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Sedation and analgesia in children undergoing 
invasive procedures

ABSTRACT
Introduction. As a result of the increased number 
of both diagnostic and therapeutic procedures 
in pediatric outpatients, sedation and analgesia 
have gained relevance in this context.
Objective. To characterize the type of sedation 
and analgesia used by pediatric sedation teams 
in procedures done outside the operating room, 
as well as its safety and outcome. 
Population and Methods. All procedures per-
formed in 1 month to 5 year old patients un-
der intravenous sedation with midazolam, 
ketamine, propofol or lidocaine were analyzed 
over a 14-month period. The Ramsay sedation 
scale and the CHEOPS pain scale were used to 
determine the response to the sedation and an-
algesia administered.
Results. A total of 186 procedures were analyzed. 
The results of the evaluation of response to se-
dation and analgesia indicated that an adequate 
deep sedation was obtained in 98% of cases, and 
that an adequate analgesia was achieved in 92% 
of patients. Around 12% of the procedures were 
associated with adverse events, all related to the 
airways, and none was serious. The only statis-
tically significant endpoint associated with ad-
verse events were procedures which involved 
airway interventions, i.e., fibrobronchoscopy, 
upper gastrointestinal endoscopy or transesoph-
ageal echocardiogram, with an OR of 6.27 (95% 
CI: 1.28-30.63; p = 0.023). 
Conclusions. In this group of patients, intra-
venous outpatient sedation and analgesia ad-
ministered by a specialized team were safe and 
effective.
Key words: conscious sedation, deep sedation, an-
algesia, pediatrics. 
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INTRODUCTION
Infants and toddlers are not able 

to understand most of the situations 
involved in the treatment and diag-
nosis of their condition. Even older 
children, who are able to understand 
the procedure to be performed on 
them, are anxious and this makes 
them fight against the procedure, es-
pecially if it is painful. Such lack of 
cooperation makes any procedure 
in pediatric patients difficult, both 
for the patient and the medical staff, 
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especially if pain is involved. At the 
same time, it is important that when 
the procedure is over the patient for-
gets this traumatic experience. For 
this reason, any pediatric procedure 
should provide a very adequate con-
trol of pain and anxiety.1

On the other hand, given the grow-
ing complexity of pediatrics, there is 
an increasing trend towards providing 
an efficient and cost-effective care to 
all pediatric patients. For this reason, 
diagnostic or therapeutic procedures 
in pediatric outpatients are becoming 
more and more frequent.2 In this con-
text, safe sedation and analgesia are 
particularly relevant.3

The objective of this study is to 
characterize the type of sedation and 
analgesia used by a team trained in 
pediatric sedation, in children un-
dergoing different diagnostic and 
therapeutic procedures outside the 
operating room, as well as the efficacy 
and safety of the drugs used.

PATIENTS AND METHODS
A prospective study was conduct-

ed on a series of cases managed in the 
Pediatric Department of the Clinical 
Hospital at the Pontificia Universidad 
Católica de Chile, at a ward specially 
authorized to carry out these proce-
dures. The sample corresponds to all 
procedures performed under intrave-
nous sedation between May 2010 and 
July 2011. Patients undergoing such 
procedures had to meet the following 
inclusion criteria:
•	 Age	from	1	month	to	5	years	and	

11 months old.
•	 Classification	according	to	the	

American Society of Anesthesiolo-
gists (ASA) criteria:

 ASA I: healthy patient, or ASA II: 
patient with mild systemic disease, 
well controlled and not disabling.4
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•	 Fasting according to ASA: clear fluids for 
2 hours, breast milk for 4 hours, other food for 
6 hours.4

The exclusion criteria included:
• 	 Receiving a sedation schedule different from: 

midazolam plus ketamine, propofol plus lido-
caine, or midazolam plus propofol plus lido-
caine.
Procedural sedation and analgesia was man-

aged by a pediatric sedation team, made up of a 
doctor specialized in pediatric intensive care, a 
pediatric intensive care nurse, and a senior nurse 
technician. The medical team consisted of four 
critical care physicians or intensivists, each one in 
charge of the procedures for one week at a time. 
Drugs prescribed and their dosage were selected 
at each physician’s discretion.

For this study, a sedation record sheet was 
made up and completed before the procedure, 
together with the informed consent.

