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EXECUTIVE SUMMARY

Restorations of renal perfusion and function in early diabetic nephropathy (chronic kidney

disease stages 1,2 creatinine clearanced > 60 mi/min/1.73m’ : an innovative therapeutic

strategy

lt has been a general consensus that renal microvascular disease and renal
hypoperfusion is the crucial determinant of tubulointerstitial disease and the progression of
chronic kidney disease. In this regard, an attempt to restore renal perfusion to correct renal
ischemia with vasodilators would im;ﬁrove the renal function and eventually prevent the
progression of chronic kidney disease toward end-stage renal failure. However, under current
practice treatment with vasodilators are unsuccessful in restoring renal perfusion and function in
chronic kidney disease. Such therapeutic failure is the crucial issue that needs to be addressed.
Firstly, the therapeutic failure is associated with treatment in late stage chronic kidney disease
(CKD stages 3.4,5). Secondly, the conventional diagnostic marker recognized only late stage
chronic kidney disease, but is unable to screen early stage chronicf kidney disease. (CKD
stages 1,2). Thirdly, therapeutic resistance to vasodilators in chronic kidney disease is due to
the altered vascular homeostasis associated with an impaired vascular repaired mechanism and
a defective nitric oxide productiori. Taken together, all lead to the development of end-stage
renal disease dependent to renal replacement therapy.

In accordance with the preceding informatjon, we plan to set up an alternative approach
targeting at the early stage chronic kidney disease. To accomplish this, we set up the research
protocol as follows.

1. We included to early stage diabetic nephropathy using sensitive diagnostic markers
such as creatinine clearance, fractional excretion of magnesium (FE Mg), and peritubular
capillary flow study that are able to recognize early stage chronic kidney disease(DKD, CKD
stage 1). All these biomarkers would differentiate the early stage diabetic nephropathy from
normal heaithy subjects.

2. We studied biomarkers of early stage of vascular disease such as nitric oxide (NO),
endothelin-1 (ET-1), angiotensinogen, angiotensin converting enzyme (ACE) and endostatin.
This study was performed in a very early stage of diabetic nephropathy characterized by a
rather normal clinical demographic features such as normotension, normal serum creatinine
concentration, normal as hypercreatinine clearance, a mildly altered fractional excretion of
magnesium. The result of the study revealed altered vascular biomarkers such as nitric oxide
endothelin-1, angiotensin converting enzyme and endpg,tatin at the very early stage of diabetic
mellitus. This study supports the conceptual view that vascular disease develops very early

along the beginning of diabetes mellitus. It also renders support the conceptual view of early



therapeutic strategy of diabetes mellitus to affectively prevent the development and progression

of diabetic nephropathy.

Key words : vascular biomarkers, diabetic nephropathy, diagnostic biomarkers, nitric oxide,

endothelin-1, angiotensin converfing enzyme.
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Restorations of renal perfusion and func_:ﬁon in early stage of diabetic nephropathy.
(Chronic kidney disease stages 1.2, creatinine clearance over 60 mllminl’l.73m2) :

An innovative therapeutic strategy

Current unsolved clinical problem related to the research issues

Accumulative evidence renders support that vascular disease of both macro- and
microvascular disease is the crucial issue that determines the target organ damage in
diabetes mellitus. Evidence of vascular disease has been identified as early as in the
early stage of diabetes mellitus during the stage of normoalbuminuria, normal creatinine
clearance, normotension. Most belief that renal microvascular disease and renal
ischemia is the crucial determinant of tubulointerstitial fibrosis and renal disease
progression. In this regard, to improve the renal perfusion and renal ischemia with
vasodilators would improve the renal perfusion and restore renal function. Under
common practice, freatment with vasodilators fail to improve renal perfusion or restore
renal function. To address to this issue, we had studied the vascular homeostasis and
revealed that the tﬁerapeutic resistance to vasodilators in general practice was due to
the altered vascular homeostasis associated with an impaired nitric oxide production.
The lack of vascular nitric oxide impairs the renal microvessel to dilate, is unable to
correct renal ischemic or restore renal function. This explains the belief of most people
that chronic kidney disease or diabetic kidney disease is unrestorative and usually
destined for end-stage renal disease. Such unfortunate natural course of chronic kidney
disease is due to two facts 1) diagnosis of chronic kidney disease is usually late due fo
insensifive diagnostic markers such as serum creatinine or microalbuminuria
determinations. 2) treatment in general is initiated at a rather late stage due to the
insensitiveness of diagnostic markers. Treatment at late stage is associated with altered
vascular homeostasis and is unresponsive to treatment.

To apply new treatment target at early stage of diabetic nephropathy : An
innovative therapeutic strategy

Material and Methods

To study a group of 60 diabetic patients associated with early stage of diabetic kidney
disease

Renal function study

(a) creatinine clearance or estimated glomerular filtration rate

(b) fractional excretion of magnesium (FE Mg)
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(c) microalbuminuria determinaﬁon

(d) Intrarenal hemodynamic study using double isotopes technique by mean of
)] 2y tagged with hippuran to determine renal plasma flow
(2) 9m 4 ~chnetium labeled with diethylene triamine penta-acetic acid (DTPA) to
determine glomerular filtration rate

(e) to study index of early vascular disease such as angiotensin converting enzyme,
endostatin, angiotensinogen, endothelin-1, nitric oxide

Resuits

New diagnostic markers such as creatinine clearance, fractional excretion of magnesium

(FE Mg) and renal hemodynamic study can differentiate the early stage of diabetic

nephropathy from the normal healthy subjects.

in practice, we use creatinine clearance, estimated glomerutar filtration rate, fractional

excretion of magnesium (FE Mg) to predict the status of renal function. In addition, renal

hemodynamics such as renal plasma flow or peritubular capillary flow is one of the best

index that correlate with the tubulointerstitial structure and function. Unfortunately, renal

hemodynamic study is generally unavailable. However, we would be able to correlate

renal perfusion with other renal functional markers as follows :

(@) creatinine clearance, glomerular filtration rate correlates directly with renal
plasma flow

(b) Fractional excretion of magnesium (FE Mg) in inversely reflected with renal

" plasma flow and peritubular capiilary flow

() Tubulointerstitial fibrosis is inversely reflected with the reduction in peritubular
capillary flow

(d) Fractional excretion of magnesium (FE Mg) is directly correlated with the
magnitude of tubulointerstitial fibrosis.

(e) Altered vascular homeostasis correlates with the development of renal disease

progression.

