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Treatment Target Agent Study Type (Name) Results

JAK-1, -2 Baricitinib Phase 2 study Unpublished to date

CCL2 Spicgelmer NOX-36 Phase 1 and 2 studics Unpublished to date

CcCL2 Bindarit Phase 2 study Unpublished to date

CCR2 (CCL2 receptor) CCX140-B Randomized, placebo controlled study Reduction in albuminuria

PKC Ruboxistaurin Randomized, placebo controlled, double  Reduction in albuminuria and preservation of GFR
blind study

PKC Antisense oligonucleotides  N/A NIA

Nrf2 Resveratrol Phase 2 study Recruiting patients

AGEs GLY-230 Phase 2 study Reduction in albuminuria

AGEs anti-AGEs DNA aptamer N/A NIA

AGEs Pyridoxamine Phase 2 study Unpublished to date

RAGE Blocking antibodies NIA N,

TNF and other inflammatory  Pentoxifylline Randomized, placebo lled, double  Reduction in alt

mediators blind study

Serum amyloid A Antisense oligonucleotides N/A N/A

Uric acid Allopurinol i placebo lled, double  Reduction in inuria and preservation of GFR
blind study
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TAK-1:TGF-b-activated kinase 1 signaling pathway

AMWAP: activated microglia/macrophage whey acidic protein
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Figure 1. Indirect Loss of Sedium Bicarbonate Early

in the Course of Diabetic Ketoacidosis.
B-hydroxybutyric acid is produced in the liver. It dissoci-
ates in the extracellular fluid into the g-hydroxybutyrate
anion (B8-HB") and hydrogen ion (H"). The loss of bi-
carbonate (HCO;™) and sodium ions (Na™*) occurs in-
directly through two different routes. The loss of bicar-
bonate occurs after it reacts with H* producing carbon
dioxide (C€Os) and water (H.0); the CO; is lost
through the lungs. The loss of sodiurn occurs during
its excretion in the urine with g-hydroxybutyrate.
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Table 1. Causes of Hypomagnesamia

Gastrointestinal tract losses
Chronic diarrhea
Malabsorption syndromes
Laxative abuse
Pancreatitis
Specific magnesium malabsorption
Prolonged nasogastric suctioning
Renal excretion

Acute renal failure
Renal tubular acidosis
Postobstructive diuresis
Primary renal tubutar magnesium wasting
Drug induced

Acetazolamide

Alcohol

Aminogiycosides

Amphotericin B

Capreomycin

Carbenicilin

Chlorthalidone

Cisplatin

Digoxin

Ethacrynic acid

Furosemide

Mannitol

Methotrexate

Pentamidine

Theophylline

Thiazides

Viomycin

Nutritional deficiencies
Malnutrition
Magnesium-free parenteral feedings
Long-tarm alcohol abuse
Endocrine disorders
Hyperaldosteronism
Hyperparathyroidism
Hyperthyroidism
Diabetes mellitus
Ketoacidosis
Diabetic
Alcoholic
Hypoparathyroidism
Syndrome of inappropriate secretion
of antidiuretic hormane
Bartter syndrome
Redistribution
Insulin treatment for diabetic ketoacidosis
High-catecholamine states
Major trauma or stress
Hungry-bone syndrome
Multiple mechanisms
Chronic alcoholism
Alcohol withdrawal
Major burns
Liquid-protein diet
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Table 3, Common Mg salts used as oral supplements in the United States

Mg Salt Elemental Mg (mg) Comments
Chloride 64 Slow-Mag,” Purdue®: contains calcium
Citrate 100 Active Calcium,” Usana®: contains calcium, vitamins D; and K
Gluconate 27 ftablet Magonate,” Fleming”: contains calcium and phosphorus
54/5 ml
Onide 41 MagOx400,* Blaine®: no added products
362 Beelith,” Beach”: contains pyridoxine

