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Abstract

Background/Aim. Acute carbon monoxide poisoning
(ACOP) is a medical emergency, which causes a lack of
oxygen in the tissues. The aim of the study was to deter-
mine the clinical characteristics of different acid-base dis-
order phenotypes in ACOP patients, focusing on the asso-
ciation between pure high anion gap (AG) metabolic aci-
dosis and adverse outcomes (AOs). Methods. This retro-
spective study included 124 ACOP patients classified into
three phenotypes according to the acid-base analysis:
Type 1 (pure high AG metabolic acidosis), Type 2 (mixed
acid-base disorders), and Type 3 (other conditions). Clini-
cal indicators and outcomes were compared across groups.
Multivariable logistic regression identified independent
risk factors for AOs. Results. Type 1 phenotype patients
[22 (17.74%)] exhibited significantly lower acid-base bal-
ance parameters (pH, HCOs", standard base excess) and
higher metabolic stress markers (AG, lactate; all p < 0.05).

Apstrakt

Uvod/Cilj. Akutno trovanje uglen-monoksidom (acute
carbon monoxide poisoning — ACOP) je urgentno medicinsko
stanje, koje izaziva nedostatak kiseonika u tkivima. Cilj
rada bio je da se utvrde klinicke karakteristke razlicitih
fenotipova acido-baznih poremecaja kod pacijenata koji
su pretrpeli ACOP, sa fokusom na povezanost izmedu
¢iste metabolicke acidoze sa visokim ,anjonskim
zjapom* (anion gap — AG) i nepovoljnih ishoda. Metode.
Ova retrospektivna studija obuhvatila je 124 pacijenta
koja su pretrpela ACOP, svrstana prema rezultatima
analiza acido-baznog statusa u tri tipa fenotipa: tip 1
(¢ista metabolicka acidoza sa visokim AG), tip 2
(mesoviti acido-bazni poremecaji) i tip 3 (ostala stanja).
Uporedivani su klinicki pokazatelji i ishodi izmedu grupa.

They had higher rates of systemic inflaimmatory response
syndrome (SIRS) (72.73% vs. 46.67% and 38.60%) and in-
tensive care unit admission (45.45% vs. 17.78% and
19.30%) than the Type 2 and 3 groups (all p < 0.05). Mul-
tivariable analysis confirmed the Type 1 phenotype as an
independent risk factor for both SIRS [odds ratio (OR):
6.36, 95% confidence interval (CI): 1.486-27.213] and in-
tensive care unit admission (OR: 4.71, 95% CI: 1.102—
20.151). Conclusion. This preliminary study identifies
pure high AG metabolic acidosis as a strong predictor of
AOs in ACOP. This readily available arterial blood gas pa-
rameter provides a novel perspective for eatly risk stratifi-
cation in emergency settings, though its clinical utility re-
quires validation in prospective studies.

Keywords:

acidosis; blood gas analysis; carbon monoxide
poisoning; intensive care units; risk assessment;
systemic inflammatory response syndrome.

Za identifikaciju nezavisnih faktora rizika od nastanka
nepovoljnih  ishoda koris¢ena je multivarijabilna
logisticka regresija. Rezultati. Pacijenti fenotipa tip 1 [22,
(17,74%)] imali su znacajno nize vrednosti parametara
acido-baznog statusa (pH, HCOs~, standardni bazni
eksces) i vise vrednosti markera metabolickog stresa (AG,
laktat; svi p < 0,05). Imali su vecu ucestalost sindroma
sistemskog inflamacijskog odgovora (systemic inflammatory
response syndrome — SIRS) (72,73% vs. 46,67% 1 38,60%,
redom) i prijema u jedinicu intenzivne nege (45,45% vs.
17,78% 1 19,30%, redom) u odnosu na grupe tipa 2 i tipa 3
(svi p < 0,05). Multivarijabilnom analizom potvrden je
fenotip tipa 1 kao nezavisan faktor rizika kako za nastanak
SIRS [odds ratio (OR): 6,36, 95% confidence interval (CI):
1,486-27,213], tako i za prijem u jedinicu intenzivne nege
(OR: 4,71, 95% CI: 1,102-20,151). Zaklju¢ak. Ovom
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preliminarnom  studijom  identifikovana je  Cista
metabolicka acidoza sa visokim AG kao snazan prediktor
nepovoljnih ishoda kod ACOP. Kao lako dostupan
parametar iz analize gasova arterijske krvi, on u hitnim
situacijama pruza novu moguénost za ranu stratifikaciju
rizika u urgentnim stanjima, mada njegova klinicka

primena zahteva validaciju u prospektivnim studijama.