Indices of early vascular in disease

Nitric Oxide ET-1 Anglotensinogen ACE Endostatin

Control 27 +12 0.85 + 0.14 379 107 + 30 104 .18
0.08 < 0.05 NS 0.001 NS

Normoalb DKD 40 + 20 16 + 0.6 38 + 11 149 +37 | 115+24




P value < 0.05 < (.05 NS < 0.001 0.09

Microaib KDK 52 + 21 1.8+08 44 +19 153 + 26 137 + 42

Table 1 demonstrated an early altered vascular biomarkers in normotensive,

normoalbuminuric, normo- or hypetfiltrate type 2 diabetes

Discussion
The results of the studies in an early stage of diabetic kidney disease are very
interesting and encouraging. New sensitive diagnostic markers are able to differentiate
early diabetic kidney disease from the healthy subjects. With respect to indices of early
vascular disease, altered nitric oxide, endothelin-1, angiotensin converting enzyme and
endostatin imply that vascular disease has developed early in the course of diabetes
mellitus. Increased value of nitric oxide along with the increased value of endothelin-1
indicating a compensatory phenomenon in response to the presence of underlying
vascular disease. The above findings correlate well with the previous report on a mildly
altered or normal vascular homeostasis in early stage of chronic kidney disease. The
preceding information is in favor of therapeutic strategy at the early stage of diabetic
kidney disease, under the environment favourable for angiogenesis and vascular repair.
Such approach would be able to enhance rena! perfusion, restore renal function, and
effectively prevent the progression toward end-stage renal disease.
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~ Abstract

 Circulating toxins namely: free radicals, cytokines and
metabolic products induce glomerular endothelial dys-
* function, hemodynamic maladjustment and chronic
ischemic state;this leads to tubulointerstitial fibrosis in
chronic kidney disease {(CKD). Altered vascular homeo-
stasis observed in late stage CKD revealed defective
angiogenesis and impaired nitric oxide production ex-
plaining therapeutic resistance to vasodilator treatment
in late stage CKD. Under current practice, CKD patients
are diagnosed and treated at a rather late stage due to
the lack of sensitivity of the diagnostic markers avail-
able. This suggests the need for an alternative thera-
peutic strategy implementing the therapeutic approach
at an early stage. This view is supported by the normal
or mildly impaired vascular homeostasis observed in
early stage CKD. Treatment at this early stage can
potentially enhance renal perfusion, correct the renal
ischemic state and restore renal function. Thus, this
alternative therapeutic approach would effectively pre-
vent end-stage renal disease.

© 2012 Baishideng. Al rights reserved.
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INTRODUCTION

Hotmeostasis of the vital organs in the body depends on
the balance between nutdent supply through vascular pes-
fasion and the integrity of structure and function of the
otgans. In this regard, kidaey integrity depends mainly on
the renal vascular supply. Philosophically, normal homeo-
stasis of the kidney follows the so-called Natural Wisdom
“The Middle Tract is the Balance of Nature”, which im-
plies that the normal integrity of the kidney depends on
normal vascular petfusion, Any deviation of blood per-
fusion, either too much or too little would be harmful to
the kidney". Such wisdom can be llustrated by the cofsre-
Jation between blood petfusion and its otgan’s structure
and fanction. Under normal circumstances, the intact tu-
bulointerstittum has been shown to be surrounded by an
adequate supply of petitubular capillaty plexus. In con-

‘trast, under pathological conditions, such as in chronic

kidney disease (CKD), the normal tubulointerstitial struc-
ture is replaced by tubulointerstitial fibrosis, along with
the disappearance of peritubulat capillary %ﬁexus which
is replaced by renal microvascular disease™™ . The spatial
relationship between renal perfusion and kidney integrity
will be the context of the following issues: (1) Renal mi-
crovascular disease and tubulointerstitial fibrosis; (2) Why
does the present therapeutic strategy fail to restore renal
function in CKID? (a) CKD is recognized and treated at a

Decentber 6, 2012 | Volume1 | Issue 6 |
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rather late stage; and (b) Altered vascular homeostasis in
late CKD; and (3) An innovative therapeutic strategy to
implement the treatment at early stage CKD.

RENAL MICROVASCULAR INJURY AND
TUBULOINTERSTITIAL FIBROSIS

Accumulating evidence supports the suggestion that
there are toxins such as free radicals, cytokines and meta-
bolic products circulating through the renal microcircula-
tion in a variety of CKDs. Abnormally elevated oxidant
and antioxidant deficiencies have been repeatedly docu-
mented in both mild as well as severe forms of CKD*™,

The circulating toxins can induce injury to renal micro-
vasculature. Such vascular injury detaches the endothelial
cell from the vascular wall and this is reflected in an in-
crease in the number of circulating endothelial cells in a
vatiety of CKD patients" >, In addition to the increased
number of circulating endothelial cells, the remaining
endothelial cells also become dysfunctional. Glomerular
endothelial dysfunction js characterized by upregulation
of vasoconstrictors such as angiotensin II, endothelin,
thrombozane A2, adhesion molecules, procoagulant activ-
ity and reactive oxygen species. Enhanced expression of
vasoconstrictors induces hemodynamic maladjustment
characterized by a preferental constriction at the efferent
atteriole and thus a correspoading reduction in peritubu-
lar capillary flow supplying the tubulointersfitial structure
(Figuze 1), This phenomenon is well documented in
CKD™™, Tt is intetesting to observe that an intact tubu-
lointerstitial structure is usually associated with normal
level of peritubular capillary flow Reduced peritubular
capillacy flow has been observed in all CKD patients, A
mild reduction in peritubular capillary flow has been noted
to precede the development of tubulointerstitial fibrosis.
An increased reduction in peritubular capillary flow leads
to the appearance of tubulointerstitial fibrosis. A further
reduction in peritubular capillary flow is associated with a
higher degree of tubulointerstitial fibrosis (Table 1)EE=L,
This suggests that the reduction in peritubulat capillary
flow determines the development of tubulointerstitial
fibrosis. In addition, the dysfunctioning endothelial cell
expresses procoagulant activity which is reflected in blood
hypescoagulalilty, blood hyperviscosity, 2 shortened platelet
half Jife and a shortened fibrinogen half life, indicating an
increased consumption of local intravascular coagulation,
plausibly in the renal microcirculation. Thus cotrecting
both the altered blood coagulability with anticoagulant and
antiplatelet agentsm'%], as well as correcting the chronic
ischemic state with vasodilators"™*'7 is an appropriate
therapeutic target.