{TRPMS6}
{Filtered} 510%
100%
B {CLDI6} J
£ 65-75%
{Excretion}
[_

Figure 1. Renal magnesium (Mg) handllng Mm- glomemlar
filtration, mmzed T is real ly in paral-
lel to sodi ion at the proximal tubules (PT); para-
cellularly via claudin 6 (CLD16; paracellln 1) at the thick as-
cending limb of the loop of Henle (TAH); and transcellularly via
transient receptor potential channel melastatin (TRPMS) at the
distal convoluted tubule (DCT). CT, collecting tubules.
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Figure 2. Regulation of Mg handling at the DCT. AVP, arginine
vasopressin; Ca** /Mg** SR, Ca®* /Mg* sensing receptor; G,,
inhibitory G protein; G,, stimulatory G protein; MPB, Mg®*-
binding protein; PKA, protein kinase A; PKC, protein kinase C;
PLC, phospholipase C; PTH, parathyroid hormone. Adapted
from reference (62), with permission.
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Table 2: Major studies demonstrating the link between hypomagnesemia, low dietary intake of Mg and risk of type.2 diabetes
Study title Reference Method Result
Oral magnesium supplementation for 4-16

[Effects of oral magnesium supplementation on _— 2 . .

Song et al. Diabetic Medicine. . weeks may be effective in reducing plasma
glycaemic control in Type 2 diabetes: a meta-analysis of 370, meta-analysis. N N "
randomized double-blind controlied trials, October 2005. 2mﬂm¢mmnmmmmm

Orﬂlmmammwdtnm
Oral magnesium supplementation improves insulin Rodriguez-Moran et al. 63, double-blind placebo restores serum magnesium levels, improving

sensitivity and metabolic confrol in type 2 diabetic
subjects: a randomized double-blind controlled trial,

insulin sensitivity and metabolic control in

Dabetes Care. Apr, 2003, controlied trial. type 2 diabetic patients with

serum magnesium levels.
Salt lake water with a high Mg content,
- . o Kumonualal Joumal of the MAG21, has shown
sm“.":imm“" °'2Dia n iewmmrmm. & male, 3 female. clinical benefit, as 3 Mg supplement in
Type 2 Diabetes August patients with mikd fype
2 diabetes,
Oral magnesum supplementation reduces insulin Mooren et al. Diabetes Obes 27, double-biind placebo- | U2, 1d Supplementation improves insulin
FO0RSRANGS if 1of-(RaOtic SULJECIS - & oUiG-band, Metab, March. 2011 controlied trial bl
placebo-controlled, randomized trial. . - : overweight, non-diabetic subjects
(Daity magnesium supplements improve glucose handiing Paolisso et al. Am J Clin Nutr. 37, double-bliind, crossover of a low m’ i of
in elderly subjects. June, 1992. study. i il
glucose handling in aged patients.
Twelve apparently heaithy Plasma glucose
[Effects of magnesium supplementation on plasma . (9 males and 3 females) in diabetics
glucose in @.t;gglel al. Afr. J. Biomed. Y signif ail
patients with diabetes meliitus . . and 6 NIDOM (3 males through the period of magnesium
and 3 females) administration.
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Management of hypomagnesemia in diabetic

patients

@ Increase intake of Mg rich food

Control of diabetic gastroparesis

Oral supplementation

Control gastrointestinal loss

Reducing renal Mg loss
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Recommendations for perioperative use of oral and non-insulin injectable antidiabetic drugs

Class (trade name) Frevious day Day of surgery

Morning surgery Afternoon surgery

Biguanides
Metformin (Glifage®)
Sulphonylureas Regular use Omit the dose regardless of the time
Gliclazide (Diamicron” )
Glibenclamide (Dacnil”)

Glimepiride (Amaryl”)
Glipizide (Glucotrol™)

Glinides Regular use Omit the morning dose Take the morning dose
Hateglinide (Starlix”) (pre-meal) if the patient
Repaglinide (Prandin’ ) had breakfast

Alpha-glucasidase inhibitors
Acarbose (Glucobay” )

