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Amino acids
(primarily alanine) Glucose
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(gluconeogenesis) Tricarboxylic
acid cycle



AEPOBIA TAYKOAYZH

TTUPOOTAPUAIKO 0EU  ww.wmp YAAAKTIKO OEU

|

CO, + H,0 + ATP

OHTO9PBZOXO0O-AHZ=Z
OHVY99PBZOXO0O-4HZ=



H o€ cidwaon Tou TupooTa@uAikoU o €0C
O0TO HITOXOVOpPIO amodidel
36 popia ATP ava poépio yAukolng,

EVW KATA TNV avagpoPia yAukoAuon
éva popio yAukolng mapdyel
Hovo dvo popia ATP




<« KUTTapa pe TOAAG piToxovopia pmopoUv vd
EMITAXUVOUV TO  pudBuo  oleidwonc  Tou
TTUPOOTAPUAIKOU, WOTE vd  UTTEPKAAUTITETAI
amoTeAEOUATIKA 0 PUBUOC TTApaYWYAC TOU

< 2TouC €évtova epyalopevouC HUC, To HeyaAUTepo
HEPOC TOU TIUPOOTAWUAIKOU of€oC avdyetdl oOc
VaAAKTIKO 0&U (o puBpoCc TaApaywync Tou
TTUPOOTAPUAIKOU €ival KaTtd TToAU peyaAUTEPOC aTo
To pUBUO 0 idWONC TOU)



2.TIC TEPITMTWOEIC AUTEC N YAUKOAuon divelr Th duvaTtoTnTtd
oTa KUTTApa Tou TpoaPAnOnkav va kaAUyouv ToUAdxIOTov
HEPIKA TIC €EVEPYEIAKEC TOUC avdyKeC, vid &va XPOVIKO

didoTnua mou e€aptdral KUpia amo 1o Pabuod d1aKoTTAC TG
Tapoxnc oEuyovou Kai Th guon Tou 10ToU




< ®uoloAoyIkd aoé Tov avBpWwmIvo opyaviouo
TapdyovTal kaBnuepivd 15-20 meq/Kg BZ
YaAaKTIKoOU oC€oC
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Glucose

2 ADP .
) Glycolysis
2 ATP

Glucose

2 Pyruvate _ Anaerobic 2 Pyruvate
metabolism
Aerobic
metabolism 2 Lactate
Without adequate oxygen (ie, in anaerobic
metabolism), glucose provides little energy
Acetyl CoA and leaves lactate as a byproduct. However,

2 ADP
) Krebs cycle
2 ATP

High-energy
electrons

aad Electron
transport
34 ATP System

CO; + Hy0

the lactate can be converted back to glucose
in the liver.

With adequate oxygen

(ie, in aerobic metabolism), glucose

is converted efficiently to energy,
phosphorylating ADP to ATP and leaving
only CO, and H,0 as byproducts.

Gluconeogenesis



TaAQKTIK 0gEwon

Auénpévn napaywyn YoAaKTIKoOU 0€€0G
*  Auénpévn nopaywyn nupootaduAikov

1. EvIUMOTIKEC SLaTapaxEC OTNV VEOYAUKOYEVEDH KOl YAUKOYOVOAUGH
2. AvormveuoTikn) oAKAAwoN

3. QaloxpwpokuTwHa-f2 adpevepylkn SlEyepon

* Mewwpévn xpnotponoinon nupootodpuAikol
1. Awatapaxec tng mupootadUAkng kapBofuAdonc kot rtupootadulikng deldpoyevaong

* Awatapayn woopponioc NADH/NAD*

1. Auvé&nuévoc petaBoAlkoc puBuocg (grand mal, Evtovn doknon, urtoBepuia, Bapv
aocBua)

2. Melwpévn otk ouyovwon (shock, kapdlakn avakormn, MVEUUOVLKO oldnua,
dnAntnplaon pe CO, Bapela untofatpia pe pO, < 30 mmHg, datoxpwpokUTWHA)

3. Mewpgvn xpnoponoinon tou O, (6nAntnpiacn ano kuavuouyxa, Gapuoka)

* D yoaAaktiki o§€won



TaAQKTIK 0gEwon

Mewwpévocg KataBoALoO¢ Tou YaAAKTLKOU 0€€0C

* Bapeld oécwon kat dtatapaxn TE LOTIKAC KUkKAodopiog
*  AAKOOALOMOG
* Hmatik vooog

