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1. Preamble

1.1. Definition of the objective of the recommendation

Following discussions by the organisation committee
and approval from the working group, the main objectives of
this recommendation are to respond to the following points:
* to help decrease the number of diabetic patients that reach

end-stage renal failure;

* to help decrease the morbidity-mortality in diabetic patients
presenting with renal impairment;

* to be in line with the previous recommendations;

* to integrate the specific nature of patients with diabetes
and renal impairment with regard to each of the already
existing recommendations in various areas (chronic renal
failure, hypertension, lipids, cardiovascular (CV) risk,
etc.);

* to help in the care pathway of the patient and to describe
the role of each of the participants and the therapeutic
care schedule.

It should be noted that the recommendations from the
French National Authority for Health [HAS] for the man-
agement of type 2 diabetes (T2DM) excluded the care of
complications and thus the very specific nature of chronic

© 2011 Published by Elsevier Masson SAS. All rights reserved.

renal failure in diabetic patients. The last expert opinion on

the subject (diabetic uraemia) dates from 1999.

Of course there are many more patients with T2DM than
patients with TIDM concerned by this problem; nevertheless,
the therapeutic objectives and the management are the same.

Some points have been the subject of recent recommenda-
tions or expert opinions. These data will not be treated again
but will be discussed based on these recommendations.

The distinctive characteristics of elderly subjects will not
be addressed.

The working group (authors of this article) drew on the
guide for analysis of the literature and gradation of the recom-
mendations published by ANAES (January 2000), which was
used to evaluate the scientific level of evidence provided by
the literature according to different criteria.

The recommendations proposed here were classified as
Grade A, B or C according to the following conditions:

* Grade A recommendation is based on scientific proof
established by studies with a high level of evidence;

* Grade B recommendation is based on a scientific
presumption provided by studies with an intermediate
level of evidence;

* Grade C recommendation is based on studies with a
low level of evidence;
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* inthe absence of certainty, the proposed recommendations
correspond to a professional agreement (emanating from
exchanges between members of the working group).
All of these recommendations were developed with funds

belonging to both societies, without external funding.

All the members of the working group declared their
potential conflicts of interest.

2. Introduction, generalities

The theme “Management of diabetic patients with impair-
ment of renal function” largely evolved since the publication
10 years ago of the expert report from ALFEDIAM and the
Society of Nephrology in 1999 [1]. A large amount of scientific
data was produced, which changed previous beliefs:

* the means of best estimating the impairment of renal
function, which are still being debated;

* the means of slowing the deterioration of renal function;

* the proof that a diabetological intervention (with thera-
peutic target) is effective;

* new care flowcharts and new compounds for the treatment
of diabetes appeared;

» the best approach to cardiovascular risk and its particular
nature in case of renal impairment.

Several international authorities provided their contribution
(NICE 2002 [2], KDOQI [3], Royal College of Physicians
(2006) [4], ADA (2006) [5], Scottish recommendations (2008)
[6], etc.).

The present report intends to evaluate the most recent data.

Diabetes has become the main cause for beginning dialysis:
the incidence of ESRD (end-stage renal disease) due to diabetic
nephropathy doubled between 1991 and 2001 in the USA
[7]. In France, diabetic patients accounted for 22.8% of new
ESRD patients managed on dialysis in 2006, i.e. as many
as those beginning dialysis due to high blood pressure or
vascular nephropathy [8].

2.1. Epidemiology, definition of microalbuminuria and
diabetic nephropathy

2.1.1. Microalbuminuria

Microalbuminuria is defined as a urinary albumin excre-
tion (UAE) rate between 30-300 mg/24 h; higher rates are
categorised as macroalbuminuria.

The existence of microalbuminuria is an important factor
for screening diabetic patients that are at high risk of presenting
with progressive diabetic nephropathy (Grade B) [9,10]. It
increases the risk of developing diabetic nephropathy by
21-fold in type 1 diabetes and by 4.4-fold in type 2 diabetes
(Grade A) [11]. Patients with an increased GFR (glomerular
filtration rate) (“hyperfiltration”) are at high risk of presenting
with progressive diabetic nephropathy (Grade B) [12].

The presence of microalbuminuria is also a marker for
patients with high risk of cardiovascular complications
(Grade A) [13].

2.1.2. Full-blown diabetic nephropathy

The diagnosis of full-blown diabetic nephropathy may
be suspected clinically on the basis of long-diagnosed
diabetes (> 10-15 years) associated with macroalbuminuria
> 300 mg/24 h or eGFR < 60 ml/min/1.73 m? and the absence
of renal signs or extra-renal signs indicating another type of
involvement (eGFR = estimated glomerular filtration rate
using an appropriate formula; see below).

Non-diabetic nephropathy must be suspected in any diabetic
patient presenting with rapid deterioration of renal function
(> 10 ml/min/year), sudden onset of nephrotic syndrome
(especially if diabetes duration is less than 5 years) and in
the absence of diabetic retinopathy; an absence of micro- or
microalbuminuria is also suspicious. This glomerulopathy
can only be proven with biopsy [14]. Nephropathy other than
diabetic glomerulosclerosis may occur, and depending on the
series, the frequency varies from 8% to 71% (Grade B). There
is no indication for renal biopsy if there are no suspicious
factors for another cause of nephropathy. The indications and
non-indications for renal biopsy in diabetes were the subject
of a consensus conference, which issued guidelines in 1991
that are still valid today [14].

Diabetic nephropathy rarely develops before ten years of
hyperglycaemic progression in patients with type 1 diabetes;
upon diagnosis of type 2 diabetes however, 3% of patients
already present with kidney disease (Grade B). The incidence
of diabetic nephropathy is about 3% per year between 10 and
20 years of diabetes progression (Grade B). On the other hand,
the development of diabetic nephropathy is exceptional after
30 years of diabetes, which raises suspicion that many subjects
are protected from it. The prevalence of diabetic nephropathy
in type 2 diabetes is more variable.

There is an 18 to 25% incidence of starting dialysis 10 years
after the discovery of proteinuria in type 1 diabetic patients
(Grade B) [15]. The incidence of diabetic nephropathy in
patients starting haemodialysis is 19.7%; the prevalence of
diabetes in haemodialysis is 17.9% [16]. In addition, there is
an East-West gradient in the incidence of diabetic nephropathy
in France (9% in Brittany versus 30% in Alsace, according
to the 2008 REIN registry).

The rate of renal function deterioration in diabetic
nephropathy may vary from 2 to 20 ml/min/year (Grade B)
[17-20] and is closely interrelated with blood pressure and
proteinuria. There is a well-documented close correlation
between poor blood pressure control and worsening renal
function in type 1 and 2 diabetes (Grade C) [17,21,22]. By
blocking the renin-angiotensin system, and by controlling
blood pressure and other risk factors, deterioration of the
GFR can be slowed significantly to around 2 to 3 ml/min/
year (Grade A) [23-25] (see Chapter 6).
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2.2. Risk factors for developing nephropathy in patients
with type I or 2 diabetes

Some factors have been identified that call for increased
monitoring for the risk of developing nephropathy in diabetic
patients:

* 1. Microalbuminuria (see Chapter 3).

* 2.Sex: Nephropathy is more common in men than women
(Grade B) [26].

e 3. Family predisposition to developing diabetic
nephropathy. Diabetic nephropathy is more common in
families of type 2 diabetics Pima Indians and in certain
type 1 diabetic families in the Caucasian population,
without an identified cause.

* 4. Arterial hypertension: Poor blood pressure control is
a factor that contributes to deterioration of renal function
in all diabetic patients 1 [18,20,27-29].

e 5. Ethnic origin and social conditions: The incidence of
end-stage renal disease in diabetes is 2.6 times greater in
the black population than the white, after adjustment for the
greater prevalence of diabetes in the black population [30].

*  6.Age at onset of diabetes: Onset of type 1 diabetes before
the age of 20 years is a risk factor for the occurrence of
diabetic nephropathy (Grade B) [31].

* 7. Glycaemic control: Good glycaemic control is a
determining factor in the primary prevention of diabetic
nephropathy (Grade B) (Chapter 5.1) in type 1 and 2
diabetes; its benefit in secondary prevention is less marked.

* 8. Tobacco: Tobacco smoking is a factor that exacerbates
the progression of diabetic nephropathy (Grade B) [32,33].

* 9, Hypercholesterolaemia: Hypercholesterolaemia is
an independent factor of progression of renal failure, but
statin treatment in type 1 and 2 diabetic patients with
microalbuminuria and macroalbuminuria have provided
variable results. However no long-term randomised,
double-blind study has been done (Chapter 7.4.2).

2.3. Types of nephropathy associated with diabetic nephropathy

It is important to be aware of the possible existence of
other types of nephropathy than diabetic nephropathy in
nephropathic diabetic patients. The most common types are:
* 1. Nephropathies with associated vascular lesions.

e 2. Glomerulopathies [34].

* 3. Renal papillary necrosis [34].
* 4. Pyelonephritis [35,36].

* 5. Obstructive nephropathy [37].

2.4. Renal impairment and cardiovascular risk
(see Chapter 7)

Chronic renal failure and a rise in urinary albumin excretion
increase the cardiovascular risk and are seen most frequently
in elderly subjects with a high absolute cardiovascular risk.
Furthermore, diabetes constitutes an independent risk factor.
Overall, subjects that present with both diabetes and chronic

renal failure have, in virtually all cases, an increased absolute
cardiovascular risk and must receive dietary/lifestyle counsel-
ling and drugs for cardiovascular prevention that are suitable
to this category of patient according to the recommendations
of the French National Authority for Health.

In most cases of type 2 diabetes patients who present with
chronic renal impairment, the risk of dying from cardiovascular
causes is much higher than progressing to end-stage renal
disease [38] (Level 4).

These pathological conditions, which are often silent,
should therefore be identified early in order to adjust the
appropriate preventive measures. To a large degree, these
are the same as the preventive measures for progression to
renal disease itself.

3. Evaluation of renal impairment in diabetic patients

3.1. Objective

To review and analyse the new formulas recommended
for estimating the GFR (eGFR).

3.2. Summary of the previous French recommendations:

e Urinary albumin excretion (UAE) should be measured
yearly in type 1 diabetics after 5 years of diagnosis and in
type 2 diabetics once it is discovered. Microalbuminuria
is defined as a UAE between 30-300 mg/24 h (or 30-300
mg/g of urinary creatinine on first morning urine). It is
an independent marker of renal and cardiovascular risk
and total mortality (Grade B, justified by the existence
of several cohorts with concordant results) [4,39-41]).

e The glomerular filtration rate (GFR) must be measured
yearly in type 1 and 2 diabetics and according to the former
recommendations. Chronic renal failure is defined as a
glomerular filtration rate < 60 ml/min as estimated by the
Cockcroft-Gault formula [10]:

CG (ml/min) = (140-age [years]? >< ma§s [kg] x Constant
Serum creatinine [in pmol/L]
where Constant = 1.23 for men and 1.04 for women.