Glitazones Regular use Regular use (attention to patients at risk for
Rosiglitazone (Avandia” ) cardiac congestion)
Pioglitazone (Actos”)

DFP-4 inhibitors Regular use Regular use” or omit the dose on the day of

Sitagliptin (Janwia”) surgery (potential delay of gastric emptying)*
Vildagliptin (Gabas”)

Saxagliptin (Onglyza” )

Alogliptin (Nesina” )

Linagliptin (Trayenta")

GLPT analogs
Exenatide (Byetta” Bydureon”)

Liraglutide (Vs -

SGLT-2 inhibitors Regular use ‘Omit dose on the day of surgery. Attention for
Dapaglifazina (Forxiga”) concomitant use of diurctics.
Canaglifozina (Invokana®)

Empaglifozina (Jardiance” )

* Use of radiological contrast, GFR < 60mLmin ', elevated creatinine or significant risk of ARF.*
Adapted from Refs. 2.8,17.
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Management of insulin therapy for patients undergoing short fasting period
(up to a missed meal)

Type of insulin Previous day Day of surgery
Morning surgery Afterncon surgery
Conti b Maintain basal infusion or reduce 20-30% of baseline if history of frequent hypoglycemia

insulin infusion (pump)
Long-acting or basal insulin Motnmg application: maintain Morning application®: Maintain dose or reduce 20-30% if
(glargine, detemir) history of frequent hypoglycemia. Check blood glucose at
Nnyut application: maintain admission
dose or reduce 20-30%"

Intermediate-acting insulin Moming application: maintain Reduce moming dose by 50%°; check blood glucose at
(NPH) dose admission; keep evening dose unchanged after surgery (if
Might application: maintain already fed)
dose or reduce 20-30%"

Pre-mixed insulin Maintain dose Reduce moming dose intermediate insulin to 50%; omit the
dose of fast/short-acting insulin. Check blood glucose at.
admission. Keep evening dose unchanged after surgery (if
already fed)

Fast-acting or short-acting Maintain dose Hold dose Hold dose

insulin analogs

* On the day of surgery, the morning insulin should be given upon arrival at the health center.
® History of

cemia during dawn/ morning.
Adapted from Refs. 2,17,61,64.
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Insulin type and pharmacokinetics

Drug class: generic (trade name) Onset Peak effect Duration
Rapid acting analogs

Lispro (Humalog®) 5-15min 30-90 min 4-6h

Aspart (Novolog” Novorapid®) 5-15min 30-90 min 4-6h

Glulisin (Apidra®) 5-15min 30-90min 4-6h
Short action

Regular (Novolin R® Humulin®) 30-60 min 2-4h 6-8h
Intermediate action

NPH (Novolin N Humulin N*) 2-4h 4-10h 10-16h

Insulin zincica (Lente”) 2-4h 4-10h 12-20h

Extended zinc insulin (Ultralente®) &-10h 10-16h 18-24h
Long/basal action

Glargine (Lantus”) 2-4h Hone 20-24h

Detemir (Levemir” ) 2-4h None 20-24h

Degludec (Tresiba") 2-4h None >42h
Pre-mixed (NPH +regular)

70% NPH/ 30% regular (Novolin 70/30", Humulin 70/30") 30-90min Dual 10-16h

50% NPH/50% regular (Humulin 50/50") 30-90min Dual 10-16h
Pre-mixed (intermediate-octing + short-octing analogs)

70% Aspart Protamine suspension/ 30% Aspart (Novolog mix 70/30%) 5-15min Dual 10-16h

75% Lispro P o /25% Lispro (Humalog mix 75/25") 5-15min Dual 10-16h

50% Lispro F i pension/ 50% Lispro (Humalog mix 50/50") 5-15min Dual 10-12h

Adapted from Ref. 17.
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The pathways potentially underlying the pathogenesis of CI -AKI in patients with
diabetes. Abbreviations: AKI, acute kidney injury; CIAKI, contrast-induced acute
kidney injury; GFR, glomerular filtration rate; ROS, reactive oxygen species.
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Table 1. Current Clinical Practice Guidelines (CPGs) on the Timing of Initiation of
Maintenance Dialysis for Patients with End-Stage Renal Disease Published Since IDEAL

