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Chapter 34
Risk Stratification for Procedural Sedation

Eitan Neeman and Kevin G. Couloures

 Overview

Sedation, the process of decreasing one’s level of consciousness so they can tolerate 
an uncomfortable or painful procedure, should be done in a setting prepared for the 
possible adverse events associated with decreased consciousness. The decline in 
awareness and possible loss of protective reflexes carries an inherent risk, and the 
healthcare provider must continuously assess the risks versus benefits of sedation. 
When the patient is being evaluated for a nonurgent procedure, then we must con-
sider if sedating the patient electively is in their best interest.

The three main aspects to consider are the type of procedure, chronic conditions 
affecting the patient, and any acute change in their usual state of health. While the 
optimal situation would be a short and non-painful procedure in a previously healthy 
patient, with no current illness, pediatric patients in need of sedation often present 
with an acute or chronic illness, and procedures in this population are more techni-
cally challenging and hence prolonged, compared to the same procedures in the 
adult population.

Older agents such as pentobarbital and chloral hydrate not had only a lower 
safety profile but also diminished patient satisfaction [1–4] due to the need for a 
longer recovery period and irritability after the procedure. This is partially due to 
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their extended half-life as well as the potential for delayed apneic episodes [5]. As 
the field of sedation has progressed, newer drugs with enhanced safety and satisfac-
tion profiles have appeared, thus allowing the sedation practitioner to provide safe 
sedation for an expanded patient population and improved patient/family satisfac-
tion due to better recovery profiles.

 Location of Procedure

The optimal setting for a planned procedural sedation is an area where all supplies 
and equipment are available, such as the operating room or the pediatric 
ICU. Guidelines and minimal required equipment lists have been previously pub-
lished [6]. However, many sedations occur outside of these setting, such as the radi-
ology suite or a dedicated treatment room, with excellent safety records. This has 
been demonstrated with both propofol [7] and ketamine [8]. In the study utilizing 
propofol, serious side effects such as aspiration or CPR were exceedingly rare (four 
and two episodes, respectively, out of 49,836 sedations – 0.8 aspiration episodes per 
10,000 sedation events and 0.4 CPR episodes per 10,000 sedation events). These 
rates are lower than those observed in patients undergoing general anesthesia (GA): 
Zgleszewski et al., in a single-center retrospective review, found a rate of 5.1 cardiac 
arrests per 10,000 GA events [9]; Kelly and Walker reported an aspiration rate of 
two per 10,000 elective procedures undergoing GA [10]. Less serious side effects 
such as desaturation or central apnea were more common (154 and 575 per 10,000 
sedations, respectively), and while the rate of post-extubation stridor in GA is low 
[11], it has not been reported in the sedation literature. Other side effects such as 
laryngospasm were below 100 per 10,000 sedations. In a similar retrospective 
series, ketamine had an overall adverse event rate of 7.26% or 726 per 10,000 seda-
tion encounters, with a severe adverse event (AE) frequency of 1.77% or 177 per 
10,000 sedation encounters. The sedation team must be well aware of all the possi-
ble complications and be prepared to manage these events, should they occur. These 
very rare events must be anticipated, and a system to rehearse and practice for these 
low-frequency/high-acuity events must be in place, since simulation has been shown 
to improve tasks related to patient safety during sedation [12].

 Procedure Type

Data regarding the procedure type show that even renal biopsies can be performed 
outside of the OR with sedation [13]. In the study by Kamat et al., which included 
174 renal biopsies, 30% required blowby oxygen and 12% required CPAP. The use 
of fentanyl with propofol had a significantly higher success rate in comparison with 
other drug combinations. In children undergoing esophagogastroduodenoscopy, 
colonoscopy, or both, a retrospective study has shown a low overall adverse events 
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prevalence, less than 5%. One of the independent predictors was the type of proce-
dure, namely, esophagogastroduodenoscopy, hinting that procedures adjacent to the 
airway involve a higher risk for adverse events when compared to a procedure that 
did not manipulate the airway [14]. In comparison, a recent retrospective review for 
pediatric patients undergoing sedation for MRI demonstrated a 2% risk of unplanned 
intubation [15]. Another review, looking at the AE rate in a freestanding imaging 
center, demonstrated that desaturations occurred in 11.5% of cases but were han-
dled by the sedation team successfully [16]; it can be assumed that painful proce-
dures are protective for adverse events such as desaturation and apnea because of 
the stimulation involved, causing increase in motor tone during the procedure.