3.3. Why new recommendations are being issued for
diabetic patients

The recommendation concerning microalbuminuria is
recent (2007) [43].

The recommendation concerning renal failure is older,
and all the international recommendations issued since 2002
have mentioned the use of other measurement methods for
renal function than the Cockcroft-Gault formula (CG); the
method cited most often is the simplified MDRD formula
(4 parameters: sex, age, serum creatinine, ethnicity) [44].

The CG formula contains sources of error in cases
of obesity and in subjects over the age of 75 years. Indeed,
weight and age are significant parameters of the CG formula,
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and a valid calculation requires that these data remain within

a so-called “normal” range.

*  Weight: The majority of patients followed are type 2,
and these patients are overweight or obese: the GFR
estimation using the CG formula is then biased (weight
is the numerator of the CG formula, and this always leads
to overestimation of the GFR in overweight patients) [45].
Yet, overweight and obesity on their own are associated
with GFR modifications [46] and an increased risk of renal
failure [47,48]. It is therefore important to work with the
most precise estimations possible in these patients, with
formulas that are bound to be the least biased possible.

* Hyperglycaemia increases the glomerular filtration rate.
This physiological phenomenon (demonstrated in healthy
subjects) [49] is present in type 1 [50] and type 2 [51]
diabetics. A case in point: in the same type 1 diabetic
patient with nephropathy, the GFR can be estimated at 35
ml/min/1.73 m? with hyperglycaemia of 3.3 g/L versus 21
ml/min/1.73 m?* with euglycaemia of 0.93 g/L [52]. Chronic
hyperglycaemia is associated with a significant loss of
accuracy in the CG formula when the HbA | is > 8% [53].

3.4. Estimation of renal function in diabetic patients

Since 2002, the international recommendations have
integrated these data:

* NICE (2002) [2] concerns type 2 diabetes;

*  KDOQI (Levey, 2003) [3];

* Royal College of Physicians (2005) [4] concerns chronic
kidney diseases. The authors advocate the preferential use
of the MDRD formula, especially due to the absence of
weight in its formula. Depending on the under-estimation
of the high values, they propose that a numerical value not
be given if the GFR is estimated to be > 90 ml/min/1.73 m?,
and to not consider subjects with GFR between 60 and 89
ml/min/1.73 m? as having chronic kidney disease if there
is no other evidence (microalbuminuria, etc.);

* ADA (2006) [5] concerns diabetic patients and has
recommendations similar to KDOQI, with the 2 useable
formulas. The diagnosis of chronic kidney disease is based
on pathological levels of urinary albumin excretion or an
estimated GFR < 60 ml/min/1.73 m2
However, the simplified MDRD formula also presents

sources of bias: it is imprecise in subjects with normal renal

function. The MDRD equation was established from a popula-
tion of patients with renal failure and clearly underestimates

normal or high GFR values. In the 60 and 90 ml/min/1.73 m?

bracket, this underestimation is around 20mL/min/1.73 m?

for TIDM (DCCT- Diabetes Control and Complications

Trial) [54] and 10 ml/min/1.73 m? for T2DM [55,56]. The

eGFR results provided by the MDRD must not be taken

into account for values greater than 60 ml/min (although
this level is not included in the definition of chronic renal
failure). The Scottish recommendations (2008) [6] propose

asking analytical laboratories not to provide the result if it
is greater than 60ml/min/1.73 m’.

3.5. Several pragmatic aspects

The following describes the current situation in France:
biological analytical laboratories are obliged to provide the
serum creatinine result with an estimation of the GFR using
the de Cockcroft formula, as recommended in 2002, once the
patient’s weight is known (generally declared) (and theoreti-
cally body height as well if a result that is standardised to the
body surface is desired). Calculation of the MDRD equation
is more difficult, but slide rules, systems of calculation, tables
and Internet sites make it easier to obtain a result.

Doctors in private practice are currently very familiar with
the Cockceroft-Gault formula but have little knowledge of the
simplified MDRD formula. However biological laboratories
have begun to provide results from both formulas fairly often;
it is therefore important to be well familiar with the previously
mentioned biases:

* CG overestimates the GFR in overweight subjects (risk
of mistaking the extent of deteriorating renal function);

*  CG underestimates the GFR in very elderly subjects;

* MDRD is more accurate than CG for GFR < 60 ml/
mn/1.73 m?, but its performance remains insufficient for
normal GFR values, particularly above 90 ml/min/1.73 m?
(it is recommended that the results not be provided if the
value estimated by the MDRD formula is greater than
60 ml/min).

It would probably be difficult and perhaps counterpro-
ductive to propose completely changing the formulas used.
However the MDRD equation is preferred in most international
recommendations, since it is less biased by the weight problem,
which is one of the characteristics of T2DM patients. It is
therefore important that the reading of the results is understood:
MDRD always gives a more accurate estimation of the
GFR when it is pathological; MDRD is less valid however
for correctly quantifying normal values.

In addition, there is a broad range of heterogeneity of renal
impairment in diabetes. The natural history of increasing
microalbuminuria, followed by a decreasing glomerular
filtration rate, such as described in the 1980°s [57,58], does
not explain all the observed clinical situations:

e around 20% of type 2 diabetic patients with renal failure
have normal albumin excretion [59,60,61], which repre-
sents a large number of patients [62]. Type 1 diabetics can
also have this particular presentation [63].

This concept of renal failure with normal renal excre-
tion of albumin is the origin of the new definition of chronic
kidney disease associated with diabetes: pathological urinary
albumin excretion (microalbuminuria) or estimated GFR
< 60 ml/min/1.73 m? [64].

* Conversely, urinary albumin excretion reaches very high
“nephrotic” levels (> 2 500 mg/24 h) in a substantial
number of patients [65,66]. Significant proteinuria then



Expert consensus / Diabetes & Metabolism 37 (2011) S1-S25 S5

also occurs with increased tubular secretion of creatinine,

which lowers the value of serum creatinine as a marker

of the glomerular filtration rate [67,68].

There must be systematic monitoring for microal-
buminuria and estimation of the GFR, regardless of the
patient’s stage of renal impairment. To facilitate matters,
it is possible to consider the result of the urinary albumin
excretion measurement relative to that of the urinary creatinine,
which is simpler, since it limits the collection of urine upon
waking (normal urinary albumin/creatinine ratio < 30 mg/g
or 3 mg/mmol).

Recommendations

R 01 — The urinary albumin excretion must be meas-
ured at least yearly in type 1 and 2 diabetics (yearly if
normal results and more often with pathological values).
Microalbuminuria is defined as urinary albumin excre-
tion between 30-300 mg/24 h (or 30-300 mg/g of urinary
creatinine in first morning urine). It is an independent
marker of renal risk, cardiovascular risk and total mortality.

R 02 — The serum creatinine measurement must be
done at least once per year in diabetic patients in order
to estimate their glomerular filtration rate (¢GFR) in ml/
min/1.73 m? using an equation of prediction (Grade C).
The equations used in 2009 were:

a) the MDRD equation:

MDRD (mL/min/1.73 m?) = 186 x (serum creatinine
[mg/dl])"15* x (age [years])*?* x (0.742 if woman)

The result must be multiplied by 1.2 in black subjects.

b) the Cockcroft-Gault formula (Cockcroft, 1976):
CG (ml/min) = (140-age [years]) >< Weight [kg] x Constant

Serum creatinine [umol/L]

With Constant = 1.23 for men and 1.04 for women.

rq 1: the MDRD equation is more reliable in cases
of renal failure (estimated GFR < 60 ml/min/1.73 m?)
and when the weight is abnormal (BMI less than 18.5 or
greater than 25 kg/m?)

rq 2: the Cockcroft-Gault formula must be called into
question if the patient is overweight and/or the patient is
elderly

R 03 - The diagnosis of chronic kidney disease is
based on microalbuminuria in diabetic subjects or eGFR
< 60 ml/min/1.73 m? The pathological nature and the risk
of progression of GFR between 45 and 60 ml/min/1.73 m?
are uncertain, particularly in elderly persons or in the
absence of microalbuminuria.

3.6. Prospects for the decades ahead

Short-term progress is expected with regard to the assess-
ment of renal impairment:
e a) standardisation of the serum creatinine measure-
ments: Serum creatinine measured at 90 umol/L can
vary in value by around 10-15 umol/L due to differences

in the calibration of the creatinine assay techniques [69],
with subsequent significant consequences for the GFR
estimation. The use of standardised creatinine assays
(“IDMS-traceable”) is recommended [70,71], although
serum creatinine is not standardised in the large majority
of medical analytical laboratories. It is hoped nevertheless
that this will occur in the near future, thus improving the
predictive value of the formulas that are used.

e b) development of new formulas: There are two fnew
ormulas which deserve to be mentioned: The Mayo Clinic
Quadratic (MCQ) equation, and especially the new Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI)
formula (Levey, 2009) [73], which was just established
and validated — more accurate and less biased than the
MDRD equation — on a very large sample (8254 subjects,
30% of which were diabetics), thus implying that it will
be the next reference.

4. Renal presentation that requires consultation with a
nephrologist

4.1. Objectives

To define the timeline and indication for a nephrology
consultation request and to describe the preliminary work-up
for obtaining specialist advice.

4.2. Indications for nephrology management

The diabetic patient that presents with signs of nephropathy
must be sent to a nephrologist as soon as one of the following
conditions is met:

4.2.1. Proteinuria greater than 300 mg/24 h or creatinine
clearance less than 60 ml/min/1.73 m?

Verification of the absence of factors that are bound to raise
suspicion as to other causes of nephropathy, and optimisation
of protective measures for the kidneys.

4.2.2. Any renal failure with creatinine clearance < 60 ml/min

Metabolic disorders that require correction through sup-
plementation begin to appear with creatinine clearance less
than 45 ml/min (1, 25-(OH), D3 and EPO deficiencies).

4.2.3. Lack of decrease in microalbuminuria or proteinuria
output despite treatment with ARBs or ACE inhibitors at
maximum dose

It has been clearly demonstrated that in type 1 and 2
diabetes blockage of the renin-angiotensin system significantly
slows the progression of nephropathy through a drop in the
urinary protein output (Grade A) [24,25]. There is a cor-
relation between urinary protein output and the rate of renal
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function deterioration due to glomerular hyperfiltration and
tubular nephrotoxicity of the proteins (Grade B) (ADVANCE,
2009) [74].

4.2.4. Persistent hypertension (HTN) despite well-conducted
hypertensive treatment or the occurrence of unstable blood
pressure

Blood pressure control is a major factor in the prevention
of diabetic nephropathy (Chapter 6).

Resistance to hypertensive treatment must prompt an
investigation for the aetiology of this HTN.

