JLE B EE AT R AR S FLER MER X E R 57

Arsh, BARA, 2AE, BRI, R, RiEH @RER kR LRG0, 5L RN S KB o,
JLELE TR E R E N LR, ERERRFME L ERIEIE TR .G, FEK 400014)

. B A8 )L F B 48 R A 2vk e (linezolid , LZD) 3 3 SUER s g 69 K& B & 4 2012 % 10 A—2023

F2LAEETRERRFRBEILERRES LZD &7 09)LEMRREFZ LT HAOBREIH, R ALHZ A % B logistic

=25 A LR &, @ FRAE S 5 AR —F S ARG R ES LZD SR hmZ M Z-LEX A,
N 331 FILEEE, HE b 145 6] BIL(43.8%) L £ S 5LBk fuE, BILFEPLLEH 3(0.92, 9)%, LZD &5 X4k

PR 13(8, 22)d, #EILEZ LZD 497 X 345K (OR=1.026, P=0.004), 4/ P-#5%& & F71(OR=2.023, P=0.004).

FUBR I A48 5 (OR=2.408, P=0.022)F=4K B 3k iE i £ (OR=0.997, P=0.047)% LZD % S5l ei ik s B &,

% LZD & 97 X 438w, LZD 5 & U fo iz 09 R 2 9F 4 M 38 hn (P-non-linear=0.041); $LEZ & £516<0.92 mmol-L™' i}, LZD

H 5 5LER d gk RIS R SLER K B AA A B A 4 3 m, SLBR L 5 48>0.92 mmol L™ B, M & LB K &80t &, LZD B &4

BR o % R 4% 1% 3w (P-non-linear=0.013), 53 #BILES LZD S o X2 5LB ALK LZD At . 4 A P-4

FOFFAREHIRRTLEERNERAE, 26BN E T ERG LR bmag L4,

KA Alawl; LE; S5lRRbE; REEZ

FESES: R69.3 XEkFRERS: B YEHS: 1007-7693(2023)22-3169-08

DOI: 10.13748/j.cnki.issn1007-7693.20232361

Sl : A7, BEAAL, 2%, F. )L 5515 0 A vk i 35 U8R f g 49 R B & 2 47[0]. F B3R R A 255, 2023,

40(22): 3169-3176.

Risk Factors Analysis of Linezolid-induced Hyperlactatemia in Pediatric Patients

SHU Ling, HUO Bennian, WU Qiuying, CHEN Qiuhong, SONG Lin*, JIA Yuntao*(Department of Pharmacy,
Children’s Hospital of Chongqing Medical University, National Clinical Research Center for Child Health and Disorders,
Ministry of Education Key Laboratory of Child Development and Disorders, Chongqing Key Laboratory of Pediatrics, Big Data
Engineering Center, Children'’s Hospital of Chonggqing Medical University, Chongqing 400014, China)

