our hospital were enrolled(52 males and 55
females;mean age 55.24±14.31 years[range 22-78 years]).The mean course of diabetic mellitus was
9.7±3.8 years[range 2.5 to 21 years].Among them,18(16.8%) developed NVG during 12-month follow up
postoperatively.So they were divided into NVG and non-NVG group.All data of patients including
demographic, disease, and treatment features in the two groups are given in Table 1.

Table 1 Differences between demographic and clinical characteristics of NVG and non-NVG groups
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Characteristics n(%)

NVG n=18 non-NVG n=89 Total(n=107)

Age      

<=50 7(38.89) 26 29.21 33 30.84

51-59 2(11.11) 20 22.47 22 20.56

60-69 7(38.89) 36 40.45 43 40.19

>=70 2(11.11) 7 7.87 9 8.41

Gender      

Male 8(44.44) 44 49.44 52 48.6

Female 10(55.56) 45 50.56 55 51.4

Type of DM      

   Type I 4(22.22) 14 15.73 18 16.82

   Type II 14(77.78) 75 84.27 89 83.18

HbA1c      

>9% 14(77.78) 68 76.4 82 76.64

<=9% 4(22.22) 21 23.6 25 23.36

DN      

Yes 11(61.11) 14 15.73 25 23.36

No 7(38.89) 75 84.27 82 76.64

Hyperlipemia      

Yes 10(55.56) 33 37.08 43 40.19

No 8(44.44) 56 62.92 64 59.81

Cardiovascular diseases      

Yes 9(50) 41 46.07 50 46.73

No 9(50) 48 53.93 57 53.27

Smoking      

Yes 7(38.89) 38 42.7 45 42.06

No 11(61.11) 51 57.3 62 57.94

Alcoholism      

Yes 11(61.11) 48 53.93 59 55.14

No 7(38.89) 41 46.07 48 44.86

Anti-VEGF Therapy      

Yes 9(50) 64 71.91 73(68.22)

No 9(50) 25 28.09 34(31.78)

History of PRP      

Yes 12(66.67) 45 50.56 57(53.27)

No 6(33.33) 44 49.44 50(46.73)
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Cataract      

Yes 16(88.89) 22 24.72 38(35.51)

No 2(11.11) 67 75.28 69(64.49)

Lens Status      

Aphakia 1(5.56) 9 10.11 10(9.35)

Phakia 2(11.11) 25 28.09 27(25.23)

Pseudophakia 15(83.33) 55 61.8 70(65.42)

Vitreous tamponade      

Silicone oil 14(77.78) 41 46.07 55(51.4)

Gas 2(11.11) 23 25.84 25(23.36)

None 2 11.11 25 28.09 27(25.24)

ILM peeling      

Yes 12 66.67 43 48.31 55(51.4)

No 6 33.33 46 51.69 52(48.6)

VH      

Yes 15 83.33 48 53.93 63(58.88)

No 3 16.67 41 46.07 44(41.12)

Tractional RD      

Yes 10 55.56 45 50.56 55(51.4)

No 8 44.44 44 49.44 52(48.6)

Detection of Associated factors of postoperative NVG in PDR patients

Using the LASSO method, clinical features that might in�uence the prognosis were reduced in
number.Summarized from medical records and surgical procedures,3 potential predicators were selected
from 17 features based on 107 patients in the cohort(Figure a and b).in the LASSO regression
model.Such included features are listed as follows:HbAlc,diabetic nephropathy(DN) and anti-VEGF
therapy.

The results of the logistic regression analysis among HbAlc,diabetic nephropathy(DN) and anti-VEGF
therapy are displayed in Table 2. HbAlc(p<0.001) and diabetic nephropathy(DN)(p<0.001) were selected
to be independent risk factors.In addition to the above factors,anti-VEGF therapy age and gender are also
clinically meaningful factors which are incorporated in the nomogram(Figure c).

Table 2  Prediction factors for postoperative NVG in PDR patients.Note: β is the regression coefficient.
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Intercept and variable Prediction model

β Odds ratio (95% CI) P-value

Intercept -2.0314 0.131(0.002-4.728) 0.289

HbA1c 2.2138 9.150(2.542-39.781) <0.001

Diabetic nephropathy(DN) 1.8249 6.202(1.701-24.431) <0.001

Anti-VEGF therapy -0.9966 0.369(0.090-1.423) 0.15

Internal Validation of the predicting model

Internal validation was conducted to testify the predicting model,and related results are listed as
follows.Firstly,the calibration curve of the NVG risk nomogram for the prediction of NVG risk in
postoperative PDR patients demonstrated good consistency in this cohort(Figure d). Secondly,the C-index
for the prediction nomogram was 0.852 (95% CI: 0.740–0.964) for the cohort, and was con�rmed to be
0.8492 through bootstrapping validation,which also indicated that the predicted result was highly
consistent with the actual observed result.In the NVG risk nomogram,it proves a good prediction
capability.

Clinical Utilization

The decision curve analysis for the NVG nomogram is presented as follows(Figure e). The decision curve
showed that if the threshold probability of a patient and a doctor is >2%, which means application of this
nomogram is convincing and its clinical usefulness to help clinical decision-making has also been
con�rmed.

Discussion
Vitrectomy for proliferative diabetic retinopathy (PDR) has been reported to be associated with
postoperative neovascular glaucoma (NVG) in 4%–12% of cases[13-15].In our study,16.8% of PDR
patients developed postoperative NVG,which is a bit higher than that percentage.A conceivable
explanation of this phenomenon may be due to the different severity of underlying conditions in the
patient group that were enrolled.