WHY DOES THE PRESENT THERAPEUTIC

STRATEGY FAIL TO RESTORE RENAL

FUNCTION iN CKD?

CKD is recognized and treated at a rather late stage-
Under the current definition of CKID, which includes

_ ¥t AN 1 owreorw wiomet com

Clinical setting Peritubufar caplliary flow Tubulointerstittal

mL/min per 1,73 m* fibrosis
Normal 480 Negative
Early CKD 250400 +
Late CKD <250 R

CKD: Chronic kidney disease.
Circulating toxins
Renal Microvascular disease

Preferential Constriction of efferent arteriole
(Hemodynamic maladjustment)

Chronic renal ischemia

Tubulolnterstitlal fibrosis

Figure 1 Hemodynamic maladjustment induces chronic renal ischemi:
and tubulolnterstitial fibrosis.

only patients associated with creatinine cleatance undes
60 tuL./min per 1.73 1, o serum creatinine greater that
1 mg/dL, recognition of CKD is practically limited tc
late CKD (stages 3-5) since serum creatinine does no
change until the creatinine clearance drops to the 50%
level™ %, This implies that treatment of CKD is usuall
initiated at a rather late stage. Easly stage CKD patient
have generally been left untreated, and the disease al
lowed to progress without any appropriate therapeuti
intervention. Treatment of these CKID patients with va
sodilators shows therapeutic unresponsiveness and fail
to correct the chronic ischemic state?™ ", This issue lead
us to propose that vascular homeostasis explains sucl
therapeutic failure.

Altered vascular homeostasis in late CKD
It has been recently demonstrated that altered vascula
homeostasis and impaited nitric oxide (NO) productio
are responsible for therapeutic resistance to vasodilatos
in Jate CKD.

With respect to vascular homeostasis, 2 notmal vasci
Jar homeostasis is the balance between vascular injury an
vascular repair (Figure 2). Under normal circumstance
vascular injury results in an increased number of endc
thelial cells detaching from the diseased vascular wall int
the circulation, so-called circulating endothelial cells whic
express receptor-bound vasculat endothelial growth fact
(VEGF) as suggested by Hohenstein ¢ a8, Such vascul
injury would trigger vascular repair by recruiting angi
genic factors such as VEGF which would activate throug
VEGF receptor 1 (VEGFR 1) inducing Akt phosphot
lation, coupled with endothelial nitric oxide syntha
(eNOS), and enhanced NO production™*”. Enhance
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NO production, it conjunction with endothelial progeni-
tor cells and angiopoietin 1, stimulate endothelial cell
sroliferation, matusation aad reendothelialization. Collec-

they would integrate in a normal vascular repair and

- [3839)
{ ogcﬂcslsl .

“Tn late stage CKD, we as well as othets™* have re-
ﬁﬂy demonstrated that there is an altered vascular ho-
costasis characterized by defective angiogenic factors
! ély VEGF, VEGFR 1, endothelial progenitor cells

prol
tively,

nam
and angiopoietin 1, in conjuaction with abnormally el-
evated antiangiogenic factors namely: VEGER 2 and an-

opoietin 2. Such altered vascular homeostasis observed

late stage CKD canbe summarized as follows.
- With respect to defective angiogenic factors, as in-
cated on the left hand side of Figure 3, the defective
ZGE and VEGFER 1 would impair the Akt phosphory-
larjﬁﬁ, ancouple eNOS, and impair NO production. An
paired NO production in conjunction with defective
othelial progenitor cells and defective angiopoietin
would impair the physiological stimulation of endo-
elial cell proliferation and maturation. They would
' grate together in an insufficient vasculogenesis and
cular repair. With respect to the abnormally elevated
tiangiogenic factors, VEGF activates through VEGFR
ducing abnormal Akt phosphotylation through an
O-independent pathway, resulting in a proliferation of
ormally immature endothelial cells. The presence of
efective angiopoietin 1, is responsible for the immature
\dothelial cell proliferation. In addition, in the presence
abnormally elevated angiopoietin 2, endothelial cells
ould be further destabilized and endothelial apoptosis
uced. Collectively, they would integrate in the forma-
1 of abnormally immature endothelial cells, which
ild be consistent with endothelial myofibroblast tran-
i cell indicated by Li*, With respect to the vasculac
soth muscle cell (VSMC) proliferation, this is trig-
ed by the upregulation of angiotensin I secondary to
ndothelial cell dysfunction, activating NADPH oxidase,
xidative stress, NFKB and p 38, JAK STAT and eventu-
y stimulating VSMC proliferation[m}. The VSMC prolif-
tion would induce a thickening of the vascular wall, 4
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Vascular injury
Chranic EC foss
Defective angicgenesis < Altered vascular repalr —»Enhanced antianglogenesls

| VEGF + | VEGFR 2

!

Impairs Akt | Anglopoletin 1 Enhances Akt {NO independent)

uncouples eNOS
t Anglopofetin 2 t Angictensin B
y
Impairs NO production  Defective EC

prolferaion 1 ature EC VSMC
proliferation praiiferation

| VEGF + FVEGFR 1 | E progenitor cell

Insufficient vascular
repalr response

Neoanglogenesis, vascular disease progression

Figure 3 Altered vascular homeostasis in late chronfo kidney disease.
VEGF: Vascular andothalial growth factor; VEGFR: VEGF recepter; eNOS: En-
dothelial nitric exide synthase; VSMC: Vascular smooth muscle cell; NO: Nild¢
oxlde.

narrowing of vascular lumen, and eventually a reduction
in vascular perfusion, which eventually leading to the de-
velopment of neoangiogenesis and progressive vasculat
disease. The altered vascular homeostasis observed in late
stage CKD indicates both an insufficient vasculogenesis
associated with an impaited NO production, which ex-
plains the therapeutic resisiance to vasodilators, as well
as the clinical progression of renal microvascular disease
of increasing severity. Also, the progression of tenal
microvascular disease correlates with the altered renal
hemodynamics charactetized by a progtessive reduction
in peritubular capillary flow along with a progtessive de-
cline in renal function". Such thetapeutic failute of cut-
rent practice with vasodilators in late stage CKD) requires
an alternative strategy to focus the treatment at the new
tatget group of CKD patients at the early stage of renal
function impairment (Figure 3).

