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Background: Despite a worldwide shift toward anesthesiologist-administered sedation

for gastrointestinal endoscopy in children, ideal sedation regimens remain unclear and

best practices undefined.

Aim: The aim of our study was to document variation in anesthesiologist-administered

sedation for pediatric endoscopy. Outcomes of interest included coefficients of variation,

procedural efficiency, as well as adverse events.

Methods: IRB approval was obtained to review electronic health records of children

undergoing routine endoscopy at our medical center during a recent calendar

year. Descriptive and multivariate analyses were used to examine predictors of

sedation practices.

Results: 258 healthy children [2–21 years (median 15, (Q1–Q3 = 10–17)] underwent

either upper and/or lower endoscopies with sedation administered by anesthesiologists

(n = 21), using different sedation regimens (29) that ranged from a single drug

administered to 6 sedatives in combination. Most patients did not undergo endotracheal

tube intubation for the procedure (208, 81%), and received propofol (255, 89%) either

alone or in combination with other sedatives. A total of 10 (3.8%) adverse events (9

sedation related) were documented to occur. The coefficient of variation (CV) for sedation

times was high at 64.2%, with regression analysis suggesting 8% was unexplained by

procedure time. Multivariable model suggested that longer procedure time (p < 0.0001),

younger age (p < 0.0001), and use of endotracheal tube intubation (p = 0.02) were

associated with longer sedation time.

Discussion: We found great variation in anesthesiologist administered regimens

for pediatric endoscopy at our institution that may be unwarranted, presenting may

opportunities for minimizing patient risk, as well as for optimizing procedural efficiency.

Keywords: sedation, endoscopy, anesthesiologist, pediatrics, variation in care, coefficient of variability, efficiency,

pediatric anesthesiology

https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://doi.org/10.3389/fped.2021.709433
http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2021.709433&domain=pdf&date_stamp=2021-08-11
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles
https://creativecommons.org/licenses/by/4.0/
mailto:jenifer.lightdale@umassmed.edu
https://doi.org/10.3389/fped.2021.709433
https://www.frontiersin.org/articles/10.3389/fped.2021.709433/full


Hartjes et al. Variation in Anesthesiologist Sedation for Endoscopy

KEY POINTS

1. To date, there is no single sedative or combined regimen
that has been established as ideal for pediatric gastrointestinal
procedures, regardless of whether procedural sedation is being
administered by endoscopists or anesthesiologists.

2. Over the past two decades, pediatric endoscopy is increasingly
being performed with anesthesiologist-administered sedation
regimens that use propofol.

3. Broadly speaking, sedation plans that call for general
anesthesia with endotracheal intubation are not necessary for
routine pediatric endoscopy or colonoscopy and may decrease
procedural efficiency and value.

4. It is becoming increasingly important for pediatric
endoscopists to engage in a dialogue with anesthesiologists,
with the goal of determining best sedation practices for
children undergoing gastrointestinal procedures.

INTRODUCTION

Over the past 2 decades, the landscape of sedation practices
for pediatric endoscopy has shifted toward anesthesiologist-
administration, despite no single sedative or regimen yet
to be established as ideal (1–3). Historically, pediatric
endoscopic sedation has been administered by endoscopists
or anesthesiologists, and is generally considered necessary
for children to undergo procedures (4). The trend toward
anesthesiologist-administration has evolved from increasing
interest in ensuring patient safety and comfort, (5, 6) as well
as the ability of propofol to target a spectrum of sedation
levels with rapid induction and recovery times (7). However,
it is not clear that these and other anticipated benefits of
anesthesiologist-administration for pediatric endoscopy
have been fully realized, perhaps due to wide variations
in care that have yet to be systematically documented or
examined (1, 8–11).

Multiple studies have shown propofol, either as a total
intravenous anesthetic (TIVA) or in combination with
inhalational agents, to be highly effective for endoscopic sedation
in children (12–16). Generally speaking, anesthesiologists differ
from endoscopists in their regulatory license to use propofol
and inhalational anesthetics, as well as to aim for deep levels of
sedation or general anesthesia (17, 18). Anesthesiologists may
therefore be more equipped to administer sedation regimens
that can assure children will tolerate endoscopic procedures,
without exhibiting agitation, vocalization and disruptive
movements (6). Nevertheless, anesthesiologist-administration
has not decreased the occurrence of sedation related adverse
events in children undergoing upper and lower endoscopy
(19, 20). Adverse events associated with sedation, such as apnea,
laryngospasm and bradycardia- even when sedation practices
involve anesthesiologists - continue to occur more often during
pediatric endoscopy than procedural complications, such as
mucosal bleeding or perforation (1, 12, 19–22).