 Chronic Conditions

First, we must consider the child’s age and whether they were born at full-term or 
premature. Infants under the gestational age of 60 weeks are at risk for apnea several 
hours after the sedation/anesthetic event and hence require prolonged monitoring or 
overnight admission. Prematurity also confers increased risk that persists through-
out childhood and up until early adulthood [17]. It is still unclear if the risk arises 
from early birth itself and its effects on organ development or the comorbidities and 
interventions that come with it such as prolonged respiratory support and recurrent 
airway manipulations.

Research varies regarding the minimal age for undergoing elective sedation out-
side the OR. In a retrospective study, age below 5 years almost doubled the rate of 
any AE (7.8% vs. 4% in older than 5). However, the majority of these adverse events 
were desaturations and airway obstruction, which in the hands of the experienced 
provider are readily recognized and managed. The authors mention several factors, 
including the relatively smaller airway and decreased respiratory reserves in small 
children [14]; other contributing factors to this increased risk are higher basal meta-
bolic rate and larger head size that is more likely to flex forward and obstruct the 
airway during sedation. Several studies using newer agents such as dexmedetomi-
dine demonstrated excellent safety profiles in younger babies and post-prematurity 
infants, as summarized by Scherrer [18]. Najafi et al. [19] used IV dexmedetomi-
dine to sedate children with respiratory comorbidities and required smaller doses 
for children under 1 year of age. Olgun [20] used the intranasal route to administer 
dexmedetomidine as a single agent to patients 12 months and under, who underwent 
MRI, with an overall success rate higher than 96% and without any significant AEs. 
In a retrospective chart review by Jenkins [21], patients under 6  months of age 
sedated with propofol had a 99% success rate (defined as completion of study using 
sedation with satisfactory image quality and no motion artifact) but with a 12.7 AE 
rate, and 4.3% had a serious AE, with airway obstruction being the most common. 
The authors tie the higher dose required during the sedation of this young popula-
tion to the relatively high frequency of airway AEs. A recent retrospective study that 
compared babies undergoing sedation and general anesthesia showed no apneic 
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events in either preterm or term population post procedure in the sedation group, 
which used propofol almost exclusively [22]. This implies a possible change in the 
post-sedation management of this population: the historical “late effects” of seda-
tion such as apnea might not be applicable when IV/IN agents are used compared to 
prior agents such as chloral hydrate and pentobarbital, which were given via the 
enteral route.

We recommend that sedation of the premature and former premature infants 
requires heightened awareness and proficient airway management skills, since air-
way and respiratory adverse events were most commonly reported in this cohort.

The American Society of Anesthesiologists physical status (ASA-PS) score has 
also been used to differentiate those children at increased risk for adverse events, 
but the score was not designed to be used in this manner, and there is a considerable 
inter-rater variation for the same patient’s score between different providers and 
between different specialties and experience [23] [24]. Newer scores with better 
predictive ability have been proposed [25] but are not widely used. High Mallampati 
score was not in itself associated with a higher rate of AEs, including desaturations, 
apnea, or bag mask ventilation. There was, however, an increased need for patient 
repositioning [26]. Special consideration should be given to patients with underly-
ing airway anomalies and deviation from normal in any other organ system, such as 
chronic heart disease, lung diseases [27], bleeding disorders, and neurologic changes 
such as baseline decreased level of consciousness or poorly controlled seizure 
disorders.