AN ALTERNATIVE THERAPEUTIC
STRATEGY TO IMPLEMENT TREATMENT

AT AN EARLY CKD STAGE

The alternative therapeutic strategy would focus on early
stage CIKD patients, who mostly have been untreated ot
teceived inappropriate treatment. Our recent study on
vascular homeostasis in early stage CKD suppotts this
concept™™™. Tn type 2 diabetic nephropathy, the vascular
homeostasis observed in the normoalbuminuric stage
indicated that both angiogenic factors namely: VEGE
angiopoietio 1 and VEGF receptor 1; as well as antian-
glogenic factors namely: angiopoietin 2 and VEGF re-
ceptor 2, were within normal limits. In noa-diabetic early
stage CKD) patients, the vascular homeostasis indicated
that angiopoietin 1 was the only angiogenic factor show-
ing a mild decrease, and that angiopoietin 2 was the only
antiangiogenic factor showing a mild elevation. Thus
these findings render support the theory that vascular
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homeostasis would likely be adequately functional in eatly
stage CKD. With the adequate vasculogenesis observed
in early stage CKID, vasodilator treatment would refax the
efferent arteriole by enhancing the peritubular capillaty
flow: Increased peritubular capillary flow would inhibit
the process of ubulointerstitial fibrosis indicated by the
decline in Fe-Mg value following vasodilator treatment
- an index indicating renal regeneration. Vasodilator treat-
mient would also relax the afferent arteriole and thereby
increase the glomerular filtration rate - an index indicat-
ing renal function improvement. In fact, therapeutic
implementation with appropriate vasodilators at this early
stage in CKDD has indeed been able to eghance gqe:itubu«
lar capillary flow, as well restote renal function™.

In conclusion, therapeutic implementation of wvaso-
dilator treatment in early stage CKD, in an envitonment
favorable to tenal angiogenesis and regeneration, can ef-
fectively prevent end-stage renal disease.
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Abstract

Under common practice, the conventional diagnostic
marker such as microalbuminuria determination does
not recognized early stage of diabetic kidney disease
{normoalbuminuria, chronic kidney disease stage 1, 2);
due to the insensitiveness of the available marker. Treak-
ment at later stage (microalbuminuria) simply slows
the renal disease progression, but is rather difficult fo
restore the renal perfusion, Intrarenal hemodynamic
study In these patients revealed an impaired renal per-
fusion and abnormally elevated renal arteriolar resis-
tances. Treatment with vasodilators such as angiotensin
converting enzyme Inhibitor and angiotensin receptor
blacker fails to correct the renal ischemia. Recent study

on vascular homeostasis revealed a defective mecha- _ ]
! thete is presence of microalbuminuria (albumin/cre

nism associated with an impaired nitric oxide production
which wouid explain the therapeutic resistance to va-
& "y treatment in microalbuminuric diabetic kidney
&?}aaa—“} This study implies that the appropriate thera-

R

peutic strategy should be implemented at earlier stage

195

before the appearance of microalbuminuria.

© 2013 Balshideng Publishing Group Co., Limited. All rights
reserved.

Key words: Microalbuminuria; Diabetic kidney disease;
Renal hemodynamics; Fractional excretion of magne-
sium; Renal function

Core tip: This manuscript demonstrates the therapeutic
resistance to vasodilator treatment in restoring the re-
nal functions in microalbuminuric diabetic nephropathy.
It is supported by the intrarenal hemodynamic study
which reveals a decline In renal plasma flow, peritubu-
lar capillary flow and glomerular filtration rate following
vasodilator treatment. The above finding concerns with
the recent study on vascular homeostasls which reveals
4 defectlve angiogenesis assoclated with an impaired
nitric oxide production, which explains the therapeutic
resistance to vasodilator and clinical faffure in restoring
renal perfusion In late stage diabetic nephropathy.

Futrakul N, Futrakul P, Vascular response to vasadilator treat
ment in microalbuminuric diabetic kidney disease. World .
Nephrol 2013; 2(4): 125-128 Available from: URL: http://www
wjgnet.comf2220—6124iﬁ311/v2;’i41125.htm DOI; http://dx.doi
org/10.5527/wjn.v2.44.125"

INTRODUCTION

Dizbetic kidney disease has been the public health threa
which js the most common cause of end-stage renal fail
are™?, Under common practice, it is recognized whet

atinine ratio is greater than 30 microgram/ milligras
creatinine™®. In this regard, microalbuminuria canno
recognize eatly stage diabetic kidney disease (notmoal
buminuria). Such practice would allow these eatly stag
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“ease and the progressive reduction in renal perfusion
The altered vasculat homeostasis observed in late stage
- disbetic kidoey disease is believed to be the crucial mech-
“anism of renal disease progression. In contrast to the al-
“ tered vascular homeostasis observed in late stage diabetic

‘utrakul N et /. Vascular response in diabetic kidney diggfise

Healthy  Initlal value # value
Subject  In Microal-
Buminuric
patients

Renal function
Micrcalbumin/ creatinine ratio, pg/mg <30 170x193 0.010

Creatinine clearance, mL/min per 1.73 o 117£13 73428 0001
Fractional excretion of magnesium, % 16+22 411 0080
Mean arterial pressure; untlg 79 9915 0.001

" Renal hemodynamics

Renal plasma flow, mL/min perl73m’ 58530 505£120 NS
Peritubutar capillary flow, ml/minper 479£26 423£120 NS
173w’ K

Clomerular filtration rate, mL/min per

173w
Aﬂa-entarteﬁnlarr&dsians:e,dynes.mfs 23514108 28414299 0.050

Eﬁuentaxteﬂolaﬁgedsme,dynes.cm's 3012+130 404541168 NS

16+14 8216 0.010

NS: Not significant.

diabetic kidney disease patients to progress without
- therapeutic interruption. Intrarenal hemodynarnic study

in this stage reveals teduction in renal petfusion indicat-
ing renal ischemia™¥, Treatment with vasodilators such
as angjoconverting enzyme inhibitor (ACEI), angiotensin
receptor blocker (ARB) during microalbuminuria or mac-

- toalbuminuria simply slows the renal disease progtession
- Jetermined by creatinine clearance, but is unable to re-
 store all of the renal abnormalities’ ", This information
. concurs with the progressive increment in aumber of
- diabetic kidney disease patients entering end-stage renal
 disease. Recent study on vasculat homeostasis in these

patients revealed 2 defective angiogenesis namely vascu-

- lar endothelial growth factor receptor 1, angiopoietin 1

leading to impairing the nitric oxide production as well as

impaiting the vascular repait. In addition, the abnormally

{ elevated level of antiangiogenic factors namely vascular
‘endothelial growth factor teceptor 2, and angiopoietin 2
would induce the progression of renal microvascular dis-