Abbreviations: GI, Gastrointestinal; IV, Intravenous; ASA, American Society of

Anesthesiology.

Another important concern regarding use of anesthesiologists
during pediatric endoscopy is the potential for inefficient use
of healthcare resources (2, 8, 9, 23). For example, unnecessary
use of endotracheal intubation for routine diagnostic endoscopy
in children has been shown to increase endoscopy room times
and costs (11). While many endoscopists acknowledge increased
patient comfort when anesthesiologists provide sedation, it has
also been true that variability in anesthesiologist practices can
lead to a mismatch between sedation provided and the procedure
performed (8). For example, provider variation in the use
of rapid sequence intubation has been associated with much
longer sedation times relative to procedural duration, as well as
patient paralysis when immobility is not required for endoscopy
(24). Ultimately, reducing unwarranted variation in pediatric
anesthesiologist sedation for endoscopy will likely be necessary to
improve patient safety, as well as to ensure procedural efficiency
and value (19).

We believe the intersection between gastrointestinal
procedures in children, patient safety, efficiency and sedation
regimens remains of great importance to study in the current
era of anesthesiologist-administration – particularly because
unwarranted variation in anesthesiology sedation practices
has been speculated to exist and best practices have yet
to be identified (1, 12). As a first step in examining this
topic, we undertook to systematically document variation in
anesthesiology sedation practices for pediatric endoscopy at
our institution. We were specifically interested in examining
how various sedative regimens, anesthesiology and endoscopy
providers, provider staffing models, and use of endotracheal
intubation might interrelate with procedure and patient
factors, including procedure type, age, and medical complexity.
Outcomes of interest included sedation and procedural
efficiency, as well as both sedation and non-sedation related
adverse events.

METHODS

Institutional approval (Protocol # H00013675) was granted
to develop and analyze a complete retrospective database
of all endoscopic procedures performed by pediatric
gastroenterologists with anesthesiologist-administered sedation
at our academic medical center during calendar year 2018.
An endoscopy reporting database (ProVation MD) was used
to identify all children who underwent upper and/or lower
endoscopic procedures performed during the study period for
routine, diagnostic purposes. Two independent investigators
(KH, TD) codified and abstracted information about each case
from components of the electronic medical record (Epic) onto
an institutionally approved separate case report form, including
from the endoscopists’ procedure reports, endoscopy technician
and nurse peri-procedure documentation forms, as well as
from the anesthesiologists’ records. Patient descriptive data
was recorded, including sex, age, height, weight, medication
allergies and American Society of Anesthesiology (ASA) patient
complexity status, as documented by the anesthesiologist. Type of
procedure performed (upper endoscopy, lower endoscopy, both
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upper and lower endoscopy), time first sedative administered,
time out of room, time of endoscope insertion, and time of
endoscope removal were recorded, as well as the indication for
the procedure, whether the patient underwent endotracheal
intubation as part of the sedation plan with or without paralytic
agents, and/or documented adverse events. We also noted
the names and doses for all oral and intravenous sedatives
that were administered during the sedation time, including
midazolam, fentanyl, propofol, ketamine; as well as names of all
inhalational anesthetics, including sevoflurane, isoflurane, and
nitrous oxide. In addition, we recorded and coded the identities
of all endoscopists who performed procedures, anesthesiologists
of record for administration of the sedation, and any certified
registered nurse anesthetists (CRNAs) who were documented to
have delivered sedation with anesthesiologist supervision, during
each case.

The first sedative administered was defined as any oral,
intravenous (IV) or inhalational agent administered for the
purposes of anxiolysis, analgesia or inducing sedation, and
included oral midazolam if administered in the pre-operative
area for anxiolysis prior to transport to the endoscopy room.
We excluded any sedatives administered in the recovery area for
agitation, delirium, or other adverse sedation events, although
these events were recorded as below. We defined sedation time
as first sedative administered to patient time out of room, and
procedure time as scope in to scope out.

