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Abstract: We investigate-d whether biomarkers such as red blood cell hematocrit (Hct), platelet count
(PLT), mean platelet volume (MPV), and platelet distribution width (PDW) are useful prognostic
indicators of postoperative macular edema (ME) after vitrectomy for proliferative diabetic retinopathy
(PDR). A total of 42 eyes of 42 patients with PDR who underwent vitrectomy between January
2018 and May 2020 were analyzed retrospectively. We divided them into two groups according
to whether treatment was required for postoperative ME and compared the relationship between
Hct, PLT, MPV, and PDW and the onset of postoperative ME. The group that received postoperative
treatment (group T) comprised 11 eyes of 11 patients, and the group that did not (group N) comprised
31 eyes of 31 patients. The age (years) was 52.0 ± 3.1 in group T and 60.0 ± 11.6 in group N. When
appropriate statistical analysis was performed for comparison between groups, significant differences
were found in age (p = 0.05), insulin use (p = 0.03), preoperative intraocular pressure (p = 0.05),
diastolic blood pressure (p = 0.03), and Hct (p = 0.04). Multivariate logistic regression analysis was
performed, and a significant difference was found in Hct (p = 0.02). These results suggest that Hct
might be useful as a predictor of ME after PDR surgery.

Keywords: proliferative diabetic retinopathy; diabetic macular edema; hematocrit; platelet volume index

1. Introduction

Proliferative diabetic retinopathy (PDR) is the most severe form of diabetic retinopathy
(DR) characterized by the formation of new blood vessels and causes tractional retinal de-
tachment (RD) and neovascular glaucoma (NVG), resulting in severe visual impairment [1].

PDR may occur in approximately 10% of those with type 2 diabetes mellitus (DM) [2,3],
and in up to 50% of those with type 1 DM [2,4] with ≥15-year disease history. The morbidity
rates of PDR are slightly higher among patients with type 2 DM who require insulin and are
lower among those who do not [2]. Another important change that can cause advanced DR
is diabetic macular edema (DME). DME is caused by the destruction of the blood–retinal
barrier, with blood plasma leakage from the macular small vessels. DME does not cause
complete blindness but often results in severe loss of visual acuity. In a large population-
based study, the rate of severe visual acuity loss over 10 years of DME was 13.9% in patients
with type 2 DM who did not need insulin, 25.4% in those with type 2 DM who needed
insulin, and 20.1% in those with type 1 DM [5].

In recent years, it has been reported that high red blood cell (RBC) hematocrit (Hct)
levels correlate with the progression of chronic kidney disease and the risk of cardiovascular
thrombosis [6,7]. It has also been reported that there is a correlation between DR and Hct
in the field of ophthalmology [8]. Postoperative complications of PDR include ME, which
has a significant impact on visual acuity prognosis. To the best of our knowledge, there
has been no report on the correlation between postoperative ME and preoperative Hct.
Meta-analyses performed by Ji et al. showed that there is a relationship between DR

J. Clin. Med. 2022, 11, 5055. https://doi.org/10.3390/jcm11175055 https://www.mdpi.com/journal/jcm

https://doi.org/10.3390/jcm11175055
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jcm
https://www.mdpi.com
https://orcid.org/0000-0003-1259-1509
https://doi.org/10.3390/jcm11175055
https://www.mdpi.com/journal/jcm
https://www.mdpi.com/article/10.3390/jcm11175055?type=check_update&version=1


J. Clin. Med. 2022, 11, 5055 2 of 10

and platelet function [9,10]. The index of platelet function is called the platelet volume
index (PVI), which includes platelet count (PLT), mean platelet volume (MPV), and platelet
distribution width (PDW). PDW reflects the distribution width of platelet size, and the
larger the value, the more heterogeneous the platelet volume. The PVI is deeply involved
in cerebral thrombosis and myocardial infarction (MI) [11]. In particular, large platelets
have higher intracellular enzyme activity than smaller ones, have enhanced adhesion and
release and agglutination ability, and are actively involved in thrombus formation [12].
Many studies showed the association between cardiovascular diseases (CVDs) such as MI
and PVI, but not an association with DR.

Since Hct and PVI are straightforward parameters inexpensively obtained through
blood sampling, and preoperative blood sampling is essential for surgery, we hypothesized
that Hct and PVI could be minimally invasive predictors of prognosis in postoperative ME
after PDR. Therefore, we investigated the relationships between PDR postoperative ME
and preoperative Hct and PVI and examined whether these were helpful in predicting the
postoperative prognosis of PDR.

2. Materials and Methods
2.1. Patients

This retrospective observational study examined 42 eyes in 42 patients who underwent
pars plana vitrectomy (PPV) for PDR at St. Marianna University School of Medicine from
January 2018 to May 2020. Data were obtained by tracking patient charts. The patients
were divided into two groups depending on the presence or absence of antivascular en-
dothelial growth factor (anti-VEGF) vitreous injection and/or triamcinolone acetonide
subtenon (STTA) injection for postoperative ME. The eyes were divided into the postopera-
tive treatment (T) group and postoperative nontreatment (N) group and the correlation
with preoperative Hct was compared between them. Indications for PPV included the
following: recurring vitreous hemorrhage (VH) despite the use of maximal panretinal
photocoagulation (PRP); dense premacular subhyaloid hemorrhage; combined tractional
and rhegmatogenous RD by the fibrovascular membrane (FVM); tractional RD involving
or threatening the macula. Exclusion criteria were a history of past vitreous surgery, the
presence of existing NVG, and the use of intraoperative silicon oil. We also excluded cases
in which both eyes were in different groups, in cases in which PPV was performed on both
eyes. When both eyes were in the same group, the right eye was selected as the target eye.