Kljucne reci:

acidoza; krv, analiza gasova; trovanje
ugljenmonoksidom; intenzivna nega, odeljenja; rizik,
procena; sindrom sistemske zapaljenske reakcije.

Introduction

Acute carbon monoxide (CO) poisoning (ACOP) repre-
sents a significant global public health challenge, character-
ized by persistently high morbidity and mortality rates.
ACOP typically results from exposure to CO generated by
the incomplete combustion of carbon-containing fuels in en-
closed or poorly ventilated spaces. Common sources include
malfunctioning domestic gas heaters, coal stoves, charcoal
grills, portable generators, vehicle exhaust in garages, and
occupational exposure in industrial settings 2. The 2021
Global Burden of Disease Study reported approximately
28,900 deaths globally attributable to unintentional ACOP
that year, with significant regional variations in mortality
highlighting the ongoing severity of the situation and the ur-
gent need for effective control strategies ®. The pathophysio-
logical core of ACOP is tissue hypoxia. CO not only reduces
the blood’s oxygen-carrying capacity by forming carboxy-
hemoglobin (COHb) but also directly inhibits the mitochon-
drial respiratory chain, triggering oxidative stress (OS) and
energy metabolism dysfunction, ultimately leading to inter-
nal environment disturbances *®. In this context, arterial
blood gas (ABG) analysis is a key tool for assessing acid-
base balance, with parameters such as pH, bicarbonate, and
the anion gap (AG) becoming crucial for determining the
prognosis of critically ill patients ™2,

High AG metabolic acidosis (MA) is a common meta-
bolic disturbance in ACOP, primarily due to lactate accumu-
lation from tissue hypoxia °. However, current research has
predominantly focused on evaluating the overall acid-base
status or the prognostic value of individual biochemical
markers 1% 1 lacking a refined differentiation of acid-base
disorder phenotypes. A key knowledge gap exists regarding
whether there are essential differences in clinical characteris-
tics and prognostic significance between pure high AG MA
and mixed acid-base disorders > 3. Although the Glasgow
Coma Scale (GCS) score and COHb level are classic indica-
tors for assessing severity, it remains to be elucidated wheth-
er the specific phenotype of pure high AG MA remains an
independent predictor of adverse outcomes (AOs) after ad-
justing for these known risk factors ' 5. This limitation re-
sults in a lack of precise evidence in current guidelines for
individualized risk stratification and intervention based on
different metabolic phenotypes “.

To address this gap, this study aims to employ the clini-
cally commonly used three-step method for analyzing acid-
base disorders to finely classify the acid-base status of
ACOP patients at admission. It will focus specifically on
pure high AG MA to clarify its clinical characteristics and its
association with AOs. The study hypothesizes that in ACOP

patients, pure high AG MA, compared to mixed acid-base
disorders, can more independently and strongly predict the
development of systemic inflammatory response syndrome
(SIRS) and the need for intensive care unit (ICU) admission,
thereby providing a novel perspective for early risk stratifica-
tion that goes beyond traditional indicators.

Therefore, the aim of this study was to generate evi-
dence to improve the identification of critically ill ACOP pa-
tients and guide precise management.

Methods

Study design and participants

This single-center retrospective cohort study was ap-
proved by the Ethics Committee of Bozhou People’s Hospi-
tal, Bozhou, China (No. BoYiLunShen 263, from November
03, 2025) and conducted in accordance with the Declaration
of Helsinki and relevant ethical guidelines. Consecutive adult
patients with ACOP admitted to the Emergency Department
of our Hospital between December 2022 and December 2024
were enrolled.

Inclusion criteria were as follows: age > 18 years; con-
firmed ACOP diagnosis based on a clear history of CO expo-
sure, clinical symptoms, and laboratory tests; COHb level
> 5% at admission; and availability of complete ABG analy-
sis, electrolyte panel, lactate measurement, clinical data, la-
boratory results, and follow-up outcomes obtained immedi-
ately upon admission.

