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- Diabetes Mellitus

Sru I)a de trastornos metabolicos que comparten
alifenotipo de hiperglicemia.

\

FISIOPATOLOGIA DE LA DIABETES MELLITUS TIPO 2

Produccidn excesiva
de glucosa

Déficit de insulina

Isloie

exceso de
glucagén

MNienos

Resistencia a la insulina (menor
captacién de glucosa)




CLASIFICACION DE LAS COMPLICACIONES CRONICAS DE LA
DIABETES MELLITUS

1. Complicaciones microvasculares
e Nefropatia diabética.
e Neuropatia diabética.
e Retinopatia diabética.

2. Complicaciones macrovasculares

Arteriopatia periférica.
Enfermedad cerebrovascular.
Cardiopatia 1squémica.

Miocardiopatia diabética.

3. Complicaciones no vasculares

Oculares: glaucoma, cataratas.

Renales: necrosis papilar renal, infecciones urinarias.
Cutaneas.

Determinadas formas de neuropatia




riismos fisiopatologicos compartidos
‘complicacionessmicrovasculares

| R
Hiperglicemia ir
\\ I\

Funcion celular anor

Acumulacion de prote
sanguineos. |

Pérdida de células microve
vascular.

Memoria hiperglicémica.

~» Determinantes genéticos de susce
~ MicroRNA's.



ismos fisiopatologicos compartidos
\ Iicaciones macrovasculares

‘ Hiperglicemi

» Metabolismo alteradc




pResistencia a la insulina y
" dislipidemia

(lipoprotein ‘EE!'

or
hepatic lipase)




nes proateroscleroticas y antiateroscleroticas
e la Insulina en las células vaculares

Pl 3-Kinase
( MAP-K )
B oot t No production

1 VSMC Migration
and growth

Decrease actions of
1 PAI-1 TNF + All on PAI-1, ICAM

| '

\ Atharnnin | 1 hntiati‘mranin |

increased decreased
In insulin resistance



pvascularizacioniinducida por isquemia

b £

|
f (HIF- o ( (AF!NT- 3 ( Neovascularization
p A

(HF-1a (ARNT-1(

@FraQanT( | o0 lOXCRd

I SDF1 t CXCR4

p300 I VEGF I eNOS | VEGF | eNOS
(HIF-10 (ARNT-1(C I': 1 U * ) 1
Target genes | 3 5 Target gones | 3




ormacion de vasos

» Esta respuesta de rescate ante la
Isquemia aguda.
* En diabéticos las celulas progenitoras

endoteliales estan depletadas y
disfuncionales.

* Hay falla en formar microvasculatura
compensatoria ante la isquemia.




@mplicaciones de diabetes y
~ control glucemico

(== Sustained progression
of retinopathy

B— Prograssion to albuminuria
>300 mg/dL

#—& Progression to clinical
neuropathy

o—0 Progession to microalbuminuria
=40 mg/dL

=
0
2
©
o
s

HbA (%)

| Figure 33-1 Relative risks for the development of diabetic complications at differ-
ent mean levels of glycosylated hemoglobin (HbA,) obtained from the Diabetes
Control and Complications Trial. (Adapted from Skyler J: Diabetic complications: the
importance of glucose control. Endocrinol Metab Clin North Am. 1996;25:243-254.)




NISMOS DE DANOS INDUCIDOS
| ;o\ HIPERGLICEMIA

i\. | |I
J"ll T,
P

1. Incremento del
\

2. Incremento en form: x
glicosilacion avanzada ../ (

3. Activacion de protein Kir
N

- 4. Incremento del paso por la vi
' hexosamina.




~ 1. VIA DE LOS.POLIOLES

Inactive alcohols

SDH
Sorbitol ?—ﬁrmtusa

NAD*  NADH

NADP*

Glutathione reductase

GSS5G GSH




HC=0
HIIISDH
HDéH
HIIISDH
HéGH
{I:H:EDH

Glycolysis
Glucose Iycolsl

r RAMNH2 l
HC=0

HzC =NHR I
| c=0

(I}=CI |
HogH Meth ?TE I
xXa
H(I}GH yiglyo
H?OH
CHz0H Glyoxalase

Amadori Product
Amadoriase

HC=0O
C=0
e,
H(IEDH
HéDH
éHiH
3-Deoxyglucosone

RNH2

2-Oxoaldehyde
Reductase

3-Deoxyfructose

S—




PATOGENESIS DE LAS COMPLICACIONES

CRONICAS
Hiperglucemia cronica

Via de Productos ProteinaKinasaC estrés | de 6xido
sorbitol finales de beta (PKC B) oxidativo nitrico
glucosilacion

avanzada

Proliferacion celular Permeabilidad §
vascular Adhesion celular

Complicaciones
Cronicas



Jano de células vasculares por AGEs.

Intracellular Protein Glycation

AGE Pracursors

|

Intracellular Transducers

p) Y = A
%% MWW= o o = MWW iﬁi e
Malr?