Adverse events are predefined at our institution and
include apnea, disordered respiration, laryngospasm, vomiting,
aspiration, delirium, agitation, inadequate sedation for a
procedure, as well as airway management issues, intravenous
line infiltration, patient pain or discomfort, bleeding, procedural
complications, unanticipated admission to the hospital, and
death. Any adverse event that was recorded as such in the
endoscopy report or the anesthesia record was abstracted to the
study case report form. For the purposes of analysis, adverse
events were categorized to be either sedation-related or other.

Patients and Procedures
We included all patients ages 1–21 years old who underwent
routine, diagnostic upper and/or lower endoscopy at UMASS
Medical Center with anesthesiologist-administered sedation
during the study period. We excluded pregnant patients, as
well as patients undergoing emergency or add-on procedures,
including for gastrointestinal bleeding, foreign body, or
caustic ingestions. We also excluded patients undergoing
procedures that were performed in combination under the same
sedation with non-gastrointestinal procedures performed by
other subspecialists – including otolaryngologists performing
laryngoscopies or pulmonologists performing bronchoscopies.
We also excluded procedures that involved endoscopic
interventions, including dilations and polypectomies. All
endoscopic procedures were performed in a hospital-based
operating room setting by an American Board of Pediatric (ABP)
certified pediatric gastroenterologist attending. All patients
received anesthesiologist-administered sedation regimens that
was either provided or overseen by an attending anesthesiologist
with pediatric training, who at times was assigned a CRNA to

assist in providing sedation care. The targeted depth level of
sedation for all patients was at least deep sedation. We defined all
patients who underwent endotracheal intubation in our study to
have received general anesthesia.

Study Outcomes
Our primary outcome of interest was variation in sedation
regimens. We sought to characterize this in terms of sedative
names and types (oral vs. IV vs. inhalational), as well as
number of sedatives employed. Secondary outcomes included
total anesthesiologist- administered sedation time, and sedation
or non-sedation related adverse events.

Statistical Analysis
We described continuous variables representing provider
experience (e.g., number of endoscopist sedations administered
during the study period; number of procedures performed during
the study period), patient’s characteristics (e.g., age, weight),
sedation (e.g., sedative doses), and procedure characteristics
(e.g., anesthesiologist-administered sedation time, procedure
time) using medians, lower (Q1) and upper (Q3) quartiles.
Categorical variables, including whether patients underwent
endotracheal intubation or experienced an adverse event, were
tabulated using proportions. Box and whisker plot was drawn
to display the distribution of anesthesiologist-administered
sedation time by procedure type. To identify predictors for
length of anesthesiologist-administered sedation time, we
performed multivariable generalized linear regression model
with potential predictors including patient’s age and sex, ASA
level, length of procedure, procedure type, adverse events, and
use of endotracheal intubation and CRNA. To identify predictors
for use of endotracheal intubation, which was dichotomized
as yes vs. no, we performed multivariable logistic regression
model which yielded odds ratio (OR) of using the tube for
each predictor. Both regression models were incorporated with
generalized estimating equation (GEE) to account for potential
correlations between repeated measures by anesthesiologists.
Statistical analyses were performed using SAS v9.4 (SAS Institute,
NC) and S-Plus 7 for Windows (Insightful, USA).

RESULTS

A total of 258 upper and lower routine, diagnostic, endoscopic
procedures were performed at our institution in patients ages
2–20 years of age with median age of 15 years (Q1-Q3 = 10–
17, Table 1). Most patients were older than 9 years of age (n =

197, 76%), and were healthy with an ASA status of ≤ 2 (249,
97%). The number of cases that each anesthesiologist (n = 21)
staffed during the study period varied widely, ranging from 1–71
(Figure 1). Anesthesiologists were assigned a certified registered
nurse anesthetist (CRNA) to work with them for 205 (80%) of the
cases. Most anesthesiologists (11, 52%), and CRNAs (15, 60%)
provided sedation care for <5 endoscopic cases over the study
period. Five anesthesiologists administered endoscopic sedation
for a single case each, while 4 staffed at least 30 cases over the
calendar year.
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TABLE 1 | Descriptive characteristics of patients, providers and procedures.

