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Abstract

Aim: Carbon monoxide (CO) is an odorless and colorless gas that
forms when organic materials burn incompletely. Children are more
susceptible to CO poisoning than adults because their respiratory
and immune systems are still developing. The systemic immune
inflammation index (Sll) is a marker that reflects the balance
between inflammation and immunity. In this study, we investigate
the relationship between CO poisoning in children and SII.

Material and Method: We conducted a retrospective observational
study involving pediatric patients (age <18 years) diagnosed with
CO poisoning and treated at Aksaray University Training and
Research Hospital, a tertiary medical center, from January 2018 to
January 2023. We included consecutive pediatric patients (age <18
years) with CO poisoning who had available clinical and laboratory
data and were treated at our hospital.

Results: The study included 393 patients with a mean age of 7.24
(£4.67) years, of whom 184 (46.8%) were male. When comparing
COHb groups, significant statistical differences emerged between
the groups regarding GCS, pH levels, occurrences of dizziness,
confusion, seizures, lethargy, and prognosis (p<0.05). When
comparing lactate groups, significant differences were observed
between the groups concerning GCS, COHb levels, pH levels,
occurrences of confusion, lethargy, prognosis, and LOS (p<0.05).
Upon evaluating the SlI, no statistically significant difference was
found between the groups in terms of gender, COHb levels, lactate
levels, LOS, and prognosis.

Conclusion: SIl cannot be considered a reliable predictor of the
severity of carbon monoxide poisoning in children. Despite the
evident inflammatory response triggered by exposure to carbon
monoxide, the SlI did not consistently correlate with the varying
degrees of poisoning severity.

Keywords: Carbon monoxide poisoning, Inflammatory response,
Pediatric patients, Severity assessment, Systemic immune
inflammation index (Sll)

Oz

Amag: Karbon monoksit (CO), organik maddelerin eksik yanmasiyla
olugan kokusuz ve renksiz bir gazdir. Cocuklar CO zehirlenmesine
yetiskinlerden daha duyarlidir ciinkt solunum ve bagisiklik sistemleri
hala gelismektedir. Sistemik immun inflamasyon indeksi (SI),
inflamasyon ve badisiklik arasindaki dengeyi yansitan bir belirtectir.
Bu calismada, ¢ocuklarda CO zehirlenmesi ile SII arasindaki iliskiyi
arastirdik.

Gereg ve Yontem: Ocak 2018 - Ocak 2023 tarihleri arasinda Gglinci
basamak bir tip merkezi olan Aksaray Universitesi Egitim ve Arastirma
Hastanesi'nde CO zehirlenmesi tanisi alan ve tedavi edilen cocuk
hastalari (18 yas alti) iceren retrospektif gozlemsel bir calisma yurittik.
Klinik ve laboratuvar verileri mevcut olan ve hastanemizde tedavi
edilen CO zehirlenmesi olan ardisik ¢cocuk hastalan (yas <18) dahil
ettik.

Bulgular: Calismaya yas ortalamasi 7,24 (+4,67) yil olan ve 184'( (%46,8)
erkek olan 393 hasta dahil edildi. COHb gruplari karsilastirildiginda,
GKS, pH duzeyleri, bas dénmesi, konflizyon, nobet, letarji ve prognoz
acisindan gruplar arasinda anlamli istatistiksel farkliliklar ortaya ¢ikti
(p<0.05). Laktat gruplan karsilastinldiginda, GKS, COHb seviyeleri,
pH seviyeleri, konflizyon, letarji, prognoz ve hastanede kalig stresi
agisindan gruplar arasinda anlamli farklliklar gézlenmistir (p<0,05).
Sl degerlendirildiginde, gruplar arasinda istatistiksel olarak anlamli bir
fark bulunmamistir.

Sonug: S, cocuklarda karbon monoksit zehirlenmesinin siddetinin
glvenilir bir gostergesi olarak kabul edilemez. Karbon monoksit
maruziyetinin tetikledigi bariz inflamatuar tepkiye ragmen SlI, degisen
derecelerdeki zehirlenme siddetiyle tutarli bir sekilde korelasyon
gostermedi.