Unstable blood pressure in a patient that was initially
controlled must systematically prompt a work-up for super-
imposed nephropathy, requiring rapid nephrological advice
in order to look for (expert opinion):

e renal artery stenosis;

* post-infectious glomerulonephritis, especially in the
presence of a chronic foot ulcer and haematuria;

* bladder emptying disorder.

4.2.5. Decrease of GFR > 10 ml/min/year

Decrease of the GFR of more than 10 ml/min/year is
suggestive of progressive renal disease, and consultation with
a nephrologist is mandatory to optimise the therapeutic plan
or to screen for superimposed nephropathy.

4.2.6. Injection of contrast product in a diabetic patient
with Stage 1V renal failure

4.3. Essential morphological and biological work-up for
the nephrologist at the first consultation [75]

When a diabetic patient meets one of the previous condi-
tions, he must be referred to the nephrologist with the following

work-up:
e akidney + bladder ultrasound with post-void residual
testing;

e alaboratory work-up with:

— plasma creatinine and estimated GFR; plasma urea;
serum sodium, potassium, calcium, phosphorous, uric
acid; bicarbonate; CRP; HbAlc;

- CBG;

— urine protein and microalbumin, urine creatinine;

— 24 hour urine for urea, Na*, K*;

— urine analysis with culture and sensitivity;

— electrophoresis of blood proteins;

— exploration of lipid anomaly of less than one year.

If the patient presents with eGFR < 45 ml/min, the above-

stated work-up must be supplemented by the following data:
e {iPTH, 25-OH vitamin D test;

e serum ferritin, saturation coefficient (if anaemia);

* anti-Hbs, HbsAg, Anti-Hbc

The issue of Doppler ultrasound for the renal arteries
ais regularly confronted: indeed, the prevalence of renal
artery stenosis is estimated to be between 0.5 and 3% in a
non-selected hypertensive population. It can reach 15% to
30% in a selected population [76], but there is little specific
data in the diabetic population. The STAR study [77] and
the American College of Cardiology (ACC)/American Heart
Association (AHA) 2005 guidelines [9] show that there is
no benefit in dilating severe stenosis of the renal artery for
blood pressure control and improvement of renal function.
It is therefore not relevant to systematically perform this
examination, especially as it is a poorly reproducible one.

4.4. Schedule of follow-up and tests [75]

At Stage 3, the monitoring schedule with the attending
physician or diabetologist is every 3 to 6 months. The eGFR
divided by 10 gives the time interval in months between
two medical visits (e.g., eGFR of 40 ml/min = frequency of
medical visits every 4 months).

The monitoring schedule with the nephrologist is deter-
mined according to the progression of the disease, intercurrent
complications and difficulties reaching the therapeutic targets:
e if the eGFR is < 45 ml/min and the renal function remains

stable, a yearly medical visit is recommended;

e if the eGFR is < 20 ml/min and the renal function is stable,
one medical visit every 6 months;
e ifthe eGFR is < 15 ml/min, one medical visit every 3 months.

Recommendations

R 04 — The diabetic patient that presents with signs of
nephropathy must be referred to a nephrologist if:

e the urine protein is greater than 300 mg/24 h or creati-
nine clearance is below 60 ml/min/1.73 m?;

e there is no decrease in urine microalbumin or protein
levels despite ARB or ACE inhibitor treatment at the
maximum dose;

* hypertension persists despite well-conducted antihy-
pertensive treatment or unstable blood pressure occurs;

e there is a drop in GFR > 10 ml/min per year.

R 05 — Any consultation request should be accompanied
by the above-described morphological and biological
work-up, which the nephrologist requires at the first visit.

R 06 — There is an optimal schedule of follow-ups
and testing according to the degree of renal impairment.

5. Management of diabetes with renal impairment

5.1. Primary or secondary prevention of diabetic
nephropathy: Effects of diabetic treatment

5.1.1. Effects of glycaemic control on the incidence of
micro- or macroalbuminuria
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Type 1 diabetes

DCCT study (Grade A): prevention of microvascular
complications: After 6.5 years of follow-up, the treatment
group showed a significant 39% reduction in the incidence
of microalbuminuria and 54% in the incidence of macroal-
buminuria [79].

Type 2 diabetes

Kumamoto study (Grade A): after 6 years of follow-up,
the risk of microalbuminuria was significantly decreased in
the intensive group (incidence of microalbuminuria at 6 years
was 7.7% vs. 28.0%, P = 0.03) [80].

UKPDS study (Grade A): at 9 years, there was a significant
decrease in the risk of occurrence of microalbuminuria (- 22%,
P =0.0006), proteinuria (- 33%, P = 0.003), as well as the risk
of doubling of the serum creatinine (- 60%, P =0.03) [5,6,81]

ADVANCE study (Grade A): After a 5-year follow-up, the
primary outcome of this study was significantly reduced in the
intensive treatment group (hazard ratio (HR): 0.90, P = 0.01)
due to a reduction in the risk of renal complications: incidence
of microalbuminuria (0.79; CI 95%: 0.66-0.93, P = 0.006)
[the reduction of the risk ratio (RR) of microalbuminuria was
therefore 21% [82].

VADT study (Grade A) [83]: An increase was observed
in the rate of urinary albumin excretion in the standard group
compared to the intensive control group at the limit of statistical
significance (P = 0.05). There was a non-significant trend
of reduced risk of progression of normal albuminuria to
the stages of microalbuminuria or macroalbuminuria in the
intensive group compared to the standard group (3.9% vs. 6.3%,
P =0.11). In this study, no difference was noted between the
two groups with regard to decline of renal function (estimated
glomerular filtration).

5.1.2. Effects of glycaemic control on the incidence of
macroalbuminuria and renal failure

Type 1 diabetes
In the DCCT study, there was a significant 54% reduction in
the incidence of macroalbuminuria in the intensive group [84].

Type 2 diabetes

Kumamoto study (Grade A): In the patients with micro-
albuminuria at inclusion, the incidence of macroalbuminuria
was significantly reduced (11.5% vs. 32.0%, P = 0.04) in the
intensive arm [80].

UKPDS study: In the group receiving intensive treatment,
there was a significant reduction at 9 years in the risk of
proteinuria occurrence (- 33%, P =0.003), as well as the risk
of doubling of the serum creatinine (- 60%, P = 0.03) [81].

ADVANCE study: After a 5-year follow-up, the intensive
treatment of glycaemia was associated with a significant
reduction in the development of macroalbuminuria (2.9%
vs. 4.1%; P < 0.001). There was a trend of decreased risk
of end-stage renal disease or death of renal origin (0.4% vs.
0.6%; P =0.09). There were no differences seen with regard
to doubling of the serum creatinine [82].

VADT study: An increase was seen in the rate of urinary
albumin excretion in the standard group compared to the
intensive control group at the limit of statistical significance
(P=0.05). There was a non-significant trend of reduced risk of
progression of normal urine levels of albumin to the stages of
microalbuminuria or microalbuminuria in the intensive group
compared to the standard group (3.9% vs. 6.3%, P=0.11). In
this study, no difference was noted between the two groups
with regard to decline of renal function (estimated GFR) [83].

5.1.3. Durability of the benefits of intensive glycaemic control

Type 1 diabetes

After the end of the DCCT study, all the patients then
received the same glycaemic management and were followed
for 8 additional years (EDIC). The difference in HbA _between
the two initial groups lessened and was no longer statistically
different: the benefits of the initial glycaemic control lasted
8 years after the end of the trial. Patients with normal urine
albumin at the end of the DCCT trial, 6.8% in the initially
intensive group versus 15.8% in the conventional group,
developed microalbuminuria during the EDIC follow-up;
this was a 59% (P < 0.001) reduction in the risk of microal-
buminuria occurrence compared to the initial conventional
group [86] (Grade A). The incidence of proteinuria was also
significantly decreased (1.4% vs. 9.4%). After adjusting for
the variables at inclusion, the initial intensive treatment of the
DCCT significantly reduced the risk of proteinuria by 84%
at the end of the EDIC (95% CI: 67% - 92%) compared to
an only 57% risk reduction at the end of the DCCT (95% CI:
- 1% — + 81%). Maintenance of the renal benefit of the initial
intensive glycaemic control was also observed in patients
with normal urine albumin at the end of the DCCT, with an
87% risk reduction of proteinuria at the end of the EDIC. In
the patients with microalbuminuria at the end of the DCCT,
there was also a 77% risk reduction of proteinuria at the end
of the EDIC.

At the end of the EDIC follow-up, the prevalence of an
alteration in renal function (defined by creatinine clearance
< 70 ml/min/1.73 m?) was reduced in the intensive group versus
the conventional group (< 1% vs. 4%, P < 0.001), while the
GFR (estimated by isotopic method) was similar between both
groups at the end of the DCCT. The prevalence of increased
plasma creatinine (> 20 mg/1) at the end of the EDIC follow-up
was also significantly reduced in patients initially treated in the
intensive group compared to the conventional group (5 vs. 19,
P =0.004). Ten subjects in the initial intensive group versus
17 in the conventional group (P = 0.17) doubled their serum
creatinine level between inclusion in the DCCT study and the
end of the EDIC follow-up. The number of diabetics requiring
dialysis and/or kidney transplantation was lower in the initial
intensive group, without reaching however the threshold for
statistical significance (4 vs. 7, P = 0.36).

In summary, the renal benefits of intensive glycaemic
control, which were observed after the DCCT intervention,
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persist for 8 years with a marked decrease in the risk of
occurrence and of progression of diabetic nephropathy.

Type 2 diabetes

The ten-year follow-up of patients from the UPKDS
trial after the end of the intervention (final mean follow-
up of 17 years, with a mean intervention time of 10 years)
demonstrates that early intensive control of hyperglycaemia
very significantly reduces the long-term risk of microvas-
cular complications (- 24%, P = 0.001); there was not more
elaborate data available on the specific risk of nephropathy.
This long-term benefit was observed, while at the end of the
intervention in 1997, all the patients in the trial had switched to
what is known as conventional management, and in the years
following, there were no longer any differences with regard
to HbA  or blood pressure between both groups [87]. The
concept of a “memory effect” of early intensive glycaemia
control with regard to microvascular status has thus been
suggested, since it has been demonstrated in the DCCT study
for type 1 diabetes.

Recommendations

R 07 - Tight glycaemic control (HbA, <7%) reduces
the incidence of micro- and macroalbuminuria, both in
type 1 and type 2 diabetics. (Grade A).

R 08 — Early intensive control of glycaemia has a durable
renal benefit with a persistent decreased risk of micro- and
macroalbuminuria in type 1 diabetic patients. (Grade A).

R 09 - Early intensive control of glycaemia is associated
with long-term reduce decline in renal function in type 2
diabetes. (Grade B).