Summary

statistics

Patients (N = 258)

Age (years), median (Q1, Q3) 15 (10, 17)

Weight (Kg), median (Q1,Q3) 52.3 (35, 63)

Gender (male), n (%) 126 (49)

ASA, n (%)

ASA 1 77 (30)

ASA 2 172 (67)

ASA 3 8 (3)

ASA 4 1 (<1%)

ETT intubation for sedation, n (%) 50 (19)

Providers

Total number of endoscopists, n 6

Total number of endoscopies per 32 (20.3, 60.3)

Endoscopist, Median (Q1, Q3)

Total number of attending anesthesiologists, n 21

Total number of cases per anesthesiologist, 4 (1.5, 12.5)

Median (Q1, Q3)

Total number of CRNAs, n 26

Total number of cases per CRNA, 3.5 (1,11.25)

Median, (Q1, Q3)

Procedures (N = 258)

Procedure time (minutes), median (Q1,Q3) 14 (8, 35)

Anesthetic Time (minutes), median (Q1,Q3) 25 (17, 41)

Type of Procedure, n (%)

Upper endoscopy 147 (57)

Lower endoscopy 28 (11)

Upper and lower endoscopy 83 (33)

Procedure Indication, n (%)

Abdominal pain 85 (33)

Positive celiac serologies 34 (13)

Hematochezia 25 (10)

Diarrhea 18 (7)

Reflux symptoms 23 (9)

Known inflammatory bowel disease 22 (9)

Dysphagia 21 (8)

Known Eosinophilic esophagitis 16 (6)

Other 14 (5)

Adverse events, n (%)

Sedation-related 9 (3.5)

Other 1 (<1)

Q1 = 25th percentile; Q3 = 75th percentile; ASA, American Society of Anesthesiology

(ASA) Patient Classification; ETT, endotracheal tube.

Mean anesthetic time = 31.8 mins, SD = 20.4, coefficient of variation (CV) = 64.2%.

Sedation Practices
A total of 29 sedation regimens, ranging from a single drug
administered to 6 sedatives in combination, were administered
to patients at our institutions during the study period (Table 2).
Most patients (n = 192, 74%) did not receive pre-operative
oral midazolam or undergo endotracheal intubation for the

procedure (208, 81%). Patients who underwent endotracheal
intubation had a greater number of sedative agents administered
during cases, with 15/50 (30%) patients who had endotracheal
intubation receiving a regimen that involved ≥5, compared with
7/208 (3%) of patients who were not intubated for the procedure
(p < 0.0001 by Chi-square test of proportions).

Most patients (255, 89%) received infused propofol either
alone or in combination with other medications, with the most
common regimen (TIVA with propofol and midazolam) used in
47 (18%) patients. Among patients who did not receive propofol,
1 received an infusion ofmidazolam as a single drug regimen, and
2 received sevoflurane with intravenous midazolam and fentanyl.
Use of inhalational anesthetics also varied, with many patients
receiving more than 1 volatile gas during the case.

Adverse Events
A total of 10 (3.8%) institutionally defined adverse events were
documented to occur. These included 9 that were categorized
for study purposes as related to sedation [bradycardia (1),
laryngospasm (3), inappropriately woke during procedure (1),
use of reversal agent (1), post-op delirium (2), and stridor
(1)], as well as 1 adverse event (IV infiltration) that was
categorized for study purposes as not related to sedation. We
could not find any pattern regarding patient demographics,
procedure characteristics and sedation regimens among patients
who experienced adverse events (data not shown), although
endotracheal intubation in univariate analysis was noted to be
weakly associated with adverse events (OR 2.93, 95% CI: 0.89,
9.60, p = 0.08). By grouping anesthesiologists into those who
staffed>5 endoscopic cases vs. those≤5 during the study period,
mean number of adverse events between two groups was not
significantly different (p= 0.23 by two-sample t test).

Efficiency
Mean anesthesiologist-administered sedation time was 31.8
(±20.4 SD) minutes, with median 25 (17–41) minutes. The
coefficient of variation (CV) for sedation time was 64.2%,
indicating a wide variation across all procedures. Highly skewed
sedation time was seen for upper endoscopic procedures, and for
combined upper and lower endoscopic procedures (Figure 2).

Furthermore, regression analysis showed that 92% of variation
in anesthesiologist-administered sedation time was explained by
procedure time (Figure 3). In other words, 8% was unexplained
by procedure time.