2.2. Surgical Technique

All surgeries were performed by one skilled surgeon (J.K.). All patients underwent
standard PPV under regional anesthesia. In patients with cataracts, phacoemulsification and
aspiration were performed simultaneously, and an acrylic foldable intraocular lens was placed
in the capsular bag. All PPVs were conducted using a 25-gauge or 27-gauge 3-port system
(Alcon Constellation; Vision System, Fort Worth, TX, USA) and a high-speed vitreous cutter
(10,000 cycles/min), with intravitreal injection of triamcinolone acetonide to visualize the
vitreous gel and vitreoretinal adhesions. A valved cannula entry system was used. In cases
with FVM, segmentation was performed after core vitrectomy, followed by delamination
of FVM and removal of the posterior hyaloid face. Vitreous base shaving was performed
under scleral depression, and blood clots in the peripheral vitreous skirt were also removed.
Intraoperative bleeding was controlled either by endodiathermy or by increasing the reflux
pressure. An endolaser was applied to complete PRP up to the ora serrata. When performing
internal limiting membrane (ILM) peeling, brilliant blue G was used in all cases.

In some patients with combined traction-rhegmatogenous RD or RD caused by iatro-
genic tear, fluid–air exchange was performed. In severe cases, sulfur hexafluoride (SF6)
gas was injected at the end of surgery. Patients who underwent fluid–gas exchange were
instructed to remain face down for 3 to 7 days. For patients taking an anticoagulant for
underlying systemic disease, the anticoagulant was discontinued for 1 week preoperatively
if possible and resumed within 2 weeks postoperatively.
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2.3. Clinical Data Analysis

Preoperative examination parameters were age; gender; PLT; MPV; PDW; hemoglobin
A1c (HbA1c); axial length; preoperative intraocular pressure (IOP); preoperative logarithm
of the minimum angle of resolution (logMAR) best-corrected visual acuity (BCVA); Hct;
hemoglobin (Hb); creatinine value (Cr); estimated glomerular filtration rate (eGFR); low-
density lipoprotein cholesterol (LDL-chol); high-density lipoprotein cholesterol (HDL-
chol); triglyceride (TG); blood urea nitrogen (BUN); pulse pressure; mean blood pressure;
BUN/Cr ratio; systolic blood pressure; diastolic blood pressure; fasting blood glucose;
body mass index (BMI); hypertension (HT); whether an oral antiplatelet, oral anticoagulant,
oral hypoglycemic, oral metformin, oral statin, and oral diuretic were used; whether insulin
was used; smoking habit; presence or absence of artificial dialysis; preoperative PRP and
preoperative anti-VEGF vitreous injection; preoperative lens condition; whether cataract
surgery and/or ILM peeling were performed; whether intraoperative gas replacement
was performed and the type of gas; postoperative logMAR BCVA (at 1, 3, 6, 12 months);
observation period (months). In all eyes, postoperative central subfoveal thickness (CST)
was derived from the software (Cirrus 3.0; Carl Zeiss Meditec, Inc., Dublin, CA, USA)
provided by the manufacturer. Postoperative ME was defined as more than 300 µm CST
occurring within 12 months after surgery. We divided the two groups according to the
presence or absence of postoperative ME treatment (groups T and N, respectively) and
compared the results between them.

2.4. Statistical Analysis

Statistical processing was performed using JMP 13 (SAS Institute Inc., Cary, NC, USA).
In the analysis of continuous variables, the Shapiro–Wilk test was performed to examine
the normality of each study parameter. The homogeneity of variance was determined
using the F-test. Based on the results, we then selected Student’s t-test, Welch’s t-test, or
the Wilcoxon rank-sum test. The appropriate tests were performed for each parameter
to compare significant differences between the two groups. In the analysis of nominal
variables, the Pearson chi-square test and Fisher’s exact test were performed to compare
significant differences between the two groups. A p-value of <0.05 was considered statisti-
cally significant. Multivariate logistic regression analysis was performed with metformin
and high statin levels considered to be confounders of PVI. To rule out intravascular dehy-
dration as a confounding factor, a multivariate logistic regression analysis was performed
using the BUN/Cr ratio as an indicator of intravascular dehydration. In these multivariate
logistic regression analyses, the presence of anti-VEGF drug vitreous and/or STTA injection
within 12 months after surgery were selected as dependent variables. To evaluate the test
performance of Hct and calculate the cutoff value, a univariate logistic regression analysis
was performed, and the receiver operating characteristic (ROC) curve was extracted. The
AUC was calculated from the ROC curve obtained, and the cutoff value was calculated
using the Youden index.

