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Abstract: Chronic kidney disease (CKD) is a well-known risk factor for postoperative complications
in several surgical fields. However, although prevalent among diabetic candidates for vitrectomy, the
effect of CKD on vitrectomy outcomes remains unclear. This study aimed at clarifying the relationship
between CKD and the occurrence of vitrectomy-related complications in patients with proliferative
diabetic retinopathy (PDR). The 6-month incidences of vitreous hemorrhage (VH) and neovascular
glaucoma (NVG) following vitrectomy for PDR were compared among the following groups: stages
1–2 CKD (60 patients), stages 3–5 CKD (70 patients not on hemodialysis), and hemodialysis (HD;
30 patients). We also determined whether the deterioration of the estimated glomerular filtration rate
(eGFR) was associated with post-vitrectomy events. The incidence of VH was significantly higher
in the stages 3–5 CKD group (43%) than in the stages 1–2 CKD (10%) and HD (10%) groups. NVG
was more common in the stages 3–5 CKD group (17%) than in the stages 1–2 CKD (2%) and HD (0%)
groups. The reduced estimated glomerular filtration rate (eGFR) was the only significant variable
associated with post-vitrectomy VH and NVG. Patients with PDR and CKD, particularly those with
lower eGFR, might be at risk for post-vitrectomy VH and NVG.

Keywords: proliferative diabetic retinopathy; chronic kidney disease; vitrectomy; vitreous hemor-
rhage; neovascular glaucoma

1. Introduction

Proliferative diabetic retinopathy (PDR), which is characterized by the progression of
retinal neovascularization, is the most advanced stage of diabetic eye disease. A common
complication of PDR is vitreous hemorrhage (VH), which is a major cause of unexpected
and severe visual deterioration in patients with diabetes. Vitrectomy is the first-line therapy
for intractable VH that significantly improves the anatomical and functional prognoses [1,2].
This advanced instrument is used worldwide; however, postoperative complications may
occur in some cases [1].

Common complications of vitrectomy for VH due to PDR include corneal epithelial
defects, cataract formation, elevated intraocular pressure, neovascular glaucoma (NVG),
iatrogenic retinal breaks, recurrent VH, and rhegmatogenous retinal detachment [1,3,4].
Among these complications, recurrent VH is the most common postoperative event, and
has been reported in 7–63% of patients [1]. Similarly, the incidence of NVG, which is
regarded as a terminal severe complication, was also present at a higher rate (9.3–11.8%)
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than other complications, except for VH [1,4].Considering the relationship between pe-
rioperative parameters and post-surgical outcomes in vitrectomy for PDR, accumulated
evidence suggests that the risk factors for postoperative complications include younger
age, male sex, uncontrolled diabetes, insulin administration, fasting blood glucose, and low
serum albumin concentration [4–10]. However, the association between vitrectomy-related
complications and chronic kidney disease (CKD) has never been debated, to the best of our
knowledge. In contrast, concerns regarding the post-surgical deterioration of patients with
CKD have been raised in several surgical fields, such as cardiac, gastrointestinal, hip, and
urinary surgery [11–15]. In clinical settings, diabetic retinopathy is often accompanied by
CKD since retinopathy and nephropathy usually progress correspondingly, resulting from
long-term diabetic microvasculopathy [16–23]. Similarly, diabetic candidates for vitrectomy
expectedly possess comorbid conditions [20–23]. Moreover, many physicians are concerned
that patients with PDR and CKD who are on hemodialysis (HD) and undergo vitrectomy
may have a higher risk of post-vitrectomy VH, since HD requires systemic anticoagulation
using unfractionated heparin [24]. If the deterioration of renal function is associated with
an increased risk of postoperative complications of vitrectomy for PDR, it indicates the
need for differences in post-surgical management according to the CKD stage. Therefore,
we conducted this observational study to determine if different CKD stages in patients with
VH due to PDR who need vitrectomy are associated with the occurrence of post-vitrectomy
VH and NVG, both of which are often used to estimate the outcome of vitrectomy as the
primary endpoint.