Multivariable model suggested that longer procedure time (p
< 0.0001), younger age (p < 0.0001), and use of endotracheal
intubation (p = 0.02) were associated with longer sedation
time (Table 3). Endotracheal tube intubation was performed for
procedures in 50 (19%) patients and was associated with longer
sedation time (OR = 1.02, 95% CL 1.00–1.04, p = 0.04) and
patient’s younger age (OR= 0.93, 95% CL 0.88–0.98, p= 0.0047),
higher ASA level (level 2 OR = 1.90, p < 0.0001, and level 3&4
OR = 3.61, p = 0.005, respectively when compared to level 1,
Table 4). Endotracheal tube intubation also varied by procedure
type. When compared to lower endoscopic procedures, upper
procedures were more than 3 times likely to have patients
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FIGURE 1 | Number of endoscopy cases performed by each anestheologist (N = 21).

undergo endotracheal tube intubation (OR = 4.33, 95% CL
2.23–8.44, p < 0.0001).

DISCUSSION

The results of our study show great variation in sedation
regimens used by staff anesthesiologists caring for children
undergoing gastrointestinal endoscopy at our hospital. Indeed,
so many drugs were used in different combinations, it was
difficult to determine any predictive factors or patterns
and no dominant regimen was identified. We believe this
variation in anesthesiologist-administered regimens for
pediatric endoscopy reflects a paucity of evidence-based
or consensus best practices that leads anesthesiologists
at our institution and elsewhere to determine their
own preferences.

Our results suggest provider-driven variation may have an
impact on quality and safety outcomes. While procedural times
were a primary factor in variation of sedation efficiency, about 8%
of variation remained unexplained. This may be particularly the
case for upper endoscopy, where provider decision to perform
endotracheal intubation may affect procedural efficiency.
Although multivariate analysis of our single-institution sample
suggests some association for sedation decision making around
endotracheal intubation with procedure type and patient
characteristics, the dramatic spectrum of sedation practices
that was documented across anesthesiology providers raises
the specter that at least some variation in anesthesiologist
sedation practices may be unwarranted. Our results also affirm
that adverse events occur with anesthesiologist-administered
sedation more commonly than non-sedation related events
and continues to suggest that even when anesthesiologists
are administering the sedation, improving child safety during
endoscopy is highly dependent upon seeking improvements in
sedation regimens.

We suspect the magnitude of variation in sedation protocols
used at any institution likely reflects local preferences and the
number of anesthesiologists who may be involved with staffing
cases (25). Few guidelines exist that address anesthesiologist-
administered sedation for pediatric gastrointestinal procedures,
(2, 18, 25) and none directly identify regimens that may
be ideal. All agree that the primary purpose of sedation for
children undergoing upper and lower endoscopies is to perform
procedures safely, with a minimal amount of emotional and
physical discomfort. Although many sedatives have been shown
to be safe and effective for endoscopic sedation, all have the
potential to significantly depress the central nervous system,
airway protective reflexes, and ventilation (1, 12, 26). Those
with narrow therapeutic windows such as propofol may be
even more likely to be associated respiratory events (7, 15).
Kaddu et al. reported that 20% of pediatric patients receiving
anesthesiologist administered propofol for upper endoscopy
experienced transient apnea (14).

Rates of adverse events in our studymirror those published for
endoscopist-administered sedation for pediatrics (14, 25), as well
as for anesthesiologist administered rates at other institutions
(19, 26, 27). In terms of safety, both the American Society
of Gastrointestinal Endoscopy (ASGE) (2) and the American
Academy of Pediatrics (AAP) (25) advise tailoring sedation
plans according to a patient’s physical status, as classified by the
American Society of Anesthesiology (ASA). (28) Considering a
patient’s age and developmental status may also be of importance.
Larger studies have suggested that generally speaking, the
smallest and youngest pediatric patients with the highest ASA
classifications are at greatest risk for complications during
gastrointestinal procedures (19, 21, 22).

Adverse events and prolonged sedations are more common
with deeper levels, which are considered to stretch along a
continuum without clear boundaries and are defined by a
patient’s response to verbal, light tactile or painful stimuli,
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TABLE 2 | Descriptive information about sedatives, as well as single and

combination drug regimens, including frequency of use and PO/IV doses used.