Acadeic pnxaviopoi

* KakonOeleg

* AwBAtng

* AIDS

* YroyAukatpia
e 18lomabng



[D:TIKH YTTO=IA & YTIEPAAKTAZAIMIA}

IZTIKH YTTIO=IA _< 4 TTAPAMQrHz
(OAIKH & TOTIIKH) v KATANAAQZIHZ

(ATATAPAXH TIN MITOXONAPIQN)

+ OZEQQ2ZH = v KATABOAIZMOY ZTO HTTAP

20OBAPH YTIO=IA + O=EQ>*H = 4 HTTATIKHZ
TTAPAT QQrHZ FTAAAKTIKOY O=EOZ




" AEPOBIA MAYKOAYZH KAT YTTEPAAKTAZAIMIA (1)

4 ETTINEZPINHZ =
AIEMEPZH TN p2-

YTIOAOXESIN =
4 TAYKOAYZHZ

ZHYH
(YTTEPAYNAMIKH KATAZTAZH)

BAPY AZOMA
(+p2 AFQINIZTEZ)

2Z0OBAPO TPAYMA

KAPATIOIENEZ 'H ATIMOPPAI'IKO
SHOCK

EAIOXPSLIMOKYTSIMA



AEPOBIA TAYKOAYZIH KAI YTIEPAAKTAZAIMIA (2)

f \
| SAETMONQAETY KATAZTAZEIZ = 4 KYTTAPOKINSGN |

= ATEFEPTH THZ KYTTAPIKHE TIPOZAHYHE :

l FAYKOZHZ = AEPOBIA IFAYKOAYZH /'

\
AAKAAAIMIA = AIEMEPZH THZ 6-

PHOSPHOFRUCTOKINASE = 4 TTAPAIQQIrHZ
FTAAAKTIKOY O=EQx




2HYH KAT FAAAKTIKH O=EQZH
(AKOMA KAI ZE AIMOAYNAMIKA ZTAGEPOTTOIHMENOYZ
AZOENEIL)

OZEIAETAI KAI ZE MEIC2ZH TOY HTTATIKOY METABOAIZMOY
TOY FTAAAKTIKOY O=EOZ (ANAZTOAH THZ PYRUVATE
DEHYDROGENASE)

H XPONIA HTTATIKH NOZOZXZ ETTIAEINSINEI THN
YTTIEPAAKTAZAIMIA THZ ZHYHZ




Evtovn doknon / grand mal emAnNTITIKA Kpion

< TTapaTnpeiTal yaAakTIKAR o Eéwan €TeIdN  TTAPoxn
ouyovou aTouc 10ToUC (KUpla oTouC OKEAETIKOUC
HUC) €ival HIKpOTEPN ATTO TV ATTAITOUHEVN

+ Katd tn didpkela piag grand mal emANTITIKAG
Kpiong, Ta emitedd Tou YAAAKTIKOU o £0C aTOV
opd avépxovtal Tapodikd, wg Ta 15 meq/L, evw
KaTd Thv oAU £€vTovn adoknon péxp! kai 20-25
meq/L

Anorslsaua m'wan tov pH ¢ ouatnuatikig
kuxAogopiag (uéxpe 6,8).



Evtovn doknon / grand mal emAnTtTIKA Kpion

« MeAétec €0eifav  Taxeia amokardotaocn TNG
o eoPACIKAC 100ppOTTIAC 0 AUTOUC TOUC aoOeveic
He €va péyioTo puBuod  xpnoigotmoinong  Tou
yaAakTikoU Trou pmopei va ¢tdoel Ta 320 meq/h

<« AUTOC 0 uynAhoc puBuoc uetapoAiopgoU Tou
vaAakTikoU umodnAwvel Tnv  mBavh Umapén
HEIWHEVNC XPNOIHOTIOINOAC TOU O€ KATAOTAOEIC
KATA TIC OTOIEC N UTTEPTIAPAYWYR TOU YAAAQKTIKOU
Aapupdver xwpa TPoodeUTIKA Kai oxI oféwce (T
kartaotdoei¢ shock)