The child’s weight also plays an important role in the pre-procedural assessment. 
Obese patients, defined as BMI ≥95th percentile for age and gender, are at increased 
risk for AEs, especially respiratory ones (airway obstruction, desaturation, secre-
tions, and laryngospasm). In addition, they had a higher rate of inability to complete 
the associated procedure and a longer recovery period. In Scherrer’s multivariate 
analysis of more than 5000 patients, obesity was shown to be independently associ-
ated with minor and moderate but not major adverse events [28]. Additionally, 
Hirsch [29] has shown that children with obesity are almost twice as likely to have 
a desaturation related to procedural sedation compared with children of other weight 
status. There is also a tendency to overestimate their sedative requirements, as mea-
sured by Chidambaran on 20 patients with BMI greater than the 97th percentile. The 
authors recommend titrating propofol according to bispectral index (BIS) levels, as 
the current weight-based dosing is inaccurate [30]. However, BIS monitoring is not 
a routine practice in pediatric procedural sedation practice. Underweight patients, 
defined as less than fifth percentile for age, pose a risk as well; a study in oncologic 
patients showed them to be at increased risk for AEs [31].

We recommend that sedation of the overweight and underweight child requires 
proficient airway management skills, since weight-based regimens may result in 
more frequent desaturation events. Use of the ideal body weight for initial dosing in 
the obese patient with upward titration as needed will help avoid airway-related 
events related to a deeper than intended level of sedation.

Many obese patients suffer from obstructive sleep apnea (OSA), which can cre-
ate challenges in maintaining airway patency and excessive body motion due to 
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snoring while the patient is supine. Enlarged tonsils or underlying disorders such as 
Down’s syndrome can also result in airway obstruction during sleep, independent of 
the patient’s weight. In patients with OSA, dexmedetomidine has been shown to be 
of benefit, as upper airway reflexes remained active during sedation and patients can 
compensate for airway obstruction, similar to natural sleep [32]. Of note, both OSA 
and obesity were found to be risk factors for failed sedation in a single-center study 
investigating root causes of failed procedural sedation [33].

We recommend that children who require positive pressure airway during sleep 
either be sedated solely with dexmedetomidine or a combination of dexmedetomi-
dine (induction) and propofol (infusion for maintenance) or be referred to anesthe-
sia. The use of agents other than dexmedetomidine will frequently require placement 
of an oral airway to maintain airway patency during deep sedation.

The sedation of a child with preexisting acyanotic cardiac disease presents 
unique challenges. The child with cyanotic disease would preferentially be seen by 
a cardiac anesthetist in large academic centers. However, in situation where access 
to cardiac anesthesia is limited or not available, the use of agents such as dexme-
detomidine and propofol is preferred. Propofol, despite its negative effect on blood 
pressure, has not been shown to decrease cerebral tissue oxygenation in a 32 
patients’ series. The authors speculate this is caused by decreased oxygen consump-
tion of the sedated brain with intact cerebral autoregulation [34]. Although the use 
of dexmedetomidine has been shown to be safe and effective both during heart 
surgery [35] and postoperative ICU sedation in patients with acyanotic heart disease 
[36], evidence is lacking regarding its use in procedural sedation in this patient 
population. Congenital heart disease could not be evaluated as a predictor of failed 
sedation in one study, since these patients had been classified as ASA 3 [33]. In 
addition, as dexmedetomidine depresses nodal function in the heart [37, 38], EKG 
testing prior to administration in the patients with known heart disease may be pru-
dent. Additionally, dexmedetomidine should not be used for patients with heart 
block, prolonged QT interval, or ones using digoxin.

We recommend dexmedetomidine as a first-line agent, for its established safety 
profile for patients with acyanotic heart disease, except for those with preexisting 
heart block or prolonged QT interval. Propofol can be used in the hemodynamically 
stable patient, who has a good cardiac output. Patients with cyanotic heart disease 
should be referred to a cardiac anesthesia team regardless of function or pallia-
tion stage.