During the procedure, the following data were 
recorded: vital signs, oxygen requirement, ad-
ministered drugs, associated adverse events, and 
measures taken to solve them. An adverse event 
was defined as any event resulting from sedation 
and analgesia that may harm the patient, such as 
hypotension, bradycardia, stridor or hypoxemia 
(defined as oxygen saturation <85% by pulse 
oxymeter). All patients received supplemental 
oxygen with a nasal cannula during sedation (1-
2 liters/minute). Once the procedure was over, 
vital signs and the recovery scale score were re-
corded every 10 minutes.

In order to determine the response to sedation 
and analgesia, two scales were used:
•	 Ramsay sedation scale:5 evaluation of deep se-

dation: 1: patient awake, 6: patient asleep with 
no response to any stimuli (Table 1).

•	 CHEOPS pain scale:6 use of clinical parame-
ters to determine a minimum score of 4 (no 
pain at all) and a maximum score of 13 (seve-
re pain) (Table 2).

For the purpose of this study, adequate mod-
erate sedation was defined as a Ramsay score of 
3 or 4, adequate deep sedation, as a Ramsay score 
of 5 or 6; and adequate analgesia was considered 
a CHEOPS score <7. The CHEOPS scale does not 
have an unequivocal cut-off point; however, a 
score of <7 has been used in different studies to 
define the absence of pain.7-12

For the decision to discharge the patient from 
the procedure ward, the objective discharge cri-
teria of the modified Aldrete score were used,8 
which assesses different clinical parameters, with 
a maximum score of 14: patient with no sedation 
effect (Table 3).

Table 1. Ramsay scale

1. 	 Patient awake and anxious, agitated, or restless.

2. 	 Patient awake and cooperative, oriented and tranquil.

3. 	 Patient asleep, responsive to commands.

4. 	 Patient asleep, with brisk response to stimuli (light and 
noise).

5. 	 Patient asleep, with response only to pain.

6. 	 Patient with no response to any stimuli (light, noise or 
pain).

Adequate moderate sedation: Ramsay 3-4.
Adequate deep sedation: Ramsay 5-6.
ASA: American Society of Anesthesiologists.

Table 2. CHEOPS scale

Parameter	 Finding	 Score

Cry	 No cry	 1
	 Moaning	 2
	 Crying	 2
	 Screaming	 3

Facies	 Smiling	 0
	 Neutral facial expression	 1
	 Grimace	 2

Verbal	 Positive	 0
	 None	 1
	 Complaints other than pain	 1
	 Pain complaints	 2
	 Both pain and non-pain  
	 complaints	 2

Torso position	 Inactive torso	 1
	 Shifting	 2
	 Tense, arched or rigid	 2
	 Shivering 	 2
	 Upright	 2
	 Restrained	 2

Touch	 No touching of the painful area	 1
	 Trying to reach but not touching 	  
	 the painful area	 2
	 Touching the painful area	 2
	 Grabbing the painful area	 2

Legs	 Legs at rest	 1
	 Squirming or kicking	 2
	 Drawn up or tense	 2
	 Standing, kneeling or squatting	 2
	 Restrained	 2

For this study, adequate analgesia was defined as a score of <7.
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ketamine; propofol plus lidocaine; or midazolam 
plus propofol plus lidocaine. Eventually, 186 pro-
cedures were included in the analysis.

Out of these, 58% (n = 107) were performed 
in females. The median age of patients was 
3 years old, ranging from 1 month to 5 years and 
11 months old. The median weight was 14 kilos, 
ranging from 3.4 to 38 kilos.

The most common diagnosis at admission was 
hematooncological disease (n = 64; 34%), followed 
by gastrointestinal disease (n = 43; 23%), neuro-
logical disease (n = 30; 16%), respiratory disease 
(n = 28; 15%), and other diagnoses (n = 21; 11%). 

A total of 63% (n = 117) of procedures were 
performed in patients with an ASA II classifica-
tion, while the rest had an ASA I classification. 
Of these, 63% (n = 117) required a peripheral 
line to be placed before the procedure; the rest 
had a temporary or definitive central line. Fast-
ing before the procedure lasted for a median of 
10 hours, ranging from 5 to 17 hours.