Anahtar Kelimeler: Karbon monoksit zehirlenmesi, inflamatuvar
yanit, Pediatrik hastalar, Siddet degerlendirmesi, Sistemik immdin
inflamasyon indeksi (SII)

Corresponding (iletisim): Emine OZDEMIR KACER, Department of Pediatrics, Faculty of Medicine, Aksaray University, Aksaray, Turkey

E-mail (E-posta): dremineozdemir@hotmail.com
Received (Gelis Tarihi): 20.08.2023  Accepted (Kabul Tarihi): 20.09.2023



https://dx.doi.org/10.16899/jcm.1347034
https://orcid.org/0000-0002-0111-1672

Emine Ozdemir Kacer, Sl in children with carbon monoxide poisoning

880

INTRODUCTION

Carbon monoxide (CO) is an odourless, colourless gas produced
by the incomplete combustion of organic matter." It is a major
cause of illness and death worldwide, particularly in countries
where people use wood and coal-burning stoves for heating
without proper ventilation.®”! In fact, CO poisoning accounts
for 3.6-9.4% of all poisonings in children.” Children are more
susceptible to CO poisoning than adults because their respiratory
and immune systems are still developing. CO has a much higher
affinity for haemoglobin than oxygen, preventing oxygen from
reaching the tissues and causing hypoxia.”! CO also interferes
with cellular oxidation, binds to myoglobin and cytochromes,
and damages lipids.® These effects trigger an inflammatory
response that can be measured by acute-phase reactants such
as leukocytes, neutrophils, lymphocytes, platelets and proteins.”

The Systemic Immune Inflammation Index (Sll) is a marker that
reflects the balance between inflammation and immunity.
It is calculated from the absolute numbers of neutrophils,
lymphocytes and platelets. High levels of Sl indicate a strong
inflammatory response in the body and are associated with
several diseases, such as cardiovascular disease and infections.®

CO poisoning can cause a wide range of symptoms, from mild
headaches and dizziness to severe confusion and coma. It can
also have long-term effects, such as cognitive impairment and
respiratory problems, which can affect children's health and
development.® 1%

In this study, we investigate the relationship between CO
poisoning in children and the Sll. We aim to determine whether
the SlI can be used as a predictor of the severity of CO poisoning.

MATERIAL AND METHOD

Study Design

We conducted a retrospective observational study of pediatric
patients (age <18 years) diagnosed with CO poisoning and
treated at Aksaray University Training and Research Hospital,
a tertiary medical center, from January 2018 to January 2023.
The study was carried out with the permission of Local Ethics
Committee (Decision No: 2021/17-06).

Study Setting and Patient Cohort

Consecutive pediatric patients (age <18 years) with CO poisoning
who had available clinical and laboratory data and who were
treated at our hospital were included in the study. CO poisoning
was defined as exposure to CO emissions and a carboxyhemoglobin
(COHb) level above 5% at the time of admission to the pediatric
emergency department. Patients with chronic diseases (such
as chronic pulmonary, cardiac, renal, hepatic, inflammatory,
hematological, rheumatic diseases, or immunosuppression), those
for whom information could not be retrieved from the electronic
record system, and patients older than 18 years were excluded.

Patients were divided into two groups according to their COHb
levels: mild to moderate poisoning (COgroup-1) with levels
between 5% and 20%, and severe poisoning (COgroup-2) with

COHb levels above 20%. In addition, patients were classified
based on their blood lactate levels: mild-moderate (Lgroup-1)
if lactate was less than 2.2 mmol/L, and severe poisoning
(Lgroup-2) if lactate was 2.2 mmol/L or greater.

Patients were divided into three categories based on length of
hospital stay (LOS): 0-24 hours, 24-72 hours, and over 72 hours.
Patients were also divided into four groups according to their
clinical outcome: discharge after treatment in the emergency
department, admission to the hospital's pediatric service,
admission to intensive care, and referral to another medical facility.

The SlI was calculated using the formula Sl =[(platelet count x
neutrophil count) / lymphocyte count].' Patients' SlI levels were
evaluated in relation to their CO levels, lactate levels, length of
hospital stay, and clinical outcomes.

Data Collection

Data on patient demographic characteristics such as age and
sex, symptoms and complaints at the time of application,
Glasgow Coma Scale (GCS), LOS, clinical outcomes (discharge/
hospitalisation/referral), initial laboratory results; white blood
cell (WBQ), platelet, neutrophil, lymphocyte, monocyte, and
lactate values were retrospectively recorded from the patient's
medical records.