Exclusion criteria were: pre-existing chronic organ dys-
function (e.g., chronic heart failure, chronic renal failure, cir-
rhosis), chronic metabolic diseases (e.g., diabetic ketoacido-
sis, renal tubular acidosis), or autoimmune diseases; pre-
hospital treatments that could significantly alter acid-base
balance or laboratory parameters (e.g., high-flow oxygen
therapy, mechanical ventilation, fluid resuscitation for acid-
base correction); concomitant conditions such as other toxin
poisonings, major trauma, acute infections, or recent surgery,
and incomplete clinical, laboratory, or outcome data preclud-
ing acid-base phenotyping or statistical analysis.

A final cohort of 124 patients was included.

Acid-base disorder phenotyping

Acid-base disorder phenotyping was performed via a
standardized three-step physiological algorithm using admis-
sion pre-oxygenation ABG analysis and electrolyte panel da-
ta to characterize acid-base patterns that support early, rapid
emergency decision-making & 7. First, the primary acid-
base disorder has been determined based on pH, partial pres-
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sure of arterial carbon dioxide (PaCO2), and hydrogen car-
bonate (HCOs"). Subsequently, AG is calculated as AG =
Na* + K* - CI" - HCOs7, with AG > 16 mmol/L defining
high-AG MA. Finally, the adequacy of respiratory compen-
sation is assessed using Winter’s formula. If the measured
PaCO, fell within the range of the predicted PaCO; + 2
mmHg, respiratory compensation was deemed appropriate,
and the case was classified as Type 1 (pure high AG MA). If
the measured value fell outside this range, it indicated the
presence of a mixed respiratory component, and the case was
classified as Type 2 (mixed disorder). Accordingly, the final
classification was: Type 1 (pure high AG MA) — elevated
AG with appropriate respiratory compensation; Type 2
(mixed disorder) — presence of any two or more primary ac-
id-base disorders; Type 3 (other) — all other simple disorders
and cases without significant acid-base derangement, exclud-
ing Type 1. To ensure objectivity and reliability, all pheno-
typing results were independently and blindly assessed by
two clinicians. Any discrepancies were resolved by a third
senior physician for final adjudication. This classification
method adheres to established physiological principles 8 %°.

Data collection and outcome definition

Data were extracted from the hospital electronic medi-
cal records and were classified into several categories: base-
line characteristics, clinical and laboratory parameters, and
clinical outcomes. Baseline characteristics included age, sex,
height, weight, smoking history, alcohol use, and comorbidi-
ties (e.g., hypertension, coronary artery disease, and diabetes
mellitus). Clinical and laboratory parameters on admission
consisted of the following: vital signs (temperature, heart
rate, respiratory rate, blood pressure); GCS score (calculated
as the average of independent assessments by two emergency
physicians); ABG parameters (pH, PaCO,, HCOs"); electro-
Iytes (Na*, Cl, K*); AG, lactate, COHb, complete blood
count, liver and kidney function tests; and myocardial injury,
which was defined as elevated cardiac troponin I (cTnl >
0.05 ng/mL). The final category included clinical outcomes.
Primary outcomes were the occurrence of SIRS and the need
for ICU admission. SIRS was diagnosed when at least two of
the following criteria were met 2: temperature > 38 °C or
<36 °C; heart rate > 90 beats/min; respiratory rate > 20
breaths/min or PaCO, < 32 mmHg; white blood cell count
> 12 x 10%L or < 4 x 10%/L, or > 10% immature bands. SIRS
was monitored continuously during the first 6 hrs of hospital-
ization, and its occurrence was recorded as a binary outcome.
ICU admission was defined as transfer to the ICU for inten-
sive monitoring and treatment due to critical illness within
6 hrs of emergency department presentation.

Treatment protocol

All patients received uniform institutional care: high-
flow oxygen (10-15 L/min) immediately upon arrival, fol-
lowed by hyperbaric oxygen therapy as routine standard care
for all confirmed ACOP cases. No patient received bicar-
bonate or alkalinizing agents to correct acidosis. Mechanical
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ventilation and vasopressors were used only for standard in-
dications. Treatment modality was identical across all pheno-
type groups and was not analyzed as a covariate.