Autistic spectrum patients, despite their normal physiological responses, require 
special attention from the sedation team. These measures may include minimizing 
wait times, avoiding benzodiazepines, additional staff and preparation visits to 
familiarize the patient with the settings, and minimizing distractions throughout the 
visit. A practice survey of sedation for autistic spectrum patients undergoing MRI 
showed significant variation between institutions [39], but no increased frequency 
of AE, albeit additional personnel requirement before induction. In the series, 10% 
of patients required four or more providers to ensure patient and provider safety 
[40]. Regarding the preferred medication regimen in this population, a recent com-
parative study showed recovery and discharge times were significantly lower when 
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using propofol, while the use of dexmedetomidine maintained more stable hemody-
namics. Both propofol and dexmedetomidine proved to be adequate and safe for 
procedural sedation [41]. Dexmedetomidine doses were shown to be significantly 
lower in autistic patients than other patients undergoing MRI sedation, without 
increase in complications [42].

We recommend avoidance of benzodiazepine and prefer dexmedetomidine as the 
agent of choice in patients with autistic spectrum disorder. Policies should also be 
in place to minimize wait time and distractions and provide additional staff 
as needed.

Another high-risk patient group, who requires frequent sedation, is the oncologic 
patients. These patients often benefit from aggregation of several procedures during 
a single sedation, although a retrospective review has shown that these combined 
procedures require more propofol, and have a higher but manageable risk for AEs 
[43]. In this patient population, ketamine has been shown to be superior to pethidine 
(meperidine) in a randomized crossover trial [44], and the combination of propofol 
and ketamine was better than ketamine alone, as shown in another randomized trial 
[45]. Another RCT compared propofol to ketamine-midazolam combination; the 
authors conclude that ketamine-midazolam combination is safer and more effective. 
Propofol was faster in onset and recovery and had smoother emergence, albeit poor 
efficacy at recommended initial doses [46]. Of note, ketamine has been associated 
with laryngospasm [8] and should only be administered by those prepared to deal 
with this infrequent event.

We recommend ketamine-propofol combination or propofol-fentanyl combina-
tion for sedation of oncologic patients. The clinician should be aware of their side 
effects, namely, laryngospasm for the former and hypotension for the latter, and be 
ready to manage these, should they appear. A readily accessible record of prior 
sedative agents and their effect on the sedation event and recovery will also help 
guide future sedation encounters.

 Acute Conditions

The most common illness in our population is upper respiratory infections (URI). 
These episodes are closely linked to an increase in anesthesia-related adverse events 
such as breath holding and desaturations but not to laryngospasm or bronchospasm 
[47]. A single-center evaluation of risk factors for sedation failures identified URI 
as having increased odds ratio for a failed sedation [33] . A recent observational 
study in patients undergoing procedural sedation has shown increased rate of airway 
AE, but overall the risk remained low; the rates of major airway AEs such as laryn-
gospasm, aspiration, emergent airway interventions, unplanned admission, and 
emergent call for anesthesia all remained <1% regardless of URI status. Current 
URI and thick secretions (vs. clear) increased the frequency of airway AEs. No 
relationship between URI status and non-airway AEs was found [48]. We feel it is 
important to distinguish between increased secretions alone, which may require 

E. Neeman and K. G. Couloures



473

increased suctioning frequency, to the presence of cough; as the coughing child is 
sedated and loses the ability to generate a cough, one can assume the risk of aspira-
tion and airway AE will increase. The presence of a URI in itself does not preclude 
a patient from undergoing sedation but requires a risk-benefit analysis regarding the 
length and urgency of the procedure.

We recommend that in the child with URI without cough and baseline satura-
tion > 95%, suctioning be performed shortly after induction of sedation, as this will 
help decrease desaturation events and minimize the risk of laryngospasm triggered 
by secretions.

Fever is usually a sign of intercurrent illness, and thus, an assessment of its 
source should occur and whether this would influence his respiratory or cardiovas-
cular status during the sedation. One review recommends postponing an elective 
procedure requiring anesthesia 1–3 weeks after vaccination [49]. There is currently 
not an accepted standard or guideline regarding this.

We recommend that elective sedation be delayed until 1–2 weeks after the illness. 
Sedation of patients, who cannot be deferred due to protocol adherence, should be 
evaluated on a case-by-case basis.