Glucose

[ '

{ Transcription Factors 3

Macrophage

Endothelial Cell



JACTIVACION DE-PROTEIN KINASA C

I Hyperglycemia I

| tpac

¥

t PKC
(p and & isoforms)

S T T 3
Ilemc:s” 1ET-1 | |1 VEGF] tTeF-p I t NF-xB { NAD(P)H

oxidases

t Collagen “'
t Fibronectin i
l | Fibrinolysis l tROS
I | 3 v

Blood-flow Vascular Capillary Vascular Proinflammatory Multiple
abnormalities permeability occlusion occlusion gene expression effects

Angiogenesis




"4, ViA DE LA HEXOSAMINA

Glucose —E })GIUGDSE*GIG-E- P=» Fruc-6-P

Gin l
GFAT
RS

or AS-GFAT alu

Glucosamine-6-P

UDPGIcNAc

-

?‘G
c%‘& <

<= PAI-1 O’O O’QO r_’
<“==TGFp; b-}mFINA
S
\ Nucleus /




| NAD*

Produccion de superoxido

Generate H* gradient Collapse H* gradient
H* | | H+ H+ |

N =
E e R i D i

M iy

ATP ADP+P,




)eroxido activa 4 vias de dano

NADPH NADP* NAD* NADH

l t Sorbitol t Fructose

Polyol pathway

t Glucose-6-P

l GEAL {Glucosamine-6-P=9-UDP — GlcNAc
{ Fructose-6-P
gin glu

Hexosamine pathway

NADH NAD*

1 DHAP MT&-GIWEE}I-P:}  DAG = 1 PKC
/ Diaglycerol pathway

1 Glyceraldehyde-3 P

NAD* Qﬁ\‘&k

| GAPDH ~tPARP t Methylglyoxal =9 t AGEs

4

NADH 102"

AGE pathway

1,3-Diphosphoglycerate




/e cion de PARP por superoxido

Mitochondria

Increasea
ROS
Increased

glucose




juema conjunto.de mecanismos

Cytoplasm

t Glucose

v

Mitochondria

¥

| GAPDH

1T T

1 Polyol t AGEs t PKC tHexosamine
PW flux l PW flux

t NFxB




isulinorresistencia y oxidacion de
. acidos grasos libres

Endothelial cell

Adipocyte  FFA oxidation

\I Ei} 1

t ROS

TAGES// \\ t NFB

fPKC 1GIcNAc

Insulin
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ALTERACIONES VASCULARES EN LA MICROANGIOPATIA
DIABETICA
(Adaptado de Benito et al, 1995).

Alteraciones morfologicas

1. Engrosamiento de la membrana basal capilar.

2. Glicacion de sus componentes estructurales.

3. Deposito de diversas proteinas plasmaticas.

4. Disminucion de la electronegatividad de membrana.

Alteraciones funcionales

1. Aumento del flujo sanguineo capilar.
2. Alteracion de la autorregulacion microvascular.

3. Aumento de la permeabihidad capilar.

4. Alteraciones hemorreologicas:

disminucion de la deformabilidad entrocitana;
aumento de la agregabilidad plagquetana;
aumento de factores de la coagulacion,
disminucion de factores hibrinoliticos.
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TINOPATIA .DIABETICA

Ciliary body




Diabates

'

Has patiant
had ayo exam
since diagnosis
of diabatas?

Yas

Ophthalmic
follow-up per
patient’s diabetic
retinopathy leval

Cuando-evaluar

Mo

Diabates
typa

Typa 2

b

Refar to aye
care provider for
comprehensive
aye axam

Type |

Yas

Age
=10 years

‘1"1"95

Iz patiant
pragnant?

JvHD

Iz diabatas
duration
25 yoars?

Yas

Mo
Mo
——-
Initial
ophthalmic
axam not yet
requirad




M No
High glucose c!lah-am:
* retinopathy
Pericyta loss
Basemant membrana
thickening

Retinal blood flow change

.

Microanaurysm formation

= Haotinal vascular
lzakage

Macular edama Mild
{may occur at any staga) | nonproliferative

diabsatic
retinopathy
#| Moderate visual loss| (NPDR)

+ A\ 4
\—)- Capillary dropout Moderate

MPDH
¥

Ratinal hemorrhages

Retinal ischamia

Incraased growih factors (e.g., VEGF) —_— Savara
l MNPDR

Retinal neovascularization Iriz neovascularization

Vascular fibrosis  Vitreous hemorrhage  Meovascular glaucoma

Heti natr&:tiun 'l' 'l Y

Mild to severa Savare P'g:gﬁ;’?jim
vigual loss vigual loss -
Retinal detachmant retinopathy

¥

Severg
visual loss




Diabetes

Mo

High glucose diabetic
4( retinopathy
Pericyte loss
Basement membrane
thickening

Hetinal blood flow change

4

Microaneurysm formation § = Hetinal vascular 4\
leakage

Macular edema Mid
(may occur at any stage) | nonproliferative

diabetic
retinopathy
| Moderate visual loss (NPDR)

Retinal hemorrhages l

;b Capillary dropout Moderate

NPDR
¥

Hetinal ischemia l

Increased growth factors (e.g., VEGF) J Severe
| NPDR




Retinal neovascularization Iris neovascularization

Vascular fibrosis  Vitreous hemorrhage  Neovascular glaucoma

v

Retinal traction

i} Mild to severe Prg-'gﬁﬁ-me
visual loss iabetic
Retinal detachment retinopathy

Severe
visual loss







Levels of Diabetic Retinopathy

International Classification

Level ETDRS Level

Mo apparent retinopathy Lewel 10: DR absent

Nild NPDR Lewel 20: very mald NPFDR

Moderate MPDR Lewels 35, 43, and 47: moderate MPDR

Savera NPDR Lewels 53A-E: severe to very severe
NMPDR

POR Lenvels 61, 65, 71, 75, 81, 85: PDR,

high-nsk PDHE, very severa or
advanced PDR



RETINOPATIA DIABET

P
Tratamiento ‘\

quirirgico, Indicaciones:
vitrectomia:

Fotocoagulacion con Terapia medica

laser intravitrea:

« Indicaciones: « Triamcinolona - Remocion de la - Hemorragia vitrea
- RD No proliferativa: . Antiangiogenicos hemaorragia vitrea Di  severa sin tendencia
SEVEra » Reposicionamiento a reabsorcion
- RD proliferativa de la retina —+ + RDP que persiste a
- Edema macular pesan e .
diabetico fotocoagulacion,
hemorragia pre
retiniana

« Desprendimiento
traccional de la retina



IRetinopatia. Tratamiento.