Statistical analysis

As an exploratory retrospective cohort study analyzing
associations between acid-base phenotypes and outcomes in
ACOP, the sample size was determined by the consecutive
eligible cases available during the study period. We
acknowledged that the sample size, particularly for the
Type 1 subgroup, might limit statistical power. A post-hoc
power analysis using Demidenko’s formula % was performed
to contextualize the findings. For the primary outcome (ICU
admission), based on an odds ratio (OR) of 3.60 from uni-
variate analysis, an alpha of 0.05, and 80% power, the calcu-
lated required sample size was approximately 180. With 124
included patients, the achieved power was approximately
64%. For the secondary outcome (SIRS), the required sample
size was approximately 128, corresponding to an achieved
power of 79%. Analyses were performed using SPSS 26.0.
Normally distributed continuous data are presented as
mean + standard deviation and compared using one-way
analysis of variance — ANOVA (with post-hoc testing if var-
iances were equal); non-normally distributed data are pre-
sented as median (first quartile — Q1, third quartile — Q3) and
compared using the Kruskal-Wallis H test. Categorical data
are presented as numbers (percentages) and compared using
the chi-square (y%) or Fisher’s exact test. Correlations were
assessed using Spearman’s rank correlation. Variables with
p < 0.1 in univariate logistic regression were entered into
multivariable logistic regression models (using the stepwise
method; entry o = 0.05; removal o = 0.10) to identify inde-
pendent risk factors. A two-sided p < 0.05 was considered
statistically significant.

Results

Comparison of baseline characteristics and clinical
indicators across the three groups

The 124 ACOP patients were classified into three acid-
base phenotype groups: Type 1 — pure high AG MA
[22 (17.74%)], Type 2 - mixed acid-base disorders
[45 (36.29%)], and Type 3 — other conditions [57 (45.97%)].
No statistically significant differences were observed among
the three groups regarding age, sex, BMI, vital signs, or
baseline laboratory indicators (all p > 0.05), indicating com-
parability at baseline.

Significant differences were found among the groups in
acid-base balance, metabolic, and inflammatory markers (all
p < 0.05). Specifically, patients with the Type 1 phenotype
exhibited characteristic features of severe MA with a high
AG: they had the lowest pH and HCOs™ levels, and the high-
est AG values (e.g., pH: Type 1: 7.33 vs. Type 2: 7.39 vs.
Type 3: 7.41; AG: Type 1: 25.20 mmol/L vs. Type 2: 20.99
mmol/L vs. Type 3: 16.78 mmol/L). Concurrently, lactate
levels were significantly higher in the Type 1 group com-
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pared to the other two groups (median: 5.20 mmol/L vs. 3.80
mmol/L vs. 2.20 mmol/L, respectively) (Table 1).

Analysis of clinical outcomes revealed that the Type 1
phenotype group had the highest incidence of adverse events.
Both the incidence of SIRS (72.73%) and the rate of ICU ad-
mission (45.45%) were significantly higher in the Type 1
group compared to the Type 2 (SIRS: 46.67%; ICU admission:

17.78%) and Type 3 groups (SIRS: 38.60%; ICU admission:
19.30%) (intergroup comparisons, all p < 0.05) (Table 1).

Correlation analysis of major clinical indicators

Spearman correlation analysis revealed significant asso-
ciations among key clinical indicators (Table 2). The Type 1

Table 1
Comparison of baseline characteristics and clinical indicators
among ACOP patients with different acid-base phenotypes

Variable R?;?}';;CG Type 1 (n=22) Type 2 (n = 45) Type 3 (n =57) p-value
Age, years - 55.0 (44.5, 71.8) 58.0 (50.0, 70.0) 55.0 (46.0, 68.0) 0.741
Gender

