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AKUTNI KOMPLIKACE
DIABETU 1.TYPU

/\

DIABETICKA HYPOGLYKEMIE

KETOACIDOZA



Diabeticka ketoacidoza (DKA)

Definice
kombinace:
hyperglykemie (nad 11 mmol/l)
hyperketonemie (ketonurie)
acidoza (pH < 7,3 nebo HCO, < 15 mmol/l)



Diabeticka ketoacidoza (DKA)

Pritomna u 15-70% nové manifestovanych deti
s DM1

NejCastéjSi pfiCina smrti pacientu s DM1
mladsSich 18 let (83%, Edge et al., Diabetes Care 1999)

Mortalita v rozvinutych zemich: 0,15 — 0,3%

60-90% umrti vznika v souvislosti s edémem mozku,
dale hypokalémie, kardialni selhani pfi acidoze, DIC,
aspirace,...



DKA at T1D onset in 13 countries

TiD DKA DKA All countries combined
cases  cases rates [29.2% (95% C.I. 28.8-29.5)]

Sweden 6457 1261
Denmark 3084 637
Norway 3331 735
Australia 4428 1101

Wales | 1673 419
Auckland 670 176

Germany 19109 5120
Czechia | 2261 651
USA (SEARCH) | 5485 2021
Austria 1500 571
Luxemburg 190 73
Slovenia 471 190

Italy 10317 4250 .
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% Cherubini et al., Diabetologia 2020




Mortalita u pacientd s DM1

& Casné komplikace:

DKA (83%), hypoglykémie (8%), suicidia
udaje od deti, SMR 2.3x

(Edge et al., 1999)

& Pozdni komplikace:
mikro- a makrovaskularni
¢ Kumulativni delka zivota po vzniku DM1:
10 letod dg............. 98.0%
30 letod dg............ 79.6% stimuactar, 200
3-5x vyssi riziko umrti nez nediab.populace
Priumérna doba preziti pred rokem 1921: 20 mésicu




Pocatek inzulinoterap

Beprinted frm e T of the A of A Phywic 1922

THE EFFECT PRODUCED ON DIABETES BY
EXTRACTS OF PANCREAS

By F. G. BANTING, M.D,, C. H. BEST, M.A, J. B. COLLIP, Pr.D.
W. R. CAMPBELL, M.D,, A. A, FLETCHER, M.D,, J. J. R.
MACLEOD, 3D, axn E. C. NOBLE, M.D,

TORONTD, CAMATA

(Weom the Physiologioal Laboratory aud the Madicsl Clinio Univarsity of Turesto)

I the final report of his investigations on the effects of extir-
pation of the pancreas in 1893, Minkowski* does not speculate as
to the manner of action of the gland. e considers the possibility
that the pancress acts in some way on the orguns which use sugar
30 a5 to set froe the “affinities™ by which these attroct the sugar
molecules prior to metabolizing them. Although there is no
mention of & possible internal secretion of the panereas, the fore-
going suggestion implies that Minkowski thought one might exist;
but it is particularly to Hédon and Lepioe that we owe the now
popular hypothesis which definitely supposes this to be the case.
Lepine thought that he could show that this hormooe develops
its function by causing glycolysis, and that the blood of u depan-
created aninm! (and also of a diahetic patient) possesses a diminished
capacity to break down sugar.  This has been shown to be incorrect.
Hédon sought to demonstrate the presence of the pancreatic
hormone by trunsfusing blood from normal into depancreated
animaols. He found that this diminished the glycosuria of the
latter, but subsequent investigations showed that the cause was
not that grester consumption of dextrose had occurred, but that
the excretory function of the kidney had becote altered.

b Arch Loesger. Path, u, Phars, 180, xxl, 55,


http://eir.library.utoronto.ca/insulin/application/images/home-bottle.gif




DM1: symptomy v detském veku



DM1: symptomy v detskem

veku
& Polyurie (sekundarni enuréza)
& Polydipsie
% Unava
& Hubnuti
& Zvraceni

& Hyperventilace
& Porucha védomi
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Priciny vzniku DKA