Statistical Analysis

Statistical analyses were performed using SPSS 21.0 (IBM Inc,
Chicago, IL, USA). Numerical parameters were expressed as
median (min-max) or mean+SD, and categorical variables were
expressed as frequencies and percentages (%). Kolmogrov-
Smirnov test, histogram analysis and skewness/kurtosis data were
used to assess the conformity of numerical variables with normal
distribution. Levene's test was used to analyse the homogeneity
characteristics of numerical parameters between groups. When
comparing two independent groups, the independent t-test
was used for parameters with normal distribution, while the
Mann-Witney U test was used for parameters without normal
distribution. Spearman's correlation analysis was used for
correlations between numerical parameters. Binary logistic
regression analysis was used to determine the predictive factors.
The accuracy of binary relations and analyses in the models was
confirmed by the Hosmer-Lemeshow test. Chi-squared or Fisher's
exact tests were used to analyse the relationship between binary
categorical groups. Significant parameters that might influence
the severity of poisoning were subjected to ROC analysis and
diagnostic data were presented. The type | error rate was set at
5% for the entire study, and p<0.05 was considered significant.

RESULTS

In our study, a total of 457 patients with acute CO poisoning were
admitted to our pediatric emergency department. After applying
the exclusion criteria, 64 patients were considered ineligible,
leaving a final inclusion of 393 patients. The mean age of the
patients was 7.24 (+4.67) years and 184 (46.8%) were male. The
mean GCS score was 13.55 (+1.72), while the mean COHb level
was 7.92 (£5.50). Most patients (74%) were admitted 8-24 hours
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after CO exposure. Of the patients, 369 (94.1%) had COHb levels
between 5% and 20%, while 24 (5.9%) had COHDb levels >20%.

Regarding lactate levels, 324 (82.4%) patients had lactate levels
below 2.2 mmol/L, while 69 (17.6%) had lactate levels of 2.2 mmol/L
or higher. The most common symptom on admission was headache
(41.7%), followed by dizziness (36.4%) and epileptic seizures
(36.1%). Of the patients, 255 (64.9%) were discharged within the first
24 hours after treatment, while 24 (6.1%) were referred to another
facility for hyperbaric oxygen requirements or other reasons. To
the best of our knowledge from the medical records, no patient
succumbed to the disease. Detailed demographic characteristics,
laboratory findings, symptoms on admission, length of hospital
stay, and follow-up data are shown in Tables 1 and 2.

When evaluating the COHb groups, it was observed that
COgroup-1 was most frequently associated with headache
(n=154; 41.7%), whereas COgroup-2 had a higher incidence of
confusion (n=22; 91.7%). The mean GCS score for COgroup-1 was
13.68 (£1.64), whereas COgroup-2 had a mean GCS score of 11.50
(£1.67). In addition, the mean pH was 7.35 (+0.05) for COgroup-1
and 7.28 (+0.06) for COgroup-2. Regarding hospitalization, the
majority of COgroup-1 patients were admitted to the hospital
pediatric service (n=172; 46.6%), whereas most COgroup-2
patients were transferred to another medical facility (n=22;
91.7%). When the COHb groups were compared, statistically
significant differences were found between the groups in terms
of GCS, pH levels, incidence of dizziness, confusion, seizures,
lethargy, and prognosis (p<0.05). Detailed comparisons of group
data based on COHb levels are shown in Tables 3 and 4.

Table 1. Demographics and laboratory findings of the study population

Mean SD Median 25% 75%
Age (years) 7.24 4.67 6.00 3.00 10.00
GCS' 13.55 1.72 1400 1200  15.00
WBC? (10°/uL) 1216 3745 9.24 7.41 11.77
Lymphocyte (10%/uL) 242 1.23 2.18 1.63 3.01
Monocyte (10%/pL) 0.62 0.56 0.55 0.41 0.70
Neutrophil (10*/pL) 6.82 5.05 6.19 4.82 7.67
Platelet (10%/uL) 25594 9241 24400 197.00 296.00
pH 7.35 0.05 7.35 7.32 7.36
COHb3 (%) 7.92 5.50 5.00 5.00 8.00
[ 98247 2459.66 69939 43042 1071.23

'Glasgow Coma Scale, *White Blood Cell, *Carboxyhemoglobin, *Systemic Immune-Inflammation
Index

Table 2. Demographics, symptoms, and prognosis of the study

population.