ABSTRACT: OBJECTIVE Linezolid(LZD) is a synthetic oxazolidone antibacterial drug that has activity against most Gram
positive bacteria. LZD is widely used in pediatric patients, and its common adverse reactions include gastrointestinal reactions and
bone marrow suppression, etc. In recent years, LZD-induced hyperlactatemia has gradually attracted attention. LZD-induced
hyperlactatemia can exacerbate the condition of pediatric patients and is associated with high mortality rates in children. However,
there is currently a lack of data on the risk factors for LZD-induced hyperlactatemia in pediatric patients. METHODS Therefore,
this paper collected and retrospectively analyzed the information of hospitalized pediatric patients who received LZD treatment
at the Children’s Hospital of Chongqging Medical University from October 2012 to February 2023, including demographic
characteristics of pediatric patients and clinical treatment related records, etc. According to the inclusion and exclusion criteria,
this paper identified whether the included pediatric patients had developed hyperlactatemia and evaluated the causal
relationship between LZD and hyperlactatemia using the Naranjo’s Scale. The risk factors were analyzed using univariate and
multivariate logistic regression, and the dose-response relationship between risk factors and LZD-induced hyperlactatemia was
further analyzed using a restricted cubic spline(RCS) model. RESULTS A total of 331 pediatric patients were included, of
which 145 pediatric patients(43.8%) developed LZD-induced hyperlactatemia, including 122 cases of mild hyperlactatemia
and 23 cases of severe hyperlactatemia; the causal relationship score of LZD-induced hyperlactatemia was “possibly
related” in 87 cases(60.0%) and “highly likely related” in 58 cases(40.0%). The median age of pediatric patients was 3(0.92,
9) years old, with 55.29% males, 25.38% patients with liver disease, 8.76% pediatric patients with kidney disease, and
36.56% pediatric patients with cardiovascular disease; the median number of treatment days for pediatric patients receiving
LZD was 13(8, 22) d, with pediatric patients with hyperlactatemia having a longer median number of LZD treatment days
than those without hyperlactatemia[16(10, 28) vs 11(7, 18)]; 41.09% of pediatric patients used P-glycoprotein inducers in
combination, with more pediatric patients(57.4%) experiencing hyperlactatemia; 53.47% of pediatric patients used
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P-glycoprotein inhibitors in combination; the median values of lactic acid baseline, creatinine baseline, and baseline
estimated glomerular filtration rate(eGFR) were 0.92(0.80, 0.92)mmol-L™', 26(18.25, 34.90) pmol-L™', 179.97(137.23,
222.70)mL-min""- (1.73 m) %, respectively. Multivariate logistic regression analysis showed that pediatric patients received
longer LZD treatment duration(OR=1.026, P=0.004), and the combination of P-glycoprotein inducers(OR=2.023, P=0.004),
higher lactic acid baseline levels(OR=2.408, P=0.022), and lower eGFR(OR=0.997, P=0.047) were independent risk factors
for LZD-induced hyperlactatemia. The RCS model showed that as the number of days of LZD treatment increases, the risk of
LZD-induced hyperlactatemia increased nonlinearly(P-non-linear=0.041); when the lactic acid baseline value was <median
0.92 mmol-L™!,
when it was >0.92 mmol-L™, the risk of LZD-induced hyperlactatemia slowly increased as the lactic acid baseline value
increased(P-non-linear=0.013). CONCLUSION This study explores for the first time the risk factors of LZD-induced
hyperlactatemia in pediatric patients, including the impact of the interaction between LZD and drugs that affect mitochondrial
function, P-glycoprotein inducers, and P-glycoprotein inhibitors on hyperlactatemia. RCS models are used to analyze the
dose-response relationships between LZD treatment days, lactic acid baseline values, and the occurrence of LZD-induced
hyperlactatemia. When LZD is combined with P-glycoprotein inducers(mainly isoniazid, rifampicin, and ethambutol), the risk of
LZD-induced hyperlactatemia increases, and its related mechanisms still need further research. In addition, pediatric patients with
renal insufficiency may need to adjust the LZD dosage appropriately to avoid the occurrence of hyperlactatemia. In conclusion,
when pediatric patients receive LZD treatment, attention should be paid to risk factors such as lactic acid baseline value,
duration of LZD use, combined use of P-glycoprotein inducers, and renal dysfunction, in order to prevent the occurrence of
LZD-induced hyperlactatemia based on the pediatric patient’s treatment needs.
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the risk of LZD-induced hyperlactatemia dramatically increased as the lactic acid baseline value increased,
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Tab. 1 Demographic characteristics, medication 1nformat10n,
and clinical data of pediatric patients

ARBLEFFLRE Sz 4 126 FL R I AT BREA

BgE|
ML4E (n=186) (n=145) (n=331)
PR /n(%)

4 81(43.55) 67(46.21) 148(44.71)
il 105(56.45) 78(53.79) 183(55.29)
SEES/ B 3(1.1,9) 3(0.75, 10) 3(0.92,9)
B /om 96.6(77.2, 100(70, 138)  97.5(74, 135.81)

135.81)
Wikt kg 14(9.12,28.75)  14.5(8.5, 29) 14(9, 29)
BMI 16.01(14.21, 15.8(14.07, 17.67) 15.94(14.19, 17.89)
17.98)
JHERESEIG /(%)
I 142(76.34) 105(72.41) 247(74.62)
4 44(23.66) 40(27.59) 84(25.38)
IR
x 168(90.32) 134(92.41) 302(91.24)
H 18(9.68) 11(7.59) 29(8.76)
Lo I 1ML P/ m(%o)
I 119(63.98) 91(62.76) 210(63.44)
4 67(36.02) 54(37.24) 121(36.56)
YR IBAR (%)
AR 26(13.98) 18(12.41) 44(13.29)
g 160(86.02) 127(87.59) 287(86.71)