Current ASA guidelines dictate a fasting period of 8  hours (excluding human 
milk and clear liquids) without distinction between general anesthesia and proce-
dural sedation. These guidelines have been used in procedural sedation since any 
sedation might need manipulation of the airway, but this is not an evidence-based 
practice; a retrospective review by Beach et al. did not find a significant difference of 
complications between patients with different NPO status [50]. Another retrospec-
tive study in an institution where children scheduled for elective procedures were 
allowed to drink clear fluids until called to the operating suite found a 0.03% chance 
of aspiration in more than 10,000 cases [51]. Furthermore, a growing body of evi-
dence question this requirement: a single-center prospective study failed to find an 
association between a shortened fasting time and increased frequency of vomiting 
[52], and other studies showed no difference in complication rate [53] [54]. These 
studies suggest that using shorter fasting time may be a safe alternative for procedure 
cancellation and rescheduling. Of note, use of nitrous oxide is increasing in our 
practice. Although associated with a low rate of AEs, the odds of vomiting increased 
when concomitant opioids were administered and NPO clear fluids <2 hours [55].

We recommend that patients be NPO for 6 hours for light meals, cow’s milk, and 
formula, 4 hours for breast milk, and 2 hours for apple juice, water, and Pedialyte®. 
Allowing clears up until 2 hours before the procedure helps decrease patient/family 
concern about prolonged NPO periods.

Pediatric Sedation Service teams are frequently asked to provide procedural 
sedation for hospitalized patients, but since the patient is hospitalized, a careful 
review of their respiratory and hemodynamic status along with a physical examina-
tion prior to determining sedation is appropriate; if the patient requires supplemen-
tal oxygen, has borderline hypotension or airway anomalies, deferring to anesthesia 
would also be appropriate. However, bedside placement of peripherally inserted 
central catheter (PICC) lines, short oncologic procedures, and liver or renal biopsies 
can be readily handled by a well-organized sedation service.

34 Risk Stratification for Procedural Sedation



474

References

 1. Teshome G, Belani K, Braun JL, Constantine DR, Gattu RK, Lichenstein R. Comparison of dex-
medetomidine with pentobarbital for pediatric MRI sedation. Hosp Pediatr. 2014;4(6):360–5.

 2. Fong CY, Tay CG, Ong LC, Lai NM. Chloral hydrate as a sedating agent for neurodiagnostic 
procedures in children. Cochrane Database Syst Rev. 2017;(11):CD011786.

 3. Yuen VM, Li BL, Cheuk DK, Leung MKM, Hui TWC, Wong IC, et al. A randomised con-
trolled trial of oral chloral hydrate vs. intranasal dexmedetomidine before computerised 
tomography in children. Anaesthesia. 2017;72(10):1191–5.

 4. Cao Q, Lin Y, Xie Z, Shen W, Chen Y, Gan X, et al. Comparison of sedation by intranasal 
dexmedetomidine and oral chloral hydrate for pediatric ophthalmic examination. Paediatr 
Anaesth. 2017;27(6):629–36.

 5. Cote CJ, Notterman DA, Karl HW, Weinberg JA, McCloskey C.  Adverse sedation events 
in pediatrics: a critical incident analysis of contributing factors. Pediatrics. 2000;105(4 Pt 
1):805–14.

 6. Cote CJ, Wilson S, American Academy of P, American Academy of Pediatric D. Guidelines 
for monitoring and management of pediatric patients before, during, and after sedation for 
diagnostic and therapeutic procedures: update 2016. Pediatrics. 2016;138:1.

 7. Cravero JP, Beach ML, Blike GT, Gallagher SM, Hertzog JH, Pediatric Sedation Research 
C. The incidence and nature of adverse events during pediatric sedation/anesthesia with pro-
pofol for procedures outside the operating room: a report from the Pediatric Sedation Research 
Consortium. Anesth Analg. 2009;108(3):795–804.

 8. Grunwell JR, Travers C, McCracken CE, Scherrer PD, Stormorken AG, Chumpitazi CE, et al. 
Procedural sedation outside of the operating room using ketamine in 22,645 children: a report 
from the Pediatric Sedation Research consortium. Pediatr Crit Care Med. 2016;17(12):1109–16.