2. Materials and Methods
2.1. Materials

This was a single-center, retrospective, observational cohort study performed using
electronic hospital records. The study procedures complied with the tenets of the Declara-
tion of Helsinki. The Institutional Review Board of Tokyo Women’s Medical University
approved the study protocol (approval number: 4270, approval date: 25 February 2017)
and waived the requirement for informed consent because of the retrospective study de-
sign. We included patients with PDR who underwent primary vitrectomy for unresolved
VH without tractional retinal detachment at the Department of Ophthalmology, Diabetes
Center of Tokyo Women’s Medical University Hospital, in the period from 2011 to 2016.
All patients previously received prophylactic laser treatment, mainly panretinal photo-
coagulation, for PDR before vitrectomy, and all patients had comprehensive ophthalmic
examinations daily for 1 week and 1, 2, 3, and 6 months (or more frequently if patients
had postoperative events) after vitrectomy. Exclusion criteria were as follows: (1) evidence
of vitreoretinal pathology other than PDR, (2) a history of intravitreal administrations
of vascular endothelial growth factor (VEGF) inhibitors, (3) the preoperative presence of
NVG or tractional retinal detachment associated with PDR, and (4) a surgical procedure
combined with gas or silicone tamponade or an injection of VEGF inhibitors. When both
eyes met the inclusion criteria, the one that underwent a prior surgery was included. A
total of 160 eyes of 160 patients had sufficient baseline and follow-up data for inclusion.

2.2. Classification and Outcome Measurement

Patients were stratified into three groups based on kidney function at admission,
assessed by the estimated glomerular filtration rate (eGFR), which was estimated using
the modified three-variable equation proposed by the Japanese Society of Nephrology:
GFR = 194 × age (years)−0.287 × serum creatinine level (in mg/dL)−1.094 × (0.739 (if
female)) [25]. The groups were stages 1–2 CKD (eGFR ≥ 60 mL/min/1.73 m2), stages
3–5 CKD (eGFR < 60 mL/min/1.73 m2, stages 3a–5 CKD not on HD, and HD (stage 5 CKD
on HD). The stages 3–5 CKD had a GFR < 60 mL/min/1.73 m2 on at least two occasions
90 days apart according to the definition of CKD.

The primary outcome measure was the 6-month incidence of post-vitrectomy VH
and NVG. We compared post-vitrectomy VH and NVG among the stages 1–2 CKD, stages
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3–5 CKD, and HD groups. The presence of VH that was not detected at the last fundus
examination was considered a VH event during the follow-up period. The severity of
postoperative VH was scored on a three-point scale, which was modified from a previous
study: grade 1 (mild VH, possible identification of fundus details, hazy view), grade 2
(moderate VH, impaired view of fundus details, optic nerve just visible), and grade 3
(severe VH, no fundus details, optic nerve head invisible) [26].

NVG was defined as the presence of iris/angle neovascularization and elevated
intraocular pressure (≥22 mmHg) after vitrectomy. When elevated intraocular pressure
was first detected postoperatively, we searched for iris neovascularization using a slit lamp.
If neovascularization was absent, gonioscopy was performed.

2.3. Risk Factors for Vitreous Hemorrhage or Neovascular Glaucoma

To determine whether renal dysfunction in patients not on HD (i.e., patients in the
stages 1–2 CKD and stages 3–5 CKD groups) undergoing vitrectomy was associated with
an increased or decreased risk of post-vitrectomy VH and NVG, we divided them into two
groups based on the presence/absence of post-vitrectomy VH or NVG within 6 months.
We then examined systemic and ophthalmic differences among the groups. The variables
at baseline, i.e., perioperatively, that we evaluated in both groups were as follows: age,
sex, duration of diabetes, hemoglobin level, hemoglobin A1c level, eGFR, systolic blood
pressure, diastolic blood pressure, prescribed medications (insulin therapy and antiplatelet
agents), and surgical procedures (combined cataract surgery; endolaser photocoagulation,
including the total number of shots; and the removal of fibrovascular proliferation).

2.4. Surgical Technique

All patients underwent vitrectomy under local anesthesia. The surgical procedure
included a standard 23- or 25-gauge three-port pars plana vitrectomy using the Accurus or
Constellation vitrectomy machine (Alcon Laboratories, Inc., Fort Worth, TX, USA). After
total vitrectomy with vitreous hemorrhage removal, delamination, endolaser photocoagu-
lation, and endodiathermy were carefully performed to avoid further rebleeding.

In some patients with combined fibrovascular membranes, intraocular forceps were
used to peel or remove the epiretinal membranes. During vitrectomy, the vitreous base
was thoroughly trimmed, and retinal periphery was inspected to rule out retinal breaks or
any other source of bleeding.

When an operated eye had cataract, preventing a clear view of the retina intraopera-
tively, phacoemulsification and implantation of the round foldable 7.0 mm intraocular lens
(Eternity NX-70, Santen Pharmaceutical Co., Ltd., Osaka, Japan) were performed.

