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- Abstract -

Usefulness of End-tidal Carbon Dioxide as a Predictor
of Emergency Intervention in Major Trauma Patients

Sung Ho Kim, M.D., Seunghwan Kim, M.D.}, Jae Gil Lee, M.D., Ph.D .2,
Sung Phil Chung, M.D., Ph.D., Seung Ho Kim, M.D., Ph.D.

Department of Emergency Medicine, Yonsei University College of Medicine,
!Center for Disaster Relief Training and Research, Yonsel University Severance Hospital,
?Department of Surgery, Yonsei University College of Medicine

Purpose: If the survival of patients suffering from severe blunt trauma is to be improved, appropriate interventions
should be taken immediately. The purpose of this study is to evaluate the clinical utility of end-tidal carbon dioxide
(ETCOy) as a surrogate marker for predicting both the need for intervention and the prognosis.

Methods: This is a prospective observational study. Nasal cannula was applied to measure ETCO,, and the following
parameters, which are known to be related to the prognosis for a patient, were recorded: injury severity score (ISS),
revised trauma score (RTS), arterial blood gas (ABG), lactate, and hemoglobin (Hb). To evaluate the outcome, we inves-
tigated the details of emergent interventions and expired patients.

Results: A total of 93 patients were enrolled in this study. Emergent intervention was significantly associated with sys-
tolic blood pressure (sBP, p-value=0.001), ETCO; (p-value<0.001), serum lactate level (p-value<0.001), pH (p-
value<0.003), HCO; (p-value=0.004), base excess (p-value<0.002), ISS (p-value<0.001) and RTS (p-value=0.005). In
the multivariate logistic regression, only ETCO, (odds ratio (OR): 0.897, 95% confidence interval (CI): 0.792-0.975, p-
value=0.048) and ISS (OR: 1.132, 95% CI: 1.053-1.233, p-value=0.002) were associated with emergent intervention
whereas ETCO; (p-value=0.973) and ISS (p-value=0.511) were not statistically significant in predicting the survival of
patients in the univariate analysis. An optimal ETCO cut-off of 29 mmHg on the ROC curve was determined, with the
area under the ROC curve (AUC) being 0.824 (0.732-0.917)].

Conclusion: This study has revealed that ETCO,, which can be rapid and easily measured through a nasal cannula, and the
ISS may be prognostic indicators of emergent interventions in Emergency Departments. [ J Trauma Inj 2014; 27: 133-8 |
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Table 1. Inclusion criteria.

Age>15yr
Blunt trauma
Mechanism of injury
Passenger in motor vehicle crash > 60 km/hr
Motor vehicle crash with gection or rollover
Motorcycle crash with separation of rider
Pedestrian struck by vehicle
Bicycle crash > 20 km/hr
Fall >3m
Significant injury on head, neck, thorax, abdomen
Physiologic
Systolic BP<90 mmHg
Glascow Coma Scale score<14

9 A9 ST A B oRol A AT A, 24
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NaE A4S, 448 Bl HRata oo 579 o4kt
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U0 o5 F o5 & 4 gl A9k At
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Table 2. Theclinical characteristics and univariate analysis.

golgleh, FAeS a3 At 497139, duxds
= A%t 497t 8o, & of Algg Sxrt 1ol qih
Blunt trauma
N=176
Data loss N=80
———Follow up loss N=2
Death on arrival N=1
N=93
Intervention No intervention
N=20 N=73

Fig. 1. Flow diagram.