Count Column N %

Gender

Female 209 53.2%

Male 184 46.8%
Application Time

0-8 Hours 73 18.6%

8-24 Hours 291 74.0%

>24 Hours 29 7.4%
Lactate (mmol/L)

<2.2 324 82.4%

>2.2 69 17.6%
Headache

No 318

Yes 75
Nausea-Vomiting

No 318 80.9%

Yes 75 19.1%
Weakness

No 266 67.7%

Yes 127 32.3%
Dizziness

No 250

Yes 143
Syncope

No 283 72.0%

Yes 110 28.0%
Confusion

No 253

Yes 140
Seizure

No 251 63.9%

Yes 142 36.1%
Lethargy

No 266 67.7%

Yes 127 32.3%
Length of Hospital Stay

0-24 Hours 256 65.1%

24-72 Hours 122 31.0%

>72 Hours 15 3.8%
Follow-Up

Discharge after treatment in the E.D.* 88 22.4%

Pediatric service 173 44.0%

Intensive care unit 108 27.5%

Referral 24 6.1%

*Emergency Department

Table 3. Comparisons of COHb groups' demographics and laboratory findings.

COgroup-1 COgroup-2

Mean SD Median 25% 75% Mean SD Median 25% 75% TS
Age (years) 7,23 4,65 6,00 3,00 10,00 7,42 4,99 6,50 3,00 10,00 0,911
GCS' 13,68 1,64 15,00 13,00 15,00 11,50 1,67 11,00 11,00 12,50 <0,001
WBC? (10%/pL) 12,33 38,63 9,24 7,42 11,77 9,66 4,01 9,07 6,76 12,14 0,567
Lymphocyte (10%/uL) 2,42 1,24 2,15 1,58 3,05 2,43 1,07 2,29 1,79 3,00 0,707
Monocyte (10%/uL) 0,63 0,57 0,55 0,41 0,70 0,53 0,22 0,47 0,39 0,63 0,166
Neutrophil (1 03/pL) 6,83 5,15 6,19 4,82 7,67 6,69 3,10 6,15 4,88 7,65 0,993
Platelet (10%/uL) 255,98 93,02 245,00 197,00 296,00 255,21 84,30 233,50 206,50 294,50 0,909
pH 7,35 0,05 7,36 7,33 7,36 7,28 0,06 7,28 7,23 7,32 <0,001
SI? 985,73 2526,68 704,56 430,86 1071,23 932,44 981,63 589,89 337,19 1041,69 0,687

1Glasgow Coma Scale, 2 White Blood Cell, 3 Systemic Immune-Inflammation Index
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Table 4. Comparisons of COHb groups' demographics, symptoms, and Evaluation of the lactate groups showed that the mean
prognosis of the study population. GCS scores for Lgroup-1 and Lgroup-2 were 13.88 (+1.51)
COgroup-1 _ COgroup2 ;e and 11.99 (+1.79) respectively. Lgroup-2 had a higher

Gender . % . % 0,345 mean COHb value compared to Lgroup-1, with values of
el 194 526% 15  625% 10.86 (£8.02) and 7.29 (+4.57), respectively. In addition, the
Male 175  47.4% 9 375% mean pH was 7.36 (£0.05) in L-group-1 and 7.29 (+0.04) in

Application Time 0,501*  L-group-2. In terms of symptoms, headache was the most
0-8 Hours 68  184% 5 208% common presentation in L-group-1 (n=133; 41%), whereas
SanlienE el confusion was the predominant symptom in L-group-2
>24 Hours 26 7,0% 3 12,5% . e 1 . L

e 0,995 (n=34; 49.3%). Regarding hospitalization, the majority
No 215 583% 14 583% of L-group-1 patients were admitted to the hospital's
Yes 154 41,7% 10 41,7% pediatric service (n=159; 49.1%), whereas the majority of

Nausea-Vomiting 0,791*  L-group-2 patients were admitted to the intensive care
No 299 810% 19 792% unit (n=40; 58%). When comparing the lactate groups,

We:;ess WL 5 AU 0429 statistically significant differences were obse.rved between
T 248 672% 18 750% ' the groups for GCS, COHb, pH, confusion, lethargy,
Yes 121 328% 6 250% prognosis, and LOS (p<0.05). Detailed comparisons of the

Dizziness 0,038 data between the lactate groups are shown in Tables 5
No 230 623% 20 833% and 6.