1. Nove zjisteny diabetes

2. Chybna terapie DM1

Stresogenni podnéty + nedostate¢na uprava
terapie

- infekce, urazy, operace
Vynechavani davek inzulinu



Patogeneze DKA

Deficit inzulinu + nadprodukce kontraregulacnich hormonu

Zvysena ’ Zvysena periferni
glykogenolyza lipolyza
Zvysena

Zvysena ketogeneza
glukoneogeneza

Snizena utilizace Snizena utilizace
glukozy ketolatek

m® HYPERGLYKEMIE + HYPERKETONEMIE




Pathophysiology of Diabetic Ketoacidosis

| Absolute insulin deficiency

or

Stress, infection or insufficient insulin

Counterregulatory Hormones
1 Glucagon 1 Cortisol

1 Catecholamines 1 Growth Hormone

S S E——

1 Lipolysis

| Glucose utilization T Proteolysis

1 FFA to liver

1 Ketogenesis

| Alkali reserv

e

|
‘ Acidosis

T Lactate

| Protein synthesis

I
1 Gluconeogenic substrates
I

T Gluconeogenesis

1 Glycogenolysis

Hyperglycemia -
|

Glucosuria (osmotic diuresis)
I

Loss of water and electrolytes

| Decreased fluid intak

L 4

Dehydration
|

Impaired renal function

Hyperosmolarity

Wolfsdorf et al., Pediatr Diabetes 2018



Ketolatky

B-hydroxybutyrat CH;-CHOH-CH,-COOH
Acetoacetat CH;-CO-CH,-COOH

1



Pritkaz ketolatek

& Diaphan (Ketophan) — nitroprusid
- detekuje pouze AcAc, ne BHB
¢ Normalni stav:
AcAc : BHB =14
& Hypoxie, sok, laktatova acidoza:
AcAc : BHB = 1:10

lepe kompletni ABR nebo BHB v seru



Laboratorni vysetreni pri prijmu
pacienta s nove dg. DM1




Laboratorni vysetreni
PFi prijmu pacienta s DKA - akutni

- Glykémie — opakovat a 1 hodina

- Glykosurie, ketonurie (event. ketonémie —
hladina (3-hydroxybutyratu)

- ABR — a 4 hodiny pri pH<7,1

- Biochemie — Na, K, CI, Ca, osm, urea,
Kreatinin

- KO+dIff. a .ni
. FW, CRP ¢
- EKGpripH< 7,2
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Cile terapie DKA

- Obnoveni tkanove perfuze
- Korekce acidozy

- Korekce iontovych ztrat

- Prevence a lecba komplikaci terapie
(edém mozku, hypokalémie, hypoglykéemie)

- Korekce hyperglykémie



1. Rehydratace

Sok, hypotenze

 volumexpanze 10-20 mi/kg/hod. po
dobu 1-2 hodin
e vzacne nutne



Rehydratace

Veéetsinou:
e bazal + ztraty
e bazal .... 1. 10 kg 100 ml/kg/d..2. 10 kg 50 ml/kg/d..dal&i 10 kg 20 mli/kg/d.

« ztraty
Klinicky mozno kalkulovat u DKA:
sttedni DKA (pH 7,1-7,2) ztraty 5-7%

téZka DKA (pH <7,1) ztraty 7-10%
* 50% v prvnich 8 hodinach, 50% v dalsich 16 hod.

o ztraty kompenzovat v prubéhu 24-48 hodin (dle
vychozi osmolality)



Rehydratace u DKA

Cim?
. zacatek: 1/1 FR nebo 1/1 Ringer

- od pocatku substituce kalia (pokud je
pritomna diuréza)

. po poklesu glykémie pod 14 mmol/l zména
na 10% (5%) glukozu s ionty

- Koncentrace glukdzy dle dehydratace, resp.

rychlosti Kl (&im vyssi stuper dehydratace, tim nizsi
koncentrace glukozy)



2. Substituce ion Ly

Table 1. Losses of fluids and electrolytes in diabetic ketoacidosis and maintenance requirements in normal children