[14-18]

kidney disease, the study on vascular homeostasis in early
stage associated with normoalbuminuria has recently

-been demonstrated to be normal or mildly irnpaired val-
“nes of both angiogenic and antiangiogenic factors

(19}

_RENAL FUNCTION IN
.3""._MICR0ALBUM|NUR|C DIABETIC KIDNEY
 DISEASE

- In microalbuminuric diabetic kidney disease, tecogni-
- tion of its status can be made through the conventional
matker nch as microalbuminutia (Table 1). In 2ddition,
-;‘;f_t_actional excretion of magnesium (FE Mg) appears to

©

T4 .
- eeT e TAHANT 1 vrurur wiomst fom

be more sensitive than the conventional markers and be-
comes abnormally elevated even in the stage of normoal-
buminuria and recognizes chronic kidney disease (CIKD)
stage 1 and early stage 2P ¥E Mg has been carlier dem-
onstrated to correlate directly with the magnitude of tu-
bulointerstitial fibrosis reflecting the presence of diabetic

kidney disease™ 3, Tt is noted that this group of diabetic

kidney disease is associated with systemic hypertension.
Creatinine clearance ot estimated glomerular filtration
raté is also a sensitive diagnostic marker for early stage
diabetic kidaey disease.

INTRARENAL HEMODYNAMIC STUDY IN
MICROALBUMINURIC DIABETIC KIDNEY
DISEASE

Altered renal hemodynamics has already been docu-
mented in normoalbuminuric diabetic kidney disease®™.
In microalbuminuric stage, renal plasma flow; peritubular
capillary flow and glomerular filtration rate were depleted,
whereas afferent and efferent arteriolar resistances were
abnormally elevated. As indicated in Table 1, efferent
artetiolar resistance was geeater than the resistance of af-
ferent arteriole - a phenomenon indicating a preferential
constriction of the efferent arteriole. This phenomenos
in turn, would induce iniraglomerular hypetfiltration and
therefore increase glomerular filtration rate. Subsequently,
there is a greater degree of reduction in peritubular capil-
fary Aow: A longitudinal study on intrarenal hemodynam-
ics along the clinical course of diabetic kidney disease has
revealed a greater increase in degree of efferent arteriolar
resistance indicating a further reduction in petitubular
capillary flow as the disease severity progtcsses[w]. This
finding implies that the sustained and progressive eleva-
tion of efferent arteriolar resistance would be capable of
inducing a chronic renal ischemia to the tubulointerstitial
structure, which is the crucial determinant of renal dis-
ease progression in diabetic kidney disease.

THERAPEUTIC RESPONSE TO
VASODILATORS IN MICROALBUMINURIC
DIABETIC KIDNEY DISEASE

1t has been a general consensus that treatment of diabetic
kidney disease with vasodilators, undet common practice,
does not cover all of the diabetic kidaey disease patieats,
but infact excludes the group of eatly stage diabetic kid-
ney disease (normoalbuminuria). Such practice would
stabilize temporarily the renal function, or simply slow
the renal disease progtession, which is due to the defec-
tive angiogenesis and an impaired nitric oxide production
induced by a vatiety of citculating toxins namely oxida-
tive stress lipid, cytokines and glycation end-products”®".,
The preceding information of altered vasculat homeosta-
sis concurs with the therapeutic resistance to vasodilators,
as well as the progression of renal discase toward end-
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Pre- Post- P
treatment treatment value

Renal function

Creatinine dearance, ml/minper 1.73m’ 7328 8037 NS

Fractional excretion of magnesivam, % 411 42%2 NS

Microalbumin/ creatinine ratio, pg/mg ~ 170+193 109148 NS

Mean arterial pressure, mmblg 995 85+14 <005
Hemodynamics

Renal plasma flow , mL,/min per 173m* 5051120 41619 NS

Peritubular capillary flow, mL/minper ~ 423720 350413 NS

173w

Glomerular filtration rate, mL/min per 8246 7519 NS

173w

Afferent arteriolar resiskance, dynes.cni” 2842£299 33591887 NS

Efforent arteriplar resistance, dynescm® 404551168 4093 % 53 NS

NS: Not significant.

stage renal disease in late stage diabetic kidney disease.

Recently, we had performed intrarenal hemodynamic
study during pre-treatment and post-treatment pexjod
with vasodilatots containing ACEI Enalapril 10-20 mg/d,
ARB Telmisartan 40-80 mg/d % calclum channel blocker
in 20 microalburninuric diabetic kidney disease patients.
Following vasodilator treatment, progressive reductions
in renal plasma flow, pedtubulat capillary flow and glo-
merular filtration rate were noted. In addition, a progres-
sive increase in both afferent and efferent arteriolar resis-
tances was also noted (Table 2). Such progessive change
in intrarenal hemodynamics confirms the therapeutic
sesistance to vasodilators, and is in accordance with the
altered vascular homeostasis observed in mictoalbumin-
uric diabetic kidney disease! ™.

The preceding information of intratenal hemodynam-
ics observed in microalbuminuric diabetic kidney disease
renders support that it would be appropriate to change
the conceptual view of therapeutic strategy towatrds an
eatly treatment of diabetic kidaey discase during normo-
albumninutia, Recent study of treatment with vasodilatots
during normoalbuminuric diabetic kidney disease has
successfully restore renal perfusion and function indicat-
ing such therapeutic strategy at this early stage is under
environment favourable for vascular tepait and renal re-

gcncrationlmw].
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Abstract :

Farly stage of vascular disease and diabetic kidney disease (DKD stages 1,2) have
been under-recognized, under comrmon practice worldwide. The lack of sensitive diagnostic
marker leads to late diagnosis and 2 progression of underlying vascular disease associated
with chronic renal ischemia, which eventually intensifies the magnitude of DKD damage.
Treatment at this late stage fails to correct the renal jschemia, or restore renal function, due to
the altered vascular homeostasis associated with an impaired nitric oxide production.

n contrast to the above information, early recognition of vascular disease and DKD
with sensitive diagnostic markers would be able fo jmplement an effective prevention of
progression of vascular disease and DKD. Treatment at early stage under environment
favourable for adequate vascular homeostasis is able 0 correct the renal ischemia and

improve the renal function.