Syrfospe S8 s ® e 0,547 When evaluating the SlI, we found no statistically significant
No 267 724% 16 667% difference between groups in terms of gender, COHb
Yes 102 27,6% 8  333% levels, lactate levels, LOS, and prognosis. A comprehensive

Confusion <0,001 comparison of group data based on Sl is presented in
No 251 68,0% 2 83% Table 7.

Seizjie 18 320% 22 9L7% <0,001 There were no patient deaths for which records were
No 246 667% 5  208% available.

Yes 123 333% 19 792%

Lethargy <0,001
No 261 707% 5 20,8% DISCUSSION

Ler:(e:‘h S Hosoital Sta L opage 1O the best of our knowledge, this study is the first to
09_24H0ursp Y 237 642% 10 792% ’ mvetstlgafte the.relatlonsh|p between. co poisoning and
24-72 Hours 18 32,0% 4 167% SIl in children in the Central Anatolian region. Contrary
7 [MenTa 14 38% 1 4,2% to initial expectations, our comprehensive analysis of the

Follow-Up <0,001*  relationship between CO poisoning and the Sl revealed
gjzcgangf aftertreatmentin = gg 5340, 0 00% that the Sll is not reliable enough to accurately predict the
Pediatric service 172 46,6% ; 42% severity of CO poisoning in children. While CO exposure
TEEe G ui 107 290% 1 42% does induce an inflammatory response, the magnitude
Referral 2 0,5% 2 91,7% of this response does not consistently correlate with the

* Fisher’s exact test p value and all others Pearson Chi-square test **Emergency Department Severity Of pOiSOhing Sym ptoms.

Table 5. Comparisons of lactate groups' demographics and laboratory findings.

L group-1 L group-2
Mean SD Median 25% 75% Mean SD Median 25% 75% pvalue
Age (years) 7,30 4,69 6,00 3,00 10,00 6,96 4,61 6,00 3,00 9,00 0,600
GCS' 13,88 1,51 15,00 13,00 15,00 11,99 1,79 12,00 11,00 13,00 <0,001
WBC? (10°/uL) 12,49 41,11 9,19 742 11,69 10,62 7,34 9,48 7,35 12,22 0,686
Lymphocyte (10%/uL) 243 1,23 2,22 1,63 3,00 2,40 1,23 2,12 1,42 3,07 0,829
Monocyte (10%/uL) 0,59 0,39 0,55 0,41 0,70 0,77 1,02 0,55 0,42 0,76 0,689
Neutrophil (10%/uL) 6,96 541 6,24 5,04 7,83 6,15 2,66 5,75 4,49 7,11 0,106
Platelet (10%/uL) 255,68 93,48 244,50 196,00 296,50 257,14 87,87 241,00 203,00 286,00 0,895
pH 7,36 0,05 7,36 7,34 7,36 7,29 0,04 7,31 7,28 7,31 <0,001
SI? 1012,91 2693,44 706,90 433,67 1026,24 839,58 625,77 675,38 401,16  1124,41 0,564
COHb* 7,29 4,57 5,00 5,00 7,50 10,86 8,02 5,00 5,00 15,00 <0,001

1Glasgow Coma Scale, 2 White Blood Cell, 3 Systemic Immune-Inflammation Index, 4Carboxyhemoglobin
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Table 6. Comparisons of lactate groups' demographics, symptoms, Among the key diagnostic and prognostic indicators for

e i BT G p°p“'at'°' — - : carbon monoxide poisoning, CO level stands out as one of
roup- roup- value . . .

ng e,/o ng '%/o P the most important. Our results showed that patients with

Gender 0,653 higher CO levels had lower GCS scores and blood pH levels,
Female 174 53,7% 35 50,7% accompanied by an increased prevalence of symptoms

0 0,

Apl,)\fiiiionTime PGl A AR . such as dizziness, confusion, seizures, and lethargy. In
0-8 Hours 58 17.9% 15 217% addition, the need for additional interventions such as
8-24 Hours 243 750% 48 69,6% hyperbaric oxygen treatment became more apparent as