Diabstas

-

I= DME
presant?

Yes

an

evary 12 months

= HRC POR -
presant?
Yas ( )Nn
Panretinal Is severe NPDR or | Yes
photocoagulation WwWorse presant?
probakbly
indicated ‘lr'-.ln
|s modarate Yas
MPDR prasant?
.'VNG
Is mild Yas
MPDR prasant?
l'r'-.lcu
Follow-up

> Iz CSME Yes > Is wizion
prasant excellent?
v |
Minimum follow-up "'95( 1“0
evarny 3 months;
sooner if indicated Focaligrid laser
by DR R photocoagulation
focaligrid lasar probably
photocoagulation indicatod
v
Congider panretinal Follow-up in 4

photocoagulation

months or less

Follow-up every
48 months

Follow-up every
812 months




FROPATIA.DIABETICA

cortex glomerulus

fibrous capsule

Bowman's

capsules
medulla

interlobular vein

.....

renal artery

- renal vein

urater

........ collecting
duct

£) 2006 Merriarm-webster; Inc.



Antihipertensivos en DM

IECAS

Captopril, Enalapril, Lisinopril, Quinapril

ARA-II Candesartan, Ibersartan, Losartan, Valsartan
DIURETICOS
Tiazidas Clortalidona, Hidroclorotiazida, Indapamida
Diuréticos del asa Bumetanida, Furosemida, Torasemida
Ahorradores de K+ Amilonida, Espironolactona, Triamterene

INHIBIDORES ADRENERGICOS

Alfa-bloqueantes Doxazosina, Prazosina

Beta-blogueantes Atenolol, metoprolol, propranolol

ANTAGONISTAS DEL Cat++

Hidropiridinas Amlodipino, Felodipino, Nicardipino, Nifedipino

No hidropiridinas Diltiazem, verapamilo




TIPOS DE GLOMERULOESCLEROSIS DIABETICA

Difusa

Nodular (Kimmestiel-Wilson)

Lesiones exudativas

Engrosamiento de la membrana basal glomerular.
Expansion mesangial.
Engrosamiento hnalino subintimal de arteriolas aferente y eferente.

Acumulos mesangiales PAS positivos en la periferia dél ovillo glomerular.

(Gota capsular.
Capuchon de fibrina.




ESQUEMA DE MANEJO DE LA MICROALBUMINURIA EN DM

DIABETES MELLITUS

l

Screening MA (Alb/Cr o tiras)

Test cuantitativos MA

&) ®
1 l

4 Test cuantitativos/ano en DM 1 I Test cuantitativo/ano

2 Test cuantitativos/afio en DM 2

Tratamiento: Optimizar control
Dieta hipoproteica
Control TA

IECA




orla natural de la nefropatia
diabetica

Glomerular Elood
filtration rate pressura

j_ Henal impaimeant ‘I‘T 'r

=/ I Macroalbuminuria '|‘ T

l /1 Microalbuminuria

l " Silent

]‘ Hyperfiltration



Interacciones entre factores

emodinamicos y-metabolicos que
even complicaciones diabéticas.

Metabolic - l"l Hamodynamic |
Glucose
Advanced glycation / Flow/prassure
Oxidative strass Henin angiotansin
| Intracellular signaling moleculas

¥

| Growth factors and cytokines |

¥

| Diabeatic complications |




.

Options in Therapy for End-Stage Renal Disease in Diabetic Patients

Variable Peritoneal Dialysis Hemodialysis Kidney Transplantation
Extensive extrarenal disease Mo limitation Mo limitation except for Excluded in cardiovascular
hypotension insufficiency
(3enatric patients Mo limitation Arbitrary exclusion as determined
by program

Complete rehabiltation
Death rate

First+year survival rate
Maorbidrty during first year
Survival to second decade
Progression of complications

Special advantage

Disadvantages

Fatient acceptance

Relative cost

Rare, if ever

Much higher than for nondiabetic
patients

~ 7%

~15 days in hospital

Almost never

LIsual and unremitting;
hyperglycemia and
hyperlipidemia

Can be self-performed; avoids
swings in solute and level of
intravascular volume

Pentonitis; hyperinsulinemia;
hyperglycemia, hyperlipidemia;
long hours of treatment; more
days hospitalized than with
either hemodialysis or
transplantation

Variable, usual compliance with
pazsive tolerance for regimen

Most expensive over long run

Very few patients

Much higher than for nondiabetic
patients

~T5%

~12 days in hospital

5%

Usual and unremitting; might
benefit from metabolic control

Can be selfperformed; efficient
extraction of solute and water
in hours

Blood access a hazard for clotting,

hemaorrhage, and infection;
cyclic hypotension, weakness,
aluminum toxicity, amyloidosis