Sedative N◦ of Patients/

Cases (%)

(N = 258)

Dose

Median (Q1, Q3)

Fentanyl (mcg/kg) 100 (39) 0.823 (0.48, 1.24)

Ketamine (mg/kg) 3 (1) 0.21 (0.16, 0.67)

Midazolam PO (mg/kg) 67 (26) 0.39 (0.32, 0.49)

Midazolam IV (mg/kg) 117 (45) 0.033 (0.03, 0.04)

Propofol (mg/kg) 255 (89) 5.53 (3.64, 9.35)

Nitrous Oxide 112 (43) –

Sevoflurane 122 (47) –

Isoflurane 2 (<1) –

Sedative Regimens

Single Drug, n (%) 13 (5)

Propofol only 12 (4.5) 10.3 (5.84, 13.31)

Midazolam IV 1 (<1%) 0.03

Double drug, n (%) 66 (26)

Propofol + Fentanyl 5 (2) 4.58 (3.5, 11.97) + 0.75

(0.48, 1.51)

Propofol + Midazolam PO 6 (2) 8.83 (6.89, 10.9) + 0.27

(0.13, 0.38)

Propofol + Midazolam IV 47 (18) 5.94 (4.53, 11.76) + 0.03

(0.03, 0.04)

Propofol + Nitrous Oxide 3 (1) 6.8 (6.49, 7.39) + IA

Propofol + Sevoflurane 4 (2) 7.93 (6.25, 9.41) + IA

Other1 1 (<1)

Triple drug, n (%) 106 (41)

Propofol + Midazolam IV +

Fentanyl

42 (16) 6.74 (4.28, 10.44) + 0.035

(0.03, 0.04) + 0.62 (0.45,

0.89)

Propofol + Nitrous oxide +

Sevoflurane

39 (15) 5.12 (3.57, 10.48) + IA + IA

Propofol + Midazolam PO +

Sevoflurane

6 (3) 4.47 (3.62, 7.54) + 0.25

(0.70, 0.52) + IA

Propofol + Midazolam PO +

Fentanyl

8 (3) 5.15 (3.03, 12.16)+ 0.03

(0.03, 0.38) + 0.90 (0.4,

1.14)

Propofol + Midazolam PO +

Nitrous oxide

5 (2) 11.53 (4.35 + 13.15)+ 0.29

(0.23, 0.42) + IA

Other1 6 (2)

Quadruple drug, n (%) 51 (20)

Propofol + Midazolam PO +

Nitrous oxide + Sevoflurane

25 (10) 3.75 (2.8 + 5.7) + 0.45

(0.36, 0.50) + IA + IA

Propofol + Fentanyl +Nitrous oxide

+ Sevoflurane

10 (4) 3.93 (1.94, 7.41) + 0.72

(0.53 + 1.1) + IA + IA

Propofol + Midazolam IV +

Fentanyl +

Sevoflurane

6 (2) 3.5 (2.69, 4.31) + 0.03

(0.02 + 0.04) + 0.89 (0.64,

1.77) + IA

Other1 10 (4)

Five drugs or more, n (%)1 22 (9)

Q1 = 25th percentile; Q3 = 75th percentile; IV, intravenous; PO, oral; IA, inhalational

anesthetic.
1The other double drug regimen was midazolam IV + fentanyl (1 case). Other triple

drug regimens included midazolam IV + propofol and either nitrous oxide (2 cases)

or sevoflurane (1 case) or ketamine (1 case). Another triple drug regimen consitented

of midazolam IV + fentanyl and sevofluance (1 case) and another regimen of propofol

+ fentanyl + nitrous oxide (1 case). Other quadruple drug regimens included propofol

+ sevoflurane in combination with either nitrous oxide + midazolam IV (4 cases) or

midazolam PO + fentanyl (4 cases) or midazolam PO + ketamine (1 case); and nitrous

oxide+midazolam PO+ fentanyl+ propofol (1 case). Five drug regimens include: nitrous

oxide + sevoflurane + fentanyl + propofol in combination with either midazolam IV (9

cases) or midazolam PO (11 cases). Six drug regimens included: nitrous oxide+ isoflurane

+midazolam IV+ fentanyl+ propofol with either sevoflurane (1 case) or ketamine (1 case).