Key words : vascular disease, diabetic kidney disease, vascular homeostasis, renal ischemia,
diagnostic matkers, renal function

!
/

URL: http-J/mc.manuscriptcentral.oom/irnf Email: PScotﬁinn@aol.com



Renal Failure

for

. Introduction
Under common practice, diagnosis of vascular disease associated with diabetes

mellitus is under-recognized due to the lack of sensitive diagnostic marker such as
hemodynamic study, or vascular biomarker and mostly relies on the presence of clinical end-

~ organ damage. To support this view, intrarenal hemodynamic study using a double isotopes
. technique such as 1311 1abeled with ortho-iodohippuric acid to determine renal plasma flow,
 and ™ Technitium labeled with diethylene triamine pentaacetic acid to determine glomerular
* filtration rate, has been repeatedly studied in a wide range of clinical severity of diabetes
 mellitus type 2 such as during normalbuminuria microoalbuminuria, and macroalbuminuria.
-_f " In this regard, evidence of renal microvascular disease has been documented as early as
- during normoalbuminuria namely the reduction in peritubular capillary flow, renal plasma
- flow, an abnormally glevated intraglomerular hydrostatic pressure (PG), an increased renal
- ‘arterjolar resistance, a normal or mildly altered glomerular filtration rate, which indicate the
. presence of renal ischemia in early stage of DKDYS. Furthermore, biomarkers of endothelial
injury has also been demonstrated such as an abnormally elevated circulating endothelial
cells in early stage type 2 DKD*™®. In contrast, such information of renal microvascular
f"'disease in early stage of DKD would be unable to obtain under general practice due to the
- unavailability of the diaghostic instrument. In addition to the renal hemodynamic study,
renal microvascular discase can be assessed by an invasive renal histopathology such as

*endothelial factor VIII staining in renal microeirculation®™?.

With respect to the issue of DKD, the recognition of DKD is generally relied on the
presence of microalbuminuria and the value of serum creatinine concentration above 1
pig/dLg. In this regard, such conceptual view is inappropriate and recognizes only late stage
of DKD (stage 3), but is unable to sort out early stage DKD. Much evidence renders support
fhat the value of serum creatinine above 1 mg/dL is equivalent to the level of creatinine
clearance below 60 mi/min/1.73m?®, or DKD stage 3 013 During the stage of
tqicroalbumjnuria the level of glomerular filtration rate, or creatinine clearance is usuaily
é1pproaching DKD stage 3. This view is supported by the intrarenal hemodynamic study
ﬁrhich reveals a greater reduction in peritubular capillary flow and renal plasma flow, in
conjunction with a greater increased renal arteriolar resistance and intraglomerular
:hydrostatic pressure in type 2 DKD associated with microalbuminuria'®. Further study in
macroalbuminuric type 2 DKD reveals a greater reduction in renal perfusion as the renal
disease severity progresses*. This finding implies that the severity of renal microvascular
disease associated with the magnitude of renal ischemia inversely correlates with the severity
of renal disease progressionm’m. What is the cause-and-effect relationship between renal
microvascular disease associated with renal ischemia and renal disease damage remaining a
‘crucial issue to be elucidated. In this regard, recent stady has addressed to this issue that
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renal microvascular disease associated with the reduction in renal plasma flow or the
peritubular capillary flow occurs before the development of tubulointerstitial disease in mild
form of idiopathic steroid-sensitive nephrotic syndrome. In steroid-resistant type, there is a
greater reduction in renal plasma, or peritubular capillary flow, which would be able to
induce a mild degree of tubulointerstitial fibrosis. Furthermore, a greater reduction in renal
perfusion induces a higher degree of tubulointerstitial fibrosis as indicated in case of
treatment resistant nephrosis associated with focal segmental glomerulosclerosis™.

Therapeutic resistance to yasodilator treatment in type 2 DKD mnder common practice
Due to the lack of sensitive vascular marker for recognition of early vascular disease,
and for screening of early stage of DKD, treatment is generally implemented at a rather late
stage (DKD stage 3), and fails to comect the renal ischemia or restore repal function; but
instead simply slow the renal discase progression toward end-stage renal disease dependent to
renal replacement therapy“’”. Recent study on vascular response to vasodilator treatment in
microalbuminuric DKD patients (DKD stage 3) reveals a progressive decline in peritubular
capillafy flow and glomerular filtration rate in microalbuminuric DKD % This finding of
therapeutic resistance in late stage DKD concurs with the report of other investigators who
have demonstrated the progression of renal function impairment toward end-stage renal
disease™?®, Repeated intrarenal hemodynamic studies along the clinical course of late stage
DKD have consistently observed the pro gressive decline in renal plasma flow and peritubular
capillary flow compatible with the progressive decline in renal function”™?. To explain the
therapeutic resistance t0 yasodilator treatrhent in the late stage DKD patients, recent study on
vascular homeostasis has addressed to this special issue. Vascular homeostasis reveals a
defective angiogenesis associated with an impaired nifric oxide production, an ynability to
repair the vascular repair. The lack of nitric oxide production fails to induce the blood vessel
to respond to vasodilator, and thus fail to relax the blood vessel and unable to correct the
renal ischemia®. In addition, the late stage DKD patients also show an abnormally
clevated level of antiangiogenic factors such as angiopoietin 2, vascular endothelial growth
factor receptor-2, which induces a progressive renal microvascular disease and a progressive
reduction in renal perfusion determined by intrarenal hemodynaniic study'®. Therefore,
treatment implemented at late stage DKD under common practice fails to restore renal
function, but simply slow the renal disease progression towards renal replacement therapy.

Is there a possibility to sustainably prevent the progression of vascular disease and
avoidance of kidney damage in clinical practice?

Accumulative evidence renders support that there has been a progressive increment in
the number of DKD patients entering end-stage renal disease dependent to renal replacement
therapy due to therapeutic failure in restoriﬁg renal function at the late stage DKD. To
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overcome this clinically unforfunate event, it is necessary to change the conceptual view of
therapeutic and proventive strategy to early treat the vascular disease and target on DKD
patients at the early stage, inasmuch as vascular disease has been recognized as eatly as DKD
stage 1 (hyperfiltration) (Table 1). In this regard, we bave recently demonstrated that altered
vascular indices namely nitric oxide, endothelin-1, angiotensin converting enzyme and
endostatin are present in this early DKD stage associated with a rather normal or
hyperfunction of creatinine clearance™. At this very early stage, elevation of both nitric
oxide and endothelin-1 jmplies the early stage of vascular disease associated with a vascular
compensation. In addition, vascular disease of both macro- and micro- subtypes bave been
illustrated in early stage of DKD during normoalbuminuria. In type 2 diabetes mellitus,
macrovascular disease indices namely an increased arterial stiffness and an increase in
estimated age of artery have been noted by cardio- ankle vascular index (CAVI) method®.
Under common clinical practice, most of the diabetic patients at this earty DKD stage have
been underrecognized and the vascular disease has been left unnoticed, and altowed the
disease to progress, as well as induce kidney damage further to an advanced stage that would
eventually be caught up by the conventionally available biomarkers.