The most common procedure was a lumbar 
puncture with intrathecal chemotherapy or my-
elography (n = 64; 34%); followed by fibrobron-
choscopy, upper gastrointestinal endoscopy or 
transesophageal echocardiogram (n = 59; 32%); 
liver, kidney, muscle, skin or thyroid biopsy 
(n = 26; 14%); percutaneous central venous cath-
eter insertion (n = 9; 5%); single lumbar puncture, 

Table 3. Modified Aldrete scale

Consciousness	 Awake and oriented	 2
	 Arousable with minimum stimuli	 1
	 Non responsive to tactile stimuli	 0

Activity	 Able to move extremities	 2
	 Mild to moderate weakness in extremities	 1
	 Unable to move extremities	 0

Respiration	 Able to deep breathe and cough, with no tachypnea	 2
	 Tachypnea, but able to cough adequately	 1
	 Dyspnea and unable to cough	 0

Hemodynamics	 Blood pressure ±15% from pre-procedure level	 2
	 Blood pressure ±30% from pre-procedure level 	 1
	 Blood pressure ±50% from pre-procedure level	 0
O2 saturation	 Maintains saturation >92% on room air	 2
	 Needs to inhale oxygen to maintain saturation ≥90%	 1
	 Saturation <90% in spite of oxygen therapy	 0

Pain	 No pain	 2
	 Moderate to severe pain, controlled with IV analgesics	 1 
	 Persistent pain	 0

Nausea and vomiting	 No nausea or vomiting	 2
	 Isolated nausea or vomiting	 1
	 Persistent nausea or vomiting	 0

Recovery discharge criteria: a score of ≥12 and no category with a score of 0.

Statistical Analysis
Categorical endpoints were described in terms 

of number and percentage, while continuous end-
points were described in terms of median and in-
terquartile range. The frequency of adverse events 
in categorical endpoints (type of procedure, ASA 
classification and combination of drugs used) was 
compared using Fisher’s exact test; while contin-
uous endpoints (median age and weight) were 
compared using Mann-Whitney test. Finally, a 
logistic regression model was prepared for the 
presence of adverse events, including the inde-
pendent endpoints mentioned above. The mod-
el results were expressed as adjusted odds ratios, 
with their corresponding 95% confidence inter-
vals. Any p value <0.05 was considered statisti-
cally significant. Data were analyzed using the 
SPSS® software.

The study was approved by Ethics Committee 
of the Clinical Hospital at the Pontificia Universi-
dad Católica de Chile.

RESULTS
During the follow-up period, 215 procedures 

were performed using intravenous sedation and 
analgesia in 1 month to 5 years and 11 months 
old patients. Of these, 29 procedures were ex-
cluded because they had been conducted using 
drug combinations other than midazolam plus 
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ventricular or valve reservoir puncture (n = 6; 
3%); and others (n = 22; 12%) (suture removal, 
surgical wound care, drain removal, etc.).

Procedures lasted for a median of 10 minutes, 
ranging from 5 to 60 minutes; in general, the 
shortest were oncological procedures, followed by 
endoscopies, and biopsies in the last place.

When sedation effectiveness was evaluated, a 
Ramsay score of ≥5 (adequate deep sedation) was 
achieved in 76% (n = 141) of the cases at the begin-
ning of the sedation process, and in 98% (n = 183) 
of the cases at the end of the sedation process. In 
relation to analgesia, a CHEOPS score of <7 (ad-
equate analgesia) was obtained in 44% (n = 82) of 
the cases at the beginning of the procedure and in 
92% (n = 171) at the end of it.

Using the modified Aldrete scale as a dis-
charge criterion, patients were discharged from 
the procedure ward with a score of 12 or more 
and with no category with a score of 0.

Recovery lasted for a median of 10 minutes, 
ranging from 10 to 40 minutes. Most of the pa-
tients were transferred with 12 points (n = 183; 
98%), the rest had 13 points at their first follow-
up visit.

Drugs used included midazolam, propofol 
and ketamine, all given intravenously. In all cas-
es where intravenous analgesia was not indicat-
ed, topical or subcutaneous lidocaine was used. 
The most commonly used combination was mid-
azolam plus ketamine (n = 128; 69%), followed 
by propofol plus lidocaine (n = 40; 21%), and 
midazolam plus propofol plus lidocaine (n = 18; 
10%) (Table 4).

Of all procedures, 12% (n = 22) was associated 
with adverse events, including hypoxemia (de-
fined as oxygen saturation <85% by pulse oxym-
eter) (n = 19) and stridor (n = 3).

Table 4 shows the differential analysis of com-
plications related to the sedation and analgesia 
schedule used.

