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The Usefulness of Lactate Clearance Adjusted to Time as a Predictive Index
in Patients with Severe Sepsis and Septic Shock

Jung-Hwan Ahn, M.D., Sang-Cheon Choi, M.D., Young-Gi Min, M.D., Yoon-Seok Jung, M.D,,
Sung Hee Chung, M.D.* and Young-Joo Lee, MD."

Department of Emergency Medicine, Ajou University School of Medicine, Suwon,
*Department of Anesthesiology and Pain Medicine, College of Medicine, CHA University, Pocheon,
TDepartment of Anesthesiology, Ajou University School of Medicine, Suwon, Korea

Background: The lactate concentration should be used to examine the severity of sepsis or any state of shock.
This study was conducted to investigate the prognostic power of the lactate clearance, as adjusted for time, between
the survivors and nonsurvivors of patients with severe sepsis or septic shock.

Methods: The study was performed on 67 patients over 16 years old and who were admitted to the intensive

care unit (ICU) with severe sepsis or septic shock. They were divided into the survivors (n =

( =

37) and nonsurvivors

30). The blood lactate concentrations were assayed at intervals ranging from 8 to 24 hours and the APACHE

III scoring was done daily for 2 weeks or until discharge or death. The lactate clearance, as adjusted for time, was
defined using the following formula: [(the maximal lactate concentration — the normal lactate concentration)/the

time to normalize the lactate concentration] % 1,000.

Results: There were no significant differences of age, gender and the length of the ICU stay between the survi-
vors and non-survivors. There were significant difference of the time to measuring the maximal serum lactate con-
centration (3.2 * 12.3 hours vs. 28.8 + 64.6 hours, respectively; p = 0.037), the lactate clearance, as adjusted for

time (13227 +

112.88 mol/L * hour vs. 59.67 + 72.60 mol/L - hour, respectively; p = 0.002), the lactate clearance

during 24 hours (46.0 + 26.3% vs. 22.6 + 45.6%, respectively; p = 0.018) and the APACHE III score (67.6 +
22.7 vs. 83.9 = 21.6, respectively; p = 0.005) between the survivors and non-survivors. The lactate clearance, as ad-
justed for time and the APACHE III score were the predictive factors for survival on the logistic regression analy-
sis (odd ratio 0.987; p = 0.028 vs. odd ratio 1.046; p = 0.006).

Conclusions: Lactate clearance, as adjusted for time, could be used as a prognostic index, as well as the APACHE

I score, for patients with severe sepsis or septic shock.

Key Words: lactate clearance, prognostic implication, septic shock, severe sepsis.
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, oleidk Alx9] Aot AT ddlvt ALEH, Al
FZe] AFA AHsH 9l AE}(mitochondrial oxidative phos-
phorylation) Z}g o] A3] o] Fo]z 2] ¢Al Ha A5 g7
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T rt? F}HAEZE pyruvate dehydrogenase 7
OOH Epmephnneoﬂ 9]3 Na®-K -adenosine triphosphatase2]
H2A43, s Astell odF A4 AAEL] A3l FellA
= g g 7wl 239 ARi s Bl
Hhedste AL oA, ofu] ofE] F¥EellA ZAte] 7}
A 27 F79 AiiZdll gt A u], X g of

& g, TelD oFE Sl5Y S e AEAH AEA
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Aot
b 482 Bakker 570 Ao &AM Adez
S Zﬁ"‘_i"@f“’]‘/} Aol ol 714 AL o] FA
A E Htedsls FA 55571 2 mmol/L
A 7HE “lac-time”o| 2= $ol2 AHolstn %
719 FEHU} “lac-time”o] HEF AN AA AEE o
A7V A S of|Zsle o] f-&elrka Easkle}l. Nguyen
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32 BF 9 ¥ oAbl HuxE HQ Aleg Hy
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2001 1958 2004 8H7HA] ofFeHta el |3}

T3 A ol JUZE 164 o] e AL FollA Yl FA F
5 HE5 8 AP sag Aha 27 24 F27) 4
mmol/. o]l 6745 WAeE FIFHoE FAslI
ACCP/SCCM Consensus Conference Committee (American Co-
llege of Chest Physicians/Society of Critical Care Medicine,
1992)0l14] AL vholl whel, FEANLZS zHedo] Uclo]
ol thehbs A4 AFHSoE AANAZUSEEE

l‘

(systemic inflammatory response syndrome, SIRS)¥} t}#-7]
= Mol B2 Aoy, HEA sae T35
S Tl Beetd NG 29 AEIE D50 f1a