5.2. Treatment of diabetes associated with nephropathy:
adjustment of diabetic treatment according to renal function

The HAS recommends the HbA 1c objectives for subjects
with type 2 diabetes. The ideal HbA, objectives however, in case
of chronic renal failure (CRF), are not specified in the absence
of large trials including patients presenting with known renal
failure; all indications show that they must not be modified and
are even probably more stringent since it has been shown that
the quality of the glycaemic control affects the progression of
renal impairment. Furthermore, this latter is an aggravating
factor for the progression of degenerative complications, which
makes attainment of the glycaemic control objectives even
more necessary [88,89]. The HbA, _objectives must therefore
be rigorously achieved based on the flowcharts recommended
by the different organisations (HAS 2007 [90]), (ADA 2007
[91]). The existence of altered renal function however is likely to
modify the metabolism of the different recommended products
and therefore alter the recommendations. For several months
now, there have been some new additions to the choice of
therapeutic products: DPP-4 inhibitors and GLP1 analogues.

In addition, chronic renal failure itself is a source of insulin
resistance and modification of the insulin clearance.

5.3. The question is raised as to whether the existence
of renal impairment is likely to modify the flowchart
or the use of the different classes of medication.

There are no large controlled clinical studies that have
been done in the populations of type 2 diabetic patients with
renal failure. The series are short and have focused rather on
pathophysiology.

5.3.1. Biguanides

Metformin is the first line therapy in all good practice
recommendations. However, congestive heart failure and kidney
failure are the main contraindications cited in the MA. The
fear is based exclusively on lactic acidosis, with its significant
severity (general mortality 30%), although the frequency is
extremely rare (incidence about 3 per 100,000 patient-years).

The plasma concentrations of biguanides increase in case of
renal failure at unchanged daily doses, but most studies do not
find increased levels of serum lactic acid [92]. The incidence
of lactic acidosis in diabetes without the use of metformin
is around 10 per 100,000 patient years [93,94]; it is thus the
same as with the use of metformin. A recent study (2008) [95]
reviewed all the epidemiological data of the “UK General
Practice Research Database”; the incidence of lactic acidosis
due to metformin was 3.3 per 100,000 patient-years, while the
incidence of lactic acidosis in patients taking sulfonamides
was 4.8 per 100,000 patient-years. Considering the small
number of cases, no formal analysis was proposed, but this
work clearly shows that it is important to remain cautious
with regard to the biguanide/lactic acidosis relationship. The
number of cases of lactic acidosis has not increased since the
introduction of this drug in the United States, despite its use
in patients presenting with renal failure [92,96].

The risk incurred by a patient with chronic renal failure
taking metformin can be considered minor, especially if the
dosage is reduced according to his glomerular filtration rate. A
recent literature review [97] recommends the use of metformin at
the usual doses in patients with eGFR > 60 ml/min/1.73 m?, and
at half the dosage for eGFR between 60 and 30 ml/min/1.73 m?.
Below 30 ml/min/1.73 m?, it appears that abstaining from use
is recommended by most scientific societies. The MA has not
been modified however for the most recent data.

Recommendation

R 10 — Metformin remains the first-line drug for the
management of type 2 diabetes, even in cases with renal
impairment. Its dosage must be reduced (divided by 2)
when creatinine clearance is between 60 and 30 ml/min;
it must be withdrawn below 30 ml/min (Grade B).

5.3.2. Glitazones

Glitazones have been withdrawn from the French mar-
ket. The debate on the use of glitazones in diabetic patients
presenting with renal impairment focuses on two aspects in
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which no large series has provided answers up until now:
the potential nephroprotective effect of glitazones and the
iatrogenic potential of sodium-water retention.

Many studies have tried to demonstrate a nephroprotective
effect of glitazones. In patients with moderate renal failure
(40-45 ml/min/1.73 m?), blood pressure control is easier in
patients taking glitazones, and the renal survival is better. This
difference in renal survival no longer reaches the significance
threshold however when corrected for blood pressure control [98].

Another series [99] studied the effects of one year of
treatment with rosiglitazone on the progression of urinary
albumin excretion. There was a significant decrease in urinary
albumin excretion, and this data was confirmed [100,101].
Nevertheless, a sub-study of the PROACTIVE therapeutic
trial suggested an increased risk of GFR alteration in subjects
taking pioglitazone compared to placebo, whereas the HbAlc
values, blood pressure and lipid levels were more favourable
with active treatment [102].

However, a slight difference must be pointed out: glitazones
in fact promote sodium-water retention [103].

It therefore seems logical to recommend caution when
glitazones are used in the treatment of diabetic patients with
chronic renal failure who present with frequent sodium-water
retention. No large series have been done on this subject.
A second slight difference has been shown: the presently
demonstrated risk of fractures [104]; yet, chronic renal failure
is in itself a factor of bone fragility.

These two slight differences argue rather against the use
of glitazones in case of renal failure associated with T2DM.

Recommendation

R 11 - CRF is not in itself a formal contraindication
for the use of glitazones when the eGFR is > 30 ml/min.
The risk of sodium-water retention however related to
glitazone use and the increased risk of fractures must be
largely taken into account (Grade B).

5.3.3. Alpha-glucosidase inhibitors

Acarbose is metabolised entirely by the intestinal tract. Less
than 2% of active metabolite is found in urine, although these
metabolites may be involved in hepatotoxic manifestations.
Miglitol, which is absorbed in the intestines, is eliminated via
the urine. This therefore suggests that arcabose is preferable
in instances of CRF, although no large series has succeeded in
establishing this position. The KDOQI 2007 recommendations
[105] propose that these products not be used for creatinine
levels greater than 2 mg/dl (180 umol/l). These drugs are
used very little in diabetic patients with chronic renal failure
and there is no large cohort that has been treated with them.
Furthermore, these products are recognised as being prone to
inducing gastrointestinal disorders, although this problem is
already highly prevalent in patients with chronic renal failure.

5.3.4. Sulfonamides

All the sulfonamides are to varying degrees metabolised
by the liver into diverse substances, active and inactive, which
are generally excreted by the kidneys. Under these conditions,
sulfonamides and their metabolic derivatives, in cases of renal
failure, are likely to participate in iatrogenic hypoglycaemia
due to their accumulation.

Tolbutamide, glipizide and gliclazide probably result in
less hypoglycaemia, insofar as their metabolites are inactive
or very weakly active.

The pharmacokinetic data suggest that the hypoglycaemic
risk in T2DM patients with CRF is considerably decreased with
the use of glipizide compared to glibenclamide or glimepiride
[106]. Nevertheless, the risk of hypoglycaemia must be kept
in mind with T2DM patients that present with decreased
creatinine, and this proportional to the degree of eGFR loss.

Recommendation

R 12 - The use of sulfonamides is possible with CRF,
but the predominant renal elimination of some sulfonamides
must shift the emphasis to products with short half-lives and
inactive metabolites, in addition to a dosage adjustment,
in order to limit the hypoglycaemic risk in case of CRF
(Grade B).

5.3.5. Meglitinides

Meglitinides are insulin-secretors with short half-lives.
The iatrogenic risk in cases of renal function impairment
is hypoglycaemia, though considerably lower than for the
sulfonamides due to the brief half-life. Only repaglinide is used
in France. A single, multicentre open-label trial compared 151
patients with normal renal function and 130 with alteration of
renal function [107] without increase in hypoglycaemia. Only
8% of the administered dose was eliminated via the urine.
This demonstrates why there is no dosage adjustment in cases
of renal failure and shows that the prescription remains safe
in cases of renal impairment.

Recommendation
R 13 - Meglitinides have a low hypoglycaemic risk
and can be used in case of CRF (Grade C).

5.3.6. GLPI analogues

No long series on GLP1 use in diabetic patients with
renal failure has been reported until now, and therefore no
guidelines can be provided. However, the laboratories that
produce exenatide and liraglutide report increased frequency
and severity of side effects in patients with an eGFR less than
30 ml/minute/1.73 m?. Exenatide is in fact eliminated via the
renal route, and liraglutide presents two minor metabolites
that are eliminated in the urine.
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There is not enough data available on these new drugs,
therefore holding the prescription in case of severe renal
impairment (eGFR < 30ml/min/1.73 m?) is called for (Grade C).

5.3.7. DPP-4 inhibitors

The DPP-4 inhibitors are much too recent for the avail-
ability of large series of patients with renal failure. The data
are mainly pharmacokinetic and show that there is not real
change in the pharmacokinetics for eGFR > 50 ml/min/1.73 m?.
For eGFR between 50 and 30 ml/min/1.73 m?, a half-dose
reduction (50 mg of sitagliptine) is suggested [108] due to the
elimination per renal route. Cohort studies would be useful
however to confirm this data. In the meantime, it is advisable
to avoid their use for eGFR < 50 ml/min/1.73 m?.

5.3.8. Insulin

The use of insulin forms part of the recommended
flowchart in type 2 diabetic patients. Insulin therapy is not
contraindicated in the event of renal function impairment.
There is a modification in insulin clearance, since 30 to 80%
of the circulating insulin is eliminated through the kidneys.
However, the consequences of this modified insulin clearance
are counterbalanced by the occurrence of insulin resistance.
The rapid analogues have better preservation of their phar-
macokinetic properties than that of regular insulin in cases of
chronic renal failure [109]. There is an increase in the duration
of action with a risk of hypoglycaemia between meals. Finally,
the 2003 ADA-AHA recommendations emphasise the risk
of sodium-water retention with use of the insulin-glitazone
combination in these patients.

Recommendation

R 14 — To summarise, the use of insulin in T2DM
patients with renal impairment does not pose any dif-
ficulty. The rules of use are not modified with regard to
the traditional recommendations (Grade A). The doses are
sometimes reduced, and the kinetics, which are prolonged
due to the CRF, need to be taken into account.

5.3.9. Summary

The existence of impairment of renal function does not
modify the management flowchart of T2DM patients; nor does
it modify the therapeutic objectives or decisional thresholds for
intensifying the therapy, i.e., for switching from monotherapy
to bitherapy, then tritherapy and insulin therapy.

The slight therapeutic differences engendered by renal
impairment depend on the degree of GFR alteration and the
products in question. Generally, the following should be
emphasised:

* reasonable caution with regard to the biguanides according
to the GFR;

e adjustment in the risk of hypoglycaemia according to the
sulfonamide used;

e caution with regard to new products such as GLP1 or
the DPP-4 inhibitors, in which only the “manufacturers”
recommendations are available, even though some prelimi-
nary data indicate a half-dose prescription for a majority
of DPP-4 inhibitors. This raises questions concerning the
combination of DPP-4 inhibitors and biguanides;

e o reluctance with regard to the use of insulin, except
for reinforced vigilance and comprehensive therapeutic
education in the use and adjustment of doses due to the
increased half-life relative to CRF.

6. Multifactorial management of nephroprotection

6.1. Overall objectives

e To reduce the rate of progression and thus the incidence
of end-stage renal disease (ESRD).