3. Results

Table 1 shows the patients’ baseline characteristics. There were 11 eyes in 11 patients in
the T group and 32 eyes in 32 patients in the N group. One patient was included in both the
T and N groups in the left and right eye, respectively. Gender, presence or absence of HT,
hyperlipidemia, oral hypoglycemic agent use, oral hyperlipidemia, oral anticoagulant use,
oral antiplatelet agent use, preoperative logMAR BCVA, axial length, smoking history, BMI,
dialysis, the presence or absence of preoperative high systolic blood pressure, fasting blood
pressure, preoperative anti-VEGF vitreous injection, and preoperative PRP were compared
between the two groups, and no significant differences were observed in any parameter
(p > 0.05). However, there were significant differences in age, HT insulin use, preoperative
IOP, and high diastolic blood pressure (all p < 0.05). Seven eyes (63.6%) in group T and
eight eyes (25.8%) in group N (p = 0.03) were from patients using insulin. Patient age was
52.0 ± 3.1 years (mean ± SD) in group T and 60.0 ± 11.6 years (mean ± SD) in group N
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(p = 0.05). Preoperative IOP was 15.9 ± 2.9 mmHg (mean ± SD) in group T and 13.5 ± 3.5 years
(mean ± SD) in group N (p = 0.03). Diastolic blood pressure was 69.4 ± 10.3 mmHg
(mean ± SD) in group T and 78.1 ± 10.9 years (mean ± SD) in group N (p = 0.03).

Table 1. Patient characteristics and baseline data.

Characteristic Group T Group N p Value

No. of patients 11 31

No. of eyes 11 31

Sex (male/female) 9/2 24/7 1.0

Age (years; mean ± SD) 52.0 ± 3.1 60.0 ± 11.6 0.05

Hypertension, eyes (%) 6 (54.6) 26 (83.9) 0.09

Hyperlipidemia, eyes (%) 4 (36.4) 12 (38.7) 1.0

Oral hypoglycemic, eyes (%) 6 (54.6) 24 (77.4) 0.24

Oral metformin, eyes (%) 4 (36.4) 7 (22.6) 0.44

Insulin use, eyes (%) 7 (63.6) 8 (25.8) 0.03

Oral anticoagulant, eyes (%) 1 (9.1) 5 (16.1) 1.0

Oral antiplatelet, eyes (%) 4 (36.4) 7 (22.6) 0.44

Oral statin, eyes (%) 5 (45.5) 10 (32.3) 0.48

Oral diuretic, eyes (%) 5 (45.5) 16 (51.6) 1.0

Preoperative IOP (mmHg; mean ± SD) 16.1 ± 3.1 13.6 ± 3.8 0.05

Preoperative logMAR BCVA (mean ± SD) 1.1 ± 0.7 1.1 ± 0.8 0.87

Axial length (mm; mean ± SD) 24.3 ± 1.5 24.1 ± 2.0 0.40

Lens status; phakia/pseudophakia (eyes) 8/3 22/9 1.0

Surgical purpose, eyes 11 31 0.41

VH, eyes (%) 6 (5) 23 (74.2)

RD, eyes (%) 3 (27.3) 3 (9.7)

DME, eyes (%) 1 (9.1) 1 (3.2)

Fibrovascular proliferation, eyes (%) 1 (9.1) 3 (9.7)

Neovascularization elsewhere, eyes (%) 0 (0) 1 (3.2)

Smoking, eyes (%) 6 (54.6) 20 (64.5) 0.72

Duration of smoking (years; mean ± SD) 12.8 ± 9.6 14.6 ± 10.4 0.54

BMI (kg/m2; mean ± SD) 24.3 ± 2.9 27.0 ± 6.5 0.38

Systolic blood pressure (mmHg; mean ± SD) 131.6 ± 20.9 133.1 ± 17.8 0.82

Diastolic blood pressure (mmHg; mean ± SD) 69.4 ± 10.3 78.1 ± 10.9 0.03

Pulse pressure (mmHg; ± SD) 62.3 ± 20.0 55.0 ± 12.4 0.46

Mean blood pressure (mmHg; mean ± SD) 90.1 ± 10.5 96.4 ± 12.3 0.14

Preoperative anti-VEGF vitreous injection, eyes (%) 4 (36.4.2) 6 (19.4) 0.41

Previous PRP, eyes (%) 6 (54.6) 21 (67.7) 0.48

Dialysis, eyes (%) 3 (27.3) 10 (65.7) 1.0

Preoperative DME, eyes (%) 6 (54.6) 7 (22.6) 0.14

SD: standard deviation; IOP: intraocular pressure; logMAR: logarithm of the minimum angle of resolution; BCVA:
best-corrected visual acuity; VH: vitreous hemorrhage; RD: retinal detachment; DME: diabetic macular edema;
BMI: body mass index; VEGF: vascular endothelial growth factor; PRP: panretinal photocoagulation.

Table 2 shows the data from patients’ baseline blood tests. The Hct was 42.0 ± 5.6
(%; mean ± SD) in group T and 37.6 ± 5.6 (%; mean ± SD) in group N (p = 0.04). No
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significant differences were observed in any of the other parameters, i.e., HbA1c, fasting
blood glucose, PLT, MPV, PDW, HbA1c, LDL-chol, HDL-chol, TG, eGFR, Hb, Cr, BUN/Cr,
and BUN (p > 0.05).

Table 2. Comparisons of clinical characteristics between group T and group N.

