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Summary

We report the renal histology of a 66-year-old man with hypertension, cardiovascular disease, and a 30-year history of 
type 2 diabetes mellitus with proliferative diabetic retinopathy, diabetic neuropathy, and diabetic foot status post toe 
amputation. Urinary protein excretion was 1.4 g/gCr, serum creatinine level 0.86 mg/dL, estimated glomerular filtration 
rate 69 mL/min/1.73 m2, and HbA1c 13–15%, despite using insulin. Light microscopy showed global glomerulosclerosis in 
37% of the glomeruli, but the remaining glomeruli were intact. Significant polar vasculosis was present, while arteriolar 
sclerosis was mild. Electron microscopy revealed a thickened glomerular basement membrane, which is compatible with 
the early stage of diabetic glomerulopathy. The presented case was unique because glomerular changes seen typically 
in diabetes were not seen in the patient, despite the long-standing history of diabetes and diabetic comorbidities, while 
prominent polar vasculosis was found. Polar vascular formation helps preserve the glomeruli by allowing hyperosmotic 
blood bypass the glomeruli; this decreases intraglomerular pressure and minimizes glomerular endothelial damage.
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Learning points:

•• A 66-year-old man with a 30-year history of type 2 diabetes mellitus with poor glycemic control underwent renal 
biopsy, which showed scarce glomerular changes typically seen in diabetic kidney disease and instead revealed 
significant polar vasculosis.

•• Past studies demonstrated that the increased small vessels around the vascular hilus in diabetic patients 
originated from the afferent arterioles and drained into the peritubular capillaries.

•• Polar vascular formation may preserve glomerular function by allowing the blood flow to bypass the glomeruli and 
decreasing the intraglomerular pressure, which minimizes endothelial damage of the glomerular tufts.

Background

Diabetic kidney disease (DKD) is one of the major 
microangiopathies of diabetes mellitus. Past studies 
demonstrate that the glomeruli in early-stage DKD with 
albuminuria or normoalbuminuria may have typical 
structural changes, including mesangial expansion and 
nodular sclerosis (1). These changes become more prevalent 
as the duration of diabetes gets longer; one study found 

nodular sclerosis in all patients with more than 20-year 
history of diabetes enrolled in the study (2). Herein, we 
report a case of a 66-year-old man with a 30-year history 
of type 2 diabetes mellitus (T2DM) with polyvascular 
diseases, whose renal histology showed scarce structural 
changes typical to diabetes but revealed remarkable polar 
vasculosis as the most prominent feature.

https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://edm.bioscientifica.com/
https://doi.org/10.1530/EDM-19-0092
mailto:yasuhirooda3@gmail.com
mailto:ubara@toranomon.gr.jp


Y Oda and others Polar vasculosis in advanced 
diabetes mellitus DOI: 10.1530/EDM-19-0092

https://edm.bioscientifica.com/� 2

ID: 19-0092; November 2019

Case presentation

A 66-year-old man with hypertension and a 30-year history 
of T2DM was referred to our hospital for evaluation of 
overt proteinuria. He was diagnosed with T2DM at the 
age of 36 years. Although insulin therapy was started 
when he was 50 years old, the patient’s HbA1c had always 
been elevated at 13–15% due to poor adherence to insulin 
injection.

The patient was suffering from polyvascular diseases 
secondary to diabetic angiopathy. Photocoagulation for 
proliferative diabetic retinopathy was performed twice. 
Angina pectoris occurred at the age of 63 years; coronary 
angiography revealed 90% stenosis of the proximal 
segment of the right coronary artery, and hence, stent 
implantation was performed. Multiple percutaneous 
interventions were done upon follow-up coronary 
angiographies. He also had peripheral artery disease 
status post toe amputations due to diabetic foot ulcers. 
Pain and numbness in the legs were suggestive of diabetic 
neuropathy. His other past medical history included 
hypertension, dyslipidemia, and obstructive sleep apnea 
syndrome. He had been prescribed with aspirin 100 mg, 
clopidogrel 75 mg, lansoprazole 15 mg, nifedipine 20 mg, 
rosuvastatin 15 mg, methormine 1500 mg, insulin 
glulisine 40 units, and insulin degludec 26 units per day, 
but he had poor adherence to medication regimen. He 
had smoked three cigarettes per day for 5 years in the past. 
Both parents of the patient had a history of myocardial 
infarction.