2.5. Statistical Analyses

Continuous variables are expressed as mean ± standard deviation, and categorical
data are expressed as percentage or number. Continuous variables were compared using
the unpaired t-test or Kruskal–Wallis test, as appropriate. Categorical variables were
compared using Fisher’s exact test. Bonferroni post hoc analysis was performed for
repeated measurements among the three groups. Differences were considered significant
at a two-tailed p-value < 0.05. For Bonferroni post hoc analyses, the statistical significance
was set at p < 0.0167. All statistical analyses were performed using JMP software, version
12.1.0 (SAS Institute Inc., Cary, NC, USA).

3. Results

To compare the incidences of post-vitrectomy VH and NVG among the three groups
categorized according to kidney function, 60 eyes in the stages 1–2 CKD group, 70 eyes
in the stages 3–5 CKD group, and 30 eyes in the HD group were examined. Patient
demographics and surgical procedures are summarized in Table 1. Differences among
the three groups were not statistically significant, except for the difference in antiplatelet
medication (p = 0.003, Table 1). In the 6-month period after vitrectomy, VH developed in 6 of
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60 (10%) eyes in the stages 1–2 CKD group, 30 of 70 (43%) eyes in the stages 3–5 CKD group,
and 3 of 30 (10%) eyes in the HD group, showing a significant difference among the three
groups (p < 0.001, Table 2), indicating that post-vitrectomy VH events were significantly
higher in the stages 3–5 CKD group than in the stages 1–2 CKD group and HD groups
(p < 0.001 and p = 0.002, respectively). Similarly, the 6-month incidence of post-vitrectomy
NVG revealed significant overall differences among the three groups (p = 0.001, Table 3).
Particularly, post-vitrectomy NVG events were significantly higher in the stages 3–5 CKD
group (17%, 12/70 eyes) than in the stages 1–2 CKD group (2%, 1/60 eyes) and HD group
(0%, 0/30 eyes) (p = 0.006 and p = 0.016), respectively (Table 3). In post-vitrectomy NVG
cases, one eye in the stages 1–2 CKD group and eight eyes in the stages 3–5 CKD group had
post-vitrectomy VH events before the onset of NVG. Tables 4 and 5 show the univariate
analysis results of the risk factors for VH and NVG during the 6-month period following
vitrectomy in non-HD patients. Both post-vitrectomy VH and NVG groups had lower
eGFRs than the event-free group (p < 0.001 and p = 0.007, respectively); thus, reduced eGFR
was the only significant variable associated with post-vitrectomy VH and NVG.

Table 1. Clinical characteristics in the three groups.

Stages 1–2 CKD
(n = 60)

Stages 3–5 CKD
(n = 70)

HD
(n = 30) p Value ‡ Significant

Difference §

Age, years 58.7 ± 11.5 59.0 ± 10.5 57.2 ± 10.0 0.645

Male, n (%) 39 (65) 55 (79) 26 (87) 0.061

Duration of diabetes, 17.6 ± 10.5 16.4 ± 10.2 19.5 ± 9.5 0.440

HbA1c 7.5 ± 1.3 7.4 ± 1.5 7.0 ± 1.3 0.112

insulin, n (%) 34 (57) 40 (57) 17 (57) 1.000

eGFR 82.7 ± 16.2 35.3 ± 13.1

Systolic BP 133.7 ± 18.0 136.4 ± 17.9 137.1 ± 19.4 0.600

Diastolic BP, 75.5 ± 11.7 75.0 ± 11.5 75.1 ± 11.9 0.969

Antiplatelet agent, n (%) 12 (20) 22 (31) 17 (57) 0.003 (I) < (III)

Phacovitrectomy *, n (%) 41 (68) 53 (76) 16 (53) 0.084

PRP shot number † 420 ± 450 330 ± 346 190 ± 211 0.061

Removal of FM, n (%) 05 (8) 09 (13) 04 (13) 0.680

HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; BP, blood pressure; PRP, panretinal photocoagulation; FM, fibrovascular
membrane; CKD, chronic kidney disease; HD, hemodialysis * combined phacoemulsification and vitrectomy; † intraoperative PRP shot
number; ‡ statistical analysis of the three groups; § statistically significant difference between the non-CKD and HD groups using the
Bonferroni method.

Table 2. Incidence rates of vitreous hemorrhage in the three groups.