Guideline Statement

NKF- KDOQI | The decision to initiate maintenance dialysis in patients who choose to do so should be
(2015) based primarily upon an assessment of signs and/or symptoms associated with uremia,
evidence of protein-energy wasting, and the ability to safely manage meta-bolic abnor-
malities and/or volume overload with medical therapy rather than on a specific level of
kidney function in the absence of such signs and symptoms.

Canadian For adults (aged > 18 yr) with an eGFR of less than 15 mL/ min per 1.73 m2, we rec-
Society of ommend an “intent-to-defer” over an “intent-to-start-early” approach for the initiation
Nephrology of chronic dialysis. With the intent-to-defer strategy, patients with an eGFR of less
(2014) than 15 mL/ min per 1.73 m2 are monitored closely by a nephrologist, and dialysis is

initiat-ed with the first onset of a clinical indication or a decline in the eGFR to 6 mL/
min per 1.73 m2 or less, whichever of these should occur first. Clinical indications for
the initia-tion of dialysis include the following: symptoms of uremia, fluid overload,
refractory hyperkalemia or acidemia, or other conditions or symptoms that are likely to
be ame-liorated by dialysis. In the absence of these factors, the eGFR should not serve
as a sole criterion for the initiation of dialysis unless it is 6 mL/min per 1.73 m2 or less.

ERA-EDTA/ | In patients with a GFR <15 mL/min/1.73m2, dialysis should be considered when there is

ERBP Advi- one or more of the following: symptoms or signs of uremia, inability to control hy-dra-
sory Board tion status or blood pressure or a progressive deterioration in nutritional status. It should
(2011) be taken into account that the majority of patients will be symptomatic and need to start

dialysis with GFR in the range 9-6 mL/min/1.73m2. High-risk patients e.g. diabetics
and those whose renal function is deteriorating more rapidly than eGFR 4 mL/min/year
require particularly close supervision. Where close supervision is not fea-sible and in pa-
tients whose uremic symptoms may be difficult to detect, a planned start to dialysis while
still asymptomatic may be preferred. Asymptomatic patients presenting with advanced
CKD may benefit from a delay in starting dialysis in order to allow preparation, planning
and permanent access creation rather than using temporary access.

KDIGO We suggest that dialysis be initiated when one or more of the following are present:
(2012) symptoms or signs attributable to kidney failure (serositis, acid-base or electrolyte
abnormalities, pruritus); inability to control volume status or blood pressure; a pro-
gressive deterioration in nutritional status refractory to dietary intervention; or cogni-
tive impairment. This often but not invariably occurs in the GFR range between 5 and
10 ml/min/1.73 m2. (2B)
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Patient eGFR <15 mL/min?

- Do not attempt creation
+ of native AV fistula

yes no
P
eGFR decline progressive?
yes
Patient selects HD as RRT modality?
yes
Projected life expectancy >1 year
yes

Vascular mapping: Discuss options
+ diameter of vene >2.5mm no

+ diameter of artery >2.0 mm
* positive fist squenching test?

yes

v
Creative native vascular access

"« native fistula

« graft
* catheter

with

*vascular surgeon
* patient

Figure 1: Decision flow chart for vascular access in patients with diabetes
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Eighty-year-old patient who had
a functioning right brachioce-
phalic fistula placed well before
the need for dialysis. Unfortu-
nately during his first treatment
the fistula infiltrated due to im-
proper cannulation technique
resulting in a large hematoma
almost encircling his upper arm.
Fortunately for the patient the
fistula was still functional and af-
ter 4 weeks of rest to the arm
the hematoma resolved com-
pletely and the access could be
used for dialysis.
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