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Abstract

Background and Aims The aim of the study was to

evaluate the safety of non-anesthesia provider (NAAP)-

administered propofol sedation for advanced endoscopic

procedures with those of anesthesia provider (AAP).

Methods PubMed, EMBASE, Cochrane Central Register

of Controlled Trials, Scopus, and Web of Science

databases were searched for prospective observational tri-

als involving advanced endoscopic procedures. From a

total of 519 publications, 26 were identified to meet in-

clusion criteria (10 AAPs and 16 NAAPs) and were

analyzed. Data were analyzed for hypoxia rate, airway

intervention rates, endoscopist, and patient satisfaction

scores and total propofol administered.

Results Total number of procedures in NAAP and AAP

groups was 3018 and 2374, respectively. Pooled hypoxia

(oxygen saturation less than 90 %) rates were 0.133 (95 %

CI 0.117–0.152) and 0.143 (95 % CI 0.128–0.159) in

NAAP and AAP, respectively. Similarly, pooled airway

intervention rates were 0.035 (95 % CI 0.026–0.047) and

0.133 (95 % CI 0.118–0.150), respectively. Pooled patient

satisfaction rate, pooled endoscopist satisfaction rate, and

mean propofol administered dose for NAAP were 7.22

(95 % CI 7.17–7.27), 6.03 (95 % CI 5.94–6.11), and

251.44 mg (95 % CI 244.39–258.49) in that order com-

pared with 9.82 (95 % CI 9.76–9.88), 9.06 (95 % CI

8.91–9.21), and 340.32 mg (95 % CI 327.30–353.33) for

AAP.

Conclusions The safety of NAAP sedation compared

favorably with AAP sedation in patients undergoing ad-

vanced endoscopic procedures. However, it came at the

cost of decreased patient and endoscopist satisfaction.

Keywords Propofol � Sedation � Advanced endoscopic

procedures � Hypoxia � Airway intervention

Introduction

Propofol is a popular sedative for patients undergoing ad-

vanced endoscopic procedures. Trials including meta-ana-

lyses, comparing the safety and efficacy of sedation with

propofol with other agents, have shown the superiority of

propofol [1]. Being an anesthetic, it is commonly admin-

istered by anesthesiologists (physicians trained to provide

anesthesia) or certified nurse anesthetists with or without
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the supervision of a physician. However, increasingly,

anesthesia provider’s (AAP) fees and provider availability

have necessitated a rethink in this area of sedation [2]. A

common objection from the AAPs and the organizations

representing them is that the anesthetic agent propofol is

unsafe in the hands of non-anesthesia providers (NAAPs)

[3, 4]. Inadequate experience in recognizing and managing

an obstructed airway is a commonly cited reason for this

objection. The Centers for Medicare & Medicaid Services’

(CMS) sedation guidelines state that propofol administra-

tion for deep sedation in Medicare patients and Medicare

settings should only be performed by an anesthesiologists

[5]. Many prospective observational trials have addressed

the safety of NAAP-administered propofol in patients un-

dergoing various endoscopic procedures [6–11]. Large

retrospective trials have reported a very low incidence of

adverse events, when propofol was administered by

NAAPs [12], and gastroenterological professional society

published statements and several review articles have

spoken about the concept [13–16]. The NAAPs in question

are either gastroenterologists themselves or more com-

monly a certified nurse administering propofol under the

guidance of a gastroenterologist. Nevertheless, there is

only one published prospective trial comparing the out-

come between the two providers [17]. In this study in-

volving 90 patients undergoing colonoscopy, both safety

and patient satisfaction were superior in the group admin-

istered propofol by the endoscopist. In view of the

mounting evidence on the safety of non-anesthesiologist-

administered propofol, Federal Drug Administration (FDA)

recently approved propofol-based sedation by gastroen-

terologists using ‘‘SEDASYS�,’’ a computer-assisted per-

sonalized sedation (CAPS) system [4].

In the current meta-analysis, we aimed to calculate

pooled adverse event rates associated with propofol seda-

tion administered by both anesthesia and NAAPs for ad-

vanced upper gastroenterological procedures. A network

meta-analysis was not practical, as sedation settings in

various individual hospitals show marked variations. Thus,

we planned to compare the results of two separate meta-

analyses in order to calculate individual sedation-related

airway adverse event rates between NAAP-administered

and AAP-administered propofol groups.