Characteristic Group T Group N p Value

HbA1c (%; mean ± SD) 8.1 ± 2.2 6.8 ± 1.1 0.09

Fasting blood glucose (mg/dL; mean ± SD) 160.4 ± 89.3 136.4 ± 44.0 0.52

PLT (103/µL; mean ± SD) 235.9 ± 36.4 237.9 ± 65.4 0.92

MPV (fl; mean ± SD) 8.5 ± 1.1 8.2 ± 0.9 0.51

PDW (fl; mean ± SD) 16.9 ± 0.5 17.1 ± 0.5 0.43

Hct (%; mean ± SD) 42.0 ± 5.6 37.6 ± 5.6 0.04

LDL (mg/dL; mean ± SD) 134.8 ± 52.7 101.1 ± 42.3 0.06

HDL (mg/dL; mean ± SD) 54.0 ± 9.3 51.1 ± 18.4 0.26

TG (mg/dL; mean ± SD) 148.9± 111.0 150.7 ± 129.4 0.89

eGFR (mL/min/1.73 m2; mean ± SD) 42.8 ± 21.7 46.1 ± 57.7 0.68

Hb (g/dL; mean ± SD) 13.7 ± 2.0 12.6 ± 2.2 0.12

Cr (mg/dL; mean ± SD) 2.6 ± 3.2 3.0 ± 2.7 0.51

BUN/Cr ratio (mean ± SD) 14.5 ± 6.9 16.1 ± 8.7 0.71

BUN (mg/dL; mean ± SD) 26.7 ± 22.2 31.4 ± 16.1 0.06

SD: standard deviation; HbA1c: hemoglobin A1c; PLT: platelet count; MPW: mean platelet volume; PDW: platelet
distribution width; Hct: hematocrit; LDL: low-density lipoprotein cholesterol; HDL: high-density lipoprotein
cholesterol; TG: triglyceride; eGFR: estimated glomerular filtration rate; Hb: hemoglobin; Cr: creatinine value;
BUN: blood urea nitrogen.

Table 3 shows patient characteristics after cataract surgery, ILM peeling, and gas
tamponade by type of gas injected. The characteristics examined were postoperative
logMAR BCVA, postoperative IOP, and observation period. A significant difference was
observed only in postoperative IOP at 6 months (p = 0.03).

Table 3. Postoperative clinical data.

Characteristic Group T Group N p Value

Cataract surgery, eyes (%) 7 (63.6) 18 (58.1) 1.0

ILM peeling, eyes (%) 8 (72.7) 22 (71.0) 1.0

Gas tamponade, eyes (%) 2 (18.2) 8 (25.8) 0.84

Air, eyes (%) 1 (9.1) 3 (9.7)

SF6, eyes (%) 1 (9.1) 5 (16.1)

C3F8, eyes (%) 0 (0) 0 (0)

Postoperative logMAR BCVA (mean ± SD)

1 month 0.49 ± 0.43 0.51 ± 0.53 0.90

3 months 0.38 ± 0.35 0.36 ± 0.36 0.80

6 months 0.18 ± 0.18 0.31 ± 0.38 0.76

12 months 0.02 ± 0.07 0.18 ± 0.29 0.43



J. Clin. Med. 2022, 11, 5055 6 of 10

Table 3. Cont.

Characteristic Group T Group N p Value

Postoperative IOP (mmHg; mean ± SD)

1 month 15.2 ± 4.7 14.9 ± 5.1 0.78

3 months 14.3 ± 4.3 14.7 ± 4.9 0.81

6 months 17.7 ± 5.3 13.8 ± 3.7 0.03

12 months 16.4 ± 3.8 13.8 ± 3.0 0.11

Follow-up period (months; mean ± SD) 7.6 ± 4.3 9.3 ± 3.6 0.21

ILM: internal limiting membrane; SF6: sulfur hexafluoride; C3F8: octafluoropropane; logMAR: logarithm of the
minimum angle of resolution; BCVA: best-corrected visual acuity; SD: standard deviation; IOP: intraocular pressure.

Table 4 shows the multivariate logistic regression analysis for risk factors associated
with PVI with metformin and statins as confounders. The p-values were: PLT (103/µL) = 0.66
(odds ratio (OR), 95% confidence interval (CI) 1.00 [0.99–1.02]; MPV (fl) = 0.09 (OR (95% CI) = 0.38
[0.13–1.16]); PDW (fl) = 0.08 (OR (95% CI) = 7.41 [0.80–68.6]); oral statin use, eyes (%) = 0.82
(OR (95% CI) = 1.20 [0.25–5.73]), and oral metformin use, eyes (%) = 0.30 (OR (95% CI) = 2.34
[0.46–11.8]).

Table 4. Multivariate logistic regression analyses of risk factors associated with PVI.

Analysis (n = 42) Factor Odds Ratio (95% CI) p Value

Multivariate logistic regression PLT (103/µL) 1.00 (0.99–1.02) 0.66

MPV (fl) 0.38 (0.13–1.16) 0.09

PDW (fl) 7.41 (0.80–68.6) 0.08

Oral statin, eyes (%) 1.20 (0.25–5.73) 0.82

Oral metformin, eyes (%) 2.34 (0.46–11.8) 0.30
PVI: platelet volume index; CI: confidence interval; PLT: platelet count; MPW: mean platelet volume; PDW:
platelet distribution width.