Intervention (N=20) No intervention (N=73) p-value

Age, mean years 49.0 44.8 0.361
Male sex, n (%) 4(20.0) 19 (26.0) 0.772
Medical history, n (%)

Hypertension 1( 5.0 7(9.6)

Diabetes Mellitus 1( 5.0 6( 8.2

Renal impairment 0( 0.0 2(27)

Pulmonary impairment 0( 0.0 0( 0.0

Malignancy 0( 0.0 1( 14
Hemodynamic and respiratory variables, mean+ SD

SBP*, mmHg 102.8+36.7 137.1+24.6 0.001

Heart rate, beats/min 82.8+175 84.2+14.8 0.713

Respiratory rate, breaths/min 19.2+44 18.1+31 0.189

ETCO2', mmHg 24.1+5.2 326+85 <0.001

Serum lactate level, mmol/L 48+24 23+16 <0.001

Hemoglobin, mg/dL 138+25 14.0+2.0 0.722

pH 7.372+0.068 7.423+0.070 0.003

pCO; 309+7.9 32.7+70 0.341

HCO; 184+4.1 215+26 0.004

Base Excess -6.9+45 -31+31 0.002
ISS' 21.0+9.9 95+81 <0.001
RTS 6.46+1.53 7.55+0.70 0.005

* SBP: systolic blood pressure

T ETCO2: end-tidal carbon dioxide
" ISS: injury severity score

¥ RTS: revised trauma score
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AL Hat vol= S-S AT oA 49,041, Al

BHA] GF2 oA 44,8419 0H, HA2 SAES Al & 2
ol A 47(20.0%), Al&EFA] g2 ol 198(26.0%) %2 %
o)A feolgt zfol= gloich. 71 AE AldE Bk @
ofatoll 22k 195010t

2417t ool FAQ &S Al offof ik Mo Tl R
% 48 Bl 371 ojAkshekA Eto] fojgh Ajolg B =

.01 (p0.001), olelel|E 5%7] Beh(p=0.001), AL & 5 o

E(p<0.00l), Soiy pH (p=0.003), W& Zeag B
(p=0.004), ¥713+4(p=0.002), ISS (p<0.001), RTS N
(p=0.005) 5ol F23gt 2fol& HAthTable 2). T =7 AUC: 0.824 (0.732, 0.917)
e §Jal T EkolA fojet AiE Hol W F RTS 741
Abof ZEEE %7 Y-S EFe A A5t Aabsw S , , ] , . ,
o BAXHCE 22 AWAHS B Y pH, 5HE FE 00 02 04 06 08 1.0
At A7) B2 AQlstar, 1Y o]Absbeka Eef A4t 1-Specificity
5%, ISS, RTSY ®igE x3lsto] 224 3)7] £42
AYtglet, o] & 24A7F o] FAI&T BAHCRE o5t Fig. 2. ROC curve.

Table 3. Logistic regression of parameters affecting whether to perform intervention*.

Odd Ratio (95% Cl) p-value
ETCO,' 0.897 (0.792-0.975) 0.048
Lactate 1.403 (0.997-2.123) 0.072
ISS? 1.132 (1.053-1.233) 0.002
RTS 0.871 (0.459-1.552) 0.235

* |ogistic regression was compensated with age and sex.
" ETCO;: end-tidal carbon dioxide

" ISS: injury severity score

' RTS: revised trauma score

Table 4. Univariate analysis of factors predicting survival.

Expire Survival p-vaue
Age 52.58+18.77 47.46+18.15 0.365
SBP* 138.75+23.40 128.33+31.72 0.278
Pulserate 88.67+14.19 83.26+15.48 0.257
Respiratory rate 17.83+£3.33 18.37+3.48 0.617
ETCO,' 30.83+5.98 30.74+8.97 0.973
Hb 14.02+281 13.96+1.95 0.929
pH 7.407 +0.064 7.415+0.074 0.737
pCO; 34.15+5.00 32.01+7.48 0.340
Bicarbonate 21.52+1.38 20.73+3.44 0.164
Base Excess -3.40+1.93 -4.00+3.98 0.412
Lactate 276+ 1.77 2.87+214 0.875
ISS? 13.92+11.20 11.93+9.53 0.511
RTS 7.267+0.996 7.326+1.046 0.854

* SBP: systolic blood pressure

" ETCO2: end-tidal carbon dioxide
*ISS: injury severity score

¥ RTS: revised trauma score
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1.053-1.233, p=0.002)AtHTable 3).
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