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CASE REPORT
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Abstract
A renal histology of an 81-year-old man with a 30-year history of diabetes mellitus (DM), as well as diabetic retinopathy and 
neuropathy, was examined. The patient’s blood pressure was controlled within the normal range (less than 140/75 mmHg) 
using antihypertensive agents including angiotensin receptor blocker. Edematous management was achieved by a strict salt 
diet (less than 6 g/per day). However, this patient’s glycemic control was poor with HbA1c 8–10%. Serum creatinine was 
0.87 mg/dL and estimated globular filtration rate (eGFR) was 64 ml/min/1.73m2. Urinary protein excretion was 1.5 g/day. 
This patient’s renal biopsy showed linear staining for IgG along the GBM by immunofluorescence microscopy, but light 
microscopy showed almost intact glomeruli, and the GBM was not thickened as revealed by electron microscopy with a width 
of 288–368 nm (< 430 nm). While arteriolar hyalinosis was severe, and polar vasculosis was observed around the glomeru-
lar vascular pole. This case indicates that long-standing hyperglycemia may induce polar vasculosis by the mechanism of 
angiogenesis, but diabetic glomerulopathy can become minor change, only when hypertension and edematous management 
could be controlled strictly.
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Abbreviations
CKD	� Chronic kidney disease
DKD	� Diabetic kidney disease
DM	� Diabetes mellitus
DN	� Diabetic nephropathy
eGFR	� Estimated globular filtration rate
EM	� Electron microscopy
GBM	� Glomerular basement membrane
HbA1c	� Glycated hemoglobin

IF	� Immunofluorescence
IgG	� Immunoglobulin G
LM	� Light microscopy
VEGF	� Vascular endothelial growth factor

Introduction

Diabetic kidney disease (DKD) develops in approximately 
40% of diabetic patients and is the leading cause of chronic 
kidney disease (CKD) worldwide. If complete diabetic 
management is not in place, diabetic nephropathy (DN) 
may occur. Diabetic nephropathy is characterized by typi-
cal lesions such as nodular lesions, or exudative lesions 
resulting ultimately in endo-stage renal disease [1, 2]. Mise 
et al. reported the renal biopsies of 205 patients with dia-
betes and overt proteinuria, and various types of histologies 
were noted. According to the Tervaert’s classification, typi-
cal nodular lesions (class III) were noted on 57(28%) out of 
205 patients, and mild type (class 1 and IIA) was seen in 57 
patients (28%) [3]. Yamanouchi et al. reported the existence 

 *	 Yoshifumi Ubara 
	 ubara@toranomon.gr.jp

1	 Nephrology Center, Toranomon Hospital, 1‑3‑1, Takatsu, 
KajigayaKawasaki, Kanagawa 212‑0015, Japan

2	 Okinaka Memorial Institute for Medical Research, 
Toranomon Hospital, Tokyo, Japan

3	 Department of Pathology, Toranomon Hospital, Tokyo, Japan
4	 Department of Pathology, Yokohama City University 

Hospital Graduate School of Medicine, Kanagawa, Japan
5	 Division of Rheumatology and Clinical Immunology, 

Department of Medicine, Jichi Medical University, Tochigi, 
Japan

http://crossmark.crossref.org/dialog/?doi=10.1007/s13730-020-00483-9&domain=pdf


339CEN Case Reports (2020) 9:338–343	

1 3

of non-proteinuric type in CKD stage III patients with DKD 
[4].

Several small vessels were frequently observed around 
the glomerular vascular pole in DN, known as polar vascu-
losis; however, why this occurs remains unclear [5]. In this 
case study, polar vasculosis was investigated in an 81-year-
old man with a long-term diabetic history.