Multivariate logistic regression analysis was performed to rule out intravascular
dehydration, a confounding factor for Hct (Table 5). The BUN/Cr ratio was used as an
index of intravascular dehydration and showed a p-value of 0.19 (OR (95% CI) = 1.08
[0.97–1.21]), and the p-value for Hct was 0.02 (OR (95% CI) = 0.84 [0.72–0.98]). Figure 1
shows the ROC curve obtained from the results of univariate logistic regression analysis
with the objective variable of treatment for postoperative ME and the explanatory variable
of Hct. The sensitivity was 72.7%, specificity 64.5%, area under the curve (AUC) 0.71, and
cutoff value 39.3%.

Table 5. Multivariate logistic regression analyses of risk factors associated with Hct.

Analysis (n = 42) Factor Odds Ratio (95% CI) p Value

Multivariate logistic regression Hct (%) 0.84 (0.72–0.98) 0.02

BUN/Cr ratio 1.08 (0.97–1.21) 0.19
Hct: hematocrit; CI: confidence interval; BUN: blood urea nitrogen; Cr: creatinine.

The ROC curve was obtained from the results of univariate logistic analysis of Hct.
The sensitivity was 72.7%, specificity 64.5%, AUC 0.71, and cutoff value 39.3%.
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4. Discussion

This study investigated prognostic biomarkers for postoperative ME after PDR surgery,
with the main focus on examining the usefulness of Hct and PVI as preoperative prognostic
markers. Hct, but not PVI, showed a significant difference between the two groups of
eyes (Table 2). Previous studies showed that metformin and statins lower MPV [13,14].
Therefore, we used metformin and statins as confounders and performed a multivariate
logistic regression analysis for PVI (Table 4). However, there was no significant difference
in PLT, MPV, and PDW in the eyes of patients receiving those two agents. These results
suggest that higher Hct might cause postoperative ME after PDR surgery. Romero et al.
also reported the relationship between Hct and ME [8]. Spaide found that Muller cells are
an important factor in the etiology of ME [15]. Muller cells cross most of the thickness of
the retina and are the major determinant of retinal fluid movement through the aquaporin
4 channel. The footplates of the Muller cells form the ILM of the retina, and Muller cell
processes surround the retinal vessels of the superficial and deep vascular plexus. The fluid
in the retina moves from the superficial vascular plexus toward the deep vascular plexus,
and the excess is removed from the retina by being sent into the deep vascular plexus by
the action of Muller cells. Deep vascular plexus occlusion might cause ME by blocking
Muller cell function.

High Hct levels are thought to inhibit the action of nitric oxide (NO) [16,17] and
correlate with the progression of chronic kidney disease and the risk of cardiovascular
thrombosis [18]. NO has a vasodilatory effect dependent on the vascular endothelium
and decreased NO activity may inhibit vasodilation and cause obstruction of the deep
vasculature by blood cells [16]. Higher Hct could cause obstruction of the deep retinal
vasculature and lead to ME by blocking Muller cell function. It was reported that higher
Hct levels increase blood viscosity [19,20]. Moreover, increased blood viscosity might
cause vascular occlusion. Shiga et al. showed that blood viscosity is affected by Hct
concentration, the erythrocyte deformation phenomenon, and the depletion of erythrocyte
aggregation [21]. A high Hct concentration increases blood viscosity by increasing collision
between RBCs [22]. RBC deformation in blood vessels reduces flow resistance, although
increased blood viscosity decreases the deformability of RBCs. When RBC deformability
decreases, the flow resistance also increases the viscosity of blood [23]. The increase in
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viscosity reduces the rate of blood slippage in the blood vessels, and the low-rate area
causes the assembly of RBCs, which leads to a further increase in viscosity [23,24].

As described above, the decrease in NO action and increase in blood viscosity might
cause a reduction in blood flow in the deep retinal vasculature, which impairs the wa-
ter excretion action of Muller cells and causes ME. In addition, it was reported that
smoking [25–27], HT, hyperglycemia [28], DM [29], elevated HbA1c, insulin use, alco-
hol intake [30], total cholesterol, and LDL-chol [31] are involved in the severity of DR and
arteriosclerosis. Therefore, these factors might reduce the action of NO in the blood vessels,
increase blood viscosity, and increase the risk of ME.

In the present study, insulin use was significantly higher in group T than in group
N (Table 1, p = 0.03). Several reports identified insulin use as a risk factor for DME [2,32],
and our results supported that finding. Insulin use may reflect poor glycemic control,
and it was reported that hyperglycemia reduces vascular endothelial function [33,34] and
that DM reduces the use of NO [35]. Therefore, insulin use might be a risk factor for
PDR postoperative ME. As shown in Tables 1 and 3, high preoperative (p = 0.05) and
postoperative IOP (p = 0.03) might be risk factors for PDR postoperative ME. In this study,
patients with obvious preoperative NVG were excluded, but it is possible that not all
patients underwent gonioscopy and that our groups included hidden NVG. In a future
study, it will be necessary to perform gonioscopy on all patients at the screening stage.

Contrary to expectations, the group with high diastolic blood pressure in the present
study did not require treatment (p = 0.03). High diastolic blood pressure is a risk factor for
DR, heart disease, and CVD [35,36]. It was also reported to be a risk factor for DME [36,37].
Further studies with larger sample sizes will be necessary to determine the role of HT
in PDR. Table 4 shows the results of multivariate logistic regression analysis for PVI.
Metformin and statins lower MPV, suggesting that they may act as confounders of PVI. As
a result of multivariate logistic regression analysis, even after removing the effects of these
confounding factors, no significant difference was found in any parameter of PVI.