FIGURE 2 | Sedation time (minutes) by procedure type.

as well as their vital signs (29). Deep sedation implies a
medically controlled state of depressed consciousness from
which the patient is not easily aroused but may respond
purposefully to painful stimulation. General anesthesia describes
the deepest level of sedation where the patient is unconscious,
with reduced responses to stimuli, and with an airway that
may require support. Of course, optimal levels of sedation
may vary depending upon the procedure, and may be tricky
to maintain during routine maneuvers intrinsic to endoscopy
that can affect the fine line between lighter and deeper levels
of sedation (1, 30). In upper endoscopy, a major overall goal
of sedation may be to avoid gagging and increase patient
cooperation, and it is reasonable to anticipate that the few
seconds it takes to insert the endoscope will typically be the
most stimulating part of the procedure, while colonoscopy
sedation planning should anticipate visceral pain associated
with looping (31). It is important to know that deep sedation
may develop during patients undergoing longer procedures (i.e.,
combined endoscopy and colonoscopy), or after a decrease in
painful stimuli (i.e., after successful navigation of the hepatic
flexure) (30).

In our study, patients who underwent endotracheal intubation
for the procedure had more sedatives given in combination
regimens and had more adverse events. These results are
also unsurprising. Patients who receive multiple doses and/or
different sedatives have been shown to be at increased risk
for deeper sedation than planned, and may be more likely
to have adverse events (6). Child anxiety levels can also
affect sedation and have been demonstrated to be reduced
in randomized controlled trials of pre-operative medication
with oral midazolam (6, 25). We noted <20% of patients
at our institution received a regimen that included this
evidenced-based approach to improving patient satisfaction and
tolerability (27, 32).

In 2002, Wennberg defined “unwarranted variations” in care
as those that cannot be explained by patient factors, including
illness severity, indication for treatment or patient preference
(33). More recent publications have examined variation among
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FIGURE 3 | Scatter plot for sedation time vs. procedure time with prediction line and 95% prediction limits (N = 258, R-square = 92%).

TABLE 3 | Multivariate normal regression model on sedation time (mins).

Predictor Category Estimate SE 95% Confidence Limits p value

Age (years) Continuous −0.53 0.09 −0.70 −0.36 <0.0001

Male Vs female 0.63 0.74 −0.81 2.08 0.39

ASA level 2 vs. 1 0.0 0.7 −1.4 1.3 0.95

3 & 4 vs. 1 3.8 2.3 −0.7 8.3 0.10

Procedure time (mins) Continuous 0.98 0.03 0.93 1.03 <0.0001

Procedure type Lower endoscopy vs. Upper

endoscopy

0.2 1.2 −2.2 2.6 0.88

Both vs. Upper endoscopy 2.2 1.3 −0.4 4.7 0.10

Adverse events Yes vs. No 3.1 2.0 −0.9 7.0 0.13

Endotracheal intubation Yes vs. No 1.8 0.8 0.2 3.3 0.0229

CRNA Yes vs. No −1.3 1.3 −3.8 1.2 0.31

Total procedure cases = 258, performed by 21 anesthesiologists.

The model was multivariate normal regression, incorporated with generalized estimating equation (GEE) to account for potential correlations between repeapted measures

by anesthesiologists.

anesthesiologists terms of regional differences, as well as
“professional uncertainty,” (34, 35) which may both contribute
to variation in anesthesiologist sedation regimens for pediatric
endoscopy. Our study was limited to a single institution. Ideally,
future studies will examine how the variation we found at
our relatively small children’s medical center within a larger
university hospital compares with similarly sized groups of either
anesthesiologists or endoscopists, or with variation that may
happen at larger children’s hospitals with higher volume of
pediatric endoscopy.

Our study was further limited by its design as a retrospective
review of electronic medical records, which precluded a
prospective understanding of variation in sedation practices
whichmay have been warranted.We did not prospectively survey
our anesthesiologists as they planned sedation regimens pre-
operatively, nor collect data on why or how sedation plans
may have been adjusted once the procedure was underway.
Furthermore, the retrospective nature of our investigation also
ensured heterogeneity in our patient population (i.e., a wide

variety of patient ages), and a lack of comparative data so that
we are unable to comment on benefits and risks of specific
regimens that were used. Fortunately, we did find the range
and mean ages of children undergoing endoscopy at our center
to be similar that reported in other multicenter studies that
have examined outcomes of endoscopy and sedation (21, 22),
which lends credence to the generalizability of our population to
pediatric gastroenterology centers.