Stages 1–2 CKD
(n = 60)

Stages 3–5 CKD
(n = 70)

HD
(n = 30) p Value § Significant

Difference ||

n (%) 6 (10) 30 (43) 3 (10) 0.001> (I) < (II)
(III) < (II)

Breakdown

Grade I * 2 9 2

Grade II † 1 4 0

Grade III ‡ 3 17 1

* Mild vitreous hemorrhage, possible identification of fundus details, hazy view; † moderate vitreous hemorrhage, impaired view of fundus
details, optic nerve just visible; ‡ severe vitreous hemorrhage, no fundus details, optic nerve head invisible; § statistical analysis of the three
groups; || statically significant difference between two groups using the Bonferroni method.
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Table 3. Incidence rates of neovascular glaucoma in the three groups.

Stages 1–2 CKD
(n = 60)

Stages 3–5 CKD
(n = 70)

HD
(n = 30) p Value * Significant

Difference †

n (%) 01 (2) 12 (17) 00 (0) 0.001 (I) < (II)
(III) < (II)

* Statistical analysis of the three groups; † statically significant difference between two groups using the Bonferroni method.

Table 4. Clinical characteristics of the two non-dialysis groups according to the incidence of vitreous hemorrhage.

VH (+) (n = 36) VH (−) (n = 94) p Value

Age, years 57.2 ± 12.1 59.5 ± 10.4 0.283

Male, n (%) 30 (83) 64 (68) 0.124

Duration of diabetes, years 14.7 ± 10.8 17.8 ± 10.1 0.128

HbA1c, % 7.2 ± 1.3 7.5 ± 1.4 0.175

insulin therapy, n (%) 22 (61) 52 (55) 0.561

eGFR 43.2 ± 22.2 62.5 ± 28.0 0.001> *

Systolic BP, mmHg 135.0 ± 19.1 135.2 ± 17.6 0.966

Diastolic BP, mmHg 75.8 ± 10.8 75.0 ± 11.9 0.753

antiplatelet agent, n (%) 07 (19) 27 (29) 0.374

Phacovitrectomy †, n (%) 29 (81) 65 (69) 0.273

PRP shot number ‡ 353 ± 340 379 ± 420 0.744

Removal of FM, n (%) 5 (14) 9 (10) 0.531

VH, vitreous hemorrhage; HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; BP, blood pressure; PRP, panretinal
photocoagulation; FM, fibrovascular membrane. * Significant p-value, † combined phacoemulsification and vitrectomy; ‡ intraoperative
PRP shot number.

Table 5. Clinical characteristics of the two non-dialysis groups according to the incidence of neovascular glaucoma.

NVG (+) (n = 13) NVG (−) (n = 117) p Value

Age, years 56.9 ± 12.2 59.1 ± 10.8 0.496

Male, n (%) 12 (92) 82 (70) 0.111

Duration of diabetes, years 15.2 ± 12.7 17.1 ± 10.1 0.528

HbA1c, % 7.1 ± 0.9 7.5 ± 1.4 0.353

insulin therapy, n (%) 09 (69) 65 (56) 0.392

eGFR 37.6 ± 16.0 59.4 ± 28.0 0.007 *

Systolic BP, mmHg 139.2 ± 18.8 134.7 ± 17.9 0.388

Diastolic BP, mmHg 78.9 ± 8.1 74.8 ± 11.8 0.226

antiplatelet agent, n (%) 05 (38) 29 (25) 0.323

Phacovitrectomy †, n (%) 12 (92) 82 (70) 0.111

PRP shot number ‡ 395 ± 262 369 ± 412 0.823

Removal of FM, n (%) 03 (23) 11 (9) 0.148

NVG, neovascular glaucoma; HbA1c, hemoglobin A1c; eGFR, estimated glomerular filtration rate; BP, blood pressure; PRP, panretinal
photocoagulation; FM, fibrovascular membrane. * Significant p-value, † combined phacoemulsification and vitrectomy; ‡ intraoperative
PRP shot number.

4. Discussion

Several clinical studies have shown that PDR is associated with an increased risk for
CKD [20–23]. We realize that patients with diabetes and severe PDR who crucially need
vitrectomy are likely to have CKD in real-world settings. However, information about the
correlation between CKD and post-vitrectomy complications is lacking. The current study
showed that compared to the stages 1–2 CKD and HD groups, patients in the stages 3–5
CKD group were at a higher risk for VH and NVG up to 6 months after vitrectomy for PDR.
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Therefore, careful postoperative follow-up after vitrectomy for PDR should be performed,
particularly in non-HD patients with a significant loss in kidney function.