Table 5 shows the results of multivariate logistic regression analysis for Hct. Both
the BUN/Cr ratio and Hct are used as indicators of intravascular dehydration, and it is
possible that intravascular dehydration may act as a confounding factor for Hct. Therefore,
confounding factors were excluded by using the BUN/Cr ratio as an index of intravascular
dehydration. The results showed that Hct might be useful as a preoperative predictor of
PDR postoperative ME. To investigate the performance of Hct as a predictor of the prognosis
of PDR postoperative ME, a univariate logistic regression analysis was performed and an
ROC curve was created (Figure 1). The ROC curve showed that the AUC was 0.71 (p = 0.04),
and the cutoff value of Hct was 39.3%. The sensitivity based on this cutoff value was 72.7%,
and the specificity was 64.5%. Although the AUC of 0.71 was somewhat low in terms of
test performance, Hct might be useful as a predictor of PDR postoperative ME. Insulin use
and preoperative IOP might also be useful prognostic factors.

5. Limitations

The sample size in this retrospective was small, and no statistical sample size calcula-
tions were conducted. However, for Hct, a sample size of 42 patients gave post hoc powers
of 0.69 to detect 4.37% of the smallest difference in the mean between the two groups under
the conditions of the two-sided significance level (α) of 0.05. To test post hoc powers, JMP
13 (SAS Institute Inc., Cary, NC, USA) was used.

We also examined the post hoc powers of other parameters, with univariate analysis
results of p < 0.1. We, therefore, confirmed that the power of detection was 0.60 or more for
many parameters. However, a post hoc power of 0.60 is not a sufficient value and indicates
that the difference between the two groups might not have been detected correctly. When
both eyes of a patient were in the same group, the right eye was selected as the target in
this test, but selection bias could have occurred and affected the test results.
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6. Conclusions

No significant difference in PVI was found between the two groups in this study. Al-
though the AUC was 0.71, and the predictive power was relatively low (cutoff value = 39.3%),
Hct might be useful as a predictor of ME after PDR surgery. The decrease in blood flow
in the deep retinal plexus might inhibit the water-removing action of Muller cells in the
retina and cause ME. Two possible causes of decreased blood flow in deep retinal blood
vessels are vascular dilatation disorder due to reducing NO action caused by decreased
vascular endothelial cell function and vascular occlusion due to increased blood viscosity.
No significant results were obtained in this study on the risk factors for arteriosclerosis
such as HT, high LDL-chol, low HDL-chol, hyperlipidemia, and hyperglycemia, although
those factors might cause a decrease in vascular endothelial function and an increase in
blood viscosity and therefore could be predictors of ME after PDR surgery.

This study was conducted on a small number of eyes, and it will be necessary to
conduct further studies in the future involving more eyes from a larger patient group.

Author Contributions: K.S., T.J. and J.K. designed the study; J.K. performed surgery; K.S., T.J., R.S.,
N.U. and K.K. collected the data; K.S. and J.K. generated the figures and tables; K.S. and J.K. drafted
and revised the manuscript. All authors have read and agreed to the published version of the manuscript.

Funding: The entire study was performed and completed at the Department of Ophthalmology, St.
Marianna University School of Medicine, Kanagawa, Japan, without any support from grants or
other funding.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Ethics Committee of St. Marianna University School of Medicine
(Approval No. 5620, 12 April 2022).

Informed Consent Statement: Informed consent was obtained by the opt-out method. Written
informed consent was waived due to the observational nature of this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to ethics committee permission.

Acknowledgments: We would like to thank Takahiko Ueno for direction in the use of statistical methods.

Conflicts of Interest: The authors have no conflict of interest to disclose.

References
1. Wakabayashi, Y.; Usui, Y.; Tsubota, K.; Ueda, S.; Umazume, K.; Muramatsu, D.; Goto, H. Persistent overproduction of intraocular

vascular endothelial growth factor as a cause of late vitreous hemorrhage after vitrectomy for proliferative diabetic retinopathy.
Retina 2017, 37, 2317–2325.

2. Frank, R.N. Diabetic retinopathy. N. Engl. J. Med. 2004, 350, 48–58.
3. Klein, R.; Klein, B.E.; Moss, S.E.; Davis, M.D.; DeMets, D.L. The Wisconsin epidemiologic study of diabetic retinopathy. III.

Prevalence and risk of diabetic retinopathy when age at diagnosis is 30 or more years. Arch. Ophthalmol. 1984, 102, 527–532.
[CrossRef]

4. Klein, R.; Klein, B.E.; Moss, S.E.; Davis, M.D.; DeMets, D.L. The Wisconsin epidemiologic study of diabetic retinopathy. II.
Prevalence and risk of diabetic retinopathy when age at diagnosis is less than 30 years. Arch. Ophthalmol. 1984, 102, 520–526.

5. Klein, R.; Klein, B.E.; Moss, S.E.; Cruickshanks, K.J. The Wisconsin Epidemiologic Study of Diabetic Retinopathy. XV. The
long-term incidence of macular edema. Ophthalmology 1995, 102, 7–16.