\anable; often moncompliant
with dietary, metabolic, or
antihypertensive components
of regimen

Less expensive than kidney
transplantation in the first year;
subsequent years maore
EMpPENSIVE

Common as long as graft functions

About the same as tor nondisbetic
patients

=30%

Weeks to months hospitalized

~1ink

Interdicted by functioning pancreas
plus kidney; partially ameliorated
by correction of azotemia

Cures uremis; freedom to travel

Cosmetic disfigurement,
hypertension, personal expense
for cytotowic drugs; induced
malignancy; HIV (human
immunodeficiency virusl
transmission

Enthusiastic dunng pernods of
good renal allograft function;
exalted when pancreas proffers
euglycemia

Pancreas plus kidney engraftment

most expensive uremia therapy

for diabetics; after first year,
kidney transplantation alone is
lowest cost option




f€jode la nefropatia diabética antes
. de inicio de falla renal

"\

Microalbuminuria: 31-299 mg/day

¥

Immediate
= Treat hypertension

Treatment targets

= Strive for euglycemia
= Reduce hyperlipidemia

|

Baseline/periodic

= Electrocardiogram

* Echocardiography

+ Dobutamine stress test
= Urine culture

= Fluorescein angiography
+ Doppler limb flow

Assess comorbid conditions

« BP <135/75 mm Hg (ACE inhibitor)

* Hemoglobin Ai: <T%

= LDL cholesterol <100 mg/dL (statin

|

!

Monitaring

= Urinary protein

= Creatinine clearance

= Retinopathy (cataracts)

= Cardiac integrity

= Bone density

= Peripheral perfusion

= Meurologic stability

= Psychosocial adjustment

= Persistent angina

= Congestive heart failure, cardiomyopathy

+ Respiratory disease

= Autonomic neurcpathy: gastroparesis, obstipation,
diarrhea, cystopathy, orthostatic hypotension

= Neurologic: cerebrovascular accident or stroke residual

» Musculoskeletal disorders, renal bone disease

= Infections: HIV, hepatitis, indolent ulcers

+ Hematologic problems other than anemia

= Vision impairment (decreased acuity to blindness) loss




miVlanejo de la nefropatia

ietica con proteinuria clinica

Proteinuria: >299 mg/day
Nephrosis: =3.5 g/day

¥

Immediate Treatment targets

= Treat hypertension = Attain dry weight: diuretics

= Extract edema = BP <135/75 mm Hg: ACE inhibitors,

= Correct anemia multiple drugs

= Strive for euglycemia + Hematocrit >35%: erythropoietin

= Reduce hyperlipidemia * Hemoglobin A+c <7%: metabolic control
= LDL cholesterol <100 mg/dL: diet + control
= Educate patient re: regimen applied

!

Assess comorbid conditions Maonitoring
= Persistent angina » Urinary protein
» Congestive heart failure, cardiomyopathy » Creatinine clearance
» Respiratory disease . getgopam [mcataracta}
= Autonomic neuropathy: gastroparesis, obstipation, ey | * EMCIAC INTEGTILY
diarrhea, cystopathy, orthostatic hypotension = BUT!E‘ density _
« Neurclogic: cerebrovascular accident or stroke residual » Peripheral perfusion
» Musculoskeletal disorders, renal bone disease * Neurologic stability
« Infections: HIV, hepatitis, indolent ulcers » Psychosocial adjusiment
= Hematologic problems other than anemia
= Vision impairment (decreased acuity to blindness, loss)




1 jO de la nefropatia diabetica luego de

AN Inicio de falla renal

¥

Immediate

Azotemia: Serum creatinine >2.0 mg/dL

Treatment objectives

= Treat hypertension

= Extract edema

= Correct anemia

= Strive for euglycemia

* Reduce hyperlipidemia

= Attain dry weight: diuretics

* BP <135/75 mm Hg: ACE inhibitors,
multiple drugs

» Hematocrit >35%: erythropoletin

= Hemoglobin A:c <7%: metabolic control

= LDL cholesterol <100 mg/dL: diet + statin

* Prepare patient for uremia regimen

» Inventory potential kidney donors

= Create access for hemodialysis or PD

+ Tissue type
* Consider dietary protein restriction

Y
Asses comorbid conditions

!

Monitoring

= Persistent angina
= Congestive heart failure, cardiomyopathy
= Respiratory disease

= Autonomic neuropathy: gastroparesis, cbstipation,

diarrhea, cystopathy, orthostatic hypotension

= Neurologic: cerebrovascular accident or stroke residual

» Musculoskeletal disorders, renal bone disease
= |nfections: HIV, hepatitis, indolent ulcers
= Hematologic problems other than anemia

= Vision impairment (decreased acuity to blindness) loss

= Urinary protein

= Creatinine clearance

* Retinopathy (cataracts)

» Cardiac integrity

= Bone density

= Peripheral perfusion

* Neurologic stability

= Psychosocial adjustment




NEUROPATIA.DIABETICA




. Vista simple.de SNP

A simplified view of the PNS

Heart rate,
blood prassura,
sweating,

GIT and GUT,
function




CLASIFICACION DE LA NEUROPATIA DIABETICA

1.- NEUROPATIA DIABETICA SOMATICA

Neuropatia difusa
Polineuropatia distal simétrica.
Neuropatia focal

Neuropatia de pares craneales.
Radiculopatia.
Plexopatia.
Mononeuropatia:
a) simple
b) multiple.