 9. Zgleszewski SE, Graham DA, Hickey PR, Brustowicz RM, Odegard KC, Koka R, et  al. 
Anesthesiologist- and system-related risk factors for risk-adjusted pediatric anesthesia-related 
cardiac arrest. Anesth Analg. 2016;122(2):482–9.

 10. Kelly CJ, Walker RW. Perioperative pulmonary aspiration is infrequent and low risk in pediat-
ric anesthetic practice. Paediatr Anaesth. 2015;25(1):36–43.

 11. Litman RS, Keon TP. Postintubation croup in children. Anesthesiology. 1991;75(6):1122–3.
 12. Ben-Ari M, Chayen G, Steiner IP, Schinasi DA, Feldman O, Shavit I. The effect of in situ 

simulation training on the performance of tasks related to patient safety during sedation. J 
Anesth. 2018;32(2):300–4.

 13. Kamat PP, Ayestaran FW, Gillespie SE, Sanders RD, Greenbaum LA, Simon HK, et al. Deep 
procedural sedation by a sedationist team for outpatient pediatric renal biopsies. Pediatr 
Transplant. 2016;20(3):372–7.

 14. Biber JL, Allareddy V, Allareddy V, Gallagher SM, Couloures KG, Speicher DG, et  al. 
Prevalence and predictors of adverse events during procedural sedation anesthesia-outside the 
operating room for esophagogastroduodenoscopy and colonoscopy in children: age is an inde-
pendent predictor of outcomes. Pediatr Crit Care Med. 2015;16(8):e251–9.

 15. Kim D, Lee EK, Jeong JS, Gil NS, Hahm TS, Shin YH. Incidence and risk factors of unplanned 
intubation during pediatric sedation for MRI. J Magn Reson Imaging. 2019;49(4):1053–61.

 16. Emrath ET, Stockwell JA, McCracken CE, Simon HK, Kamat PP. Provision of deep proce-
dural sedation by a pediatric sedation team at a freestanding imaging center. Pediatr Radiol. 
2014;44(8):1020–5.

 17. Havidich JE, Beach M, Dierdorf SF, Onega T, Suresh G, Cravero JP.  Preterm versus term 
children: analysis of sedation/anesthesia adverse events and longitudinal risk. Pediatrics. 
2016;137(3):e20150463.

 18. Scherrer PD, Rogers AP, Kamat PP. Shifting the paradigm: the quiet revolution of pediatric 
procedural sedation practice. Hosp Pediatr. 2018;8(6):372–4.

 19. Najafi N, Veyckemans F, Van de Velde A, Poelaert J. Usability of dexmedetomidine for deep 
sedation in infants and small children with respiratory morbidities. Acta Anaesthesiol Scand. 
2016;60(7):865–73.

E. Neeman and K. G. Couloures



475

 20. Olgun G, Ali MH. Use of intranasal Dexmedetomidine as a solo sedative for MRI of infants. 
Hosp Pediatr. 2018;

 21. Jenkins E, Hebbar KB, Karaga KK, Hirsh DA, Fortenberry JD, McCracken CE, et  al. 
Experience with the use of propofol for radiologic imaging in infants younger than 6 months 
of age. Pediatr Radiol. 2017;47(8):974–83.

 22. Rozema T, Westgate PM, Landers CD. Apnea in preterm and term infants after deep sedation 
and general anesthesia. Hosp Pediatr. 2018;8(6):314–20.

 23. Tollinche LE, Yang G, Tan KS, Borchardt R.  Interrater variability in ASA physical status 
assignment: an analysis in the pediatric cancer setting. J Anesth. 2018;32(2):211–8.

 24. Bernard PA, Makin CE, Hongying D, Ballard HO.  Variability of ASA physical sta-
tus class assignment among pediatric sedation practitioners. Int J Adolesc Med Health. 
2009;21(2):213–20.