male - 7 (31.80) 22 (48.90) 30 (52.60) 0.246
BMI, kg/m? - 23.95 (22.98, 26.53) 23.53 (21.48, 26.84) 24.22 (22.04, 27.04) 0.646
Temperature, °C 36.0-37.4 36.50 (36.50, 36.60) 36.60 (36.40, 36.80) 36.5 (36.50, 36.60) 0.585
Heart rate, bpm 60.0-100.0 95.00 (86.00, 104.50)  82.00 (76.00, 108.00)  85.00 (78.00, 98.00) 0.284
Respiratory rate, breaths/min  12.0-20.0  19.00 (16.30, 20.00)  18.00 (16.00,21.00)  18.00 (15.00, 20.00) 0.622
Systolic BP, mmHg 90.0-139.0 118.00 (104.50, 129.50) 129.00 (118.00, 144.00) 127.00 (116.00, 139.00)  0.081
Hypertension - 6 (27.30) 14 (31.10) 15 (26.30) 0.862
Diabetes mellitus - 3(13.60) 3 (6.70) 6 (10.50) 0.635
GCS score - 11.00 (8.00, 13.00) 12.00 (8.00, 14.00) 13.00 (9.00, 15.00) 0.158
COHb, % - 28.40 (20.20, 40.70) 21.20 (13.20, 34.80) 27.50 (14.30, 33.40) 0.352
pH 7.35-7.45 7.33 (7.31, 7.36) 7.39 (7.34, 7.43) 7.41 (7.38, 7.44) <0.001
HCOs~, mmol/L 22.00-27.00 15.45 (14.10, 17.20) 19.50 (16.40, 23.50) 21.10 (20.00, 23.00) <0.001
AG, mmol/L 8.00-16.00  25.20 (23.08, 26.46) 20.99 (18.67, 25.18) 16.78 (15.44, 18.37) <0.001
Lactate, mmol/L 0.50-2.20 5.20 (2.92, 8.38) 3.80 (2.00, 5.50) 2.20 (1.70, 3.30) <0.001
WBC count, x10%/L 4.00-10.00  14.12 (10.94, 21.23) 11.74 (8.97, 15.81) 10.43 (8.21, 13.55) 0.030
Hemoglobin, g/L 130.0-175.0 143.50 (124.00, 154.00) 136.00 (120.00, 155.00) 133.00 (125.00, 144.00) 0.563
Creatinine, pmol/L 57.0-97.0  56.60 (47.70, 79.50) 65.30 (48.90, 94.10) 59.40 (48.30, 69.30) 0.391
ALT, U/L 10.0-40.0 25.00 (20.00, 40.50) 30.00 (20.00, 47.00) 21.00 (17.00, 33.00) 0.050
Albumin, g/L 40.0-55.0 45.90 (40.80, 48.00) 43.90 (39.90, 45.90) 41.50 (39.30, 45.30) 0.048
Myocardial injury - 14 (63.60) 20 (44.40) 22 (38.60) 0.133
SIRS - 16 (72.73) 21 (46.67) 22 (38.60) 0.024
ICU admission - 10 (45.45) 8 (17.78) 11 (19.30) 0.026

ACOP - acute carbon monoxide poisoning; n — number; BMI — body mass index; bpm — beats per minute; BP — blood
pressure; GCS — Glasgow Coma Scale; COHb - carboxyhemoglobin; AG - anion gap; WBC - white blood cell;
ALT - alanine aminotransferase; SIRS — systemic inflammatory response syndrome; ICU — intensive care unit.

Note: Data are presented as median (first quartile, third quartile) or as numbers (percentages). Comparisons among groups
were performed using the Kruskal-Wallis H test for continuous variables and the chi-square test or Fisher’s exact test for
categorical variables. For detailed definitions of Types 1-3, see the Methods section.

Table 2
Spearman correlation coefficient matrix of major clinical indicators and outcomes in patients with ACOP
Variable SIRS Type 1 I(.:U. GCS Score COHb Lactate
admission
SIRS -
Type 1 0.231* -
ICU admission 0.237** 0.241** -
GCS score -0.416** -0.127 -0.506** -
COHb 0.082 0.117 0.653** -0.428** -
Lactate 0.484** 0.280** 0.423** -0.467** 0.478** —

ACOP - acute carbon monoxide poisoning; SIRS — systemic inflammatory response syndrome; ICU - intensive
care unit; GCS - Glasgow Coma Scale; COHb — carboxyhemoglobin; n — number.