" >d24:j°“'5 s 0553 CO levels escalated. These observations are consistent

eadache 3 . .. .
No 191 590% 38 551% with the existing literature.
Yes - 133 41,0% 31  44,9% Another important prognostic parameter in CO poisoning

Na‘ﬁga'vom't'ng 67 824% 51 73.9% 0103 s the lactate level. In our study, patients with elevated
Vs 57 17.6% 18 261% lactate levels had lower GCS scores, lower blood pH levels,

Weakness 0,629 and higher COHb levels. In addition, these patients had
$‘° fé; g?'ng ‘2‘3 giéz’ a higher incidence of confusion and lethargy. As a result,
es ,070 ,870 . . . .

Dizziness 0,159 these patlepts had longer stays in intensive care and
No 201 62,0% 49 71,0% longer hospital stays.

s ntispe 123 380% 20 29,0% 0,698 Although significant differences were observed between

g No 232 716% 51 739% the subgroups categorized by COHb and lactate levels,
Yes 92 284% 18 26,1% no corresponding differences were observed in Sll levels.

COV;\';USiO" y y 0,009 Although the Sll has recently gained popularity as an index

o 218 67,3% 35 50,7% _— .
Yes 106 327% 34 493% fchat holistically capturgs the balance betwgeq a patient's

Cafue 0,051 immune response and inflammatory state, it did not show
No 214 66,0% 37 53,6% sufficient predictive power in determining the severity of

) t:es 110 340% 32 464% o0 POisoning in patients presenting with CO poisoning.

ethargy : T . S . .
No 229 70,7% 37 53,6% Limitations: This study has certain limitations. Firstly, it
Yesh ] | 95 293% 32 464% has the inherent limitations of a retrospective study and

Length of Hospital Stay 0,002* . . . . . .
e 221 682% 35 507% it was not poss.lble to include a!l patients in .the anaIYS|s.
24-72 Hours 95 293% 27 39,1% Second, the single-center design and limited patient
>72 Hours 8 25% 7 101% population prevent direct extrapolation of the results to

FOHSY"'gp rer treatment i th <0001 3|l patient groups. Thirdly, the ability of the SlI to predict
E.Bf**argea erireatmentinine g7 269% 1 14% mortality could not be assessed because there were no
Pediatric service 159 491% 14 20,3% deaths among the patients. Finally, complete access
Intensive care unit 68 21,0% 40 580% to data on patients referred to other hospitals was not
Referral 10 31% 14 203% ibl

* Fisher's exact test p value and all others Pearson Chi-square test **Emergency Department pOSSI €.

Table 7. Comparisons of group data and prognosis based on SII

SI! p value
Mean SD Median 25% 75%

Length of Hospital Stay 0,563
0-24 Hours 896,91 784,30 712,05 457,49 1082,94
24-72 Hours 1179,78 4300,71 638,72 400,75 990,75
>72 Hours 923,23 691,76 739,02 362,21 1260,12

Lactate (mmol/L) 0,564
<2.2 1012,91 2693,44 706,90 433,67 1026,24
>2.2 839,58 625,77 675,38 401,16 1124,41

Follow-Up 0,941
Discharge after treatment in the E.D.* 883,42 724,11 712,61 478,61 1053,01
Pediatric service 1102,01 3606,18 685,41 414,82 1025,02
Intensive care unit 862,45 739,04 698,22 446,98 1090,82
Referral 1024,15 1059,14 589,89 391,06 1258,97

COHb** 0,687
COgroup-1 985,73 2526,68 704,56 430,86 1071,23
COgroup-2 932,44 981,63 589,89 337,19 1041,69

Gender 0,878
Female 835,81 622,53 684,04 430,86 1071,23
Male 1149,07 3530,79 708,49 425,77 1074,28

*Emergency Department **Carboxyhemoglobin
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CONCLUSION

In conclusion, based on the results of this study, the SlI
cannot be considered a reliable predictor of the severity of
carbon monoxide poisoning in children. Despite the apparent
inflammatory response induced by carbon monoxide
exposure, the Sl did not consistently correlate with different
degrees of poisoning severity. Further research, preferably
using prospective and multicentre approaches, is needed to
elucidate the complex dynamics between Sl and the severity
of carbon monoxide poisoning.
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