Investigation

On physical examination, height was found to be 165 cm, 
weight was 78.3 kg, and the BMI was 28.8. Blood pressure 
was 118/59 mmHg. Mild pitting edema was present in 
the lower extremities. Urine protein excretion was 1.43 g/
gCr, and urinary sediment contained 5–10 erythrocytes 
per high-power field with no casts. Laboratory findings 
were as follows: erythrocyte count 4.97 × 106/μL (reference 
range (RR): 4.35 × 106–5.55 × 106); hemoglobin: 14.1 g/
dL (RR: 13.7–16.8); hematocrit: 43.1% (RR: 40.7–50.1); 
leukocyte count: 6700/μL (RR: 3300–8600); platelet 
count: 242 × 103/μL (RR: 158 × 103–348 × 103); total protein 
concentration: 7.6 g/dL (RR: 6.6–8.1); albumin: 4.3 g/
dL (RR: 4.1–5.1); urea nitrogen: 17 mg/dL (RR: 8–20); 
creatinine: 0.86 mg/dL (RR: 0.65–1.07); potassium: 
4.1 mEq/L (RR: 3.6–4.8); calcium: 10.1 mg/dL (RR: 8.8–
10.1); inorganic phosphorus: 3.3 mg/dL (RR: 2.7–4.6); 
glucose: 227 mg/dL (RR: 73–109); HbA1c: 13.6% (RR: 

4.6–6.2); IgA: 432 mg/dL (RR: 93–393); CH50: 72 U/mL 
(RR: 25–48); C3: 147 mg/dL (RR: 86–160); PR3-ANCA: 
negative; MPO-ANCA: negative; anti-nuclear antibody: 
negative; and anti-double-stranded-DNA antibody: 
negative. His estimated glomerular filtration rate (eGFR) 
was 69 mL/min/1.73 m2 according to the Modification of 
Diet in Renal Disease (MDRD) equation for estimating 
glomerular filtration rate with variables adjusted to 
Japanese population (3). His fasting serum insulin level 
was 13 μU/mL (2–10), and fasting serum C-peptide level 
3.09 ng/mL (0.7–3.5), both of which showed preserved 
β-cell function. Anti-glutamic acid decarboxylase antibody 
was not detected.

Based on his history, DKD was assumed to be the 
most likely cause of overt proteinuria. Renal biopsy was 
performed to determine the etiology.

Light microscopic examination of the renal biopsy 
specimen revealed global sclerosis in 7 out of 19 glomeruli 
(37%). Tubulointerstitial fibrosis and atrophy occupied 
approximately 30–40% of the renal cortex (Fig. 1A). 
However, the residual glomeruli were intact and lacked 
structural changes typically seen in DKD: mesangial 
expansion, segmental mesangiolysis, nodular sclerosis, 
microaneurysm, and exudative lesions were absent (Fig. 1B, 
C and D). The most prominent feature of the pathology was 
polar vasculosis, which is the term for neovascularization 
(arteriolar proliferation) at the glomerular vascular pole 
(Fig. 1B, C and D). A schematic drawing of the glomeruli is 
shown in Fig. 1E. Arteriolar hyalinosis was mild (Fig. 1F), 
and a few arterioles had droplet-like deposition of hyaline 
(Fig. 1G). Immunofluorescence microscopy demonstrated 
linear IgG deposition along the glomerular basement 
membrane (GBM) (Fig. 1H). Electron microscopy 
showed GBM thickening with 480 nm in width, but no 
mesangial expansion (Fig. 1I). A GBM width of more than 
430 nm is diagnostic of DKD (4). These findings were 
compatible with class I diabetic nephropathy according 
to the pathologic classification of diabetic nephropathy 
suggested by the Renal Pathology Society (4).

Treatment

Nutrition therapy and glycemic control were maintained, 
but adherence to insulin injection remained poor.

Outcome and follow-up

In the next two years, his serum creatinine level showed 
a gradual increase from 0.9 to 1.3 mg/dL, while his eGFR 
decreased from 65 to 45 mL/min/1.73 m2 (Fig. 2). Urinary 
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protein excretion remained stable between 0.3 and 0.9 g/
gCr, and hematuria was persistently negative.