Hypoxemia episodes were reverted using ox-
ygen, changing airway positioning, aspirating 
secretions and, in 13 of 19 cases (68%), with posi-
tive pressure ventilation; none of the hypoxemia 
episodes were associated with bradycardia nor 
required intubation. Stridor was reverted using 
nebulized racemic adrenaline.

The assessment of endpoints most associat-
ed with adverse events showed that age, weight, 
type of procedure, ASA classification, and combi-
nation of drugs used were statistically significant 
(Tables 5 and 6).

Patients with adverse events were significant-
ly younger than those with no adverse events 
(median = 12 months, IQR = 33 months vs. me-
dian = 36 months, IQR = 48 months; p = 0.005).

Patients with adverse events weighted sig-
nificantly less than those with no adverse events 
(median = 10 kg, IQR = 6 kg vs. median = 15 kg, 
IQR = 10 kg; p = 0.01).

In terms of the review, procedures were 
grouped as follows:
• 	 Airway intervention procedures: fibrobron-

choscopy, upper gastrointestinal endoscopy 
or transesophageal echocardiogram.

• 	 Procedures without airway intervention: the 
rest of the procedures.

Table 4. Combinations of drugs used, adverse events and type of procedure

Frecuency
n (%)

128 (69)

40 (21)

18 (10)

	 Adverse event
	Stridor	 Hipoxemia
	 n 	 n

	 -	 8
	
	 1 	 5 

	 2 	 6 

Procedures with AW intervention*  
over the total of procedures with EA** 

n

3 of 8 

6 of 6 

8 of 8

*AW: airway.
**AE: adverse event.

Combination of 
drugs used

IV midazolam
IV ketamine
IV propofol
Local lidocaine 
(topical or SC)
IV midazolam
IV propofol
Local lidocaine
(topical or SC)
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Table 5. Univariate analysis. Categorical endpoints

	 Adverse event	 P value
Type of procedure:
With airway intervention	 17/59 (28.8%)	 < 0.001
Without airway intervention	 5/127 (3.9%)

ASA:
I	 14/69 (20.3%)	 0.009
II	 8/117 (6.8%)

Gender:
Female	 10/107 (9.3%)	 0.255
Male	 12/79 (15.2%)

Drug combination:
Group 1*	 8/128 (6.3%)	 0.001
Group 2**	 14/58 (24.1%)

* Group 1: midazolam plus ketamine.
** Group 2: propofol plus lidocaine, or midazolam plus propofol plus lidocaine.
ASA: American Society of Anesthesiologists.

Table 6. Univariate analysis. Continuous endpoints

	 Adverse event	

	 Yes	 No	 P value

Age (months)	 12 (33)	 36 (48)	 0.005
Weight	 10 (6)	 15 (10)	 0.001

Values around the median (interquartile range).

Airway intervention procedures caused a 
more significant number of adverse events than 
procedures without airway intervention (n = 17; 
29% vs. n = 5; 4%; p ≤ 0.001).

Procedures performed in ASA I patients 
caused a more significant number of adverse 
events than in ASA II patients (n = 14; 20% vs. 
n = 8; 7%; p = 0.009).

In terms of the review, the combination of 
drugs used was grouped as follows:
• 	 Group 1: midazolam plus ketamine.
• 	 Group 2: propofol plus lidocaine, or midazo-

lam plus propofol plus lidocaine.
Procedures performed using combination 2 

caused a more significant number of adverse 
events than combination 1 (n = 14; 24% vs. n = 8; 
6%; p = 0.001).

Lastly, the risk of adverse event occurrence 
was assessed using a multivariate model, which 
included the following endpoints: weight, age, 
type of procedure, ASA classification, and drug 
combination used.

In this analysis, the only endpoint with a sta-

tistically significant association with the occur-
rence of adverse events was the type of procedure, 
with an OR of 6.27 (95% CI: 1.28-30.63; p = 0.023) 
for the airway intervention procedures (Table 7).

DISCUSSION
The increasing number of invasive diagnostic 

or therapeutic procedures in children has led to 
the implementation of procedures and teams, gen-
erally consisting of pediatric intensive care staff, 
specialized in outpatient sedation and analgesia. 
This study evaluated 186 procedures with such 
characteristics, and assessed the response and 
safety of sedation and analgesia, as well as the risk 
factors associated with adverse events.