Note: The data in the table represent Spearman correlation coefficients (p). *p < 0.05, ** p < 0.01 (two-tailed
test). For brevity, sample size (n = 124) and non-significant p-values are not shown in the table. “Type 1” refers

to the pure high anion gap metabolic acidosis phenotype.
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acid-base phenotype (pure high AG MA) showed significant
positive correlations with the occurrence of SIRS (p = 0.231,
p < 0.05), ICU admission (p = 0.241, p < 0.01), and lactate
levels (p = 0.280, p < 0.01, more precise: p = 0.002). This
indicates a significant association between this phenotype
and systemic inflammatory response, critical outcomes, and
the degree of tissue hypoxia. However, no significant corre-
lation was found between the Type 1 phenotype and the GCS
score (p = -0.127, p = 0.162) or COHb levels (p = 0.117,
p = 0.199), suggesting that the critical nature of the Type 1
phenotype appears to be independent of traditional indicators
of consciousness impairment and poisoning severity. In con-
trast, traditional critical illness indicators such as lactate,
GCS score, and COHb showed stronger correlations with
each other and with both SIRS and ICU admission (all
p <0.001).

Analysis of risk factors for intensive care unit
admission

Univariate logistic regression identified multiple varia-
bles associated with ICU admission (p < 0.1) (Table 3). Mul-
tivariable analysis further identified three independent pre-
dictors: Type 1 phenotype [OR: 4.71, 95% confidence inter-
val (Cl): 1.102-20.151, p = 0.037], GCS score (OR: 0.76,

95% CI: 0.618-0.940, p = 0.011), and COHb (OR: 1.12,
95% CI: 1.054-1.200, p < 0.001). Hemoglobin showed a
trend (OR: 1.03, 95% CI: 0.997-1.067, p = 0.077). Heart rate
and white blood cell count did not demonstrate independent
predictive value.

Analysis of risk factors for systemic inflammatory
response syndrome occurrence

Univariate logistic regression analysis demonstrated
that the Type 1 phenotype (pure high AG MA) was signifi-
cantly associated with the development of SIRS in patients
with ACOP (p < 0.012). Variables with p < 0.1 in the uni-
variate analysis were subsequently included in a multivari-
able logistic regression model. After multivariable adjust-
ment, Type 1 phenotype remained the strongest independ-
ent predictor (OR: 6.36, 95% ClI: 1.486-27.213, p = 0.013),
alongside GCS score (OR: 0.79, p = 0.008), hypertension
(OR: 0.14, p = 0.006, protective), hemoglobin (OR: 1.03,
p = 0.050), creatinine (OR: 1.02, p = 0.025), ALT (OR:
1.04, p 0.033) and myocardial injury (OR: 3.76,
p =0.023). The magnitude of this association is presented
in Table 4, indicating that this specific acid-base disorder
phenotype possesses independent predictive value for the
onset of SIRS.

Table 3
Risk factors for intensive care unit admission

. Univariate analysis Multivariate analysis

Variable
OR 95% ClI p-value OR 95% ClI p-value

Type 1 phenotype 3.64 1.372-9.662 0.009 471 1.102-20.151 0.037
GCS score 0.68 0.582-0.796 < 0.001 0.76 0.618-0.940 0.011
COHb, % 1.15 1.089-1.219 <0.001 1.12 1.054-1.200 <0.001
Gender

male 2.16  0.918-5.057 0.078 - - -
Heart rate, bpm 1.03 1.006-1.054 0.012 - - -
WBC count, x10%/L 1.10 1.029-1.178 0.006 - - -
Hemoglobin, g/L 1.05 1.022-1.076 <0.001 1.03 0.997-1.067 0.077
Albumin, g/L 1.08 1.012-1.161 0.022 - - -
Age, years 1.00 0.973-1.020 0.748 - - -
BMI, kg/m2 0.98 0.883-1.091 0.725 - - -
Temperature, °C 1.00 0.282-3.562  0.997 - - -
Respiratory rate, breaths/min ~ 1.02  0.936-1.101  0.708 - - -
Systolic BP, mmHg 0.99 0.976-1.013 0.552 - - -
Hypertension 045 0.157-1.298 0.140 - - -
Diabetes mellitus 1.10 0.278-4.375 0.890 - - -
Creatinine, umol/L 1.00 0.992-1.015 0.578 - - -
ALT, U/L 1.00 0.984-1.021  0.809 - - -
Total bilirubin, umol/L 1.06 0.985-1.132 0.128 - - -
Myocardial injury 1.69 0.732-3.910 0.218 - - -
OR - odds ratio;j ClI - confidence interval; GCS - Glasgow Coma Scale;

COHb - carboxyhemoglobin; bpm — beats per min; WBC - white blood cell; BMI — body mass

index; BP — blood pressure; ALT — alanine aminot

ransferase.