NeomAdgisc & yaAakTiki o€ éwaon

< Avaepopio¢ petapoAiopog Tou peydahou apiOuol Twy
KAPKIVIKWY KUTTAPWV

< AVTIKATAOTAoN HEPOUC TOU NTTATIKOU TtapeyXUHATOC
amo TIC HETAOTACEIC N TIC AsUXaIHIKEC OINBNOEIC, HE
amoTéAeopa va peiwveTal n gada Tov ATTATOC

< Aleon TTapaywyn YaAdKTIKOU dTd Td VEOTTAAOUATIKA
KUTTdpd



How Metformin Suppresses Hepatic Gluconeogenesis: A Model.
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emc®

Metformin 500mg tablets

Last Updated on eMC 15-Apr-2013 View changes | Aurobindo Pharma - Milpharm Ltd. Contact details

HOME MEDICINES COMPAMIES LATEST UPDATES ABOUT EMC SIGN UP LOG IN

ﬁ Advanced search =

4.3 Contraindications

* Hypersensitivity to metformin hydrochloride or to any of the excipients.

403318 d13H %)

Dol odic leot P NS HIS SN

» Renal fa

ilure or renal dysfunction (creatinine clearance < 60 ml/min).

dehydration,

severe infection,

shock,

intravascular administration of iodinated contrast agents (see section 4.4).
+ Acute or chronic disease which may cause tissue hypoxia such as:

cardiac or respiratory failure,



Box. Current US Food and Drug Administration Prescribing
Guidelines for Metformin as Related to Kidney Function

e Metformin is contraindicated in “renal disease or renal dysfunc-
tion (eg, as suggested by serum creatinine levels =1.5 mg/dL
[males], =1.4 mg/dL [females]) or abnormal creatinine clearance
(CrCl)"

e Metformin “should not be initiated in patients =80 years of age un-
less measurement of creatinine clearance demonstrates that renal
function is not reduced.”

Source: Metformin final printed labeling.?




BMJ 2015:350:h1758 doi: 10.1136/bmj.h1758 (Published 14 April 2015)
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EDITORIALS

CrossMark
click for updates

Using metformin in the presence of renal disease

Current guidelines are too restrictive, and many patients who could benefit are missing out

Tahseen A Chowdhury consultant in diabetes, Roisin Wright lead diabetes nurse, M Magdi Yaqoob
professor in clinical nephrology

Departments of Diabetes and Nephrology, Barts and the London School of Medicine and Dentistry, London E1 1BB, UK.



Serum concentration of metformin (umol/L)
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Plasma lactate (mmoll™)
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Clinical Review & Education ‘

Review

Metformin in Patients With Type 2 Diabetes
and Kidney Disease

A Systematic Review

Silvio E. Inzucchi, MD; Kasia J. Lipska, MD, MHS; Helen Mayo, MLS: Clifford J. Bailey, PhD.
Darren K. McGuire, MD, MHSc

Supplemental content at

IMPORTANCE Metformin is widely viewed as the best initial pharmacological option to lower Jama.com

glucose concentrations in patients with type 2 diabetes mellitus. However, the drug is CME Quiz at
contraindicated in many individuals with impaired kidney function because of concerns of jamanetworkcme.com and
lactic acidosis. CME Questions page 2682

OBJECTIVE To assess the risk of lactic acidosis associated with metformin use in individuals
with impaired kidney function.

EVIDENCE ACQUISITION In July 2014, we searched the MEDLINE and Cochrane databases for
English-language articles pertaining to metformin, kidney disease, and lactic acidosis in
humans between 1950 and June 2014. We excluded reviews, letters, editorials, case reports,
small case series, and manuscripts that did not directly pertain to the topic area or that met
other exclusion criteria. Of an original 818 articles, 65 were included in this review, including
pharmacokinetic/metabolic studies, large case series, retrospective studies, meta-analyses,
and a clinical trial