In relation to the response to sedation and an-
algesia, our team decided to use the Ramsay and 
CHEOPS scales, because they are easy to apply 
and reproduce by different operators.7,9,14 When 
these two scales were applied to this group of pa-
tients, our team observed that most procedures 
achieved adequate deep sedation and analgesia, 
according to the specified cut-off points.

In relation to sedation and analgesia safety, 
adverse events were seen in 22 procedures (12%), 
and 100% of these were related to airway com-
plications: stridor (n = 3) or hypoxemia episode 
(n = 19). This situation is similar to that published 
in other series,15-19 which describe a 3-30% of respi-
ratory complication rate.

The midazolam-ketamine group had a lower 
incidence of hypoxemia events compared to the 
other groups; however, it should be noted that it 



Sedation and analgesia in children undergoing invasive procedures  /  27

occurred in 3 out of 8 airway intervention proce-
dures, vs. 100% in the rest of the groups.

Stridor occurred in three patients, all undergo-
ing airway intervention procedures, so we believe 
it is related to the type of procedure.

The risk factors associated with a higher num-
ber of adverse events were: younger age and low-
er weight, drug combinations with propofol and, 
specially, airway intervention procedures; all of 
them characteristics previously described in the 
bibliography.20,21

Initially, the ASA classification was also sta-
tistically significant, with a higher risk for ASA I 
patients, which is considered to be accountable 
for the fact that most patients undergoing airway 
intervention procedures were ASA I (ASA I: 57% 
airway intervention procedures vs. ASA II: 17%).

When adjusted by the remaining endpoints, 
only airway intervention is statistically signifi-
cant.

In relation to positive pressure ventilation re-
quirement, in our group a higher number of pa-
tients requiring such intervention was observed 
in comparison to the rest of the mentioned series 
(13 of 19 patients, 68%),15-19 which may be related 
to a younger median age and to a higher num-
ber of airway intervention procedures. This is re-
lated to the fact that in our procedure ward, as 
per protocol, patients receive positive pressure 
ventilation if saturation is not achieved rapidly 
(defined as 10 seconds). It should be noted that 
a skilled advanced management of pediatric air-
ways is critical for this task. For this reason, it is 
essential that outpatient sedation is administered 
by a specially trained team, because the adminis-
tration of sedation and analgesia and its progress 
conform a continuum that may lead to severe re-
spiratory depression or cardiovascular collapse. 
At this point, published guidelines and recom-

mendations gain relevance and they should be 
complemented and adapted to the actual situa-
tion of each facility.22-24

Among the study’s weaknesses, we found a 
relatively small “n” and a significant group het-
erogeneity, in relation to both the procedure and 
the sedation and analgesia schedule used, which 
renders the possibility of performing a global 
analysis more difficult.

Among the study’s strengths, we found a 
group of patients younger than 6 years old, with 
a median age of 3 years old, i.e., a reduced age 
range that allows to assess more clearly adverse 
events.

Another strength of this study was the fact 
that the number of procedures with airway com-
promise was significant in the series (n = 59; 32% 
of procedures), which resulted in a better evalua-
tion of adverse events in this subgroup.

As far as the conduction of outpatient proce-
dures it is important to consider the significant 
reduction of procedural costs given that not us-
ing the operating room represents a 75% cost re-
duction to our institution. In fact, costs may be 
reduced not only because of not using the oper-
ating room, but also, as evidenced by Pershad, et 
al.,25 by decreasing and optimizing costs depend-
ing on the drugs used.

CONCLUSION
In this group of patients, intravenous seda-

tion and analgesia administered by a team spe-
cialized in outpatient procedures were safe and 
effective. However, it will be highly relevant to 
develop prospective protocols to assess the cost-
effectiveness ratio and the safety of certain drug 
combinations, so as to establish practical guide-
lines implemented by physicians specially trained 
to perform outpatient procedures.

Table 7. Multivariate analysis

	 OR	 95% CI	 p value

Female sex	 1.07	 0.37-3.09	 0.88

Age	 0.98	 0.92-1.04	 0.61

Weight	 1.03	 0.85-1.26	 0.71

Procedures with airway intervention	 6.27	 1.28-30.63	 0.02

ASA I	 1.39	 0.47-4.09	 0.55

Drug combination Group 2*	 0.76	 0.19-2.99	 0.7

* Group 2: propofol plus lidocaine, or midazolam plus propofol plus lidocaine. 
ASA: American Society of Anesthesiologists.
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