Note: Variables with p < 0.1 in univariate analysis were entered into multivariate analysis using

the stepwise method (entry a = 0.05, removal a

= 0.10). Blood gas parameters (pH, PaCO.,

HCO»s, AG, lactate) were excluded from regression analysis due to causal inclusion relationships

with the metabolic acidosis phenotype. A dash (-

the final multivariate model.

Junjie K, et al. Vojnosanit Pregl 2026; 83(8): 495-502.

) indicates the variable was not included in
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Table 4
Risk factors for systemic inflammatory response syndrome
Variable Univariate analysis Multivariate analysis
OR 95% ClI p-value OR 95% ClI p-value

Type 1 phenotype 3.66 1.323-10.119 0.012 6.36  1.486-27.213  0.013
GCS score 0.76  0.676-0.864 <0.001  0.79 0.662-0.941 0.008
Gender

male 249  1.208-5.137 0.013 - - -
Hypertension 0.39 0.171-0.895 0.026 0.14 0.035-0.562 0.006
Hemoglobin, g/L 1.05 1.025-1.072 <0.001 1.03 1.000-1.060 0.050
Creatinine, umol/L 1.03 1.014-1.049 <0.001 1.02 1.003-1.046 0.025
ALT, U/L 1.05 1.024-1.083 <0.001 1.04 1.003-1.070 0.033
Albumin, g/L 110 1.024-1.188 0.010 - - -
Myocardial injury 6.45 2.940-14.140 <0.001 3.76  1.201-11.747  0.023
Diabetes mellitus 0.33 0.086-1.296  0.113 - - -
COHb, % 1.02  0.987-1.046  0.278 - - -
Age, years 1.00 0.976-1.016 0.691 - - -
BMI, kg/m? 1.01  0.920-1.098 0.911 - - -
Systolic BP, mmHg 1.00 0.980-1.012 0.645 - - -
Total bilirubin, pmol/L 1.02 0.954-1.084 0.601 - - -

OR - odds ratio; Cl — confidence interval; GCS — Glasgow Coma Scale; ALT - alanine
aminotransferase; COHb - carboxyhemoglobin; BMI — body mass index.

Note: Variables with p < 0.1 in univariate analysis were entered into multivariate analysis using
the stepwise method (entry o = 0.05, removal a = 0.10). Blood gas parameters (pH, PaCO.,
HCOs, AG, lactate) were excluded from regression analysis due to causal inclusion relationships
with the metabolic acidosis phenotype. Systemic inflammatory response syndrome (SIRS)
component variables (temperature, heart rate, respiratory rate, white blood cell count) were
excluded from SIRS-related regression analyses due to definitional overlap with the outcome.
A dash (=) indicates the variable was not included in the final multivariate model.

Discussion

This preliminary study indicates that ACOP patients
presenting with pure high AG MA upon admission face a
significantly elevated risk of developing SIRS and requiring
ICU admission. Despite the limited sample size, the core
value of this study lies in being the first to utilize standard-
ized physiological phenotyping to reveal the independent
prognostic role of compensatory failure in ACOP. We have
clearly identified this phenotype as a critical clinical mani-
festation in ACOP. Multivariable analysis demonstrated that
even after adjusting for factors like GCS score and COHb
level, it remained a strong independent risk factor for both
SIRS (OR: 6.36) and ICU admission (OR: 4.71). This direct-
ly links the core pathophysiology of ACOP-tissue hypoxia
and metabolic failure—to clinical risk, providing a key meta-
bolic indicator for identifying high-risk patients in the emer-
gency setting > °,

The Type 1 phenotype signifies that the patient has en-
tered a vicious cycle of tissue hypoxia and compensatory
failure. CO not only reduces oxygen-carrying capacity by
forming COHb but also directly inhibits mitochondrial cyto-
chrome c oxidase, leading to lactate accumulation, the prima-
ry cause of elevated AG . The weak positive correlation
observed between the Type 1 phenotype and lactate levels
(p= 0.280, p = 0.002) in univariate analysis supports this
pathological mechanism. Its “pure” nature-indicating appro-
priate respiratory compensation-suggests that despite maxi-
mal compensatory effort, the acidosis remains uncorrected,
pointing to the extreme severity of the hypoxia and metabol-

ic disturbance ¢ 7. Multivariable analysis further confirmed
this phenotype as an independent predictor of AOs, con-
sistent with findings from Wang et al. ® and Kimmel and
Alscher 2,