A few studies have reported that a decline in eGFR increases hemorrhage
events [27–30]. Moreover, previous reports that CKD had a significantly greater risk
of postoperative bleeding has been documented in several surgical fields [11,12,15]. Our
observational data confirmed these findings, as post-vitrectomy VH was significantly
higher in the stages 3–5 CKD group (43%) than in the stages 1–2 CKD (10%) and HD (10%)
groups. Regarding post-vitrectomy NVG, Takayama et al. reported that post-vitrectomy
VH was a risk factor for the onset of NVG since it might increase VEGF and inflammatory
cytokine levels in the aqueous humor, resulting in the development of NVG [4]. In the
current study, most (9 of 13 eyes) of the patients with post-vitrectomy NVG had post-
vitrectomy VH events before the onset of NVG. Thus, we speculate that the development
of post-vitrectomy NVG might be somewhat affected by post-vitrectomy VH.

In contrast, the present study showed that the incidence of post-vitrectomy VH in
the HD group was significantly lower compared to the stages 3–5 CKD group, suggesting
no association between post-vitrectomy VH and HD. For patients with PDR and CKD on
HD, VH seems to be an HD-induced hemorrhagic complication resulting from systemic
anticoagulation therapy using unfractionated heparin [24]. However, in our previous study
including 145 non-vitrectomized PDR eyes during the 12-month period before and after
HD initiation, the incidence of VH was significantly lower in the HD stage (23.4%) than in
the pre-HD stage (35.2%), indicating that HD hardly affects VH [31]. In the current study, a
similar trend as the previously mentioned findings was observed, even in patients with
diabetes and PDR undergoing vitrectomy. Moreover, numerous studies have reported
that retinopathy, visual acuity, and macular edema in diabetic eyes stabilized or even
improved after HD initiation, although the precise mechanisms are still debated [32–37]. In
the present study, similar to vitreous hemorrhage, the incidence of post-vitrectomy NVG
was not affected by HD because post-vitrectomy NVG developed in the stages 3–5 CKD
group (17%) and the HD group (0%), with a statistically significant difference between the
groups. Moreover, in some patients in the stages 3–5 CKD group who developed post-
vitrectomy NVG, intraocular pressure rapidly decreased to <20 mmHg without surgical
intervention immediately after HD initiation and was then kept under control, although it
was outside the observation period. Therefore, we hypothesized that the pathogeneses of
post-vitrectomy VH and NVG might be suppressed by the stabilizing effect of HD.

Regarding ophthalmic predictors influencing postoperative complications after vit-
rectomy in patients with diabetes and PDR, numerous recent studies have focused on
the relationship between the vitreous level of VEGF and post-surgical outcomes [38–42].
Wakabayashi et al. detected that vitreous VEGF levels during vitrectomy were signif-
icantly higher in eyes with early VH and NVG than in those without [38]. Moreover,
intravitreal anti-VEGF therapy before or at the end of vitrectomy is considered to prevent
post-vitrectomy complications [41,42]. In this retrospective study, we could not measure
the vitreous VEGF concentrations during vitrectomy. Therefore, we could not determine
whether vitreous VEGF levels are associated with a higher incidence of post-vitrectomy
VH and NVG or kidney function. Meanwhile, we eliminated the effect of the anti-VEGF
therapy, possibly modifying study outcomes, since we excluded patients who had received
such treatment pre- or intra-operatively on the protocol.

The beneficial effects of an intensive multifactorial therapy on renal outcomes are
well documented [43,44]. Moreover, Sasso et al. reported that patients with both diabetic
kidney disease and severe diabetic retinopathy are likely to have cardiovascular risk, but
also that intensive multifactorial therapy for such patients provided a remarkable benefit
with regard to this risk [45,46]. In the current study, we could not determine whether
this therapy was associated with a degreased risk of post-vitrectomy complications; thus,
further investigation is required to clarify this issue.

The present study has some limitations. First, this was a retrospective observational
study with a relatively small sample size, particularly of patients in the HD group, pos-
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sibly causing a selection bias. Second, the retrospective nature of the study could have
underestimated the incidence of VH because a small episode of bleeding might have been
overlooked, unlike in a prospective study. Finally, patients were followed-up for only
6 months following vitrectomy, and cumulative effects over a longer follow-up period
could not be estimated. Within these limitations, the present study suggests that patients
with PDR and CKD, particularly those with a lower eGFR, might be at risk for VH and
NVG after vitrectomy for PDR. The generalizability of our findings should be confirmed in
future prospective studies.
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