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Lactate in the intensive care unit: pyromaniac,|sentinel or

fireman?
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laktat a prognoza



laktat a ICU

laktat 2,1-3,9 je spojen s vyssi mortalitou
(Trzeciak, ICM 2007)

laktat 1,4-2,3 u SS je spojen s vy38i mortalitou
(VASST subanalyza — Wacharasint, Shock

2012)

vyssi laktat bez hypotenze spojen s vyssi
mortalitou (Howell ICM, 2007)

ale: hypotenze bez zvyseného laktatu (< 2,5) ma

dobrou prognoézu (Hernandez, Resuscitation
2011)



A. Initial resuscitation

1. Protocolized, quantitative resuscitation of patients with sepsis-induced tissue hypoperfusion (defined in this document as hypotension
persisting after initial fluid challenge or blood lactate concentration =4 mmol/L). Goals during the first 6 h of resuscitation:

_(a) Ceptral vepous pressyre 812 mmHg
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(b) Mcan arterial pressure (MAP) = 65 mmHg

(c) Urine output = 0.5 mL kg

“h

orade 1070

2. In patients with elevated lactate levels tareeting resuscitation to normalize lactate as rapidly as possible (erade 2C)

SURVIVING SEPSIS CAMPAIGN CARE BUNDLES

TO BE COMPLETED WITHIN 3 HOURS:

1) Measure lactate level

2) Obtain blood cultures prior to administration of antibiotics

3) Administer broad spectrum antibiotics

4) Administer 30 mL/kg crystalloid for hypotension or lactate = 4 mmol/L

TO BE COMPLETED WITHIN 6 HOURS:
5) Apply vasopressors (for hypotension that does not respond to initial fluid
resuscitation) to maintain a mean arterial pressure (MAP) = 65 mm Hg

B) T e SVETIT 07 PETSISent arneral NYpoension despie VoIume resuscaton (septic
shock) or initial lactate = 4 mmol/L (36 mg/dL):

- Measure central venous pressure (CVP)*

- Measure central venous oxvgen saturation (ScyQ-)"

7) Remeasure lactate if initial lactate was elevated”®

*Targets for quantitative resuscitation included in the guidelines are CVP of =8 mm Hg,
ScvO; of = 70%, and normalization of lactate.
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Early Lactate-Guided Therapy in ICU Patients: A Multicenter, Open-Label, Randomized, Controlled
Trial. Am J Resp Crit Care Med 2010 May 12. [Epub ahead of print]

Jansen TC, et al Bakker J. for the LACTATE Study Group.

OBIJECTIVE: To assess the effect of lactate monitoring and resuscitation directed at decreasing lactate
levels in ICU patients admitted with a lactate level of >/= 3.0 mEq/I.

 METHODS: to decrease lactate by >/= 20% per two hours for the initial 8 hours of ICU stay....

e MEASUREMENTS AND MAIN RESULTS: The lactate group received more fluids and vasodilators.
However, there were no significant differences in lactate levels between the groups. In the intention-
to-treat population (348 patients), hospital mortality in the control group was 43.5% (77/177)
compared with 33.9% (58/171) in the lactate group (p=0.067). When adjusted for predefined risk

factors, hospital mortality was lower in the lactate group (hazard ratio 0.61,
95%Cl 0.43-0.87, p=0.006).

*  CONCLUSIONS: In patients with hyperlactatemia on ICU admission, lactate-guided therapy
significantly reduced hospital mortality when adjusting for predefined risk factors.

% of patients reaching targets

TABLE 2. BLOOD LACTATE LEVELS A lactate 2 20% decrease Control group | Lactate group | P value
Lactate Level (mEg/L) = =
q P Valu (N=177) (N=171)

Hours after Start of Therapy Control Group Lactate Group - 0-2 hours 55% 53% 0.74
Baseline (0 h) 4.7 (3.9-5.5) 4.6 (3.9-5.4) 0.75 - 2-4 hours 38% 39% 0.86

8 2.7 (2.3-3.2) 2.6 (2.2-3.1) 0.59 46h 8% 40 0.19
0-8 3.3 (2.8-3.9) 3.2 (2.7-3.8) 0.80 oars ’ :
9-72 1.7 (1.4-2.0) 1.6 (1.3-1.9) 0.17 - 6-8 hours 47% 45% 0.7
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Lactate Clearance vs Central Venous Oxygen Saturation as The Journal of the
Goals of Early Sepsis Therapy: A Randomized Clinical Trial Association

Dr. Alan E. Jones, MD, Dr. Nathan I. Shapiro, MD, MPH, Dr. Stephen Trzeciak, MD, MPH, Dr.
Ryan C. Arnold, MD, Ms. Heather A. Claremont, BFA, and Dr. Jeffrey A. Kline, MD for the
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American Medical

Emergency Medicine Shock Research Network (EMShockNet) Investigators

Abstract

Context—Goal-directed resuscitation for severe sepsis and septic shock has been reported to
reduce mortality when applied in the emergency department.

Objective—To test the hypothesis of noninferiority between lactate clearance and central venous
oxygen saturation (ScvO») as goals of early sepsis resuscitation.

laktat > 4 (3) mmol/L
clearance >10-20% za 2 hod (6-8 hod)

Design, Setting, and Patients—Multicenter randomized. noninferiority trial involving
patients with severe sepsis and evidence of hypoperfusion or septic shock who were admitted to
the emergency department from January 2007 to January 2009 at 1 of 3 participating US urban
hospitals.