* Toreduce the associated morbidity-mortality, particularly
cardiovascular (CV).

e Intermediary objectives:

e to reduce proteinuria (without minimal threshold, to O
if possible);

* to prevent microalbuminuria and progression to
macroalbuminuria.

Proteinuria is the main factor for progression of diabetic
nephropathy [110]. Reduction of proteinuria is associated with
a proportionate reduction in the renal risk of progression and
the CV risk (CV mortality, congestive heart failure) [111].

6.2. Blood pressure objectives

All of the international scientific societies currently recom-
mend blood pressure targets < 140/90 mmHg in hypertensive
individuals at low risk, and a lower blood pressure target,
< 130/80 mmHg, in diabetic patients, patients with nephropathy
[JNC7 2003 [112], WHO 2003 [113], KDOQI 2004 [114],
BHS 2004 [115], HAS 2004 [116] et 2005 [117], ESH 2007
[118], ADA 2008 [119], or even in all patients with high
risk (coronary history or equivalent) or with a calculated
Framingham risk > 10% at 10 years [120].

These recommendations are essentially based on post
hoc analyses and the conclusions of the BPLTTC 2003
meta-analysis [121]. However, the positive results of this
meta-analysis were largely influenced by those of the UKPDS
38, which compared a “traditional” blood pressure target of
180/85 mmHg to a “lower” target of 150/85 mmHg [122].

The Cochrane Database of Systematic Review [123] used
this meta-analysis by excluding UKPDS 38 and including the
following prospective trials of blood pressure targets: MDRD
[124], HOT [125], ABCD [126], AASK [127], and REIN-2
[128]. In these trials, an additional mean blood pressure
decrease of 4/3 mmHg did not modify the incidence of any of
the following criteria: total mortality, myocardial infarction,
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CVA, heart failure, major CV events, end-stage renal disease.
Also this study did not show worsening of the risk for lower
blood pressure targets.

With regard specifically to the diabetic populations and
patients with renal failure, the analysis did not show any
benefits for blood pressure targets < 135/85 mmHg, but in
both situations, the arguments for the lack of benefits are
less robust.

In the IDNT study on 1590 patients with diabetic
nephropathy, the recommended blood pressure target while
on hypertensive treatment was less than or equal to 135/85
mmHg. The post hoc analyses of IDNT showed a linear
relationship between systolic BP and rate of progression to
nephropathy [129,130]. This relationship continued until a
systolic BP of 120 mmHg. Below this threshold, the overall risk
of mortality increased and the renal benefits became marginal.

Recommendations

R 15 — Adequate blood pressure control slows the
progression of diabetic nephropathy (Grade A).

R 16 — The target BP is < 130/80 mmHg when the BP
is read at medical visits (Grade C).

Treatment with 2 or more hypertensive drugs is usually
necessary to achieve this target blood pressure. The systolic
BP should not be decreased below 120 mmHg, particularly
in patients with high coronary and vascular risk (Grade C).

Multiple BP readings enable better assessment of the
real BP of patients, thus the benefit of home blood pres-
sure monitoring. It facilitates treatment compliance and the
achievement of predefined therapeutic targets. Ideally these
devices would be reimbursed as part of the framework of care
for severe chronic nephropathies, i.e., complicated CRF or
associated with diabetes.

Recommendation

R 17 — Home blood pressure monitoring should be
encouraged for assessing the blood pressure before treatment,
for obtaining therapeutic targets while taking treatment and
preventing hypotension (peer consensus). The blood pressure
targets taken at home are < 125/80 mmHg (Grade C).

6.3. Which drugs to prescribe

According to the French (HAS 2004 CRF and HAS 2005
HTN) [119,117] and international recommendations, renin-
angiotensin system (RAS) blockers are indicated as first-line
treatment in diabetic subjects and/or those with nephropathy.

According to these recommendations, angiotensin II
receptor blockers (ARBs) are proposed more specifically
for nephropathy in patients with T2DM (DN2) on the basis
of available trials (Grade A). This recommendation needs to
be put into perspective however based on the fact that ARBs
and ACE inhibitors achieve similar reduction of proteinuria
[131], and the common practice of using ACE inhibitors for

cardiovascular prevention in diabetic patients that have both
renal and cardiovascular impairment.

According to the KDOQI 2006, the renal benefit is a class
effect and is common to both ACE inhibitors and ARBs, which
are interchangeable. The KDOQI 2006, like the NICE 2008,
recognise however possible differences between drugs and
stress the benefits of long-acting RAS blockers that can be
taken (and be eefective) in a single daily dose. The medico-
economic recommendation of HAS 2008 [132] urging the use
of ACE inhibitors in place of ARBs was based on the results
of the ONTARGET study, which showed the equivalence
of these two classes on the prevention of cardiovascular
morbidity-mortality, and on the generally lower cost of ACE
inhibitors, most of which are generic. These recommendations
apply to non-complicated essential hypertension, excluding the
preferential indications (diabetes, renal failure) acknowledged
in the HAS 2004 (CRF) and 2005 (HTN) recommendations.

Achievement of the blood pressure targets in most patients
requires a combination of 2 or more hypertensive medica-
tions from the thiazide diuretic or calcium channel blocker
categories [18].

Few studies however have compared the strategies of
adding hypertensive drugs in diabetic nephropathy.

Usually the addition of a thiazide diuretic potentiates
the antihypertensive and antiproteinuria effects of the RAS
blocker, and these products should be used when renal function
is altered due to the early sodium retention that accompanies
it [133].

Recommendations

R 18 — RAS blockers are preferentially indicated with
diabetic nephropathy due to their antihypertensive and
antiproteinuria effect (Grade A).

R 19 - Treatment based on 2 or more hypertensive
drugs is usually necessary to attain the blood pressure
target. Thiazide diuretics or long-acting calcium channel
blockers can be used as second-line treatment (Grade C).

6.4. When to start

In hypertensive patients with normal urinary albumin, the
use of ACE inhibitors reduces the incidence of microalbumi-
nuria (BENEDICT) [134], (ROADMAP) [135].

In hypertensive T2DM patients with microalbuminuria,
these drugs should also be used for the prevention of diabetic
nephropathy (IRMA-2) [136,137].

The benefits of ARBs were demonstrated in patients with
type 2 diabetes and proteinuria > 0.5 g/d (RENAAL, IDNT)
(Grade A). These patients should thus be treated for the
prevention of progression and reduction of the incidence of
ESRD.
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6.5. Stage up to which CRF can be treated with RAAS
blockers

The benefits of RAS blocker treatment persit until the
most advanced stages of renal failure, although if the absolute
magnitude of this benefit is lower considering the shorter
timeframe to ESRD [138,139].

RAS blockers are also recommended as the preferred
treatment for hypertension in patients beginning dialysis
due to their ability to maintain the longest residual diuresis
(KDOQI HTN) (Grade C).

Recommendation

R 20 — RAS blockers are indicated as the preferred
treatment in hypertensive diabetics (Grade B); in diabetics
with micro- and microalbuminuria, including those that are
normotensive (Grade B), provided that the systolic BP on
treatment does not drop below 120 mmHg (peer consensus);
and finally, in patients with diabetic nephropathy at all
functional stages of chronic kidney disease (Grade A).

6.6. Optimisation strategies

ARBs (and ACE inhibitors) as monotherapy reduce
proteinuria by an average of 35-40% and reduce in propor-
tion the risk of progression of DN2. Many patients have
persistent proteinuria and GFR decline despite RAS blocker
treatment at the maximum recommended dose (and as used
in the trials).

The dietary intake of sodium chloride is the main modifying
factor on the antiproteinuric effect of the RAS blockers.
Dietary intake of sodium chloride should thus be limited to
6-8 g/d [HAS 2004 [116], HAS 2005 [117], KDOQI 2006
[140,141], NICE 2008 [142,143].

In patients that are unable to limit sodium intake, the
effect of RAS blockers can be “rescued” through the use of
thiazide diuretics [133].

Recommendations

R 21 - A sodium chloride limited diet (6-8 g/d) is recom-
mended in diabetic patients to promote the antihypertensive
and antiproteinuric effect of RAAS blockers (Grade A).
The dietary intake of sodium should be regularly evaluated
(with the 24-hour urine sodium measurement). Dietry
counselling for limiting sodium intake should be clearly
explained to the patient, ideally with the assistance of a
dietician (peer consensus).

R 22 — RAS blockers should be titrated to the maximum
authorised dose or until the blood pressure and urine protein
targets are reached (Grade A). In nonresponding patients, an
increase of doses beyond those outlined in the SPC dosages
can be considered, provided that there is good tolerability
(blood pressure, renal function, serum potassium) and a
close monitoring (Grade C).

Recommendation

R 23 — ARBs and ACE inhibitors could be combined
in patients with significant residual urine protein (> 1/g)
or rapid progression of diabetic nephropathy, provided that
there is acceptable tolerability (blood pressure, renal func-
tion, serum potassium) and a close monitoring (Grade C).
This combination is not recommended however in any
other situations (peer consensus).

6.7. Precautions for use

The antiproteinuric effect of ACE inhibitors and ARBs
occurs relatively early after the treatment is introduced.
This effect peaks 1 to 3 months after the start of treatment.
This effect is dose-dependent with a different dose-response
relationship from the low blood pressure relationship.

An increase in plasma creatinine up to 25 to 30%, maximum
at 1 to 2 months after the introduction of treatment, can occur in
patients, especially those with a glomerular filtration rate below
60 ml/min/1.73 m?. The initial increase in plasma creatinine is
associated with a more significant reduction of urine protein
and, in the long-term, better preservation of renal function
[144]. Treatment with RAS blockers therefore should not be
decreased or discontinued, except if the increase in plasma
creatinine exceeds 30% of the baseline value [144]. These
products must also be decreased or temporarily discontinued
in the event of intercurrent events that promote dehydration
(fever, diarrhoea, heatwave).

Increased serum potassium (> 5.5 mmol/L) is a common
complication of renin-angiotensin system blockers, particularly
in diabetic patients, those with a glomerular filtration rate less
than 60 ml/min/1.73 m? and those with a high dietary intake
of potassium (fruits and vegetables). This rarely results in
the definitive discontinuation of RAS blockers but requires
closer monitoring and more frequent measurements of serum
potassium and eventually dose reduction of the ARB.

Recommendation

R 24 - RAS treatment in diabetic patients with
nephropathy may frequently lead to increased plasma
creatinine and potassium. Plasma creatinine, eGFR and
blood potassium should be measured 1 to 2 weeks after the
start of treatment or after any dose increase. An increase of
25% to 30% of creatinine from the baseline and up to 5.5
mmol/l of blood potassium on treatment is acceptable and
should not result in the withdrawal of treatment (Grade C).
An increase beyond these values requires specialised advice
(peer consensus).

6.8. Associated measurements

Several measurements may be associated with blood
pressure control and the use of RAS blockers.



