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Purpose: In patients with glufosinate poisoning, severe neurological symptoms may be closely related to
a poor prognosis, but their appearance may be delayed. Therefore, this study aimed to determine whether
the Acute Physiology and Chronic Health Evaluation Il (APACHE II) score could predict the neurological
prognosis in patients with glufosinate poisoning who present to the emergency room with alert mental
status.

Methods: This study was conducted retrospectively through a chart review for patients over 18 years
who presented to a single emergency medical center from January 2018 to December 2022 due to glu-
fosinate poisoning. Patients were divided into groups with a good neurological prognosis (Cerebral Per-
formance Category [CPC] Scale 1 or 2) and a poor prognosis (CPC Scale 3, 4, or 5) to identify whether any
variables showed significant differences between the two groups.

Results: There were 66 patients (67.3%) with good neurological prognoses and 32 (32.8%) with poor
prognoses. In the multivariate logistic analysis, the APACHE Il score, serum amylase, and co-ingestion of
alcohol showed significant results, with odds ratios of 1.387 (95% confidence interval [Cl], 1.027-1.844),
1.017 (95% Cl, 1.002-1.032), and 0.196 (95% Cl, 0.040-0.948), respectively. With an APACHE Il score
cutoff of 6.5, the AUC was 0.826 (95% Cl, 0.746-0.912). The cutoff of serum amylase was 75.5 U/L, with
an AUC was 0.761 (95% Cl, 0.652-0.844), and the AUC of no co-ingestion with alcohol was 0.629 (95%
Cl, 0.527-0.722).

Conclusion: The APACHE I score could be a useful indicator for predicting the neurological prognosis of
patients with glufosinate poisoning who have alert mental status.

Keywords: Phosphinothricin, Herbicides, APACHE, Prognosis

© 2023 The Korean Society of Clinical Toxicology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-
commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

http:/[jksct.or.kr 135



J Korean Soc Clin Toxicol 2023;21(2):135-142

Mz
Glufosinate ammonium (GLA)= H]X =12 A|zA|2, 19844 7]
urElo] of 2] yetol A ARgE|o] ghom, ARGk Z71sle AT,
gr=oll A= 199487 ARSE 9w, GLA 12%-20%2F AH&4
A E= SA, FAA|, 22A|, FFAES SR viAH, EHE
A=<, E5te}, e 59 g FREoE = %
s] oA 1ekE<E ARGl FRH0] AMRIETL S7kskH, €A
Tl 5= 3ol SFA Wdst: SEFAER 59| F71eka
A,

GLA¥ glutamate®] 23 SAHZ, A1&)4] glutamine®]
PYREAE A5 ammonia] £33} glutamineS X33t of
2] ©helo] 175 doFirt. o] wZof FJo] ZAsHAA A 2A

7)%6S s AoE AL

GLA 25°] 93ff thggt I Fo] Uehd &= ok °4, +E 5
9] 23P71A F/do] 71 Esltt. oA, T, JA, A5, 94
Ast, A, 7|94 59 AATH AHF E3 o] dojd 5= A
on|, BAW 534 AES, T5HA, iﬂ’l’%‘ HE, 1 9 Tgo]
U FEIE5E, WA ’\J”B‘,
& AT, B3] 4178k FAFe -552%1}—4 64%7HA Yehd 4= 3l
o, AE7]7} 9lo] 46047+ ¥ A Ao & ugs 4 9lom A
AL 25 F ATt Foll A5 PRy HuE v 9lo] 7] 75
ARl A E o ot Yot AgE Ed ot 9] 4
9 8.9%-26% THFsHA LFEht R YTk, B3] 559 $3:41374
FES0l TSt A B9 B3t o9k dye #o gl
& 4 9. 8% Yol o} Alate] Aol ke A
7} A2 BaFYAR”, GLA $59] o558 w5k tz I
A HESH ARG EE &5T 5 Y AR HiF A+
< o|FA1 v} girk.