Lokl Fd2H GAEE A9z A Q. srs:
Gl A1E F N ol4E Hole AgE Bk
3ekA] Fololl o3t 3FF FHaZy wWMAF FAEZS A
sta, (1) #|&o] 38°C o]Aol AL} 36°C o]3kel AL (2)
AubErrt £ 903] o]l A% 3) TEFTE £ 203
o] o] AL} Euﬂoé ThaB Aol A o]AkslerL  Halo] 32
mm Hg olslel 7<% @) MEF 27} 12 OOO/mm o] ol

At 4,000/mm’ o]s}Ql ol AU, w&d FFT(bend
form)7} 10% °l"L°] o—ri Aelsisiet. A A4 7]
T 27 A% FEF 4 mmol/L oo AAZ olf=

BgelAe 2% ’;i{ EEE 2 mmol/L elste]i A3
+5& s ™ 4 mmoL7HA FsE 4 9o, 4
mmol/L o] 4] Zolle HdFa L2 F3ANAA A4
g =dEE vehlle AZZ A 9l

7] wigol ek AR, AZAA, HAIE, w14, 2
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&S+ biosensor FA4H ‘ﬁ(Clba-Cormng blosensor 865,
Ciba-Coming Co, USA)S.& %X**WE} 4% A 5
T FA Haxet HaxE AL A7 JE5sd,
48417 ol HHEAUZFS Ak FCashnt 48412 o]
Woll 4 BE7h BAekE FNashn O TR

B odFoAEe F 7HA9 A HA2EE Aoegith A
WAl A AEECLLaMN)S EF 24 529 34
9} AAx 9] o] IF Aol H 1 EXdA] AAlo] F
T AIte® HAs= ZAeE A9, CLLat(MN)
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(mol/L * hour) = [(BF
2NET AN A 5
AAIZH] *x 1,0008] A& o]
Ab 48 (CLLa24) > 24417
AR 4T 45 A =9
Az Sl

4%

+ APACHE 1II A5+
g ol b

H o3 Azte] EAEAL SPSS 12.0 (Apache Software,
Chicago, IL) ZZ21 o2 Hls}gix A4 w9 2

=
2=

BE Y« £ AR 3dsigleod, 9% Z4 Ha F
55 AT AL 7Y £F HA 9ol 4 2AHE A
Zholl tigt HIEFE Zo| E7|sldcl. 1 9, AE of Fol
ubgl B F 7 oA €% FA4 i FE, ClLat
(MN), CLLat24, APACHE Il A< 53} 22 14 o

el A= Student’s t-test?} Mann-Whitney U-testE, L ]
T8 et WEH 3t xol & Hlsly] $slo] Per-
son 7Fo]A|F2t Fisher®] &3t 78S A&k pgkel
0.05 "|iHl A5 SAFSE [Fogt Aoz st
chier B4 A foeFo] 015 vl WgE Adsle]
7t o] of|FE & nlasty] St 2A Y IARAE
AlsYslo] A9 95% AFFZbE vlZslYg s, X228
S|AEANA FI% AFHTE
ting Characteristic (ROC) AW & o] §3lo] Bo]E, wiZE,
kA of| &% (positive predictive value, PPV), =4 ol|Z % (nega-

tive predictive value, NPV)& AtEslo] ol o|&FH S vl

ZZ3}o] Receiver Opera-

sl o, Z Ak (cut-off value)e FE3¥}ith. ROC AW
< MedCalc (ver. 7.4, MedCalc Software, Mariakerke, Bel-
gium)< ©o]-&slicth.

Z ot

ekl 679 Hit AW 535 = 18.641% 3, A=
46 (68.7%), o174k 219 (31.3%)019l e, HEA + 374, A
WA 7 30Feldt 7 7 7 dF, e A, F3b
A A A2 FAA Aozt glddkp = 0371, p =
0.457, p = 0.761)(Table 1).
dF A4 Hx v AEA 7+ A+
2.99 mmol/L, 8.09 + 4.02 mmol/Lo]gl o, E A%
siddckp = 0319). €5 24 A3 555
ZE2 FollAE 32 £ 1234710417k 324, 847k 29, 16
A7k 2, T2A1ZE 1), Ak FollAdE 288
64.6A 7HOA 7} 209, 8A| 7k 39, 24417k 2%, 72X 7k 19,
1204]7F: 19, 144A17F: 19, 216417 19, 240417 1%)2
2 ZAEPomn, 7 F Tl FAFLE {38 Hol7t A
A ckp = 0.037)(Table 1).