Expert consensus / Diabetes & Metabolism 37 (2011) S1-S25 S13

6.8.1. Limitation of dietary protein intake

The benefit of limited dietary protein intake in the
progression of diabetic nephropathy has not been formally
demonstrated [145,146]. The 2004 HAS recommendations
[116] specify an intake of 0.8-1.0 g/kg/d (Grade B). The
KDOQI 2006 [140,141] and the CARI [147-151] guidelines
endorse an intake of 0.75 g/kg/d. Protein restriction is theoreti-
cally contraindicated in nephrotic patients due to the risk of
malnutrition.

The dietary protein intake should be regularly evaluated in
patients with CRF using the urine urea measurement according
to the Maroni formula [152]: protein intake (g/d) = urine urea
(mmol/d)/5.5.

Recommendation

R 25 — The dietary protein intake must be moderately
limited (0.8 to 1.0 g/kg/d) in diabetic patients with diabetic
nephropathy and an eGFR < 60 ml/min/1.73 m?, and in the
absence of nephrotic syndrome (Grade B). Protein intake
should be regularly evaluated using the 24 hour urine urea
measurement (peer consensus).

6.8.2. Weight loss

In obese patients, weight loss may constitute an important
accessory to hypertensive treatment for restoring sensitiv-
ity to insulin and improving lipid profile. These metabolic
improvements are likely to slow down the progression of
chronic kidney disease.

Recommendation

R 26 — Obese patients with diabetic nephropathy should
ideally lose weight (10%) while ensuring adequate nutri-
tional intake (Grade B). The potential cardiovascular and
metabolic benefits associated with weight reduction must
also be taken into account (Grade A) (CARI Guidelines).

6.8.3. Quitting tobacco use

There are no prospective randomised studies on this subject.
The concordant data of retrospective studies and small cohort
studies have suggested the following conclusions (CARI
Guidelines):

* tobacco addiction accelerates the development and progres-
sion of diabetic nephropathy;

e quitting tobacco slows the progression of diabetic nephropathy;

* ongoing tobacco addiction confers a greater risk than
passive tobacco use.

Recommendation

R 27 - All diabetic patients (T1DM and T2DM) must
be strongly encouraged to not smoke or to quit smoking
in order to reduce renal risk, as well the cardiovascular
risk (Grade C).

6.9. Specificity of nephropathy in type 1 diabetes (DN1)

In hypertensive patients with type 1 diabetes, hypertension
should be treated preferentially by an ACE inhibitor.

At the stage of normoalbuminuria and in the absence of
hypertension, there is no systematic indication for treatment
with ACE inhibitors or other RAS blokers.

At the stage of microalbuminuria, in accordance with
the existing recommendations (KDOQI 2005, NICE 2008),
treatment with ACE inhibitors should be started, even if blood
pressure is normal [153].

Following the Lewis collaborative trial [154], ACE inhibi-
tors have been recommended for the treatment of diabetic
nephropathy associated with type 1 diabetes, as these drugs
have a demonstrated benefit in the reduction of the combined
criteria: doubling of the plasma creatinine + incidence of
ESRD + death.

Recommendation

R 28 - Treatment with ACE inhibitors should be started
in TIDM with hypertension (Grade B); and in diabetics
with microalbuminuria, regardless of the blood pressure
(Grade B); in diabetics with nephropathy (proteinuria >
300 mg/d and/or eGFR < 60 ml/min/1.73 m?) (Grade A).

7. Cardiovascular risk management in diabetic
patients with chronic renal impairment (high risk
already established)

7.1. Objectives

To define and raise awareness of the high cardiovascular
risk established by the combination of diabetes and renal
impairment.

To update the data on the management of each risk factor
by considering the effect of the presence of renal impairment
relative to the traditional recommendations.

7.2. Introduction

Subjects who present concurrently with diabetes and
chronic renal failure have on the whole an increased
absolute cardiovascular risk.

In the majority of cases, the risk of a type 2 diabetic patient
with chronic renal impairment dying of cardiovascular causes
is much higher than that of progression to end-stage renal
disease [1] (Level 4).

7.3. Cardiovascular risk evaluation

This evaluation does not differ from that of other patients
(see the ANAES Clinical Practice Recommendations “Methods
of overall cardiovascular risk evaluation” (ANAES 2004
www.has-sante.fr)).
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However, there are no risk equations that include renal
function or urine albumin in their prediction algorithm;
as a result, all of these equations greatly underestimate
the cardiovascular risk in patients with chronic renal
failure in general and in diabetic patients with chronic
kidney disease (CKD) in particular. Recent data from the
ADVANCE study highlight the excess cardiovascular risk
incurred by both deterioration of the GFR and the increase
in urine albumin levels [74].

Some epidemiological data enable an estimation to be
made concerning the order of magnitude of the relative risk
related to renal impairment, independent of the risk attained
by traditional risk factors:

* microalbuminuria: cardiovascular risk multiplied by

1.5t0 2;

* macroalbuminuria-proteinuria: risk multiplied by 2 to 3;
*  eGFR < 60 ml/min: risk multiplied by 1.5 to 1.8;
*  eGFR < 30 ml/min: risk multiplied by 3 to 5.

Recommendation

R 29 - Diabetic patients with renal impairment have
a very high cardiovascular risk; it must be stringently
managed with regard to the different known factors [155]
(Grade A).

7.4. Management of cardiovascular risk factors

7.4.1. Blood pressure reduction

The data from randomised, controlled trials testing the
specific cardiovascular effect of hypertensive drugs in
diabetic patients with renal disease are relatively limited.

A meta-analysis of the sub-groups of studies using a
full-dose of ACE inhibitors compared to studies using a dosage
less than or equal to half of the maximum dose showed a 22%
reduction in mortality from all causes [156,157] (Grade B).
The meta-analysis by Balamuthusamy (2008) [158] confirmed
the benefit of RAAS blockers on mortality and CV events in
diabetics with nephropathy.

The ONTARGET trial included 37% of diabetics at high
cardiovascular risk, although few had renal impairment
[159]. Telmisartan was equivalent to ramipril on the main
criterion (a combination of major cardiovascular events). The
combination of these two drugs did not provide additional
benefit for this criterion but was associated with more adverse
effects, particularly renal (Grade B). ONTARGET can thus
be considered as demonstrating equivalent results for
ACE inhibitors and ARBs with regard to mortality and
cardiovascular events, including for CKD diabetic patients.

In the ASCOT study, the arms including amlodipine and
perindopril were associated with fewer cardiovascular events in
patients with chronic kidney disease compared to the atenolol
and bendroflumethiazide arms [160] (Grade B).

In type 2 diabetics with high cardiovascular risk, the
ADVANCE study demonstrated the benefits, regardless of the

initial blood pressure, of the combination of perindopril and
a diuretic at low doses versus their placebo on an endpoint
combining micro- and macrovascular events [161]; death
from cardiovascular origin or any causes was less frequent
in the active arm (Grade B).

Finally, two combinations were compared in the
ACCOMPLISH trial: benazepril + amlodipine vs. benazepril
+ hydrochlorothiazide, in 11,506 patients, over 60% of whom
were diabetics [162] (Grade B). The study was stopped pre-
maturely, after 36 months, after demonstrating a benefit of
the amlodipine combination on a combined criterion (death
of cardiovascular origin, myocardial infarction, ischaemic
CVA, resuscitated cardiac arrest, hospitalisation for angina
pectoris, coronary artery revascularization).

Recommendation

R 30 - The recommendations with regard to blood
pressure in the management of cardiovascular risk in
diabetics with renal impairment are:

e blood pressure < 130 mm Hg systolically and < 80
diastolically (Grade B for cardiovascular risk);

e first-line use of either the ACE inhibitors or long-acting
ARBs, aiming for the full-dose administration of the
selected drug (Grade B);

e frequent need for combination with a second class drug:
dihydropyridine or thiazide (Grade B).

7.4.2. Treatment with lipid-lowering agents:

The indications for the use of hypolipidaemic agents for
cardiovascular prevention in diabetics with renal impair-
ment do not differ from the general recommendations.
There is a large amount of data available based on analyses of
sub-groups in the many cardiovascular trials testing statins (HPS
[164], TNT [165]). Statin treatments on the whole reduce the
incidence of major coronary events, coronary revascularisation
and ischaemic cerebral vascular accident at 5 years by about 20%
for each mmol/l reduction of LDL cholesterol. The benefits of
hypolipidaemic treatment in the particular population of subjects
that present with chronic renal failure was the focus of a trial
(SHARP) that compared the combination of simvastatin and
ezetimibe [163] and concluded that there was a 17% reduction
in major events of atheromatous origin.

The recommendations are to begin treatment with one
of the statins that has demonstrated its efficacy (atorvas-
tatin, simvastatin, and to a lesser extent, pravastatin) in
diabetic subjects in whom the coronary risk at ten years is
estimated to be greater than or equal to 20 %, or in whom
the risk of cardiovascular death at ten years is estimated to
be greater than 10%. And yet, diabetics over the age of 50
years that present with stage 2 or 3 chronic renal failure have a
coronary risk at ten years greater than 20%. In diabetic patients
with coronary artery disease that present with moderate renal
impairment (¢GFR < 60 ml/min/1.73m?), only the analysis
from a sub-group of the TNT (Treating to New Targets) study
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suggested a reduction of cardiovascular events (- 35% over
5 years) in the group taking 80 mg of atorvastatin vs. 10 mg
of atorvastatin [165] (Level 2). This single post hoc study is
not sufficient for systematically recommending high doses
of statins in this population (except in cases of documented
coronary disease).

The KDOQI 2006 recommendations go further and con-
sider all patients with chronic kidney disease (¢GFR < 60 ml/
min/1.73 m?), whether or not they are diabetic, as eligible for
secondary prevention and suggest treating them with statins,
with an LDL cholesterol target < 1.00 g/1.

A meta-analysis of 50 studies on over 30,000 subjects
treated with statins or placebo assessed the cardiovascular
benefits of this class of hypolipidaemic agents. This study
suggests that, in the population of subjects with renal impair-
ment before the dialysis stage, statins reduce mortality of any
origin or from cardiovascular cause, as well as the incidence of
non-fatal cardiovascular events [163] (Level 2) (meta-analysis
including small studies, which dilute the significance, although
the benefit persists).

Recommendation

R 31 - The recommendations for hypolipidaemic
treatment in the management of cardiovascular risk of
diabetics with renal impairment are:

e The implementation of treatment with hypolipidaemic
agents is based on the concept of very high cardio-
vascular risk due to the combination of diabetes and
chronic kidney disease.

e The introduction of a statin at an effective dose, regard-
less of the initial LDL-cholesterol, with the objective
of LDL cholesterol < 1.00 g/l. (Grade B).

e The highest level of evidence in type 2 diabetics is for
atorvastatin 10 mg and simvastatin 40 mg (Grade A).