Acute Physiology and Chronic Health Evaluation (APACHE)
7‘4*11]74] 80t = QA 544 34FES HA53tsl AAH
I FFEE Hlel] Ash A=A ol 12%5E, & A9
L}O] 5““%‘! 4baRSE pH, A2, Bt 3UY, £ Wuke B

F4, @4 ATRT Zehg 5k, AHotEd, FE4 84, 9E

—.—7~] Glasgow Coma Scale (GCS) H4~& 2315t APACHE II
2 /jg=|9lon, o]F APACHE II7H] 79l ", APACHE
I @#ﬂlﬂl‘-’l E4 F oshvbes AgEA% 334349 974 s

zRbol Stk ZAolth. wWEkA] A88A, SF:AEA 555

& ‘)rE}‘—H‘ﬂ 5% TFABA 35T T A U o5 Kol

£ GLA 353904 A5 4ok o] 788 A2 F4Hrh

712 A7olA GLA 2% 3kt tj3t APACHE II d4:7} 4148

A oS JESAAE AAIE B QAT oJ4l0] PR3 A} gFoE
Agtsto] A=A okt

iy
X

136 https://doi.org/10.22537/jksct.2023.00018

GLAS 41733149 S40] A4 o2 AT 4 glo], & A7+
e A] oj2jo] Had GLA 2% 3ES gatoz 234 Y
Al APACHE I 47} A143H41Q] o8 oI5 4 A &l
RERRL L
CH& ot &

2 A7 vl 5ol We] @k lske 1] 3ol mAlE o]

20184 1938 20224 129744 Qg 18A1] ol4o] GLA &%
o] ot FEo 2 WA FAE Yo R SFet Ag 9 1217}
A7 119 9775 ERIE B9 ﬁso”“—i o|FojFt. SFA
U gAY -S4 UlollA APt &4}, o2 ekEo|u w2kl SA
o] &= o] YT A 19| Eldo|u AL 0 R Hdt A w A}
£ ¢ & 8= SRS AYsteien 927 719 olskl SRt
Al <)stdrt.
°H% 712 W GLA &5°] 93t 3522 LH%?_ A9 RN E
ol Y yo|, FE, 557, =& T 39 ZFAY AT
H*ﬂ’ﬂ A3} et Fo] o] i dFS HF 01—-, AAY @ ES,
i, ThAIASE THY7HAE AETds) v A xu];q_-a})
U gAY &84S (F+ sy, £ A, £ 385, A
2), S84 AF A SFA JrAlo| 95 2/d€ APACHE II &
4'"9 Poisoning Severity Score (PSS)' 7} M4=2 43 =|gir}. A
JA Aol i e SFA W BAl Al8e 27] AZFAL
Z23E 53l WEF, A, D4, JEFHGEE(erythrocyte
sedimentation rate, ESR), o} 1}g]|o] Eotu] - H o] § A (aspartate
aminotransferase), ¥2dolu]=A0]d 4 (alanine aminotrans-
ferase), EH QA4 (blood urea nitrogen, BUN), #otEld,
GRA], opdeEtolA|, FutotAlE 48, WY 30& o]l 59
d @FAAE B9 3= pH, 59 W 4ka Bl 59 U of4t
4 HQ} base excess& GEM Premier 3500 (Werfen, Bed-
ford, MA, USA)S E3 @FAAIZ 59 Y 24 555 24519
o} 29| A7) 52 FESH] AT ¢ IF o i, /JIFEE7]
ARG o, D717 HE Al AE R AR 85 Bt
A #(Cerebral Performance Category [CPC] Scale)g T}o}519)
o,

Bl gAte] A7 eHA Rl ol $-E mtefsy] fsf 14 AaE HA Al
CPC A& &840 %% A eata} v o &S RSkl At
PC 1,28 £2 A48H9l djFz
o] 87153 CPC 3, 4, 55 Y& A4

_\9_]1‘

38

i)

It

ik

)

rO

oX o

ﬂl\‘.’E
2 @)

&l "ﬂf’f—:vL—i 39 OPS’iE}

ARFTAHRl 27t 22 3 Y 08 o] AP
Shapiro-Wilk testE &3 F4 #4 & Student t-test =
Mann-Whitney testE §3f 723 Zol7} A=A BARL, B=

r



JKSCT

0|5 2: SR EAIH0|E S=0IA Apache Il 2| R84

W= chi-square test 4= Fisher exact testg &3l Zto]E &o}
HokTh R A1 HARI o $of IE AR EASH] flel & <
7 593k Ao} AR HEE AR dRls RAAE I AEA
2 NPEA G B4 p<0.059 H4E 0]83o] this
ZALEIAEA S APt BAIA ]S (variance inflation
factor)7} 4 ol4d S 5348 AL It wgstit. 2
= B4 A 9 95% AlF]F7Hconfidence interval, Co.Z
AXSAT. Ty X A3 AR NN o7 A} 9L
d Wes o o= Bl A AR 2% S e
ceiver operating characteristics, ROC) H4-& -5t IAlsHd
Z(area under the curve, AUC) AL, vlaslct. o] Youd-
en’s index [sensitivity+(specificity-1)15 Al4tsto] 229 cutoff
#Z otolrh £ A= Agtol i SAEA ] IBM SPSS
statistics ver. 22.0 (IMB Corp., Armonk NY, USA)E o]-&3lo
o pgko] 0.05 HTHRl B9 FAH o= fofsirial wetstitt.