6. Gordeuk, V.R.; Key, N.S.; Prchal, J.T. Re-evaluation of hematocrit as a determinant of thrombotic risk in erythrocytosis. Haematologica
2019, 104, 653–658.

7. Wu, W.C.; Schifftner, T.L.; Henderson, W.G.; Eaton, C.B.; Poses, R.M.; Uttley, G.; Sharma, S.C.; Vezeridis, M.; Khuri, S.F.;
Friedmann, P.D. Preoperative hematocrit levels and postoperative outcomes in older patients undergoing noncardiac surgery.
JAMA 2007, 297, 2481–2488. [PubMed]

8. Romero, P.; Baget, M.; Mendez, I.; Fernández, J.; Salvat, M.; Martinez, I. Diabetic macular edema and its relationship to renal
microangiopathy: A sample of type I diabetes mellitus patients in a 15-year follow-up study. J. Diabetes Complicat. 2007, 21,
172–180.

9. Ji, S.; Zhang, J.; Fan, X.; Wang, X.; Ning, X.; Zhang, B.; Shi, H.; Yan, H. The relationship between mean platelet volume and
diabetic retinopathy: A systematic review and meta-analysis. Diabetol. Metab. Syndr. 2019, 11, 25.

http://doi.org/10.1001/archopht.1984.01040030405011
http://www.ncbi.nlm.nih.gov/pubmed/17565082


J. Clin. Med. 2022, 11, 5055 10 of 10

10. Ji, S.; Ning, X.; Zhang, B.; Shi, H.; Liu, Z.; Zhang, J. Platelet distribution width, platelet count, and plateletcrit in diabetic
retinopathy: A systematic review and meta-analysis of PRISMA guidelines. Medicine 2019, 98, e16510. [PubMed]

11. Ghoshal, K.; Bhattacharyya, M. Overview of platelet physiology: Its hemostatic and nonhemostatic role in disease pathogenesis.
Sci. World J. 2014, 2014, 781857.

12. Saga, T.; Aoyama, T.; Takekoshi, T. Changes in the number and volume of platelets in male elderly persons, and effects of various
factors on them. Nihon Ronen Igakkai Zasshi. Jpn. J. Geriatr. 1995, 32, 270–276. [CrossRef] [PubMed]

13. Sivri, N.; Tekin, G.; Yalta, K.; Aksoy, Y.; Senen, K.; Yetkin, E. Statins decrease mean platelet volume irrespective of cholesterol
lowering effect. Kardiol. Pol. 2013, 71, 1042–1047. [CrossRef] [PubMed]

14. Dolasık, I.; Sener, S.Y.; Celebı, K.; Aydın, Z.M.; Korkmaz, U.; Canturk, Z. The effect of metformin on mean platelet volume in
diabetıc patients. Platelets 2013, 24, 118–121.

15. Spaide, R.F. Retinal vascular cystoid macular edema: Review and new theory. Retina 2016, 36, 1823–1842.
16. Natali, A.; Toschi, E.; Baldeweg, S.; Casolaro, A.; Baldi, S.; Sironi, A.M.; Yudkin, J.S.; Ferrannini, E. Haematocrit, type 2 diabetes,

and endothelium-dependent vasodilatation of resistance vessels. Eur. Heart J. 2005, 26, 464–471.
17. Coglianese, E.E.; Qureshi, M.M.; Vasan, R.S.; Wang, T.J.; Moore, L.L. Usefulness of the blood hematocrit level to predict

development of heart failure in a community. Am. J. Cardiol. 2012, 109, 241–245.
18. Sonmez, A.; Yilmaz, M.I.; Saglam, M.; Kilic, S.; Eyileten, T.; Uckaya, G.; Caglar, K.; Oguz, Y.; Vural, A.; Yenicesu, M.; et al. The relationship

between hemoglobin levels and endothelial functions in diabetes mellitus. Clin. J. Am. Soc. Nephrol. 2010, 5, 45–50.
19. Lipowsky, H.H. Microvascular rheology and hemodynamics. Microcirculation 2005, 12, 5–15.
20. Mehri, R.; Mavriplis, C.; Fenech, M. Red blood cell aggregates and their effect on non-Newtonian blood viscosity at low hematocrit

in a two-fluid low shear rate microfluidic system. PLoS ONE 2018, 13, e0199911.
21. Shiga, T.; Maeda, N.; Kon, K. Erythrocyte rheology. Crit. Rev. Oncol./Hematol. 1990, 10, 9–48.
22. Warny, M.; Helby, J.; Birgens, H.S.; Bojesen, S.E.; Nordestgaard, B.G. Arterial and venous thrombosis by high platelet count and

high hematocrit: 108 521 individuals from the Copenhagen General Population Study. J. Thromb. Haemost. 2019, 17, 1898–1911.
[PubMed]

23. Dintenfass, L.; Julian, D.G.; Miller, G.E. Viscosity of blood in normal subjects and in patients suffering from coronary occlusion and
arterial thrombosis. An in vitro study in the absence of anticoagulants, by means of a rotational cone-in-cone trolley viscometer.
Am. Heart J. 1966, 71, 587–600. [CrossRef]

24. Baskurt, O.K.; Meiselman, H.J. Blood rheology and hemodynamics. Semin. Thromb. Hemost. 2003, 29, 435–450.
25. Yanbaeva, D.G.; Dentener, M.A.; Creutzberg, E.C.; Wesseling, G.; Wouters, E.F. Systemic effects of smoking. Chest 2007, 131,