2.- NEUROPATIA DIABETICA AUTONOMICA

N. sudomotora.
N. cardiovascular.
N. gastrointestinal
N. genitourinaria,




~

SOMATICA

S

A

O

?@ﬁ

2

i

1 Truncal |
/I’ ||I | ,'/I/ J n"J/‘f {\ e Median I/I ,.' '.:I l". Lnar
(I . & N | b
E/ Lateral
popliteal
B Proximal
fll_glrlgfjgiﬁﬁ;’ ﬂsﬂmu?gpf:i?he;’ nemgéﬂa’m mumnﬁéﬁu&mnies Sl L)

Sensory loss: 0—+++
(touch, vibration)
Pain: +— +++
Tendon reflex: N—
Motor deficit: 0— +++

Sensory loss: 0—+
(thermal, allodynia)
FPain: + = +++
Tendon reflex: N— 4
Motor deficit: O

Sensory loss: 0— +
Pain: + — +++
Tendon reflex: 44
Proximal maotor
deficit: +— +++

Sensory loss: 0— +
Fain: + = +++
Tendon reflex: M
Motor deficit; +— +++

Sensory loss in nerve
distribution: +— +++
Pain: +—= +

Tendon reflex: M
Motor deficit; +— +++




Distal symmetric diabetic neuropathies: subtypes

Neuropathy

Large-fiber small-fiber

Superficial pain (C-fiber type)
Electric shock, burning, allodynia

Deep-seated pain (A-6 type)
Wasting and weakness

Numbness, pins and needles, Autonomic dysfunction
tingling, ataxia Thermal imperception
Impaired vibration perception MNormal strength and reflexes
Loss of position sense Electrophysiogically silent
Loss of reflexes Quantitative sensory testing

Impaired nerve conduction velocity and skin biopsies

Interferes with normal life Produces symptoms
Risk of falling and fractures L eads to morbidity and death




Diabetic neuropathy suspected

¥

Assess NS5, NDS

¢

v

Signs andfor symptoms of
autonomic neurcpathy

Signs and/or symptoms of
small-fiber dysfunction

v

4

QAFT QST IENF
Autonomic Small-fiber
neuropathy neuropathy

N

Signs and/or symptoms of
large-fiber dysfunction

A4

EMG, NVC, QST

¥

Large-fiber
neurcpathy

motor signs mild or absent

Sensory signs predominate,

Moderate or severs
motor signs and symptoms

immunologic test

If nondiabetic
neuropathy excluded

Distal symmetric

If nondiabetic
neuropathy excluded

Family Hx, By, folate, Lyme ulcer, Assess distribution

porphyrins, heavy metals, of motor deficit

serum protein electrophoresis,

immuneoelectrophoresis,

cytotoxins, search for neoplasm, - )

immunologic testing grfdr{:j?sq;” If distal
Family Hx, Anti-GM1 Ab I

/ Positive

\Iegative

neurcpathy

Diffuse motor

neuropathy

Distal motor

neurcpathy

Anti-GM1-associated
distal motor neuropathy




gaNeuropatia autonomica

diabética

1. DISFUNCION PUPILAR:

a) Reduccion de diametro pupilar
b) Detenoro de la adaptacion visual a la oscundad
c) predisposicion al glavcoma.

2.- DISFUNCION SUDOMOTORA

a) Anhidrosis
b) Hiperhudrosis

3. DISFUNCION GASTROINTESTINAL

a) Esofago: Dhsfaga.
b) Estomago: Gastroparesia diabética

¢) Pancreas v vesicula biliar: Coleliiasis por atonia de la vesicula; Insuficiencia pancreatica exocrina
d) Intestino (enteropatia diabética): estrefiimiento, diarrea, incontinencia fecal,




4. DISFUNCION GENITO-URINARIA

a) Cistopatia diabética: Dificultad en el vaciado vesical, pérdida de la sensacion de replecion vesical,
disminucion del mimero de micciones y de la fuerza del chorro, aumento de la capacidad vesical y
residuo postmiccional.

b} En el varon: Disfuncion eréctil v eyaculacion retrograda

c) Enla mujer: Atwrofia vaginal, dispareunla y anorgasmia.

5. DISFUNCION ADRENAL: Disminucion en la liberacion de catecolaminas (pérdida de los mecanismos
defensivos en caso de hipoglucemia).

6. DISFUNCION CARDIOVASCULAR

a) Hipotension ortostatica

b) Mayor incidencia de muerte subita

¢) Falta de dolor 1squémico

d) Frecuencia cardiaca alta v fya v falta de respuestas reflejas




DISFUNCION

GASTROPARESIA

FARMACO

Metoclopramida
(Primepran®)
Cisaprida
(Fisiogastrol®)
Domperidona
(Motihium®)

DOSIS

10 mg antes de las comidas y
antes de acostarse

Betanecol (Myo-
Hermes®)

50 mg antes de las comidas

Eritromicina
(Pantomicina®)

ENTEROPATIA Lactulosa (Duphalac®) 1-3 cucharadas/dia
Tetraciclina (Tetra- 250 mg/6 horas.
Hubber®):
Resincolestiramina
Codeina (Codeisan®)
Difenoxilato
Loperamida (Fortasec®) |2 mg/12 horas.
Clonidina (Catapresan®) |02 mg/12 horas.
Octreotide (Sandostatin®) | 50 mg/8 horas

HIPOTENSION
ORTOSTATICA

DDAVP (Minurin®)

Fluorhidrocortisona
(Astonin®)

0,1-0.4 mg/dia.