L it e L TS ) R B e o R IR L R IR =
KoH, TFH A1E T4 HAZ ZFFHIRB no., 2023-10-
023).

A771710] 184 04| GLA F58AH: 15990]9lom, o] 5 &
2 A AgSAG S 34 WolA Abga B 7, A=A 4
=98 S 9%, AQE B4 2%, 934 UL A 9AE ) W
512 0|1 AW B} 435S AT ALJEgon, 989 &
A% gator A7k AR IekFig ).

%% /\]% 01-1-] O] oﬂ_'_%_‘: 66\%(67 3%) 14-33 }\]% o]-X-] O] oﬂ_'_%
2 309(32.8%0l 9t ol $L ol F2 L g 2ol 247}
58A1029), 45 714} 80MI(HS], 70 S6A)RALH pRte 0.001 7

| 159 Patients with glufosinate ammonium poisoning |

Excluded:

® DOA or expired in ED (n=7)
e Self discharge (n=9)

e Transferred (n=2)

o Altered mental status (n=43)
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66 Good neurological 32 Poor neurological
outcomes outcomes

Fig. 1. Inclusion and exclusion flow chart of study population. DOA:
dead on arrival, ED: emergency department.
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Table 1. Patient characteristics in the good and poor neurological outcome groups

Characteristic All (N=98) Good neurological outcome (N=66) Poor neurological outcome (N=32) p-value
Age (yr) 65 (52-78) 58 (45-71) 80 (70-86) <0.001
Male sex 65 (66.3) 45 (68.2) 20 (62.5) 0.577
Poison volume (mL) 200 (100-300) 200 (100-300) 200 (125-285) 0.982
Co-ingested with alcohol 45 (45.9) 36 (54.6) 9 (28.1) 0.013
Ingestion to ED arrival (min) 100 (58-188) 97 (58-234) 110 (52-174) 0.676
Gastric lavage 18 (18.4) 11 (16.7) 7(21.9) 0.532
Activated charcoal 37 (37.8) 24 (36.4) 13 (40.6) 0.683
Past history
Hypertension 41 (41.8) 23 (34.9) 18 (56.3) 0.044
Diabetes mellitus 19 (19.4) 13 (19.7) 6(18.8) 0.911
Chronic kidney disease 22 0 2(6.3) 0.057
Chronic liver disease 1(1) 1(1.5) 0 0.484
Cardiovascular disease 5(5.1) 3(4.6) 2(6.3) 0.719
Chronic lung disease 6(6.1) 2 (3.0 4(12.5) 0.067
Psychiatric disease 24 (24.5)
Vital signs
MAP (mm Hg) 98.6+17.7 100.4£17.7 94.9+17.4 0.151
HR (/min) 86.2+16.8 86.6%16.0 85.2+18.4 0.690
RR (/min) 18 (18-19) 18 (18-19) 18 (18-20) 0.225
BT (°C) 36.6+0.8 36.7+£0.8 36.2+0.7 0.002
APACHE Il 7 (4.25-8) 5.5(3-7) 8.0 (7-11) <0.001
PSS 1(0-2) 1(0-2) 1(1-2) 0.237
CBC
WBC (X‘IOB/pL) 10.47 (8.24-15.02) 10.18 (8.07-13.76) 12.77 (9.90-16.21) 0.031
Hemoglobin (g/dL) 13.9 (13-15.2) 14.3 (13.2-15.7) 13.5(12.5-14.2) 0.040
Platelet (X'I,OOO/pL] 247.8174.4 253.9174.4 235.4+74.4 0.232
ESR (mm/hr) 12 (4-25) 9 (3-20) 20 (7-32) 0.030
Chemistry
AST (IU/L) 27 (22-37) 27 (22-36) 28 (21-42) 0.982
ALT (IU/L) 19 (14-29) 19 (14-29) 17 (14-25) 0.226
BUN (mg/dL) 17.3 (13.5-21.6) 16.0 (12.7-18.4) 20.8 (17.2-26.0) <0.001
Creatinine [mg/dL) 0.92 (0.77-1.12) 0.89 (0.77-1.06) 1.01 (0.79-1.21) 0.059
Albumin (g/dL) 4.5 (4.1-4.8) 4.6 (4.3-4.8) 4.3 (3.9-4.7) 0.056
Amylase (U/L) 4.5 (4.1-4.8) 63 (49-101) 114 (76-192) <0.001
Lipase U/ 4.5 (4.1-4.8) 32 (23-48) 35 (25-53) 0.631
Arterial blood gas analysis
pH 7.37£0.06 7.38+£0.06 7.35+£0.06 0.035
Pa0, (mm Hg) 79 (70-87) 78 (70-86) 82 (68-89) 0.694
PaC0, (mm Hg) 37.416.1 38.21£6.0 35.8£6.0 0.069
Base excess -3.03+4.90 -2.04+4.96 -5.07£4.13 0.004
Lactate 1.8 (1.0-3.3) 1.9 (1.1-3.5) 1.6 (1.0-2.4) 0.138