Case Report

An 81-year-old Japanese man was admitted to the authors’ 
hospital for evaluation of a weight gain of 4.0 kg and the 
exacerbation of proteinuria up to 1.5 g daily. Hyperten-
sion was noted at the age of 46. Diabetes mellitus (DM) 
was diagnosed at the age of 51. Oral hypoglycemic drugs 
were started, but his glycemic control was poor with HbA1c 
8–10%. This patient’s body weight was increased from 50 to 
70 kg at the interval of 1 month at the age of 63. Proteinuria 
in the nephrotic range with 10.3 g daily developed. The first 
renal biopsy was as follows: global sclerosis as observed 
via light microscopy (LM), was present in 1 out of 15 glo-
meruli. LM revealed intact glomeruli (Fig. 1a); immuno-
fluorescence (IF) revealed linear immunofluorescent staining 
for IgG along the glomerular basement membranes (GBM) 
(Fig. 1b), and electron microscopy (EM) revealed foot pro-
cess effacement (Fig. 1c). The GBM was not thickened with 
a width of 220–250 nm. Arteriolar hyalinosis was mild, and 
mild polar vasculosis was seen around the glomeruli. Mini-
mal change nephrotic syndrome was diagnosed. Predniso-
lone therapy of 50 mg daily was started, and cyclosporine of 
100 mg daily was added and complete remission achieved, 
and this patient’s body weight was decreased from 70 to 
50 kg (Fig. 1d). Prednisolone was discontinued after 1 year, 
but cyclosporine of 25 mg daily was continued. With the 
start of this treatment, intensive insulin therapy was started, 
but following this, for approximately 18 years, hypoglyce-
mic attack was easy to be caused and his glycemic control 
was HbA1c 8–10%. The patient’s blood pressure was con-
trolled within the normal range (less than 140/75 mmHg) 
using antihypertensive agents including angiotensin receptor 
blocker (Fig. 1e). Edematous management was achieved by 
a strict salt diet (less than 6 g/per day). A month before hos-
pital admission, the patient began to overeat and overdrink 
resulting in a weight gain of 4 kg and leg edema was noted.

On admission, the patient was 158 cm tall and weighed 
62 kg, with a blood pressure of 138/68 mmHg, a heart rate 
of 88 /min, and a temperature of 36.2 °C. Edema was noted 
on the lower extremities. This patient showed mild to moder-
ate nonproliferative diabetic retinopathy that does not need 
treatment, and peripheral neuropathy including numbness 
and burning sensation, but clinical sign of coronary diseases 

and obstructive arteriosclerosis was not detected. Smoking 
history and family history of diabetes were not noted.

Laboratory tests revealed a leukocyte count of 5600/
μL, hemoglobin was 12.4 g/dL, and a platelet count of 
28.3 × 104/μL. Serum albumin was 4.1 g/dL, blood urea 
nitrogen was 15 mg/dL, creatinine was 0.87 mg/dL, and esti-
mated globular filtration rate (eGFR) was 64 ml/min/1.73m2. 
Plasma glucose was 154 mg/dL and HbA1c levels were 
9.9%. Total cholesterol was 167 mg/dL and triglyceride was 
65 mg/dL. Urinary protein excretion was 1.5 g/day and the 
urinary sediment contained no erythrocytes or casts. Chest 
radiograph was normal.

Repeated Renal Biopsy Findings

Global sclerosis as observed via LM, was present in 4 out 
of 13 glomeruli. The preserved glomeruli were mostly 
intact, and there was no evidence of nodular lesions, or 
mesangial expansion. Arteriolar hyalinosis, however, was 
severe, and massive polar vasculosis was seen around the 
glomeruli (Fig. 2a). Tubular atrophy and tubulointerstitial 
fibrosis occupied less than 25% of the total renal cortex. 
Linear staining for IgG along the GBM was observed by 
IF (Fig. 2b). The GBM became thickened by EM with a 
width of 280–420 nm (< 430 nm), compared with the first 
biopsy, and foot process fusion was not noted (Fig. 2c). This 
patient’s renal histology can be diagnosed diabetic nephrop-
athy because of linear staining for IgG along the GBM that is 
characteristic to DM nephropathy, but the glomerular lesion 
was minor, and does not arrive at the early stage (class 1) of 
Tervaert’s pathologic classification of diabetic nephropathy, 
though the GBM became thickened compared with the first 
biopsy. While massive polar vasculosis with arteriolar hya-
linosis was characteristic.

Clinical Course

A strict salt diet (less than 6 g daily) was restarted and 
patient’s weight decreased to 58 kg with a loss of 4 kg per 
week. The patient’s proteinuria decreased to less than 0.3 g 
daily.