Average (range) losses per kg | 24-hour maintenance requirements

Water 70 mL (30-100) x<10 kg 100 mL/kg/24 hr
11-20kg 1000 mL + 50 mL/kg/24 hr for each kg from 11-20
=20 kg 1500 mL + 20 mL/kg/24 hr for each kg =20

Sodium 6 mmol (5-13) 2—4 mmolt
Potassium 5 mmol (3-6) 2-3 mmol
vChloride 4 mmol (3-9) 2-3 mmol
Phosphate (0.5-2.5) mmol 1-2 mmol

Wolfsdorf et al., Pediatr Diabetes 2018



HNa trium

Etiologie ztrat: osmoticka diuréza
- natrémie v séru ovlivnéna: hemokoncentraci
(zvySuje), ale téz relativni diluci pfri
hyperosmolarnim stavu (shizuje)

Substituce:
- v uvodni fazi pouze 1/1 FR (pozor na
hyperchlorémii, u mensich deti a v pripadé vyrazné
dehydratace mozno v prejit na 72 FR)
- po zméne rehydratacniho roztoku na glukézu dodat
5,8% NaCl v davce 4 mmol/kg/den (a upravovat dle
vyvoje iontogramu)



IKaIium

Etiologie ztrat: osmoticka diuréza, sekundarni

hyperaldosteronismus

Kalémie v séru ovlivnéna presunem K* z
intracelularniho prostfedi do intersticia (vyména za
H* pri acidoze, hypertonicita intersticia, nedostatek

inzulinu) — relativni hyperkalémie

Namérena kalémie muze byt jakakoli, ale
celkové mnozstvi K* v téle je snizeno!



ECG Pattern of Hypokalemia

Prominent U Wave

Depressed ST segment  Biphasic T wave




HSubstituce kalia

Uvodni davka: 4 mmol/kg/den
7,5% KCl a 13,6% KH,PO, v pomeéru 2:1

- bez ohledu na aktualni kalemii

- Vv pripadé hyperkalémie je nutné mit jistotu
diurézy

- upravovat dle vyvoje iontogramu

- nalez hypokalémie pri prijeti je velmi
nepriznivym prognostickym faktorem, je treba
zvysit substituci a Casteji monitorovat hladiny



3. Lecbha inzulinem

- Rychle pusobici humanni (Actrapid)

- I.v., pefusorem, nezavisle na rehydrataci

« Odkdy ??7?

- Jaka davka 7?7?77

- Guidelines:

za 1-2 hodiny po zahajeni rehydratace
inicialni davka: 0,05-0,1 IU/kg/hod.
nepodavat inicialni bolus




V klinickém obraze dominuje:

Acidoza Hyperosmolalita
pH<7.1, glykémie <40 mmol/l .1, glykémie >40 mmol/l
Inzulin okamzité Lze pockat, ale max. 2 hod.

davka min. 0.05 IU/kg/hod. davka 0.03-0.05 IU/kg/hod.



Dalsi vedeni terapie inzulinem

» Korekce davek dle poklesu glykemie

« Idealni pokles 3-8 mmol/hod.

* V pripade rychléeho poklesu glykemie je mozne
prejit na 10% glukoézu drive nebo zvysit jeji
rychlost!!

» cilova glykemie mezi 6-12 mmol/l



Bikarbonat

Vyjimecne, DKA se koriguje inzulinem, nikoli
bikarbonatem.

* Pri pH <6.9
« 1/3-1/5 vypocCitané davky (1/3*m*BE)
* 1M (8.4%) NaHCO3

Pozitiva: zlepseni kontraktility myokardu
Rizika: hypokalémie, alkaléza, CNS acidoza,
tkanove nekrozy




Sledovani pacienta

* glykémie a 1 hod.

 jontogram, ABR a 4 hodiny u tézkych DKA, a
6-8 hodin u strednich a lehkych (pH >7.1)

* BT a 3 hodiny u tezkych, a 6 hodin u ostatnich
(budou jisté pozitivni, nutnost ale udrzet diurézu)

« zacévkovat dle potreby

* monitor vcetne TK, zapis a 1 hod.