RESULTS Although metformin is renally cleared, drug levels generally remain within the
therapeutic range and lactate concentrations are not substantially increased when used in
patients with mild to moderate chronic kidney disease (estimated glomerular filtration rates,
30-60 mL/min per 1.73 m?). The overall incidence of lactic acidosis in metformin users varies
across studies from approximately 3 per 100 000 person-years to 10 per 100 000
person-years and is generally indistinguishable from the background rate in the overall
population with diabetes. Data suggesting an increased risk of lactic acidosis in
metformin-treated patients with chronic kidney disease are limited, and no randomized
controlled trials have been conducted to test the safety of metformin in patients with
significantly impaired kidney function. Population-based studies demonstrate that metformin
may be prescribed counter to prevailing guidelines suggesting a renal riskinupto1in 4
patients with type 2 diabetes mellitus—use which, in most reports, has not been associated
with increased rates of lactic acidosis. Observational studies suggest a potential benefit from

metformin on macrovascular outcomes, even in patients with prevalent renal Author Affiliations: Section of
contraindications for its use. Endocrinology. Yale University School
of Medicine. New Haven, Connecticut
(Inzucchi, Lipska), Health Sciences.
CONCLUSIONS AND RELEVANCE Available evidence supports cautious expansion of metformin Digital Library and Learning Center
use in patients with mild to moderate chronic kidney disease, as defined by estimated University of Texas Southwestern
glomerular filtration rate, with appropriate dosage reductions and careful follow-up Medical Center, Dallas (Mayo): School

of Life & Health Sciences, Aston
University, Birmingham, United
Kingdom (Bailey); Division of
Cardiology. University of Texas
Southwestern Medical Center, Dallas
(McGuire)

of kidney function.

Corresponding Author: Silvio
Inzucchi, MD, Section of
Endocrinology. Yale School of
Medicine, Fitkin 106, 333 Cedar St.
New Haven, CT 06520-8020
(silvio.inzucchi@yale.edu)
Section Editor: Mary McGrae
JAMA. 2014.312(24).2668-2675. doi.101001/jama. 201415298 McDermott, MD, Senior Editor

jama com

C 2014 Medical Al rights reserved.

MaAaKTIKR) 0§éwon

* MeETQOpPMivn = 1/23-30.000 patient years
* AAAa avTIdlopnTIkG = 1/18-21.000 patient years

Kapia ouoxétion pH pe emitreda pETQOPHIVNG

2uviOwg ouvutrdpxouv dGAAol  TTpodiaBeoiKoi
TTAPAYOVTEG

H pet@oppivn evOéXeTan Vva  MEIWVEL  TOV
kapOlayyelakd Kivouvo o acOeveig pe XNN



@) The JAMA Network

From: Metformin Use and Mortality Among Patients With Diabetes and Atherothrombosis

Arch Intern Med. 2010;170(21):1892-1899. doi:10.1001/archinternmed.2010.409

107 Metformin use All-cause mortality
No
8- — Yes

(7]
|

[pe]
1

Cumulative Incidence, %
=N

0 _I T T T 1
0 6 12 18 24
Follow- m
No. at risk oflow=up. mo
Metformin use
Yes 7397 7234 6848 6119 3340
No 12156 11805 10979 9769 5808

Copyright © 2015 American Medical Association. All
rights reserved.



Table 2. Possible Approach to Metformin Prescribing in the Setting of CKD?

CKD eGFR, mL/min Maximal Total

Stage per 1.73 m? Daily Dose, mg  Other Recommendations

1 =90 2550

2 60 -<90 2550

3A 45 -<60 2000 Avoid if kidney function is or expected to become unstable
Consider more cautious follow-up of kidney function

3B 30 -<45 1000 Do not initiate therapy at this stage but drug may be continued
Avoid if kidney function is or expected to become unstable
Consider more cautious follow-up of kidney function

4 15 -<30 Do not use

5 <15 Do not use

JAMA . 2004 31024)-2668-2675.