10(9.72, 10.50) 10(9.52, 10.34)  10(9.63, 10.43)

Fl 4t /mg kg™
FHZRK /(%)

1/d 21(11.29) 13(8.97) 34(10.27)
1/12h 46(24.73) 53(36.55) 99(29.91)
1/8h 119(63.98) 79(54.48) 198(59.82)

VRIT K Ed 11(7, 18) 16(10, 28) 13(8, 22)

A A RS I 2k
IRTIREZG 9 /n(%)

7 166(89.25)  125(86.21) 291(87.92)
B 20(10.75) 20(13.79) 40(12.08)

B4 P-HENA
17535 /n(%)
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/(%)
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228.27)
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Tab. 4 Single factor analysis of factors related to linezolid-induced hyperlactatemia

i H B1E SE(tr#EiR) Wald P OR {H[95%CI]

PRI (Ref: %) —0.107 0.223 0.233 0.629 0.898[0.580, 1.390]
I 0.010 0.023 0.190 0.663 1.010[0.965, 1.057]
BMI —0.050 0.028 3.215 0.073 0.951[0.900, 1.005]
FFBESESS (Ref: ) 0.207 0.254 0.664 0.415 1.229[0.748, 2.021]
B WEPEHR (Ref: TC) -0.266 0.400 0.444 0.505 0.766[0.350, 1.678]
O LA PRI (Ref s TIE) 0.053 0.230 0.052 0.819 1.054[0.672, 1.654]
EAEZTBnIR -0.008 0.063 0.015 0.903 0.992[0.877, 1.123]
2K

1/d Ref

1/12h 0.621 0.406 2.338 0.126 1.861[0.839, 4.128]

1/8h 0.057 0.382 0.023 0.881 1.059[0.501, 2.238]
TRITREL 0.031 0.009 12.838 <0.001 1.031[1.014, 1.049]
G R TIREZ ) (Ref: 75) 0.284 0.338 0.706 0.401 1.328[0.685, 2.574]
G H P-BEE A5 SR (Ref: ) 0.944 0.230 16.867 <0.001 2.569[1.638, 4.031]
G H P-BEEE A (Ref: ) 0.370 0.223 2.739 0.098 1.447[0.934, 2.243]
FLIR LR H 1.146 0.369 9.641 0.002 3.145[1.526, 6.481]
eGFR —0.003 0.002 3.294 0.070 0.997[0.994, 1.000]

TE: “Ref” FRSMXIL.
Note: “Ref” represented the reference object.
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Tab. 5 Multivariate factor analysis of factors related to
linezolid-induced hyperlactatemia

Ak Bfi SE Waldy PfH OR fE[95%CI]
BT REL 0.026 0.009 8111 0.004 1.026[1.008, 1.045]
4P PRER 0705 0243 8404 0.004 2.023[1.256, 3.258]

il
BN 7E AN 0.879 0.384  5.226  0.022 2.408[1.133, 5.115]
eGFR -0.003  0.002 3.932  0.047 0.997[0.994, 1.000]
W -0.513 0778 0436  0.509
5 P-overall< 0.001 P
o P-non-linear=0.041 /
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Fig. 2 Dose-response relationship between LZD treatment
days and the risk of developing linezolid-induced

hyperlactatemia

Cl—confidence interval; OR—odds ratio; taking the risk of developing
linezolid-induced hyperlactatemia when median number of treatment days
with LZD was 13 d as a reference, Knot=3; the shaded area represented the
distribution of LZD treatment days among included pediatric patients.
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Fig. 3  Dose-response relationship between lactic acid
baseline value and the risk of developing linezolid-induced

hyperlactatemia

Cl-confidence interval; OR—odds ratio; taking the risk of developing
linezolid-induced hyperlactatemia when median number of lactic acid
baseline value was 0.92 mmol-L™" as a reference; Knot=5; the shaded
area represented the distribution of lactic acid baseline value among
included pediatric patients.
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Fig. 4 Dose-response relationship between eGFR and the

risk of developing linezolid-induced hyperlactatemia
Cl—confidence interval; OR—odds ratio; taking the risk of developing
linezolid-induced hyperlactatemia when median number of eGFR is
179.97 mL-min""-1.73m™ as a reference, Knot=5; the shaded area
represented the distribution of eGFR among included pediatric patients.
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