Discussion

This report describes a case of a 66-year-old man with a 
30-year history of T2DM with poor glycemic control, overt 
proteinuria, and polyvascular disease, whose renal biopsy 
did not reveal any glomerular changes typically seen in 
DKD but revealed remarkable proliferation of arterioles 
adjacent to the glomerular pole (polar vasculosis).

Historically, diabetic nephropathy was often diagnosed 
clinically without pathological evaluation, especially if 

a patient with diabetes manifests persistent proteinuria, 
diabetic retinopathy, and no findings contradictory to 
diabetic nephropathy. Parving and his colleagues studied 
the renal pathology of 35 non-insulin-dependent diabetic 
patients with persistent albuminuria (>300 mg/24 h) and 
reported that all 15 patients with retinopathy had mesangial 
expansion or nodular sclerosis, which denote diabetic 
nephropathy (5). Considering the rarity of concomitant 
non-diabetic diseases that would affect treatment regimens, 
renal biopsy was often performed in a limited group of 
diabetic patients who presented with atypical features in 
the course of diabetes (6). The presented case followed a 
typical clinical course of a diabetic patient, but the renal 

Figure 1
Histology of the right kidney. Masson’s Trichrome stain reveals moderate interstitial fibrosis (Panel A). While 7 out of 19 glomeruli (37%) are globally 
sclerotic, the residual glomeruli show scarce structural changes typical to diabetic kidney disease: mesangial expansion, nodular sclerosis, double 
contour of the glomerular basement membrane (GBM), exudative lesions, and mesangiolysis were minimal, if any (Panels B and C: periodic acid-
methenamine-silver stain; panel D: periodic acid-Schiff stain). Neovascularization at the vascular pole region (polar vasculosis) is found adjacent to the 
intact glomeruli (arrowheads in Panels B, C, and D). Panel E is a schematic drawing of the glomeruli shown in panel C, with red circles indicating some of 
the excess vessels. Arteriolar hyalinosis was mild (Panel F: Masson’s Trichrome stain), and some arterioles had droplet-like deposition of hyaline as 
indicated by the arrow (Panel G: hematoxylin and eosin stain). Immunofluorescence microscopy revealed linear IgG deposition along the GBM (Panel H). 
Electron microscopy demonstrates thickened GBM of 480 nm in width (Panel I).
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pathology unexpectedly showed scarce glomerular changes 
that are often seen in DKD.

Attempts have been made to study and categorize 
the pathology of DKD by performing renal biopsies 
extensively (7, 8, 9, 10). Referring to prior studies, Renal 
Pathology Society has proposed a pathologic classification 
for diabetic nephropathy, where GBM thickening, 
mesangial expansion, nodular sclerosis, and advanced 
glomerular sclerosis are categorized to classes I, II, III, and 
IV, respectively (4). The notion that the latter findings 
appear as the nephropathy progresses may not apply to all 
cases with DKD, considering that the presented case had 
urine protein excretion of 1.43 g/gCr, which could not 
be pathologically attributed to any kidney disease other 
than DKD. In contrast to the presented case, Klessens 
et  al. showed that morphologic changes of the kidney 
were seen in diabetic patients even without albuminuria 
or other clinical manifestation of kidney disease (11). 
These findings suggest that the pathology of DKD does 
not follow a uniform pattern and is rather diverse, just as 
its clinical course is (12).

The mechanism of how the patent glomeruli did 
not undergo morphological changes is of particular 
interest, considering that poor glycemic control caused 
interstitial fibrosis and global glomerulosclerosis in 
37% of the glomeruli. One hypothesis is that the polar 
vasculosis seen adjacent to the remaining glomeruli 
relieved glomerular hypertension by allowing the blood 
flow to bypass the glomeruli. Min and Yamanaka first 
studied neovascularization at the vascular pole region of 
glomeruli in detail with three-dimensional analysis of the 