ATATNQZH THZ FTAAAKTIKHZ O=EQZHZ

| A. YTTOKEIMENH NOZOX |
B. METABOAIKH OZEQZH ME 4 XA >30mmol/L. A.A. ATIO TA AAAA AITIA
. TO 50% TCIN AZOENQN ME ETIITIEAA LACTATE 5-10mmol/L AEN
EXOYN 4 XA
. AIOPOQZH TOY XA ITA TA ETTITIEAA THE ALB
A=IOAOTHIH THZ EXEZHZ AXA/AHCO;-
C. 4 ETIITIEAA LACTATE (>1.5mmol/L)
| TIPOZOXH: ANQTEPEZ ZYZIOAOTTKEE TIMEE = 4 ONHTOTHTA |
/D. ZYXNA ZYNYTTIAPXOYN AAAEZ AIATAPAXEZ THE O=EOBAZIKHE )
IZ OPPOTIIAZ :
+ ANATINEYZTIKH AAKAAQSH = AAKAAAIMIA
|+ METABOATKH AAKAAQEH = 4 HCOy / AAKAAAIMIA y




OEPATIEIA MAAAKTIKHZ OZEQIHE (1)

4 . ATTIOKATAZTATH THZ IZTIKHZ AIMATOQIHE R
(+INOTPOTTA/AITEIOZYZTTAZTIKEE OYZIEL: ATTAITOYNTAT YWHAEL

. AOZEIZ - OAHIOYN ZE YTTEPAAKTAZAIMIA) )

/ « KPYZTAAOETIAH - KOAAOEIAH AIAAYMATA (ALBUMIN) \
NORMAL SALINE vs RINGER LACTATE

MIKPH AY=HZH LACTATE (OXI ZHMANTIKO TIPOBAHMA EAN AEN

\YTIAPXEI MEIQZH TOY KATABOAIZMOY TOY FAAAKTIKOY O=EOZX) /

[ * METAITIZH AIMATOZ (Hb<7g/dl) ]

[ * O, ZE YTIO=AIMIKOYZ AZOENEIZ ]




OEPATIEIA FAAAKTIKHI O=EQZHZ (3)

CAUSE-SPECIFIC MEASURES

« ANTIBIOTIKA ZE ZHTTTIKOYZ AZOENEIZ
*ANTIMETQTIIZH KAPATAKHZ ANETTAPKEIAZ -
APPYOMIIN
‘XEIPOYPITKEZ ETTEMBAZEIZ
‘AIMOKAOAPZH
*ATAKOTTH ZAPMAKSIN (mx. METFORMIN)



EAEMXOZ ArQrHZ KAI ZTOXOI OEPATIEIAL ZE
AZOENEIZ ME FAAAKTIKH OZEQZH (1)

MATT 65-70mmHg
T3Y=EIZ <100/min
CVP 8-12mmHg

TTIEZH ENZZHNQ > HX 12-15mmHg
TINEYMONIKQN TPIXOETIAON

V OYPON >0.5ml/Kg/h




EAEMXOZ ArQQrHZ KAI ZTOXOI OEPATIEIAZ ZE
AZOENEIZ ME N'AAAKTIKH O=EQZH (2)

Hb >7g9/dl (>10g/dl)

KOPEZMOZ APTHPIAKOY >92%
AIMATOZ

KOPEZMOZ KENTPIKOY ZAEBIKOY >70%
AIMATOZ




EAEMXOZ ArfQrHZ KAT ZTOXOI OEPATIEIAZ ZE
AZOENEIZ ME N'AAAKTIKH O=ES2ZH (3)




EAEMXOZ ArfQrHZ KAT ZTOXOI OEPATIEIAZ ZE
AZOENEIZ ME N'AAAKTIKH O=ES2ZH (4)




Lactate > 4.0 mmol/L

-3 Type A lactic acidosis (shock, regional ischemia) = = == == = = - - - =

Fluid-responsive? » Give fluids (crystalloids or colloids)

Yes
No

Scvo, = 70%? » Consider vasodilators if hemodynamically ==
Yes stable

No

Optimize oxygen delivery

=3 |f anemic » Increase hemoglobin to > 7.0 g/dL
(> 10 g/dL with cardiac ischemia)

=3 |f myocardial dysfunction =3 Consider inotropes

=3 |f increased oxygen demand === Treat underlying cause
(pain, agitation, dyssynchrony)

!
!
!
!
!
l
|
!
=3 |f hypoxemic > Increase arterial oxygen saturation to > 92% = |
l
l
I
I
I
[
l
l

—3 Type B lactic acidosis (eg, due to liver disease, medications, malignancy)

Y

Treat underlying cause » Recheck lactate




OEPATIEIA MTAAAKTIKHZ O=ESQ2ZHZ (4)

A) XOPHTHZH NaHCO; (pH<7.2)