 25. Malviya S, Voepel-Lewis T, Chiravuri SD, Gibbons K, Chimbira WT, Nafiu OO, et al. Does 
an objective system-based approach improve assessment of perioperative risk in children? A 
preliminary evaluation of the ‘NARCO’. Br J Anaesth. 2011;106(3):352–8.

 26. Iyer MS, Pitetti RD, Vitale M.  Higher Mallampati scores are not associated with more 
adverse events during Pediatric procedural sedation and analgesia. West J Emerg Med. 
2018;19(2):430–6.

 27. Della Rocca G.  Anaesthesia in patients with cystic fibrosis. Curr Opin Anaesthesiol. 
2002;15(1):95–101.

 28. Scherrer PD, Mallory MD, Cravero JP, Lowrie L, Hertzog JH, Berkenbosch JW, et al. The 
impact of obesity on pediatric procedural sedation-related outcomes: results from the Pediatric 
Sedation Research Consortium. Paediatr Anaesth. 2015;25(7):689–97.

 29. Hirsch DG, Tyo J, Wrotniak BH. Desaturation in procedural sedation for children with long 
bone fractures: does weight status matter? Am J Emerg Med. 2017;35(8):1060–3.

 30. Chidambaran V, Sadhasivam S, Diepstraten J, Esslinger H, Cox S, Schnell BM, et al. Evaluation 
of propofol anesthesia in morbidly obese children and adolescents. BMC Anesthesiol. 
2013;13:8.

 31. Rogerson CM, Abulebda K, Hobson MJ. Association of BMI with propofol dosing and adverse 
events in children with cancer undergoing procedural sedation. Hosp Pediatr. 2017;7(9):542–6.

 32. Mahmoud M, Ishman SL, McConnell K, Fleck R, Shott S, Mylavarapu G, et al. Upper airway 
reflexes are preserved during Dexmedetomidine sedation in children with down syndrome and 
obstructive sleep apnea. J Clin Sleep Med. 2017;13(5):721–7.

 33. Grunwell JR, McCracken C, Fortenberry J, Stockwell J, Kamat P.  Risk factors leading to 
failed procedural sedation in children outside the operating room. Pediatr Emerg Care. 
2014;30(6):381–7.

 34. Fleck T, Schubert S, Ewert P, Stiller B, Nagdyman N, Berger F. Propofol effect on cerebral 
oxygenation in children with congenital heart disease. Pediatr Cardiol. 2015;36(3):543–9.

 35. Pan W, Wang Y, Lin L, Zhou G, Hua X, Mo L.  Outcomes of dexmedetomidine treatment 
in pediatric patients undergoing congenital heart disease surgery: a meta-analysis. Paediatr 
Anaesth. 2016;26(3):239–48.

 36. Gupta P, Whiteside W, Sabati A, Tesoro TM, Gossett JM, Tobias JD, et al. Safety and efficacy 
of prolonged dexmedetomidine use in critically ill children with heart disease*. Pediatr Crit 
Care Med. 2012;13(6):660–6.

 37. Hammer GB, Drover DR, Cao H, Jackson E, Williams GD, Ramamoorthy C, et  al. The 
effects of dexmedetomidine on cardiac electrophysiology in children. Anesth Analg. 
2008;106(1):79–83. table of contents

 38. Su F, Hammer GB.  Dexmedetomidine: pediatric pharmacology, clinical uses and safety. 
Expert Opin Drug Saf. 2011;10(1):55–66.

 39. Kamat PP, Bryan LN, McCracken CE, Simon HK, Berkenbosch JW, Grunwell JR. Procedural 
sedation in children with autism spectrum disorders: a survey of current practice patterns of the 
society for pediatric sedation members. Paediatr Anaesth. 2018;28(6):552–7.

 40. Kamat PP, Karaga MK, Wisniewski BL, McCracken CE, Simon HK, Sidhu R, et al. Outpatient 
procedural sedation of patients with autism spectrum disorders for magnetic resonance imag-
ing of the brain using propofol. J Child Neurol. 2018;33(5):313–9.