Fenilefrina in

Mitodrina

CISTOPATIA

Betanecol




DIABETES
Genes, Environment

Smoking, Alcohaol

METABOLIC
Hyperglycemia, Hypoinsulinemia, MICROVASCULAR
| AuTOIMMUNITY | GF Abnormalifies, Dyslipidemia l T T
|
?Aldose Reductase Activity
2Noneanzymatic Polyols, Myoinositol DAG & 75
Ab to GFs, G.I'J.-'tﬁ&éﬂ;ﬂ'ﬂﬂ Ma/M-ATPase PKG Activity
MFG & receptors, * *
Insulin, IGF 1711,
p75 TRK Oxidative/Nitrosative Stress i
? ROS, NFxB activity Endothelial
—l Cytokines/integrins ~===_Dysfunction
?PGI/NO, ET,
All, EDHF
7C" fixing “'
Ab/ lipids v
?.}E:fﬂ';g‘:'m MERVE DYSFUMNCTION
apoptosis = Antigenic leakage - Delivery of GFs (NGF, NT3, IGF
1111 Insulin INGAF)

L

¥ 1

ORGANIC/STRUCTURAL NERVE DAMAGE

Axonopathy (atrophy, loss)
Demyelination (segmental, progressive)

v

¥

Laminin, IGF i1, NGF,
NT3 Insufin

NERVE REGENERATION
RESTORATION OF NERVE FUNCTION




Pain targets

TCAs/SSRIs/SNRIs
ox-adrenergic antag/ Descending fibers

Tramadol, Oxycodon CR Dextro-
methorphan

EHT
Topiramate | Opioid
DRG Pregabalin \&2 Substance P
Gabapentin
Ga‘l"l'
C-fiber channels Substantia

ml gelatinosa
Capsaicin
Clonidine

Interneuron

Glutamate ‘
Na channels

Z

Ad fiber

Topiramate/Pregabalin Carbamazepine
Gabapentin/Carbamazepine Topiramate
TCAs/Insulin Pregabalin

Gabapentin



Mononeuropathies [
l YES
Symptomatic

MNeuropathic pain

k

r

Diuretics, splinting
lidocaine patch,
surgical
unentrapment

.

Focal Diffuse ! Proximal
neurcpathies neuropathies neuropathies
Distal symmetric IVlg, steroids,
T polyneuropathy enbrel
|
* 4‘— ‘r Treatment
Anxiety targeted at pain
: . comorbidi
distﬁ:t?:ﬁne s autonomic Depression ity
activation
Gabapentin/ Anxiolytic YES
pregabalin clonidine < TCA
L 4 contraindication

Treatment
combinations

Gabapentin/Pregabalin

A J

Y

TCA YES

contraindication

1

lND

TCA/SNRI |

!

Gabapentin/pregabalin

/

Tramadol, tapentadol, topiramate, oxcarbazepine, topicals

botox
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Clinical Features, Diagnosis, and Treatment of Diabetic Autonomic Neuropathy

Symptoms

Tests

Treatments

Cardiac

Resting tachycardia, exercise intolerance
Postural hypotension, dizziness,
weakness, fatigue, syncope

Gastroimtestinal

HRV, MUGA thalliurm scan, MIBEG scan
HRY, supine and standing BPF,
catecholamines

Graded supervised exercise, ACE inhibitors, f-blockers
Mechanical measuras, cloniding, midodring, octrectids,

erythropoietin

Gastroparasis, erratic glucosa control
Abdominal pain, sarly satiety, nausea,

vomiting, bloating, belching
Constipation

Diarrhea {often noctumal altarnating
with constipation]

Sexuval Dysfunction

Gastric emptying study, barum study

Endoscopy, manomeatry,
electrogastrogram
Endoscopy

Frequant small meals, prokinetic agents (metoclopramids,

domparidone, erythromycin)
Antibiotics, antiemetics, bulking agents, tricyclic

antidepressants, pyloric botulinum toxin, gastric pacing
High-fibar diet, bulking agents, csmotic laxatives,

lubricating agents

Soluble fiber, glutan and lactose restriction, anticholinergic
agents, cholestyramine, antibiotics, somatostatin,

pancreatic enzyme supplemeants

Eractile dysfunction

Vaginal drynass
Bladder Dysfunction

H&P, HRV, penile-brachial pressure
index, nocturnal panile tumescance

Sex therapy, psychological counseling, phosphodiestarase
inhibitors, PGE, injections, devices or prosthases

Vaginal lubricants

Freguency, urgency, nocturia, urinary
retenticn, incontinence

Sudomotor Dysfunction

Cystometrogram, postvoid sonography

Bethanechol, intermittent catheterzation

Anhidrosis, heat intolerance, dry skin,
hyparhidrosis

Pupillomotor and Visceral Dysfunction

Ciuantitative sudomotor axon reflex,
swoat tost, skin blood flow

Emollients and skin lubricants, scopolamine,
glycopyrrolata, botulinum toxin, vasodilators

Blurred vision, impaired adaptation to
ambient light, Argyll-Robertscn pupil

Impaired visceral sensation: silent M,

hypoglycemia unawaranass

Pupillometry, HRV

Cara with driving at nigiht

Recognition of unusual presantaticn of MI, control of risk

factors, control of plasma glucosa levels
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Pharmacologic Treatment of Autonomic Neuropathy