Other classes of hypolipidaemic agents (non-recommended):

 fibrates: a secondary sub-group analysis of the international
VA-HIT trial assessed the benefits of gemfibrozil vs. placebo
as secondary prevention in 1046 men with an estimated
creatinine clearance less than 75 ml/min/1.73 m?* and low
HDL (less than 0.40 g/I): the incidence of myocardial
infarction, whether fatal or not, was decreased [164]. On the
other hand, gemfibrozil was associated with an increase in
serum creatinine, raising the possibility of an iatrogenic renal
risk. Consequently, fibrates are generally not recommended
as primary prevention for reducing the cardiovascular risk in
diabetic patients with chronic renal impairment. The limited
extent of their indications are pointed out in the HAS 2006
recommendations for drug management of type 2 diabetes,
and the FIELD and ACCORD Lipids trials results do not
modify this recommendation;

» ezetimide: the recent SHARP trial results, which compared the
combination of simvastatin and ezetimibe vs. placebo [163],
suggest it may be beneficial to use ezetimibe in combination

with simvastatin in chronic renal failure, a benefit seemingly
derived from the decrease in LDL-cholesterol levels.

7.4.3. Treatment with platelet aggregation inhibiting drugs:

The indications for use of platelet aggregation inhibiting
drugs as cardiovascular prevention in diabetic subjects
with renal impairment do not differ from the general
recommendations. The risk of minor haemorrhaging is
moderately increased in patients with chronic renal failure.

There is no data from large-scale randomised, controlled
trials, specifically on subjects with renal failure, whether
diabetic or not. In observational studies (Grade C), aspirin at
an aggregation inhibiting dose is associated with a reduction
in mortality in subjects with a history of myocardial infarction
and eGFR < 60 ml/min/1.73m?, although with an increased
risk of haemorrhage that incorporates only minor hemorrhagic
events. The clinical relevance of biological platelet resistance
to aggregation inhibition is poorly known in diabetics.

A post hoc analysis of the HOT trial was recently presented
(World Congress of Nephrology 2009: Abstract 766. Presented
May 25, 2009), which confirmed the benefits of aspirin 75 mg/d
in the prevention of mortality and CV events in patients
with chronic kidney disease. There was a significant benefit
in patients with an eGFR < 45 ml/min/1.73 m?, and more
modest result for eGFR between 45 and 60 ml/min/1.73 m?.
The hemorrhagic risk was greatly increased, although not
significantly.

It should be noted that all of these trials with aspirin predate
the widespread use of statins, and it is not clear whether the
benefits are also significant in patients treated with statins.

Recommendation

R 32 - The recommendations in subjects with renal
failure are to introduce platelet aggregation inhibiting
drugs at small doses (75 mg/d of aspirin) as soon as the
cardiovascular risk becomes very high. The objectives
then become secondary prevention. This intervention is
therefore relevant for the majority of diabetic patients with
renal failure, as mentioned above, with the exception of
increased hemorrhagic risk (Grade B).

7.5. Lifestyle adjustment: diet, sodium intake, weight
control, tobacco use, etc.

* Dietary adjustment. The nutritional rules in type 1 and 2
diabetic patients are presented in other recommendations.
Protein intake was discussed in the preceding chapter.

* Sodium intake. Studies assessing the efficacy of sodium
intake reduction with the goal of reducing cardiovas-
cular risk in patients with renal failure resulted in the
KDOQI clinical practice recommendations [167]. In the
DASH-SODIUM study (Dietary Approaches to Stop
Hypertension), the active intervention arm diet was associ-
ated with a reduction in blood pressure at all initial levels
of sodium intake compared to a typical western diet [ 168]
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(Grade A). Sodium intake is easy to assess in all patients
with the 24-hour urine sodium output measurement.

Recommendation

R 33 - For all diabetic patients with renal failure and
hypertension, and by extension, for all diabetic patients
with chronic kidney disease, a reduction in sodium intake,
so as to have a maximum of 2.4 g/d, or 100 mmol/l, or 6 g
of dietary salt per day, is recommended in order to lower
blood pressure (Grade A) and cardiovascular risk.

*  Weight control. There are no specific trials in the
population of diabetics with chronic kidney disease. The
extrapolation of data acquired in the general population
and in the diabetic population, and the epidemiological
data have led to recommendations for weight reduction
of around 5% of body weight at one year in overweight
subjects (BMI > 27 kg/m?) (Grade C).

*  Quitting cigarette smoking. There are no specific trials
in patients with chronic kidney disease with regard to the
benefits of quitting cigarette smoking on the cardiovascular
prognosis. However, trials in the general population and
the epidemiological data demonstrate without ambiguity
the benefits of quitting smoking (Grade B).

* Physical activity. The benefits of regular physical activity
on the cardiovascular prognosis of patients with renal
failure, and especially in diabetics, have not been studied
in a quality trial. Nevertheless, the cardiovascular benefits
conferred by regular physical activity in the general popula-
tion and in diabetic subjects favour this recommendation
for diabetics with renal failure. Physical activity may
bring about a transient increase in urinary albumin output.
However, there is no factor that could lead to worsening of
nephropathy and no contraindication to physical activity
due to the nephropathy as such.

7.5.1. Glycaemic control

It appears that the cardiovascular benefits of intensification
of hypoglycaemic treatment are real but are probably delayed
by several years in both type 1 and 2 diabetes.

7.5.2. Management of anaemia

Monitoring of serum haemoglobin is recommended in
patients with an eGFR less than 60 ml/min/1.73 m2. Several
recent studies and meta-analyses resulted in the revision of
indications for erythropoiesis stimulating agents (EPO) by the
EMA (European Medicine Agency) in 2007. In a systematic
review of 15 studies that evaluated the treatment of anaemia
in patients with renal failure before the dialysis stage, no
effect on mortality was demonstrated in the small group of
three studies that enabled this evaluation to be done [169,170]
(Grade B). In a systematic review of 9 studies examining
the association between the target level of haemoglobin and

mortality in anaemic patients with chronic renal failure, an
increased risk of mortality from all causes was demonstrated
in the group with the highest objective (from 12.0 to 16.0 g/
dl) compared to the low objective (9.0 to 12.0 g/dl); this effect
was dominated however by a single large study in dialysed
patients presenting with cardiopathy. An analysis limited to the
sub-group of pre-dialysis patients did not show a difference in
mortality between the two haemoglobin objectives. It should be
noted that blood pressure control was more difficult to achieve
in the group with the highest haemoglobin target (Grade B).
Confirming doubits raised by the CREATE and CHOIR studies,
the TREAT study (Trial to Reduce Cardiovascular Events with
Aranesp Therapy) [171] did not show benefits (combined
criteria of mortality and major renal or cardiovascular events)
of darbepoetin alpha versus placebo (haemoglobin objective
of 13 g/dl) in anaemic type 2 diabetics with estimated filtration
between 20 and 60 ml/minute/1.73 m?; it also raised concerns
with regard to the safety of this therapeutic intervention: the risk
of cerebrovascular accidents was almost doubled in the active
arm and the incidence of thromboembolism was increased.

Recommendation

R 34 — The EMA recommendation is to use EPO for
the treatment of anaemia only when it is associated with
symptoms, with a haemoglobin objective of 10.0 to 12.0 g/l
and emphasising the need to not exceed 12.0 g/I.

7.6. Monitoring and course of cardiovascular risk

7.6.1. Monitoring of risk factors

The recommendations for monitoring cardiovascular risk
in diabetic patients with chronic renal impairment do not
differ from those of other diabetics.

7.6.2. Assessment of renal function and urinary albumin
excretion

Preliminary data suggest that:

The normalisation of urinary albumin excretion results in a
reduction of cardiovascular risk that is beyond the improvement
expected of other risk factors (such as the concurrent reduction
of blood pressure).

The reduction of proteinuria is an intermediate marker of
reduction of cardiovascular risk.

7.6.3. Assessment of latent vascular injury

The general recommendations for primary prevention in

the follow-up of diabetic patients include:

e ayearly, systematic resting electrocardiogram;

* a cardiology work-up for screening of asymptomatic
myocardial ischaemia in subjects with increased cardio-
vascular risk;
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* a Doppler ultrasound of the lower limbs with measure-
ment of the systolic pressure index (SPI) for arteriopathy
screening of the lower limbs.

This screening should be undertaken in patients over the
age of 40 years or who have been diagnosed with diabetes
for 20 years, the assessment should be repeated every 5 years
or less in case of associated risk factors.

8. Preparation for renal replacement therapy in diabetes

8.1. Some important risk factors for survival in dialysis,
which can be identified before dialysis is required

Changes in the demographics and the presence of multiple
risk factors and co-morbidities in diabetics who start a pro-
gramme of dialysis result in a reduction of their life expectancy
compared to the general population of the same age [172].

Most of these risk factors can be identified in the pre-
dialysis period, allowing a potential window of intervention
through risk reduction measures, (see preceding chapters).

One prospective, observational study [173] and the studies
from the main registries of patients on dialysis [174-176] were
able to describe the influence of the co-morbidities and the
factors that traditionally affect survival on dialysis at 1 and
5 years [173,177]:

e 1. Vascular complications (39%) and infections (33%)
account for half of the observed cases of mortality in
the first year (56%). Limb amputations and infections of
dialysis vascular access, in dialysed subjects are mainly
observed in diabetic patients.

* 2. A decrease in the haemoglobin level of 1 g at the
start of dialysis (8.4 vs. 9.4 g/dl, P = 0.01) is a classic
factor of excess mortality, though of complex significance
[173,176,178,179]. Studies on the early correction of
haemoglobin levels (CHOIR, TREAT) [171] however have
not demonstrated the expected cardiovascular protection,
with potential excess risk of thromboembolism, especially
CVA recurrence in patients that responded poorly to EPO
and/or require high doses of erythropoiesis stimulating
agents (see preceding chapter).

* 3. Greater frequency of clinical expression of peripheral
vascular disease (PVD) (39% mortality in patients with
PVD versus 18.5% in those without PVD, P =0.04), often
decompensated by episodes of hypotension during and
post-dialysis [172,180,181].

In most studies [178], an increased calcium-phosphorous
product [182], age and the presence of vascular co-morbidities,
including ischaemic cardiac disease [172] and peripheral vas-
cular disease, were associated with overall mortality at 5 years
[176,178,182]. This has been confirmed in type 2 diabeics
[173,183]. A lower or haemodiluted haemoglobin level, and
an eGFR that is lower at the first dialysis, predict higher early
mortality [171,178,184]; this has to do with indirect signs
of associated heart failure, which remain underestimated
[185-187]. The calculation of the “dry weight” of diabetics

[188], the more widespread use of monitoring of markers of
ischaemia (troponin T) [187,189], of ventricular remodelling
(LVH) [190], and of cardiac distension (BNP) [189] must be
the focus of studies of impact and cost/benefit ratio [183,186].