1557–1566.
26. Kramer, C.K.; de Azevedo, M.J.; da Costa Rodrigues, T.; Canani, L.H.; Esteves, J. Smoking habit is associated with diabetic

macular edema in type 1 diabetes mellitus patients. J. Diabetes Complicat. 2008, 22, 430. [CrossRef] [PubMed]
27. Maugeri, G.; D’Amico, A.G.; Rasà, D.M.; La Cognata, V.; Saccone, S.; Federico, C.; Cavallaro, S.; D’Agata, V. Nicotine promotes

blood-retinal barrier damage in a model of human diabetic macular edema. Toxicol. In Vitro 2017, 44, 182–189.
28. Al-Rubeaan, K.; Abu El-Asrar, A.M.; Youssef, A.M.; Subhani, S.N.; Ahmad, N.A.; Al-Sharqawi, A.H.; Alguwaihes, A.; Alotaibi,

M.S.; Al-Ghamdi, A.; Ibrahim, H.M. Diabetic retinopathy and its risk factors in a society with a type 2 diabetes epidemic: A Saudi
National Diabetes Registry-based study. Acta Ophthalmol. 2015, 93, e140–e147.

29. Esteves, J.F.; Kramer, C.K.; Azevedo, M.J.D.; Stolz, A.P.; Roggia, M.F.; Larangeira, A.; Miozzo, S.A.; Rosa, C.; Lambert, J.H.; Pecis,
M.; et al. Prevalence of diabetic retinopathy in patients with type 1 diabetes mellitus. Rev. Assoc. Med. Bras. 2009, 55, 268–273.

30. Acan, D.; Calan, M.; Er, D.; Arkan, T.; Kocak, N.; Bayraktar, F.; Kaynak, S. The prevalence and systemic risk factors of diabetic
macular edema: A cross-sectional study from Turkey. BMC Ophthalmol. 2018, 18, 91.

31. Jenkins, A.J.; Joglekar, M.V.; Hardikar, A.A.; Keech, A.C.; O’Neal, D.N.; Januszewski, A.S. Biomarkers in diabetic retinopathy.
Rev. Diabet. Stud. RDS 2015, 12, 159–195. [CrossRef]

32. Jingi, A.M.; Noubiap, J.J.N.; Essouma, M.; Bigna, J.J.R.; Nansseu, J.R.N.; Ellong, A.; Mvogo, C.E. Association of insulin treatment
versus oral hypoglycaemic agents with diabetic retinopathy and its severity in type 2 diabetes patients in Cameroon, sub-Saharan
Africa. Ann. Transl. Med. 2016, 4, 395.

33. Kang, H.; Ma, X.; Liu, J.; Fan, Y.; Deng, X. High glucose-induced endothelial progenitor cell dysfunction. Diabetes Vasc. Dis. Res.
2017, 14, 381–394.

34. Vehkavaara, S.; Yki-Jarvinen, H. 3.5 years of insulin therapy with insulin glargine improves in vivo endothelial function in type
2 diabetes. Arterioscler. Thromb. Vasc. Biol. 2004, 24, 325–330. [CrossRef] [PubMed]

35. Lim, L.S.; Ling, L.H.; Cheung, C.M.G.; Ong, P.G.; Gong, L.; Tai, E.S.; Mathur, R.; Wong, D.; Foulds, W.; Wong, T.Y. Relationship
of systemic endothelial function and peripheral arterial stiffness with diabetic retinopathy. Br. J. Ophthalmol. 2015, 99, 837–841.
[PubMed]

36. Busch, C.; Katzmann, J.L.; Jochmann, C.; Unterlauft, J.D.; Vollhardt, D.; Wiedemann, P.; Laufs, U.; Rehak, M. General health of
patients with diabetic macular edema—The LIPSIA study. PLoS ONE 2021, 16, e0252321.

37. Klein, R.; Knudtson, M.D.; Lee, K.E.; Gangnon, R.; Klein, B.E. The Wisconsin Epidemiologic Study of Diabetic Retinopathy XXIII:
The twenty-five-year incidence of macular edema in persons with type 1 diabetes. Ophthalmology 2009, 116, 497–503.

http://www.ncbi.nlm.nih.gov/pubmed/31335726
http://doi.org/10.3143/geriatrics.32.270
http://www.ncbi.nlm.nih.gov/pubmed/7616679
http://doi.org/10.5603/KP.2013.0259
http://www.ncbi.nlm.nih.gov/pubmed/24197585
http://www.ncbi.nlm.nih.gov/pubmed/31309714
http://doi.org/10.1016/0002-8703(66)90308-5
http://doi.org/10.1016/j.jdiacomp.2007.07.005
http://www.ncbi.nlm.nih.gov/pubmed/18358750
http://doi.org/10.1900/RDS.2015.12.159
http://doi.org/10.1161/01.ATV.0000113817.48983.c5
http://www.ncbi.nlm.nih.gov/pubmed/14684428
http://www.ncbi.nlm.nih.gov/pubmed/25488949

	Introduction 
	Materials and Methods 
	Patients 
	Surgical Technique 
	Clinical Data Analysis 
	Statistical Analysis 

	Results 
	Discussion 
	Limitations 
	Conclusions 
	References