increased vasculature (13). They found increased small 
vessels around the vascular hilus in diabetic patients 
concomitant with varying severity of nodule, diffuse, and 
exudative lesions of the glomeruli. These extra vessels were 
not seen in control cases with hypertension or membrano-
proliferative glomerulonephritis, thus were estimated to be 
caused by diabetes. They noted that the small vessels were 
seen adjacent to both the glomeruli with severe changes 
and those with slight changes. Three-dimensional analysis 
revealed that most of the small vessels originated from 
the afferent arterioles and drained into the peritubular 
capillaries. According to these findings, the authors 
assumed that the small vessels served as shunts and 
facilitated efferent blood flow from the glomeruli (13). A 
schematic picture of the shunt is shown in Fig. 3. To the 
contrary, Stout et al. observed that nearly all extra vessels 
were connected to the efferent arterioles and drained into 
the peritubular capillaries (14). Regardless of this opposite 
finding, Stout et  al. also assumed that the extra vessels 
might help preserve glomerular function by decreasing the 
intraglomerular pressure, since the extra vessels contained 
muscle that is identical to the efferent arterioles and did not 
block the glomerular outflow by anatomically hindering 
other arterioles in the vascular pole (14). In patients 
with diabetes, hyperglycemia and overhydration lead to 
glomerular hyperfiltration of hyperosmotic fluid, which 
causes typical diabetic glomerulopathy via glomerular 
endothelial damage. If hyperosmotic blood bypasses the 
glomeruli by flowing directly from the afferent arteriole 
to the peritubular capillaries, glomerular damage may be 
hypothetically minimized.

Several studies have discussed the etiology of 
the development of the extra vessels. Østerby and 

Figure 2
Serum creatinine level and estimated glomerular filtration rate. The solid 
line indicates serum creatinine level, and the broken line refers to 
estimated glomerular filtration rate (eGFR). Serum creatinine level shows 
a gradual increase, while eGFR declines accordingly.

A B

Figure 3
A schematic picture of the glomeruli before and after neovascularization. 
Panel A shows a normal glomerulus. Panel B shows a glomerulus with an 
extra small vessel connecting an afferent artery and peritubular capillary. 
The extra vessel decreases the intraglomerular pressure by allowing 
blood bypass the glomeruli.
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her colleagues observed a strong correlation between 
frequency of neovascularization, mesangial expansion, 
and the severity of diabetic glomerulopathy (low 
glomerular filtration rate) and concluded that the extra 
vessels appeared as a compensatory consequence of 
the developing structural glomerular changes (15). 
Kanesaki et al. supported this idea by showing a positive 
correlation between vascular endothelial growth factor 
mRNA expression, mesangial matrix expansion, and 
the frequency of extra small vessels (16). Stout et al. also 
observed a positive association between the number of 
glomeruli with extra vessels and the severity of diffuse 
and/or nodular lesions (14). However, they also noted 
that the largest number of extra vessels were found in 
older patients with a long-standing history of T2DM with 
only mild-to-moderate, presumably slowly progressing, 
diffuse and nodular lesions of the glomeruli. In contrast 
to this, several cases of T2DM with only midrange number 
of extra vessels showed moderate-to-severe diffuse and 
nodular lesions, focal mesangiolysis, and fibrin cap 
lesions, which all indicate more rapid progression of the 
DKD. They assumed that long-standing modest increases 
in glomerular inflow may have compensated through the 
formation of extra vessels, thus slowing the development 
of severe diffuse and/or nodular lesions (14). This may 
explain the etiology of the DKD in our presented case, 
where renal function was preserved at the time of renal 
biopsy and morphologic changes of the patent glomeruli 
were scarce, while remarkable polar vasculosis was present. 
It is of note that the blood pressure of the presented case 
was well controlled with an angiotensin receptor blocker 
and a calcium blocker.

In summary, we evaluated the renal histology of a 
66-year-old man with a 30-year history of T2DM with poor 
glycemic control, overt proteinuria, and typical diabetic 
complications including retinopathy and neuropathy. 
Although patients with these clinical features have been 
known to show typical diabetic glomerulopathy including 
nodular lesions, the renal histology of the presented case 
showed GBM thickening, scarce glomerular changes, and 
prominent polar vasculosis. Polar vascular formation 
may preserve glomerular function by decreasing the 
intraglomerular pressure, which sheds light on further 
investigation into the etiology and treatment of DKD.
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