In the cohort study including subjects over the age of 65
years [185], both diabetics and non-diabetics, the course of
the patients was the following:

e 1. The diabetic subjects started haemodialysis (HD) with a
significantly higher creatinine clearance (MDRD) for serum
creatinine levels that were not statistically different. This
confirms the importance, in all patients, and especially
in an advanced stage, of estimating the creatinine
clearance with the MDRD formula.

e 2. There was no statistically significant difference in
systolic or diastolic blood pressure, but a higher number
of hypertensive drugs were required in the group of diabetic
patients for the control of blood pressure (P < 0.01).

* 3. A high prevalence of vascular disease upon initiation of
HD was found but was clearly higher in diabetic patients.
Additionally, many more vascular complications were
observed in the first and second year in the group of
diabetic patients (P < 0.01).

* 4. Survival was poor but without significant difference
between the two groups (20.0% at 3 years in non-diabetics
and 17.0% in diabetic patients).

In conclusion, patients over the age of 65 years with ESRD
have a low survival rate, which is not made worse by type
2 diabetes. There is an increased prevalence of vascular co-
morbidities in both groups, but the incidence of cardiovascular
complications is significantly higher in diabetics immediately
after management with dialysis, probably due to greater arterial
rigidity and poorer adaptation to the sudden haemodynamic
changes of the dialysis session.

All of these concepts reinforce the recommendations
in the preceding chapters with regard to management of
cardiovascular risk factors, which are sometimes slightly
neglected or done in “moderation” due to the chronic
renal failure or a “potential risk” of the products used.

8.2. Problem of vascular access

A large consensus maintains that the native arte-
riovenous fistula is the access of choice for haemodialysis
[174,186,191,192]. There is however a low rate of fistula use
in the first dialysis session.

The type of access used for the first session is a pragmatic
marker of fragility of the managed patients, of maintenance of
the patients on dialysis in a specialised centre and of mortality.
The lack of transfer to specialised care in a timely manner
also seems to limit the early optimisation of vascular access,
which could impact directly or indirectly on the medium-term
survival [177,191-194].
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8.3. Calcium-phosphorus metabolism and arterial
calcifications [173,187,195,196]

Calcium-phosphorus anomalies and medial calcific sclerosis
are present early in the course of deterioration of renal function
in diabetics [195,196]. Monitoring and supplementation appear
to be necessary beginning in stage 3 of chronic kidney disease
in 30-40% of diabetics. It is recommended that increased
parathyroid hormone levels be controlled and maintained
within normal values in the pre-dialysis phase and between
100-200 ng/ml during dialysis; the use of native vitamin D is also
recommended [195]. Active vitamin D is rarely necessary before
the dialysis stage and can cause episodes of hypercalcaemia
and acute renal failure in non-dialysed subjects. Besides its
musculoskeletal consequences, hyperparathyroidism, like
adynamic bone, promotes the transfer of the bone calcium
pool to the soft tissues and vessels, with a risk of worsening
the diabetic medial calcific sclerosis [195,196]. Arteriopathy
of the upper limbs of diabetics is a factor that limits the pri-
mary functionality of radiocephalic fistulas, and the need for
brachiocephalic access poses a greater risk of cardiac effects
[172,194]. Modifications of the serum calcium-phosphorous
product, such as hypocalcaemia and hyperphosphoraemia,
occur later and often mark the transition to the dialysis stage
[173,182]. Early monitoring and suitable interventions, dietary
measures and calcium-vitamin supplementation should enable
a large number of patients to reach the recommended goals
[195] and to improve their cardiovascular and bone status.

8.4. Diabetic treatments

Diabetes is difficult to manage at the end-stage of chronic
kidney disease (stage 5 CKD). Uraemia, inflammation and
dialysis can complicate glycaemic control, either in synergy
and/or opposition, by influencing the secretion of insulin, its
metabolism and the sensitivity of peripheral tissues [197]
(see preceding chapter).

When the patient is in dialysis, the glycaemic level may
fluctuate widely during the day due to the opposed effects
of renal failure and the dialysis sessions. Insulin therapy
remains the cornerstone of treatment, as most oral treatments
have not been evaluated or are contraindicated due to their
risk of accumulation (metformin above all). The subsequent
dosage adjustments must be individualised according to the
glycaemia self-monitoring profiles and by taking into account
the cardio- and neurovascular risks.

Pharmacological therapy of diabetic patients with ESRD
must be individualised: the treatment objectives are a haemo-
globin A level close to 7%, fasting blood glucose less than
1.4 g/1 and a postprandial blood glucose less than 2 g/1 (194).
The haemoglobin A, may be overestimated at the dialysis
stage, but it remains a reasonable means of evaluating the
glycaemic control in this population [194].

Diabetic patients with ESRD have a continuous need
for therapeutic education, with the focus on recognising and
treating hypoglycaemia (expert advice).

It is highly recommendated that the monitoring and manage-
ment of diabetic patients with ESRD be shared between trained
endocrinologists competent in the management of ESDR and
trained nephrologists competent in diabetology [194] (expert advice)

8.5. Peritoneal dialysis [193,198]

In France, 38% of patients who start dialysis treatment are
over the age of 75 years and 36% of those are diabetic. One out
of five (18%) begin peritoneal dialysis (PD) [176]. Diabetes
is not a determining factor for PD due to visual and motor
handicaps, excess abdominal fat, infectious risks, nutritional
factors (hypoalbuminaemia related to prior proteinuria),
glucose intake of PD bags and insulin management. The
survival results [176] however show that only 9.2% of patients
who were initially managed with PD had to be transferred
to haemodialysis. Of them, 35.8% died, but half (52.7%)
continued to maintain the technique at 2 years.

8.6. Kidney transplant

Type 1 diabetics can receive:
 islet cell transplantations within the framework of experi-
mental protocols in France, either isolated or after renal
transplantation;
e double kidney-pancreas transplantation;
* more rarely, isolated pancreas transplantations, with the
option of kidney transplantation afterwards;
e kidney transplantation alone;
e or much more rarely, pancreas after kidney transplantation.
Kidney-pancreas transplantation, preventive kidney
transplantation and living-donor transplantation are the best
means of rehabilitation and improvement of life expectancy
in these patients (199). Furthermore, these methods result in a
significant decrease in treatment costs after the first year [200,201].
Type 2 diabetics can also receive kidney allografts. Access
to the transplantation however is rather reduced [176,202]
and 2 years after the start of dialysis, type 2 diabetics are
transplanted less often than non-diabetics, particularly those
that started urgent dialysis in cases of ischaemic cardiopathy
and proximal arteriopathy. Nevertheless, the results of kidney
transplantation in type 2 diabetics are comparable to those of
the general population, even if there is increased morbidity,
and frequency and length of hospitalisation in the first year.

8.7. Conclusions

The preparation for renal replacement therapy in diabetic
patients prompts several recommendations (expert advice).

Recommendations

R 35 - Preparing the vascular access and proposing
dialysis earlier than is presently done.

R 36 - Identifying and stabilising the vascular factors
of morbidity-mortality in dialysis.
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Recommendations

R 37 - Managing anaemia and calcium-phosphorous
metabolism anomalies.

R 38 — Assessing and correcting sodium-water retention.

R 39 - Preventing infectious risks and updating vaccinations.

All of these recommendations are usually carried out by
the nephrologist.

9. Diabetic nephropathy and podologic risk

Objective: To respond to the question concerning increased
podologic risk in patients with advanced diabetic nephropathy.

There is a large amount of data supporting the fact that
both diabetes and renal failure are risk factors for amputation
[203-205]. This relationship between renal failure and diabetes
runs both ways: in diabetes, end-stage renal disease is a risk
factor of amputation [206], and in dialysis, diabetes is a risk
factor of amputation [207,208].

Recommendation

R 40 — The combination of diabetes and renal failure is a
major risk factor of diabetic foot syndrome and amputation.
As a result, particular attention must be given to the feet
of patients presenting with this combination of diabetes
and nephropathy, especially at the point of end-stage renal
disease and in the beginning of dialysis (Grade B/C).

Epidemiological data indicates that amputation in patients
with renal failure is a significant risk factor of death from
all causes [209-211]. Moreover, end-stage renal disease is a
factor for poor post-revascularisation prognosis.

The question of the revascularisation technique for “dia-
betic feet” in patients presenting with end-stage renal disease
is important. Some references in the literature side in favour
of revascularisation [212], while other studies indicate that the
poorer prognosis in patients with end-stage renal disease and the
risk of death associated with revascularisation procedures make
end-stage renal disease a contraindication for revascularisa-
tion [213]. The data in the literature only report on series that
are audits of results. There is no study that clearly compares
strategies of amputation or of revascularisation [214] through
arandomised, controlled approach. In the current literature, the
group notes the problem posed by the lack of data that could
assist in the decision process between revascularisation or
amputation in diabetic subjects that have end-stage renal disease.

Recommendation

R 41 - The group notes the difficulty of caring for
trophic problems of the lower limbs in diabetic patients with
nephropathy (especially in case of end-stage renal disease),
particularly in cases with prior history of amputation or
diabetic foot syndrome. The absence of data for therapeutic
strategies, notably with regard to revascularisation, justifies
specific research in this domain, for instance by specifically
consulting the REIN registry.

10. Diabetic nephropathy and care pathways

The relationship between diabetic nephropathy and the
management of patients with a care pathway has become an
important question. There are several articles on late care by
the nephrologist (already addressed in a HAS recommendation
on the diagnosis of chronic renal failure [215]), but early
care by the diabetologist must be planned for in view of the
data suggesting that more frequent visits to a diabetes care
centre is a factor in the improvement of metabolic control and
reduction of renal complications of type 1 diabetes [216,217]

The care pathway of a patient with diabetic nephropathy
has not been clearly identified. The recommendations of the
HAS working group on updating drug treatment of type 2
diabetes emphasises the need for regular renal follow-up, and
the recommendation that care of patients with nephropathy be
the subject of close collaboration between general practition-
ers, nephrologists and diabetologists (peer consensus) (the
time interval for medical visits was described in the specific
chapter on management).

The specificity of the drugs intended for the treatment
of both glycaemia and blood pressure (preceding chapters)
seems to justify the systematic consultation of specialists in
diabetology and nephrology at this stage of complications. The
collaboration of diabetologists and nephrologists, or even the
grouping together of nephrology and diabetology services, or
at least the presence of a diabetologist in collaboration with
the departement of nephrology seems to be preferable when
possible. Furthermore, the data in the literature concerning the
benefits of an educational programme on the management of
the diabetic foot [188] or glycaemic control [219] for patients
on dialysis prompts close collaboration, even at the point of
end-stage renal disease.

Recommendation

R 42 - The specificity of the management of diabetic
subjects with nephropathy justifies the systematic consulta-
tion of a specialist in diabetology in collaboration with
with the specialist of nephrology (the fine management
of diabetes and its specificities can improve patient care)
(peer consensus).
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