Values are presented as median (interquartile range), number (%), or meantstandard deviation.

ED: emergency department, MAP: mean arterial pressure, HR: heart rate, RR: respiratory rate, BT: body temperature, APACHE Il: Acute Physiol-
ogy and Chronic Health Evaluation II, PSS: Poisoning Severity Score, CBC: complete blood count, WBC: white blood cell, ESR: erythrocyte sedi-
mentation rate, AST: aspartate aminotransferase, ALT: alanine aminotransferase, BUN: blood urea nitrogen.
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Table 2. Regression analysis results for predicting poor neurological outcomes in patients with glufosinate ammonium poisoning

Variable Univariable Multivariable
OR (95% Cl) p-value OR (95% Cl) p-value VIF

Age (yn) 1.104 (1.058-1.152) <0.001 1.060 (0.996-1.128) 0.069 1.626
Co-ingested with alcohol 0.335 (0.135-0.835) 0.019 0.196 (0.040-0.948) 0.043 1.514
Hypertension 2.513 (1.056-5.981) 0.037 1.052 (0.248-4.556) 0.945 1.470
BT (°C) 0.384 (0.197-0.749) 0.005 0.649 (0.228-1.844) 0.419 1.614
APACHE Il 1.480 (1.230-1.781) <0.001 1.387 (1.027-1.873) 0.027 1.578
WBC (x103/uL) 1.000 (1.000-1.000) 0.029 1.000 (0.999-1.000) 0.193 1.486
Hemoglobin (g/dL) 0.853 (0.704-1.035) 0.107

ESR (mm/hr) 1.021 (1.000-1.042) 0.044 1.008 (0.978-1.039) 0.599 1.682
BUN (mg/dL) 1.133 (1.054-1.219) <0.001 1.031 (0.924-1.150) 0.586 1.426
Amylase (U/L) 1.014 (1.006-1.022) <0.001 1.071 (1.002-1.032) 0.025 1.714
pH 0.001 (0-0.964) 0.049 0.000 (0.000-137.051) 0.146 3.161
Base excess 0.870 (0.788-0.962) 0.007 1.142 (0.881-1.481) 0.393 3.663

OR: odds ratio, Cl: confidence interval, VIF: variance inflation factor, BT: body temperature, APACHE II: Acute Physiology and Chronic Health
Evaluation Il, WBC: white blood cell, ESR: erythrocyte sedimentation rate, BUN: blood urea nitrogen.

Table 3. Comparison of the performance of predictors of poor neurological outcomes in patients with glufosinate ammonium herbicide poisoning

Variable AUROC (95% Cl) Cutoff Sensitivity Specificity PPV NPV

APACHE II 0.826 (0.746-0.912) 6.5 0.615 0.906 0.930 0.537
Amylase 0.761 (0.652-0.844) 75.5 0.692 0.781 0.865 0.556
Not co-ingested with alcohol 0.629 (0.527-0.722) 0.539 0.719 0.786 0.434

AUROC: area under receiver operating characteristics, Cl: confidence interval, PPV: positive predictive value, NPV: negative predictive value,

APACHE II: Acute Physiology and Chronic Health Evaluation II.

1.00 4 1.00 1.00
0.75 4 0.75 4 0.75 4
= AUROC: 0.826 = AUROC: 0.761 =
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Fig. 2. Receiver operating characteristic curves for predicting mortality in patients with glufosinate ammonium herbicide poisoning: (A)
APACHE Il score, (B) serum amylase (U/L), and (C) no co-ingestion with alcohol. The area under the curves (AUC) with 95% confidence inter-
vals for the APACHE Il score, serum amylase (U/L) and no co-ingestion with alcohol were 0.826 (0.746-0.912), 0.761 (0.652-0.844), and 0.629
(0.527-0.722), respectively. APACHE II: Acute Physiology and Chronic Health Evaluation II.
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