Interventions—We randomly assigned patients to 1 of 2 resuscitation protocols. The ScvO,
group was resuscitated to normalize central venous pressure, mean arterial pressure, and ScvO; of
at least 70%: and the lactate clearance group was resuscitated to normalize central venous
pressure. mean arterial pressure. and lactate clearance of at least 10%. The study protocol was
continued until all goals were achieved or for up to 6 hours. Clinicians who subsequently assumed
the care of the patients were blinded to the treatment assigiment.

Main Outcome Measure—The primary outcome was absolute in-hospital mortality rate: the
noninferiority threshold was set at A equal to —10%.

Results—Of the 300 patients enrolled, 150 were assigned to each group and patients were well
matched by demographic. comorbidities. and physiological features. There were no differences in
treatments administered during the initial 72 hours of hospitalization. Thirty-four patients (23%) in
the ScvO, group died while in the hospital (95% confidence interval [CI]. 17%—30%) compared
with 25 (17%: 95% CI. 11%—24%) in the lactate clearance group. This observed difference
between mortality rates did not reach the predefined —10% threshold (intent-to-treat analysis: 95%
CT for the 6% difference. —3% to 15%). There were no differences in treatment-related adverse
events between the groups.

Conclusion—Among patients with septic shock who were treated to normalize central venous
and mean arterial pressure. additional management to normalize lactate clearance compared with
management to normalize ScvQ; did not result in significantly different in-hospital mortality.
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Mottling score

SCORE 2 SCORE4

Fig. 1 Left: the mottling score is based on a mottling area
extension on the legs. Score 0 indicates no mottling; score 1, a
modest mottling area (coin size) localized to the center of the knee;
score 2, a moderate mottling area that does not exceed the superior
edge of the kneecap; score 3, a mild mottling area that does not
exceed the middle thigh; score 4, a severe mottling area that does
not go beyond the fold of the groin; score 5, an extremely severe
mottling area that goes beyond the fold of the groin. Right:
Examples of the mottling score
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BLOOD LACTATE LEVEL

glucose

Il - aerobic metabolism l

s vate | - anaerobic metabolism
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11 - lactate clearance (liver....)

2e + O +2H"

H+

HYPOPERfUZE: hemodynamicka (makro + mikro) pfiéina nefunkéniho Krebs cy.



| — energeticky kolaps
(regionalni hypoperfuze + mitochondrie)

Regionalni hypoperfuze
(ShO2, DSF, gastricPCO2)

Energeticky kolaps bez
hypoperfuze

* PDH (thiamin)
* mitochondrialni dysfunkce
(cytopaticka hypoxie)




Il — zvysena glykolyza

3-2 adrenergni stimulace (salbutamol, adrenalin)
— zvysuje aktivitu Na-K-ATPazy.

Levy B et al. (2008) Increased aerobic glycolysis through beta-2 stimulation is a common
mechanism involved in lactate formation during shock states. SHOCK 4:417-421

zvysena cinnost leukocytu, hojeni ran...
glykolyza zdrojem pro PPShunt

Bauer DE, et al. (2004) Cytokine stimulation of aerobic glycolysis in
hematopoietic cells exceeds proliferative demand. FASEB J 18:1303-5



lll — porusena clearance

Jatra + ledviny glukoneogenesa
Srdce, mozek, svaly a kiiZze oxidace

ANO

. Levraut J, Ciebiera JP, Chave S, Rabary O, Jambou P,
Carles M, Grimaud D (1998) Mild hyperlactatemia in
stable septic patients is due to impaired lactate
clearance rather than overproduction. Am J Resp Crit
Care Med 156:1-6

NE

. Chioléro RL, Revelly JP, Leverve X, Gersbach P, Cayeux CO Il h 0 Cykl us
MC, Berger MM, Tappy L (2000) Effects of
cardiogenic shock on lactate and glucose metabolism
after heart surgery. Crit Care Med 28:3784-91 (60%
oxidace vs 40% glukoneogeneza)

uloha jater neni zasadni

. Chioléro R, Tappy L, Gillet M, Revelly JP, Roth H,
Cayeux C, Schneiter P, Leverve X (1999) Effect of
major hepatectomy on glucose and lactate
metabolism. Ann Surg 229:505-13



¢asha resuscitace SS

11,2% Na laktat Suk P a kol. AIM 2007

16

14 ¢

12

10

™
]\"‘[

L 1 O Median
0 . . . . . . . . . T Min-Max
-15 0 5 10 15 30 60 90 120

clearance (ml/kg/hod) endogenni produkce (umol/kg/hod)
T1 T2 T1 T2

G65 | 283 (224920)* | 345 (213917)* | 1039 (2931924)# | 1398 (3262637)#
G85 | 331 (135384) | 323 (154521) | 702 (2423223) 761 (4232708)

p 0,46 0,60 0,29 0,34




zvlastni situace s vysokym laktatem

* metformin

* malignita

* propofol

e paracetamol

* strevni ischémie
 status epilepticus
 deficit thiaminu \

* D laktat — sy kratkého streva
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laktat a acidoza

metabolismus laktatu vazan na bb. energii
» redox potencial: (NADH, H+)/NAD+
» fosfatovy potencial: ATP/(ADP x Pi)
* pH (6,1 + log(HCO3-/0,03 * PaCO2

kyselina mlé€na - lactic acid Hcl) o
H + H3c—(|:—c:\0 pKa = 3,86
H

MAC je zpusobena tvorbou H* pfi hydrolyze ATP a absenci ATP tvorby
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Zaver

e vyssi laktat je signum mallum

* vzdy myslet na lokalni hypoperfuzi
(splanchnicus), i kdyz nejsou
celotélové/klinické znamky hypoperfuze
pritomny (ScvO2, mottling score, CRT...)

* je zaroven pritomna MAC? (spiSe neprinosné)

* klinika: jina situace nez hypoperfuze?
(thiamin? MALA? atd.)