34 Risk Stratification for Procedural Sedation



476

 41. Abulebda K, Louer R, Lutfi R, Ahmed SS. A comparison of safety and efficacy of dexme-
detomidine and propofol in children with autism and autism spectrum disorders undergoing 
magnetic resonance imaging. J Autism Dev Disord. 2018;48(9):3127–32.

 42. Ahmed SS, Unland T, Slaven JE, Nitu ME, Rigby MR. Successful use of intravenous dex-
medetomidine for magnetic resonance imaging sedation in autistic children. South Med 
J. 2014;107(9):559–64.

 43. Patel MM, Kamat PP, McCracken CE, Simon HK. Complications of deep sedation for indi-
vidual procedures (lumbar puncture alone) versus combined procedures (lumbar puncture and 
bone marrow aspirate) in pediatric oncology patients. Hosp Pediatr. 2016;6(2):95–102.

 44. Abdolkarimi B, Zareifar S, Golestani Eraghi M, Saleh F. Comparison effect of intravenous ket-
amine with pethidine for analgesia and sedation during bone marrow procedures in oncologic 
children: a randomized, double-blinded, crossover trial. Int J Hematol Oncol Stem Cell Res. 
2016;10(4):206–11.

 45. Chiaretti A, Ruggiero A, Barbi E, Pierri F, Maurizi P, Fantacci C, et al. Comparison of propofol 
versus propofol-ketamine combination in pediatric oncologic procedures performed by non- 
anesthesiologists. Pediatr Blood Cancer. 2011;57(7):1163–7.

 46. Chayapathi V, Kalra M, Bakshi AS, Mahajan A. A comparison of ketamine + midazolam to 
propofol for procedural sedation for lumbar puncture in pediatric oncology by nonanesthesiol-
ogists- a randomized comparative trial. Pediatr Blood Cancer. 2018;65(8):e27108.

 47. Tait AR, Malviya S, Voepel-Lewis T, Munro HM, Seiwert M, Pandit UA.  Risk factors for 
perioperative adverse respiratory events in children with upper respiratory tract infections. 
Anesthesiology. 2001;95(2):299–306.

 48. Mallory MD, Travers C, McCracken CE, Hertzog J, Cravero JP. Upper respiratory infections 
and airway adverse events in pediatric procedural Sedation. Pediatrics. 2017;40(1):e20170009

 49. Bertolizio G, Astuto M, Ingelmo P. The implications of immunization in the daily practice of 
pediatric anesthesia. Curr Opin Anaesthesiol. 2017;30(3):368–75.

 50. Beach ML, Cohen DM, Gallagher SM, Cravero JP. Major adverse events and relationship to 
nil per Os status in pediatric sedation/anesthesia outside the operating room: a report of the 
Pediatric Sedation Research Consortium. Anesthesiology. 2016;124(1):80–8.

 51. Andersson H, Zaren B, Frykholm P. Low incidence of pulmonary aspiration in children allowed 
intake of clear fluids until called to the operating suite. Paediatr Anaesth. 2015;25(8):770–7.

 52. Chumpitazi CE, Camp EA, Bhamidipati DR, Montillo AM, Chantal Caviness A, Mayorquin 
L, et al. Shortened preprocedural fasting in the pediatric emergency department. Am J Emerg 
Med. 2018;36(9):1577–80.

 53. Clark M, Birisci E, Anderson JE, Anliker CM, Bryant MA, Downs C, et al. The risk of shorter 
fasting time for pediatric deep sedation. Anesth Essays Res. 2016;10(3):607–12.

 54. Malia L, Laurich VM, Sturm JJ. Adverse events and satisfaction with use of intranasal mid-
azolam for emergency department procedures in children. Am J Emerg Med. 2018;

 55. Tsze DS, Mallory MD, Cravero JP.  Practice patterns and adverse events of nitrous oxide 
Sedation and analgesia: a report from the Pediatric Sedation Research Consortium. J Pediatr. 
2016;169:260–5.e2.

E. Neeman and K. G. Couloures


	Chapter 34: Risk Stratification for Procedural Sedation
	Overview
	Location of Procedure
	Procedure Type
	Chronic Conditions
	Acute Conditions
	References