In the risk factor analysis,HbAlc,concomitant diabetic nephropathy(DN) and anti-VEGF therapy were
associated with risk of postoperative NVG secondary to PDR.This nomogram suggested that low-level
HbAlc(<9%),alleviation of DN and anti-VEGF therapy may be the key individual factors that could reduce
the incidence of NVG.In a multicenter study conducted by Takayama and his colleagues[16],younger age,
uncontrolled diabetes, no PRP, and postoperative VH were considered to be risk factors for postoperative
NVG in PDR patients.Unconsistent with their study,neither age nor preoperative PRP has been screened
out as prognostic factors for postoperative NVG in PDR patients.But our study have also found that high-
level HbAlc may indicate the occurrence of postoperative NVG.Microangiopathy caused by �uctuations in
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blood glucose levels has also been reported to contribute to the progression of ischemia[17].Previous
publication highlighted that diabetic retinopathy is exacerbated when HbAlc is 6.5% or higher[18],the
result of which correlates with our study.So to the best of knowledge,a better control of diabetes mellitus
is the key for better prognosis.But a negative correlation between HbAlc and NVG onset was found by
Masashi Sakamoto and his colleagues[19],where they ascribed the contradictory result to excessive
administration of insulin in patients with NVG and the lack of investigation in the course of diabetic
retinopathy.So further studies are still needed to observe the relationship between HbA1c level and NVG
onset in PDR patients.

Selected by lasso regression model,diabetic nephropathy(DN) may be a signi�cant risk factor of
postoperative NVG onset.As previously reported,diabetic retionopathy has been associated with a faster
decline in the estimated glomerular �ltration rate(eGFR) among the general population and the elderly
population with or without diabetes[20-21].Chi-Chih Hung[22] and his colleagues have also found that
diabetic retinopathy was signi�cantly associated with an increased risk for end-stage renal disease.In our
study, DN could also be considered as an important risk factor for NVG onset to some extent.In
addition,some systematic abnormalities,such as cardiovascular diseases, have been found to be
entwined with postoperative NVG in PDR patients.

It could not be overemphasized that VEGF  is a pivotal angiogenic factor induced by retinal ischemia,and
the vitreous level of VEGF at the time of vitrectomy is associated with a signi�cant risk of both the
postoperative progression of PDR and the occurrence of postoperative complications[23-24].Anti-VEGF
therapy has been validated to be effective in promoting the absorption of VH and visual rehabilitation.So
in the management of PDR, it is important to control ischemic stimuli primarily by anti-VEGF therapy as a
preoperative therapy,which is combined with other methods,such as panretinal photocoagulation and
vitrectomy.However,Wakabayashi et al[25] did not �nd signi�cant relation between vitreous VEGF levels
at the time of vitrectomy and postoperative late complications due to persistent overproduction of VEGF
after surgery,which reminded us that it is essential to continuously detect and suppress the level of
VEGF.We speculated that persistent secretion of VEGF might ascribe to underlying comorbidities that
might exacerbate retinal ischemia.

Current study still have some limitations.Firstly,this nomogram requires external validation, and further
research is needed to observe the risk and prognostic factors related to postoperative NVG
onset.Secondly, the possibility of selection bias with respect to severity of the disease has to be
considered in interpreting the results of this study.Thirdly,the retrospective nature.

Conclusion
In conclusion ,a novel nomogram with a relatively good accuracy has already been established  for
ophthalmologists to access the risk of postoperative NVG onset in PDR patients.In a nutshell,its clinical
usefulness has also been testi�ed by calibration plot and C-index,which is intended for helping
ophthalmologists to take interventions in time,and avoid delays in treatment when there is a high
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probability of postoperative NVG.More importantly,taking good control of HbAlc level,awaring of diabetic
nephropathy and other underlying comorbidities,continuous detecting and suppressing the VEGF level are
important interventions for avoiding postoperative NVG secondary to PDR.
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Figure 1

Demographic and clinical feature selection using the LASSO binary logistic regression model. Notes: (a)
Optimal parameter (lambda) selection in the LASSO model used �ve fold cross-validation via minimum
criteria. The partial likelihood deviance (binomial deviance) curve was plotted versus log(lambda). Dotted
vertical lines were drawn at the optimal values by using the minimum criteria and the 1 SE of the
minimum criteria (the 1-SE criteria).
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Figure 2

Demographic and clinical feature selection using the LASSO binary logistic regression model. (b) LASSO
coe�cient pro�les of the 17 features. A coe�cient pro�le plot was produced against the log(lambda)
sequence. Vertical line was drawn at the value selected using �vefold cross-validation, where optimal
lambda resulted in three features with nonzero coe�cients.



Page 15/17

Figure 3

Developed postoperative NVG nomogram. Note: The postoperative NVG nomogram was developed in the
cohort, with HbA1c level, DN, anti-VEGF therapy,Age,Gender incorporated.
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Figure 4

Calibration curves of the NVG nomogram prediction in the cohort. Notes: The x-axis represents the
predicted postoperative NVG risk. The y-axis represents the actual postoperative NVG in PDR patients.
The diagonal dotted line represents a perfect prediction by an ideal model. The solid line represents the
performance of the nomogram, of which a closer �t to the diagonal dotted line represents a better
prediction.
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Figure 5

Decision curve analysis for the postoperative NVG nomogram. Notes: The y-axis measures the net
bene�t. The dotted line represents the NVG risk nomogram. The thin solid line represents the assumption
that all patients presented with postoperative NVG.Thin thick solid line represents the assumption that no
patients presented with postoperative NVG. The decision curve showed that if the threshold probability of
a patient and a doctor is 2% and 100%, respectively, using this NVG nomogram in the current study to
predict postoperative risk adds more bene�t than the intervention-all-patients scheme or the intervention-
none scheme.