Nevertheless, we believe the variation in sedation practices
found in our study resulted from uneven anesthesiologist
familiarity with upper and lower endoscopy as brief, non-surgical
procedures that do not require strict patient immobility. While
some anesthesiologists may specialize in endoscopic sedation for
children and have developed preferred regimens, others may only
be asked to provide it on rare occasions. Our study was not
powered to examine patient safety, and our data did not show an
inverse relationship between the number of anesthesiologist cases
in our database and adverse events, nor with variation in sedation
time. From our perspective as pediatric gastroenterologists, it
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TABLE 4 | Multivariate logistic regression model on endotracheal tube intubation.

Predictor Category OR 95% Confidence Limits p value

Age (years) Continuous 0.93 0.88 0.98 0.0047

Male Vs. female 1.25 0.92 1.69 0.15

ASA level 2 vs. 1 1.90 1.43 2.51 <0.0001

3 & 4 vs. 1 3.61 1.47 8.85 0.0050

Sedation time (mins) Continuous 1.02 1.00 1.04 0.0413

Procedure type Upper vs. lower endoscopy 4.33 2.23 8.44 <0.0001

Upper & lower vs. lower

endoscopy

3.33 2.20 5.04 <0.0001

Adverse events Yes vs. no 1.95 0.59 6.50 0.27

CRNA Yes vs. no 1.12 0.64 1.98 0.69

Total procedure cases = 258, performed by 21 anesthesiologists.

The model was multivariate logistic regression, incorporated with generalized estimating equation (GEE) to account for potential correlations between repeapted measures

by anesthesiologists.

is reasonable to assume that anesthesiologist familiarity with
endoscopy is desirable.

We also believe anesthesiologist familiarity with routine
gastrointestinal procedures in children is likely associated
with more confidence in recognizing that it is possible, and
even preferable, to employ a propofol-based regimen for
most pediatric endoscopy without performing endotracheal
intubation. The practice of avoiding unnecessary endotracheal
intubation may be important to assuring secondary and desirable
goals of endoscopic sedation, including maximizing procedural
efficiency, minimizing recovery times, and maintaining cost-
effectiveness (1, 12, 15, 25, 28). Although it has been suggested
that shorter induction times associated with propofol should
lead to improved procedural efficiency in pediatric endoscopy
units, variations in anesthesiology practices may explain why this
has not been found to be true (1, 8, 12, 23). Currently, routine
endotracheal intubation of all children undergoing upper GI
procedures is not supported in the anesthesia literature (23). It is
also important to recognize that there is no consensus for medical
indications or an age cut-off, and that the decision to intubate
pediatric patients should be weighed against issues that may
occur with instrumenting the airway, as well as with increasing
depth and prolonging sedation time unnecessarily (36).

In our study, patients were less likely to undergo endotracheal
intubation for colonoscopy. This was expected as a spontaneously
breathing, propofol based regimen is particularly considered
to be well suited for colonoscopy, where the risk of airway
compromise is greatly reduced compared to upper endoscopy
that stimulates the airway (37). On the other hand, propofol does
not have analgesic properties and loop formation of the scope as
well as maneuvers performed to reduce this (i.e., the application
of external abdominal pressure) may cause pain and patient
movement, leading to increased sedation requirements (38). As
was seen in the few (∼5%) patients in our study that received
such a regimen, higher doses of a single-drug propofol TIVAmay
ensue, which in turn can increase patient risks (39, 40). Future
studies should focus on identifying best practices for balancing
propofol with analgesics for pediatric colonoscopy.

In conclusion, we believe the findings of our study
contribute to the literature by illustrating striking variation in

anesthesiologist-provided sedation care for children undergoing
gastrointestinal endoscopy that likely extends beyond our
institution to many others. In this way, our findings provide
a mandate for all pediatric gastroenterologists to engage in
a dialogue with our anesthesiology colleagues about the need
to identify best practices for endoscopy sedation. While it
has become standard in many ways for endoscopic sedation
in children to administered by anesthesiologists, the number,
doses, and combinations of sedatives may vary greatly, as does
the use of endotracheal tube intubation. Unwarranted provider
variation may explain why the trend toward anesthesiologist-
administered sedation has not necessarily reduced the rate of
adverse events related to sedation for endoscopy or improved
procedural efficiency. Moving forward, we call upon all
anesthesiologists who are providing endoscopic sedation for
children to ensure that they are knowledgeable about routine
gastrointestinal procedures, and that they are actively seeking to
avoid unwarranted variations in care.
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