Drug Class Dosage Side Effecis

Orthostatic Hypotension

Se-Fluorohydrocortisons Mineralocorticoid 0.5-2 mg/day Congestive heart failura, hypertension
Cloniding a-Adranargic agonist 0.1-0.5 myg at bedtime Hypotension, sedation, dry mouth
Octraotide Somatostatin analogue 0.10.5 pgfkg per day Injection site pain, diarrhea
Gastroparesis
Metoclopramida D recaptor antagonist 10 mg 30460 min bafore meals and at Galactorrhea, extrapyramidal symptoms
badtimea

Domperidone D recaptor antagonist 10-20 mg Galactorrhea

2060 min before meals and at badtime
Ervthromycin Motilin receptor agonist 250 mg 20 min bafore meals Abdominal cramp, nausea, diarrhea, rash
Levosulfide O recaptor antagonist 25 mg tid Galactorrhea
Diabetic Diarrhea
Metronidazole Broad-spectrum antibiotic 250 mg tid. minimum 3 wk Orthostatic hvpotansion
Cloniding a-Adrenergic agonist 0.1 mg bid or tid Toxic megacolon
Cholestyramine Bile acid seguastrant 4 g one to six imes a day Aggravatas nutrisnt malabsorption (at

higher dosas)

Loparamide Cpiate-receptor agonist 2 mg gid
Octraotide Somatostatin analogue 50 ng tid
Cystopathy

Bathanechol Acetylcholine recaptor agonist 10 mg gid
Doxazosin w-Adreneargic antagonist 1-2 mg bid or tid Hypotension, headache, palpitations

Erectile Dysfunction

Sikdanafil GMP type 5 phosphodiesterase 50 mg before sexual activity, only once Hypotension and fatal cardiac event (with
inhibitor par day nitrate-containing drugsl, headache,

flushing, nasal congestion, dyspepsia,

miusculoskelatal pain, blurred vision
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CARACTERISTICAS DIFERENCIALES ENTRE LA

ENFERMEDAD ATEROSCLEROTICA DEL DIABETICO Y NO DIABETICO

CARACTERISTICAS
GENERALES .

DIABETICOS

Mas frecuente
Evolucion mas rapida y

NO DIABETICOS

Menos frecuente

* Pacientes mayores

ARTERIOPATIA o
PERIFERICA

CARDIOPATIA .
ISQUEMICA

Doble incidencia en
varones v triple en
muyjeres en relacion con el
no diabético.

aparicion precoz ¢ Predomina varones.

+ [ncidencia alta mujeres
Afectacion ¢ Afectacion de un solo
multisegmentania, segmento, colaterales
colaterales afectas respetadas

¢ mayor incidencia en vasos [® Mayor incidencia en aorta
tibiales, peroneos vy v vasos thofemorales
pequeiios vasos
Sintomas atipicos e Sintomas tipicos
(isquemia silente) o Menor mortalidad

* Mayor mortalidad, e Lesiones mas proximales

¢ [esiones mas distales e Menor incidencia

ENFERMEDAD .
CEREBROVASCULAR

2-3 veces mayor
incidencia que en el no
diabético.

Menor incidencia




g Hiperinsulinismo en
lacroangiopatia diabética

Genetica
Obesidad

Sedentarismo ———{ INSULIN-RESISTENCIA
Envejecimiento

l

HIPERINSULINISMO

L
|

ARTEROSCLEROSIS |




ENFERMEDAD MACROVASCULAR

Afecta:

» Extremidades inferiores claudicacion
intermitente o gangrena

* Arterias coronarias...................isquemia cardiaca
» Arterias cerebrales...................trombosis cerebral

El polor visleda reprosents
Aaho y necroin. el
tejida cardiaco
)
\ A
b L

on 3 artena cononang .~

AT y Saageng




ORONARIA

» Existe la hipotesis que la hiperinsulinemia
es el vinculo subyacente entre la
hiperglicemia y la enfermedad
cardiovascular.

| a insulinorresistencia se correlacional con
|a aterosclerosis.

* La dislipidemia es el factor de riesgo mejor
caracterizado para la aterosclerosis.



e les va peor a las personas

a\betes que se.infartan?

Riesgo incrementa
simpatovagal. \

_ ’\

Riesgo increme

Fibrinolisis alterada. A

\.
\\

Enfermedad coronaria extensa subyace

 Cambios en el metabolismo celular miocardice




* Importante trat:
— Control glicémico.
— Nivel de lipidos.
— Nivel de presion a



e ENFERMEDAD
CEREBROVASCULAR

Duplican su frecuencia en diabéticos

La adicion de FR (HTA, dislipemia y cardiopatia) aumentan la
frecuencia, el mas importante es la HTA

La mortalidad por ictus puede alcanzar al 50% de los casos

De origen isquémico, infartos lacunares, amaurosis fugaz

Es esencial un buen control de los FR y en especial de la PA, junto

con la a uscultaciéon carotidea

Pueden ser tratados con antiagregantes e incluso anticoagulantes

En caso de lesiones vasculares con indicacion quirtrgica puede
Indicarse t ratamiento quirirgico



TENOSIS DE ARTERIAL RENAL Y
RISI\/IA DE AORTA . ABDOMINAL

¢ Muy prevalentes entre los
diabéticos

» Sospecha de estenosis de arteria
renal si:

» Si aparece insuficiencia renal
durante el tratamiento con I[ECA

« Laauscultacion de soplos

abdominales
» Ante una HTA grave de rapida . e

evolucion
* Laecografia es el primer paso
para confirmar el diagnostico




TERIOPATIA PERIFERICA

Arteridpati’a periférica

® Ulceracion y/o gangrena en el primer dedo del pie
* Esfrecuente la coexistencia de arteriopatia y neuropatia

* Dolor en reposo Dolor en los musculos de la pierna tras
caminar una determinada distancia Es grave si aparece tras
andar una distancia < 150 metros Claudicacion

intermitente Cuadro clinico Formas clinicas



EVENCION DE ENFERMEDADADES
\ MACROVASCULARES

* A decuado control de los FR cardiovascular, en especial

* alteraciones lipidicas, HTA y tabaquismo

* P romover cambios en el estilo de vida

* M antenimiento de un buen control glucémico

» P rofilaxis con farmacos antiagregantes plaquetarios :

Mayores de 40 anos, historia familiar deenfermedad
cardiovascular, tabaquismo, HTA, obesidad,macro
microalbuminuria, dislipemia




PLICACIONES
SCULARES

) \




OCULARES:
COMA, CATARATAS

Normal Eye Eye with Glaucoma

Cataratas
Ojo con Cataratas

Nervio
W, Optico

'

—--"" La lente con la catarata
se nubla y distorsiona la vision






CUTANEAS

DIABETES MELLITUS

PATOLOGIA NO INFECCIOSA:
Acantosis nigricans.

Dermopatia diabética.
Mecrobiosis lipoidica.
Granuloma anular.

Bullosis diabeticorum.

Pie diabetico.

PATOLOGIA INFECCIOSA






Pie diabetico

El pie diabético se
produce como
consecuencia de la
asociacion de uno o mas
de los siguientes
componentes:

* Neuropatia periférica

» Infeccion

+ Enfermedad vascular
periférica

* Trauma

+ Alteraciones de la
biomecdnica del pie

Condiciones

* Edad avanzada

* Larga duracion de la diabetes

* Sexo masculino

+ Estrato socioeconémico bajo y
pobre educacion

+ Factores sociales como vivir solo,
ser poco visitado,

poca motivacion por vivir

* Pobre control glucémico

- Presencia de retinopatia,
nefropatia, enfermedad
macrovascular




AREAS DE RIESGO PARA ULCERAS
EN EL PIE DIABETICO
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GRADO 0
I
SIN LESION I

X ULCERA
SUPERFICIAL

OSTEOMIELITIS
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GANGRENA %
ANTEPIE 4
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PIE DIABETICO
Clasificacion Universidad de Texas,
San Antonio-USA

Isquemia Mo No Si Si
Mo Si Mo

Infeccion

A B

Grado/ Estadio c

| (dermis)

Il {tendon-capsula)

Il (hueso-articulac)

Armstron DG, Diabetes Care 21(5): 855-859



MANEJO DEL PIE DIABETICO

1. Evaluacion

A) Diagnostico precoz de neuropatia, arteriopatia, deformidades, callosidades vy ulceras en
el pie

C) Exploraciones complementarias: Rx del pie, Gammagrafia con leucocitos marcados,
cultivos del exudado, cultivos del exudado.

2. Tratamiento
A) Control metabolico de la diabetes mellitus
B) Desbridamiento y limpieza
C) Antibioterapia
D)) Descarga del pie
E) Mejorar la circulacion (técnicas de revascularizacion)

F) Tratamiento sintomatico (analgésicos para el dolor)




IA DEL CONTROL




Reducir HbA1C reduce riesgo: Estudio UKPDS

Relative Risk
& 95% CI
RR p 05 2 ¥
Any diabetes related endpoint 0.88 0.029 7
Diabetes related deaths 0.90 0.34 —T
All cause mortality 0.94 0.44 —o

Myocardial infarction 0.84 0.052 —
Stroke 1.11 0.52 — T sk
Microvascular 0.75 0.0099 e

‘Favours Favours
intensive conventional

El grupo de intensivo UKPDS tenia en promedio HbA1C 0,9% menor que el
convenclonal

En el estudio UKPDS el tratamiento intensivo versus convencional beneficia los
eventos relacionados con diabetes mellitus en general v microvasculares en

particular, pero no la mortalidad relacionada con diabetes mellitus u otras causas
de mortalidad. Los eventos macrovasculares tienen solo un beneficio marginal a
pesar de ser mas frecuentes en el estudio que los microvasculares



Intervencién multifactorial en diabetes : STENO 2

2

) P=0.007
- LT e
= ; - - . ,
B Conventional therapy .- D e |
E i 0 mm=al Fetropathy 082 021085 o o
Fe A.uo:ncrn: QN L0 TE] 0032 |
A Dooc ity i
S_ 30 ]. _.." -I Pesiphixd L% RSS2 EE (66 '_h—.
E _ w ot nawcprdy . : i : — -
& - ]—l (=11} oy 1.0 [ pilal 13
. . . 204 I ; c =
£ I L Intensive therapy - — Therepy
microvascular
0 12 24 36 4% 0 72 84 9

Months of Follow.up

Mo. at Risk ;

Cq:rr}l;.'enticurlal 0 72 0 63 59 S0 44 41 13 80 pacientes por rama
therapy .

Intensive 20 78 74 71 66 63 61 59 19 Edad 55 ,,j anos
therapy

Seguimiento 7,8 afios
Gaede cols, 2003

macrovascular