C48hri-2 507 (74.6%)°]1 9 3L N48hr 1775 (25.4%)°] %2
v AE offe ulE T vlReA e FAFHSE {9
g ztol7b $lgdth(p = 0.410)(Table 1). CLLatMN)E &4}
TollA 13227 + 112.88 mol/L - houro] QP x, Abdal Lol A
£ 59.67 £ 72.60 mol/L - houro]lom, F FollA EAF e
2 F93% Zo]E HYrkp = 0.002)(Fig. 1). CLLa24= A
EAF FollA 460 + 263%°19 3L, AFA FollA= 226
45.6%019em, F FolA FAHSE Fssche
0.018)(Fig. 1). APACHE Il HF& A&EA FollA 67.6
2270193, AdAt FollAE 839 £ 21601900, F Tl
A FAHCE Fogt Ho|E Bk = 0.005)(Fig. ).
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Table 1. Comparisons between Survivors and Non-survivors in Sepsis Patients

Survivors (n = 37) Non-survivors (n = 30) p value
Age (years) 51.7 £ 19.2 558 £ 179 0.371
Gender (M : F) 24 :13 22 :8 0.457
Stay days of SICU (day) 204 + 16.5 21.8 £ 19.6 0.761
Max Lat. (mmol/L) 723 + 2.99 8.09 t 4.02 0.319
Time to measure Max Lat. (hours) 32 £ 123, 0, 0; 72 28.8 + 64.6; 0; 0; 240 0.037
(mean=SD; median; minimum; maximum)
C48hr : N48hr (n) 26 : 11 24:6 0.410
CLLat (MN) (mol/L + hour) 132.27 + 112.88 59.67 £ 72.60 0.002
CLLat24 (%) 46.0 £ 26.3 22.6 £ 45.6 0.018
APACHE 1III score 67.6 + 22.7 839 + 21.6 0.005

SICU: surgical intensive care unit; Max Lat.. maximal lactate concentration; SD: standard deviation;

C48hr: the number of patients with

hyperlactatemia during 48 hours; N48hr: the number of patients with normal lactate concentration in 48 hours; CLLat(MN): clearance of
lactate to adjust lactate according to the time that normalized lactate concentration; CLLat24: clearance of lactate during 24 hours;

APACHE: Acute Physiology and Chronic Health Evaluation.
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Table 2. Multivariate Analysis to Investigate Predictive Ability for

Sepsis

Variable 0Odd ratio (95% CI) p value
CLLat(MN) 0.987 (0.976—0.999) 0.028
APACHE 1II score 1.046 (1.013—1.079) 0.006
CLLat24 1.009 (0.995—1.033) 0.470
Time to measure Max Lat. 1.019 (0.984—1.055) 0.291

CIL: confidence interval, CLLat(MN): clearance of lactate to adjust
lactate according to the time that normalized lactate concentration;
APACHE: Acute Physiology and Chronic Health Evaluation;
CLLat24: clearance of lactate during 24 hours; Max Lat.: maximal
lactate concentration.

chEF BAolA fogFol 0.15 w|told €F Ak

2 243 A7 CLLat(MN), CLLat24, APACHE
I A5FE QAR slo] ZA2H IFEAHS A3t A
CLLat(MN)9} APACHE III A7} of| & of|Z3 o] e Ao
2 B2AEdck&A] 0987, p = 0.028. £AH] 1.046; p =
0.006)(Table 2). CLLat(MN)?} APACHE III <ol th3h
ROC ¥A4E& Aldet Az, 77+ 73 A7k 105.36 mol/L -
hour, 637d0|¢lt}. o]u] ROC IA 4 o}l 13 (Area under
the curve, AUC)S ZHzF 0.715, 0.704%1 2™, CLLat(MN)<] w1
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Fig. 1. Box plot about predictive factors in each groups (A) CLLat
(MN) (Clearance of lactate to adjust lactate according to the
time that normalized lactate concentration). (B) CLLat24
(Clearance of lactate during 24 hours). (C) APACHE (Acute
Physiology and Chronic Health Evaluation) III score.

7%, Eo|%, PPV, NPV 48.6%, 86.7%, 81.8%, 57.8%°]%
3, APACHE III A<9 HAE, Eo|% PPV, NPVE
55.6%, 79.3%, 79.6%, 59.0%°]%}t}(Fig. 2).
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Fig. 2. (A) Receiver operating characteristic curves for CLLat(MN) (Clearance of lactate to adjust lactate according to the time that normalized
lactate concentration) with areas under the curves of 0.715 (95% CI 0.592—0.819; Best cutoft value 105.36 mol/L - hour; sensitivity 48.6%;
specificity 86.7%). (B) Receiver operating characteristic curves for APACHE (Acute Physiology and Chronic Health Evaluation) III score
for prediction of survival, with areas under the curves of 0.704 (95% CI 0.578 —0.811; Best cutoff value 63; sensitivity 55.6%; specificity

79.3%).
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