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Utility of end-tidal carbon dioxide monitoring in intramuscular

ketamine sedation in the pediatric emergency department

Hyung Jun Yang, Hyo Yeon Seo, Jae Ryoung Kwak, Ji Sook Lee

Department of Emergency Medicine, Ajou University School of Medicine, Suwon, Korea

Purpose: Recently, the use of end-tidal carbon dioxide (ETCO) monitoring has been suggested for early detection of
hypoventilation over oxygen saturation (SpO,) monitoring. We aimed to determine the usefulness of capnography in
monitoring patients sedated using intramuscular (IM) ketamine in the pediatric emergency department (ED).

Methods: This study retrospectively reviewed medical records of patients younger than 16 years who were sedated using IM
ketamine and whose ETCO, values were documented in the ED. Age, sex, American Society of Anesthesiologists physical
status classification (ASA classification), and purpose of sedation were investigated. Vital signs were recorded at pre-sedation,
5 and 10 minutes after sedation, and after recovery. Hypoventilation was defined as SO, < 95%, ETCO, > 50 mmHg or <
30 mmHg, or increase in ETCO, > 10 mmHg from the baseline without tachypnea.

Results: A total of 49 patients were investigated; 42 of them belonged to ASA classification I, and 7 to Il. There was no patient
with SpO, < 95%, or ETCO, > 50 mmHg, or increase in ETCO, > 10 mmHg from the pre-sedation value. However, 5
patients had an ETCO, < 30 mmHg, and 4 of them (8.2%) had normal respiratory rate and were suitable for hypopneic
hypoventilation. Ten patients showed abnormal range of ETCO, (normal range, 35-45 mmHg), but did not meet the definition
of hypoventilation. No one had clinically serious respiratory events.

Conclusion: During sedation using IM ketamine, 8.2% of the patients had hypopneic hypoventilation without hypoxemia, and
they were all younger than 36 months. Capnography for patients sedated using IM ketamine in the ED is useful in detecting
hypopneic hypoventilation, and has the potential for preventing clinically serious respiratory events in patients, especially
toddlers.
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AER 2 ETCO. &Al

s} S o] meE ETCO7t $7h8te 49+ =
A5 34 A&7 (bradypneic hypoventilation)2, &
F7F A e S7FekL 93] TFEo] Haste] ETCO;
7V Hadste A9e TEASHE A7l (hypopneic
hypoventilation)2 717 ZoJst3ith, &, ETCO, 42t
A rolof Hlst RIS S-S HQl A9, el 93|
ETCO.7} #adt A& B Agr|o] Z§Hshr] okt
A7) WY Al 7 A, 7R A AL Fo] B &
P&7] 5 SFAA Al o Fof s 2RSS
ETCO; ZAlol& ©]%4 Nellcor NPB-70 (Nellcor

Puritan Bennett Inc., Pleasanton, CA)& AR&3}%

o}, o] AH|= ALY :’9} & B3 ETCO.Z &A% 4
olof, 7]datko] AlRER] oFe SRt A = Age 4
AT A&y Hes Hd 9 BREAE YWEY Hes
W= 9 BEeR 77 ZAEAL, 2E B4 SPSS
ver. 16.0 (SPSS Inc, Chicago, IL, USA)2 AH&-3+ich

F 4979 Bt AT el 2Lt B
3

3,0 + 20491, o5 YA 33 (67.3 .
ol ASA 15H, 79o] 2wkAle] ajgelan, A =1
& mE ohy Agolgleh, 1A A W BFSE 278 +

6.53]/&, Waks= 1274 £ 22.13]/&, ETCO.+= 37.8
+ 3.5 mmHg@lon, ALFIEE BE Ao 98%
ool TEFE A A% ARl weh wungt 2
o, TF WMok FHo g Ath(Fig. 1).

A7) WA HlEe] dis) £43 A3, ETCO:7t 50
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44 mmHg= F7betgth. 24 102 & ETCO.7F 29
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Fig. 1. The variation of respiratory rates before and after sedation using intramuscular ketamine. Each dot represents an individual
patient’ s respiratory rate measured at 4 time points: pre-sedation, 5 and 10 minutes after sedation, and after recovery.

Table 1. A comparison of respiratory parametersin four patients with hypopneic hypoventilation*

. RR (/min) ETCO, (mmHg) S0, (%)
Petient Alge o) 1st! ond' 3rd 1st 2nd 3rd 1st ond  3rd
A 12 32 25 24 32 27 37 100 100 100
B 12 30 25 34 28 30 38 99 9 100
c 17 23 22 63 34 23 44 99 9 100
D 36 25 24 24 32 40 29 100 100 100

* Hypopneic hypoventilation refers to the case of ETCO, < 30 mmHg without tachypnea.

 1st indicates the measurement taken before sedation.
* 2nd indicates the measurement taken 5 minutes after sedation.

¥ 3rd indicates the measurement taken 10 minutes after sedation.

RR: respiratory rate, ETCO.: end-tidal carbon dioxide, S;0.: oxyhemoglobin saturation measured by pulse oximeter.

Agk7]9] Agojo sfgstA] ARt ETCO.7F 4/ ¢
(35-45 mmHg)E ¥loju= S5 AR 237, 4999
Shapoll A 21 52 9 102 ol AlE F 9819 &4
%, 10780l A gelE 1270 o]of sfFstoirt. o]F
ETCOy7} 31-34 mmHg® 743t A9 104, 46-49
mmHg= F7et 397 270 QAT 1270 B A &
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A T AskE A= 3A F VA LR s sHd A&7 WA HlErt 3A et A2 AET &
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F4 o et ETCOy7F F71ske F3oltt. o] 539 7} 2As #2te] vol BE 3670 olakditt. o] A
A= S5V ASEA d3seske SUkste & oo W& T FA S A37] WA RlEo] Zo]g Hil
AE HolBR | T7|TolASRARYSA ez ofA st AF7F gt A& nEsiY, £ dFE Foko U
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Fig. 2. Capnograms indicating two types of hypoventilation. The waveform in (A) denotes increased amplitude (i.e., end-tidal carbon
dioxide) and width (i.e.,, exhalation time) with decreasing respiratory rate, representing bradypneic hypoventilation. The waveformin (B)
denotes decreased amplitude and exhalation time with normal or increasing respiratory rate, representing hypopneic hypoventilation.
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