-~

-

OMQZ: A) ENAOKYTTAPIA O=EQ>H
(EIZOAOZ CO, ZTA KYTTAPA)
[KYPIQZ TE AZOENEIZ ME KYKAOZOPIKH
ANETTAPKEIA]

KAPAIAKHZ ZYXTAATIKOTHTAZ

~

B) MEIQQZH TOY IONIZMENOY Ca?* = MEIQQZH THZ

Y




OEPATIEIA FAAAKTIKHEI OZEQIHEZ (5)
B) ATAAYZH ME HCO,-

EMTTIOAIZEI: TH MEIQZH TOY Ca?*

r THN YTTEPZOPTQZH THZ KYKAOZOPIAXZ
THN YTTIEPQZIMOQTIKOTHTA
ATTOMAKPYNEI OYZIEZ TTOY ENOXOTTIOIOYNTAI
(nrx. METFORMIN)

QA>TO2O0:
\  XOPHI'HZH HCO;- = 4 TTAPAFQQ'HZ FAAAKTIKOY O=ZEOZ




OEPATIEIA MTAAAKTIKHZ O=E2ZHZ (6)

’___
O
>
%
v o)
-
O
p
x
O



OEPATIEIA F'AAAKTIKHZ Oz=EQxHZ (7)
POTENTIAL FUTURE THERAPIES

N\
[0 ANTAAAAKTHE Na* - H* (NHE1) ENEPFOTTOIEITAL,
| ZE AZOENEIZ ME FAAAKTIKH OZEQIH = |

: YTTEPEOPTQZH Na* KAI Ca?* TTA MYOKAPATIAKA :

| KYTTAPA \
INHE1 INHIBITORS = EYNOIKA ATTOTEAEZIMATA ZE|
\ TTIEIPAMATIKA MONTEAA /



EEVIEW ARTICLE

DISORDERS OF FLUIDS AND ELECTROLYTES

Julie R. Ingelfinger, M.D., Editor

Lactic Acidosis

MORTALITY IS INCREASED BY A FACTOR OF THREE WHEN LACTIC
ACIDOSIS ACCOMPANIES LOW-FLOW STATES OR SEPSIS, AND THE
HIGHER THE LACTATE LEVELS, THE WORSE THE OUTCOME




D-yaAaKTIKR} 0¢Ewon

Inavia

Nopatnpeital o aocOeveic e vNOTIOOELAEIK QAVAOTOUWON 1 EKTETOLUEVN EKTOWI TOU

Aemtou

Napadyetal oo to HeETABOALOHE TOU apUAov Kot TG YAUKOING oo ta Baktipla Tou
TOXEWG EVTEPOU Ot D-yoAoKtikO o0 TtOo Omoio &ev Mmopei va MetatTporel o€

nupootapuALko oL yiati 6gv avayvwpiletatl ord tnv LDH

Odeiletal otnv unepavantuén gram* Baktnpiwv nouv napayouv D-yaAaktiko ofu

Kol otV NANMMUEAN amoppodnon Twv vdatavOpaKkwv ortd to AENTO EVIEPO



D-yaAaKTIKR} 0¢Ewon

KAwiwknA elkova:
= ouyxuon
= mapeykepaAldikn atatia
= Suoapbpia
= auvnola
= 0 aoBevnc poladlet Kol volwBel «ueBuopEvoc»

H vooog £xeL emelcodlako xopaktipa Kot epdaviletol HETA and yevpata nAovola
o€ VdaTAVOpOKEC

Xopaktnpiletal KAAOOLKA ano HeTaBoAlkn 0fEwon auénUEVOU YAOHATOC AVIOVIWV
2€ OPLOUEVEC TIEPLITTWOELC AOYW ATMEKKPLONG TWV D-yaAaKTIKWV avioviwyv ota ovpa
TO XOOMO aviOvVTIWY dev gival avénpévo | n avénon tTou €ival HKPOTEPN OO TNV
HElwoN TwV SLttavOpaKLKWY

H dtayvwon tifston pe péEtpnon tou D-yaAaKTIKOU 0§€0C HE ELBLKN TEXVIKNA

Oeparneia pe avrifrotika (Bavkopukivn, LeTpovidaloAn) Kal TEPLOPLONO TWV OITAWV

véatavOpakwv