With respect to the new conceptual view of preventive and therapeutic strategy, an
early vascular disease and DKD stages 1 and 2 can be recognized by sensitive markers such
as creatinine clearance, fractional excretion of magnesium (FE Mg). With respect to FE Mg,
it has been demonstrated that FE Mg correlates dircctly with the degree of tubulointerstitial
334 and inversely correlates with creatinine clearance?.

The preceding information renders support that an appropriate therapeutic strategy

fibrosis

should be implemented at an early stage of DKD. To support this alternative conceptual
view, tecent study on vascular homeostasis in both diabetic at early stage during
normoalbuminuria and non-diabetic kidney disease with mildly impaired renal function
reveals a rather normal angiogenic as well as antiangiogenic factors; indicating that such
normal vascular homeostasis would be able to be adequately functional with an adequate
nitric oxide production, and thus respond to vasodilator treatment 3536 15 fact, vasodilator
treatment of both diabetic and non-diabetic kidney disease at this early stage, could improve
renal perfusion as well as restore the renal function 233739 An ability to comect renal
ischemia and restore renal function would effectively prevent the progression of vascular
disease as well as the entering of end-stage renal disease. Recently, we have an interesting
observation to demonstrate a reversal of altered vascular homeostasis toward normal in carly
stage of chronic kidney disease under treatment, implying that a primary prevention of
vascular disease as well as the development of target organ damage is likely plausible in the

near futare “**,
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To further support this concept of early detection and prevention of vascular disease
and DKD, the Bhumirajanagarindra Kidney Institute under The Royal Patronage and the
Ministry of Public Health of Thailand have setup a policy to extend this pilot study which is

presently on - going in several provinces in the country.
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Table 1 demonstrates 5 stages of diabetic kidney disease (DKD)
CCr = creatinine clearance, FE Mg = fractional excretion of magnesium,

RPF = renal plasma flow

Renal function Biomarkers o
DKD Stage 1 CCr 90-120 ml/min/1.73m" CCr, FE Mg, RPF
(Hyperfiltration) (Normoalbuminuria)
DKD Stage 2 CCr 60-89 mi/min/1.73m” Renal pathological change
(Normalbuminuria)
DKD Stage 3 CCr 30-59 ml/min/1.73m" MICROALBUMINURIA
DKD Stage 4 CCr 15-29 ml/min/1.73m’ MACROALBUMINURIA. .
DKD Stage 5 CCr < 15 m/min/1.73m” Fnd-stage renal disease
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Renal Failure

Table 1 demonstrates 5 stages of diabetic kidney discase (DKD)

CCr = oreatinine clearance, FE Mg = fractional excretion of

magnesium,
RPF = renal plasma flow

Renal function Biomarkers
DKD Stage 1 - in/l. CCr, FE Mg, RPF
(Hyperfiltration) ormoalbuminuria
W ge 2 W Renal pathological change
ormalbuminuria

MCROALBUM]NURIA

MICROALDUINAN 2

MACROALBUM]NURIA

MACROALD U2

End-stage renal disease

URL: http:!/mc.manuscriptcentral.co:ﬂlrnf Email: PScottfinn@aol.com
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(g Amidsznavil 1) shegniu FE Mg Tuauhluiilifimsmeves

alm A FE Mg 0g/59%31¢ 1.6 + 0.6 Wesiud (lsiifiu 2.2 Wedidusl)

1A FE Mg gufiu 2.2 wWedidud uansiriinmzilelamevie
TsalaFosufniuuda FE Mg Bvgunniinlssnsimeveadols
ﬁqwmﬁum’ﬂfu A1 FE Mg Tupufiidulsalasniaudoundu
1 acute glomerulonephritis Taevily lifinsaneveaieln
321 2gilen FE Mg agluinawivsni eniuminlsaladniauidsundu
vnmeiijusssiuiunismeveadelafniu fiaenguilaziin
FE Mg gafinusna

Tuffagtiu fansuvsnnslsaladeseoendu 5 svey’
el Ao ‘

szedl 1 mmsidaadueiifuogsening 90-119 wa/unil/
1.73 37

385 2 onTINNsAdnATLeiiueLsenIng 60-89 ua./uil/
1.73 3/

52zl 3 Ssmsindanduefitiuagsewing 30-59 wa./unfl/
1.73 4

ssusdi 4 9nTINsAdnATLeiluegsening 15-29 ua./unil/
1.73 37

wagszesd 5 snTINsidnAsLeautiesndt 15 ua/undl/
1.73 12
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capillary flow; PTCF) whdenluvdedduiiaediduduisla
(tubulointerstitium)® (g nmszneui 2) luamsiifideavdeides
Tadsnd elaasflanmdsnd wilulsalaeds (chronic kidney
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lavnden lunsiiinusnadidelnasgnrasuasgrunudisng
ilerdowaln (tubulointerstitial fibrosis)
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fislUSueu peritubular capillary flow fiUsnf (400° wa./unfi/1.73 17
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(1) m3fnwlufthenguusniifianusuusedes (mesangial
proliferative nephrosis; MesP-NS) W77 Isﬂwaamﬁamgamﬂim
fidudlaannig peritubular capillary flow (PTCF) flanasiises
nseeveuiiole

(2) mafnwlugithengud 2 Aflaruguusaiunans (MespP-
NS-TIF) wu11 Usunau peritubular capillary flow flanasndu
Usgann 30-40 Wedldusvasanusnd wieniliAsnsnieves
fHolaty

(3) lunsfinwgftaenguil 3 Aiflenugunsangn (FSGS-NS)
WUl USunal peritubular capillary flow ﬁaﬂaamﬂqmﬁﬂﬁﬁm
msmeveadolaingaiuiy (9 AwUsznauil 6) msfinm
fandntivedn Tsanaamdenganialasaufuninzlnvinidon
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vougadyinlunasaidonifintu wadyfnluvasaidondivihay
ﬁmhﬂﬁ%wé’qmsamqwém%’waamLﬁamﬁm?jvu WAN1INAIaRT
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(1) tudnnuwadyiluvaenideniivgreenulunssuaiion
(circulating endothelial cell) Tnemuingthelsalndoss i e
Tsmmu Sunuwaduidluvaenifenlunssuadoniinduiy
Fuoghannune uanshilamslsevasnideniiniy