* OCni pri podezreni na edéem mozku

* neurolog ani EEG neni v akutnim stavu nutne,
pokud neni jiny duvod (napf. parézy hlavovych nerv
nebo hemiparéza nebo kiece)



Komplikace terapie: edem mozku

e Pritomen u 0.5-1% pacientt s DKA

e 25% mortalita

Rizikové faktory:

e Mladsi vek, nova manifestace, delsi trvani
symptom{

o Tézka acidoza, hyperkapnie, elevace urey, terapie
HCO;", velky objem tekutin v prvnich hodinach

Etiologie: porucha hematoencefalické bariéry v
dlsledku hypoperflze (vychozi osmolalita nehraje
tak zasadni roli jak bylo prezentovano drive)




Edem mozku - symptomy

nahlé zhorseni stavu védomi (pridmeér 9 hodin od
zahajeni terapie)

bolesti hlavy, zvraceni

bradykardie

Krece

obrny hlavovych nervl (zejména III, IV, VI)
desorientace, inkontinence

edém papily, asymetrie pupil




Edém mozku u DKA — dg. kritéria

Diagnostic criteria

Abnormal motor or verbal response to pain
Decorticate or decerebrate posture

Cranial nerve palsy (especially 111, IV, and VI)
Abnormal neurogenic respiratory pattern (e.g.,
grunting, tachypnea, Cheyne-Stokes respiration,

apneusis) 1 d iag nOStiCké
nebo

2 velka
e Altered mentation/fluctuating level of consciousness
e Sustained heartrate deceleration (decrease more than nebo
20 beats per minute) not attributable to improved

intravascular volume or sleep state 1 Vel ke d 2 mala

e Age-mnappropriate incontinence

Major criteria

Minor criteria

Vomiting Maji 92% senzitivitu a

L

e Headache o ..

. Lgtha ray or not easilv arousable 4% falesnou pOZ|t|V|tu
e Diastolic blood pressure =90 mm Hg

e Age <5 years

Muir et al., Diabetes Care 2004



Edém mozku - terapie

1. Mannitol

- 0.5-1 g/kg ve 20 minutove infuzi,
opakovat 1-2x v davce 0.25-0.5 g/kg po 4
hodinach

2. Snizit rychlost rehydratace na tretinu (?)
3. UPV
- v pripade respiracniho selhani nebo
kardialni nestability

CT mozku vyjimecCné az po stabilizaci stavu —
K vylouCeni trombozy nebo krvaceni!!



Hyperglykemicky hyperosmolarni stav

(drive non-ketoticke hyperosmolarni koma)

Charakteristika:
- glykémie >33 mmol/l (spise >50)
- HCO4 >15 mmol/l
- pH >7.3
- ketonurie ne, BHB v séru nizky
- DM2, male déti, stari lidé
- nekdy prekryv s DKA



Hyperglykemicky hyperosmolarni stav

(drive non-ketoticke hyperosmolarni koma)

Etiologie
- relativne dobra sekrece inzulinu
- dehydratace, ale ne ketogeneze

Mortalita
- 20-40% (u dospelych)

Dif.dg. CMP



Hyperglykemicky hyperosmolarni stav
Terapie

1. Rehydratace
- co nejpomalejsSi pokles glykemie

- 1/1 FR, ale na G prechazime drive (pri
rychlem poklesu glykémie)

2. Inzulin
- neni tak dulezity
- velmi malé davky tehdy, pokud glykemie dale
neklesa na rehydrataci



DKA: Zaver

1. DKA je komplikovany stav, u néhoz neni mozné
stanovit univerzalné pouzitelné zasady terapie.

2. Rozhodnout, zda pacienta ohrozuje spise
hyperosmolalita (resp. dehydratace) nebo
aciddza a dle toho prizplsobit strategii.

3. Monitorace pacientt (klinicky i laboratorné) je
nezbytna zejména v prvnich 12 hodinach po
zahajeni terapie.



HYPOGLYKEMIE: terapie




HYPOGLYKEMIE: terapie

% 1.pomoc:
- glukagon, cukr pod jazyk
& Nemocnice:
- 40% glukoza (0.5-1ml/kg bolus)

Cave: zjistena glykémie nemusi byt
extremne nizka !!!