Discussion

Min et  al. performed a three-dimensional analysis of 
increased vasculature around the glomerular vascular pole 
in patients with DN. These vasculatures included the afferent 
arteriole, anastomosed capillary, and the long growing and 
well-developing efferent arteriole running into the peritubu-
lar capillary around the proximal tubule [5].
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Hyperglycemia, overhydration, and hypertension due 
to excessive salt intake have been considered to induce 
glomerular change including mesangial expansion and 

nodular lesion, specific to DN, via glomerular hyperfiltra-
tion or hyperperfusion [1]. However, the underlying mech-
anisms of glomerular hyperfiltration in diabetes remain 
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Fig. 1   a LM revealed intact glomeruli. b Immunofluorescence (IF) 
revealed linear immunofluorescent staining for IgG along the glo-
merular basement membranes (GBM). c electron microscopy (EM) 

revealed foot process effacement (arrow). The GBM was not thick-
ened as revealed by EM with a width of 220–250  nm. d Clinical 
course on first admission. e All clinical course
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unclear [6]. One plausible mechanism is increased proxi-
mal tubular reabsorption of glucose via sodium–glucose 
cotransporter 2, which decreases distal delivery of sodium 
chloride to macula densa, resulting in dilation of the affer-
ent arteriole. This ultimately leads to an increase in glo-
merular perfusion and results in high, local production, of 
angiotensin II at the efferent arteriole that leads to vaso-
constriction [7]. This patient had a history of hypertension 
and had taken angiotensin receptor blocker. It is possi-
ble that the angiotensin receptor blocker and edematous 
management by a strict salt diet inhibited the production 
of angiotensin II at the efferent arteriole and, therefore, 
prevented glomerular hyperfiltration and progression of 
DKD, despite the duration of DM for 30 years.

Polar vasculosis, perihilar neovascularization, is abnor-
mal angiogenesis observed around the glomerular vas-
cular pole in DN [8, 9]. A review article suggested that 
hyperglycemia or hypoxia, promotes vascular endothe-
lial growth factor (VEGF) production, which stimulates 
endothelial cell proliferation by the mechanism of angio-
genesis [10].

Tervaert et al. divided diabetic nephropathy (glomeru-
lopathy) into four hierarchical glomerular lesions from the 
viewpoint of glomerular lesion using LM and EM. Class 
1 was early stage and was defined mild or nonspecific LM 
changes and EM-proven GBM thickening [11]. On this 
patient, the first renal biopsy specimen that was performed 
because of minimal change nephrotic syndrome showed 
very early stage of diabetic nephropathy revealing only lin-
ear immunofluorescent staining for IgG along GBM. Arte-
riolar hyalinosis was mild, and mild polar vasculosis was 
seen around the glomeruli. Second renal biopsy also showed 
that glomerular lesion remained minor, but massive polar 
vasculosis with arteriolar hyalinosis became definite. This 
case indicates that diabetic nephropathy includes two charac-
teristics of diabetic vasculopathy and diabetic glomerulopa-
thy. On this patient, diabetic vasculopathy including polar 
vasculosis and arteriolar hyalinosis became prominent, and 
diabetic glomerulopathy was mild.

Hyperglycemia for a long period of time has been con-
sidered to promote angiogenesis. When overhydration and 
hypertension were loaded upon hyperglycemia, glomerular 
damage including mesangial expansion and nodular lesion 
could be induced by the mechanism of hyperfiltration or 
hyper perfusion by loading over blood flow into the glo-
meruli, as well as by the mechanism of angiogenesis. While, 
when overhydration and hypertension were controlled 
strictly using antihypertensive agents including angiotensin 
receptor blocker and a salt diet, glomerular damage via the 
above hemodynamics become minimum, but continuation 
of hyperglycemia could be considered to develop prolifera-
tion and elongation of efferent arteriole by the mechanism 
of angiogenesis, and increases the inflow from the afferent 

Fig. 2   a Arteriolar hyalinosis (black arrow), and massive polar vas-
culosis (small vessels, or neovascularization) (red arrow) around 
the glomeruli including glomerular pole. b immunofluorescence 
showing linear staining for IgG along the GBM. c Electron micros-
copy revealed no thickening of GBM with a width of 280–420  nm 
(< 430 nm), and no foot process fusion
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arteriole, resulting in polar vasculosis or peri-hilar neovas-
cularization (Fig. 3).
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