(2) YaUSunandeaviaaiasdls Wy Bendulasiy (renal
plasma flow) Ssidenvasidesaiutilaln (peritubular capillary flow)

s
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1. mansniauinadeandeideds Tneisanvmaladio

warnansuodla (renal hemodynamics)' TutlaqUuldis

21 (lalefu-131) fufiuans hippuran Wensiatn renal

. plasma flow IaausnAgnyinsamdu *Tc (walldau-99)

JuAuans diethylene triamine pentaacetic acid (DTPA)

WonyaTasnsnsesasla (slomerular filtration rate)

NaR9TENIN renal plasma flow-glomerular filtration

rate AnUSNU peritubular capillary flow Usunaiiden
finasivannelsanaenidonganela

2. wyngamislsavasnidonganial lnensasaneisann
vauileln (g nmusznaud 3)

3. fuiifumsdonvedlsanaonidonganeln fio fuish
nsesasla Jeazduiulaemsediu renal plasma flow™
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o A 0T WYHSE) WaTz0a . A . Uszand wavena

renal plasma flow Mianas (§ NmUsenauil 8)

4. syidguanedonvedisanasniionganiale fie Ayl
FE Mg eagdunusludnwauznniuiuusuia peritubular

11 g9k FE Mg AUsnAtiueinysunm

capillary flow
peritubular capillary flow U1agusnid Tuvess? FE Mg
ﬁLﬁNﬁmﬂiﬂﬁﬁﬂ%Uﬁ'jﬂﬂ'%mm peritubular capillary flow

ey Nmﬂsﬂwsaaﬂaq € amsenauil 9)

5. gl circulating endothelial cell fifintu uvhillsn

. yaeadeniintu ssonafulsavasadenuinainnie

~ Tsavaeadongania wid1 circulating endothelial cell
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Snnsesiildagizlufe Andiursuefitu Fedidusniliiv
1 un/100 FFveuden wsivazdu AuiluBaded
Adsurduofity figufiu 1 un/100 Fveuden Jueh
AnUsnA® nsBeiduriminenaniirsuiasunsuefiiu
ﬁ’mniaﬂé’ﬂaaisﬂlmﬁya%'aLﬁalmﬁam'awﬂ'wmmtﬁa
(s30%d 3) %aaamﬂé’aaﬁuQ’ﬂwﬁﬁé’mwﬂsmmwmim
#1177 60 wa/ui/1.73 12 (g AmUsznaud 10)
uenaniiuds ¢l microalbuminuria AnelFrUFUR
llddansetnglasmauainlsaumanu fldfine
wsgliausadanseanngladouvesfuaslussey
usn 9 18" microalbuminuria fe m’wﬁﬁﬂ%mmu@auﬂ
Huludaanay 30-300 fadnsu/nduvesaiofndu (ArUsnd

ounin-30 Nadnsu/nSuvesnsuafiiy)

asAnwIugUaelsaladniauainlsaumny wui
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Tullaanz (normoalbuminuria) (g Amsznaudl 11)
nsfnwidelugtasunmiurnlng® feglusserlud
Tgvnluliagny (normoalbuminuria) WuUAURAUTNRA
fivsianngladnavainlsaumiuiniuuda fo
(1) Sasrnnaindandueifiufidininusnd (creatinine
clearance Wosnin 119 wa/u1i/1.73 w9 (2) Ardwll
FE Mg gin1 2 wihwesdUsnd (3) amylavnden
§e3uddnaUsurandon peritubular capillary flow
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o 6 ' a ' S o w @ o al aa
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ns1FAnsalnsruiAnIwaRiduway microalbuminuria

Fanuliuansnannaudsninill Ameuflasuan
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Finaniinnzlsalndefefisufunnelndensyasusn
ué deRawarnsenanvinlianslsalntesiidlndey
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Foundation. K/DOQI Clinical Practice Guideline)'*
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Mechanism of renal disease progression
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Glomerular Filtration Rate (GFR)-RPF

I

l

|

l
i
I

|

I
25+
|

I

l

|
54

b

<
R —

e W E———————
300 420 540
240 360 480

PTCB mi/min/t 73m?

e pwwezneudl 9  FE Mg &niusludinunizaniiuiu peritubular
- capillary flow

300 400 500 600 700 800 900
Renal Plasma Flow (RPF) mi/min/1.73 m*
Fig. (1) Intrarenal hemodynamics demonstrates a direct correlation between renal plasma flow and GFR.
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‘Diagnostic Marker — CKD staging

Serum Cr. - Creatinine clearance
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normoalbuminuria

Demonstrates normal vascular
homeostasis

e NUSZNaUN 12

WHATUHUAIUDINIZE T IRATEIVADALE DR
TuanusnavsefiaslaalaiSoFaszezusn

Vascular homeostasis observed in
normoal buminurictype 2 diabetic
nephropathy :NS = not significant

uﬁm\‘mﬂzﬁ"’m@amamaamﬁam‘iuﬂuﬂinﬁ
vefunelsaumauitladensrazuan




Altered vascular homeostasis in late stage
of CKD
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Vascuiar repair in eary stage of CKD

Vascular repair Normal . Pvalue
(A} Angiogenic factors
VEGF pamit 230 + 220 3 NS

Angiopoietin-t  pgiml 52366 +32409 32084+ 14300 <00

fit-1 pa‘mi 55 +11 66+ 47

Antiangiogenic factors
Angiopoietin-2  pgimi 150 +1120 42071 =142

o NMUTNBUT 15 uanvn1azsrsnavesnasaifonlufae
Tsalai3o%a (non-diabetic) #lmdonlsinn

ach Through
lopment

I.»E%—i agnostic markers sensitive, recognize
eary CKD

. isms of renal renal micravascular
SEASE Frogresson disease and renzl ischemia

III. Therapeulic approach early CKD

respensive due to adequate
vasau lar hemeostasis

preveniion of ESRD
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Fig. (2) Demonstrates a correlation between FE Mg and CCr.
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Enhanced Renal Perfusion in Early

Poa-
treatmant
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Enhanced Renal Perfusion and
Function with Vasodilators in DN

Pre- Pralke Post- Normal
treatment treatm ent
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