A key aspect of this study is its distinction between the
prognostic implications of pure vs. mixed high-AG MA. The
“pure” nature of the Type 1 phenotype implies that respirato-
ry compensation has reached its maximum capacity yet fails
to correct the acidosis, indicating that the MA has exceeded
physiological compensatory limits, leading to a decompen-
sated vicious cycle of hypoxia-lactate accumulation-
worsening acidosis. In contrast, the Type 2 (mixed) pheno-
type encompasses various scenarios such as over-
compensation, under-compensation, or combination with
other acid-base disorders, resulting in complex pathological
significance that may dilute the critical signal of a high AG.
Consequently, its prognostic value is considerably lower than
that of the pure phenotype.

This study addresses a gap in previous research, which
often focused on overall acid-base status or single parame-
ters 1% 11, by confirming the independent prognostic value of
pure high AG MA. This aligns with findings in critical care:
Mochizuki et al. ? reported higher mortality with metabolic
acidemia than with respiratory acidemia, and Canova et al. %
confirmed MA as an independent risk factor for in-hospital
mortality. Our study focuses this understanding specifically
on ACOP, deepening the knowledge of acid-base disorders
in this condition. Furthermore, the high incidence of SIRS in
Type 1 patients is consistent with the systemic inflammatory
state seen in septic patients in the emergency department * and
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supports the mechanism proposed by Simonsen et al. ® where-
in CO poisoning triggers OS and inflammatory responses,
thereby completing the pathophysiological chain of ACOP.

In clinical practice, rapid acid-base phenotyping using
admission blood gas analysis is simple, immediate, and incurs
no additional cost, making it well-suited for emergency de-
partment use. Identifying patients with the Type 1 phenotype
should prompt initiation of more intensive monitoring and
treatment, including early hemodynamic monitoring, assess-
ment of eligibility for advanced respiratory support, optimiza-
tion of hyperbaric oxygen therapy schedules, and lactate
clearance therapy, thereby enabling precise intervention. Fu-
ture research should involve large-scale, multicenter prospec-
tive studies to validate the predictive power of this phenotype,
explore targeted personalized treatment strategies, and clarify
its impact on improving patient outcomes, thereby providing
an evidence base for updating clinical guidelines.

Limitation of the study

This study has several limitations. First, its single-
center retrospective design and relatively small sample size
limit statistical power, resulting in wide Cls for the ORs in
the multivariable analysis. The conclusions should therefore
be considered hypothesis-generating and require validation
in larger prospective multicenter studies. Second, the retro-
spective design is susceptible to unmeasured confounding
factors. Specifically, data on CO exposure duration, transport
time to hospital, and prehospital treatments (e.g., oxygen
administration by emergency medical services, fluid resusci-
tation) were not systematically documented in electronic
medical records and thus could not be included in the analy-

sis. These factors may significantly influence the severity of
poisoning and subsequent outcomes. Their absence reflects
an inherent limitation of retrospective emergency department
studies, and future prospective studies should incorporate
standardized prehospital data-collection protocols. Third, the
study focused only on short-term outcomes (SIRS, ICU ad-
mission) and lacked follow-up on long-term neurological se-
quelae and mortality 2, preventing a comprehensive assess-
ment of the phenotype’s long-term value. Finally, con-
strained by data availability in the emergency setting, SIRS
rather than the sequential organ failure assessment — SOFA
score was used to define the inflammatory response; bi-
omarkers of inflammation and OS were not measured 5 °; the
efficacy of different treatments across phenotypes was not
analyzed %; and the generalizability of the single-center data
requires verification 4,

Conclusion

Ultimately, pure high anion gap metabolic acidosis rep-
resents a critical phenotype in acute carbon monoxide poi-
soning and is a strong independent predictor for the devel-
opment of systemic inflammatory response syndrome and
the need for intensive care unit admission. This readily avail-
able parameter from routine blood gas analysis provides a
crucial metabolic perspective for identifying high-risk pa-
tients, stratifying risk, and guiding intensive treatment in the
emergency department, holding significant clinical value.
This study enriches the evidence base concerning acid-base
disorders in acute carbon monoxide poisoning, provides a
reference for refining clinical guidelines, and lays the
groundwork for subsequent prospective research.
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