Methods

All authors had access to the study data and reviewed and

approved the final manuscript. The following databases

were used to search for relevant publications during the

month of November 2014: PubMed, EMBASE, Cochrane

Central Register of Controlled Trials, Scopus, and Web of

Science. The medical subject headings (MeSH) used were

as follows: endoscopic ultrasound (EUS) propofol, ERCP

anesthesia, propofol sedation advanced endoscopic proce-

dures, propofol sedation ERCP, propofol sedation EUS,

non-anesthesia provider-administered propofol, endo-

scopist-administered propofol, and nurse-administered

propofol sedation. After deleting the duplicate search re-

sults, a total of 519 publications (from 1976 onwards) were

analyzed. When the available information was incomplete

or conflicting, an effort was made to contact the corre-

sponding author. As illustrated in the flow diagram, 26

trials were included in the final analysis. Of these, 10 trials

involved AAP sedation [18–27] and in the remainder of 16

trials included NAAP sedation [28–43], (Fig. 1; Tables 1,

2).

There were no prospective randomized controlled trials

directly comparing propofol administration by the two

groups of sedation providers at the time of search. As a

result, we estimated pooled values of sedation-related pa-

rameters to get an indirect comparison between NAAP and

AAP groups.

The following criteria were required for a study to be

included in the meta-analysis.

1. The data were collected prospectively.

2. All trials involved administration of propofol either as

a single agent or along with other sedative/analgesic

adjuvants.

3. Trials involved patients undergoing advanced endo-

scopic procedures only. If the study included both

advanced and non-advanced procedures, they were

excluded. The advanced procedures included upper

EUS, endoscopic retrograde cholangiopancreatography

(ERCP), and deep small intestinal enteroscopy.

4. Sedation was provided either by the anesthesiologist or

by a certified registered nurse anesthetist (CRNA)

under the guidance of an anesthesiologist or a regis-

tered nurse guided by a gastroenterologist or a non-

anesthesiologist physician.

Data Extraction

A standardized form was used for data documentation. The

following data were extracted from the relevant trials: first

author of the study, characteristics of population studied,

nature of procedures performed, frequency of patients de-

saturation below 90 %, need for intervention to maintain

airway, type of intervention, total propofol dose used, pa-

tient/endoscopist satisfaction rate, complications during the

procedure, any mortality, or any immediate cardiopul-

monary complications. The salient features and findings of

the publications analyzed are presented in Tables 1 and 2.
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Statistical Analysis

The statistical analysis of the pooled data was performed

using Comprehensive Meta-analysis version 2 (Biostat

Inc, USA). Meta-analysis was performed initially using

fixed-effects modeling and eventually with random-ef-

fects methods (after assessment of heterogeneity with

fixed modeling). The extent of heterogeneity in between

the trials was quantified using the I2 statistic. Values of

I2\ 40 % were considered unimportant, 40–50 % were

considered to represent moderate heterogeneity, and

50–90 % represented high heterogeneity. Results of

primary end points (hypoxia and airway intervention

rate) were expressed as event rate (per patient) with

95 % CI. Secondary end points that included patient/

endoscopist satisfaction scores (both rated at a scale with

maxima of 10) were reported as mean with 95 % CI. The

resulting pooled value if associated with an alpha error

of\5 %, i.e., a ‘‘P\ 0.05’’, was considered statistically

significant. Potential publication bias was further

evaluated by funnel plot. To account for the high

heterogeneity in our analysis, various methods were

used. We did a sensitivity analysis by removing single

study at a time. Further evaluation of heterogeneity was

done by creating possible subgroups. A meta-regression

was not possible as the recommended number of trials

required for a valid meta-regression (i.e., 10 or more)

was not met in any of the subgroups. All values reported

for analysis with I2 more than 40 % are from random-

effects modeling only.

PRISMA 2009 Flow Diagram

Records iden�fied through 
database searching  

(1023 )

Sc
re

en
in

g 
In

cl
ud

ed
 

El
ig

ib
ili

ty
 

Id
en

�
fic

a�
on

 
Addi�onal records iden�fied 

through other sources  
(0 )

Records a�er duplicates removed  
(519 ) 

Records screened  
(157 ) 

Records excluded 
A�er studying the abstracts for 

appropriateness of the study

(362 ) 

Full-text ar�cles assessed 
for eligibility  

(62)

Full-text ar�cles excluded,  
(95) 

Insufficient data or data not relevat to 
present analysis 

Studies included in 
qualita�ve synthesis  

(26 )

Studies included in 
quan�ta�ve synthesis 

(meta-analysis) 
(26) 

Anesthesia provider 
administering propofol  

(10)

Non-anesthesia provider 
administering propofol  

(16)

Fig. 1 PRISMA flow diagram illustrating retrieved, excluded, and included studies, with an explanation for the same
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Table 1 Features of trials included in endoscopist guided propofol administration (NAAP) group

First author Country Year of

publication

Number of

patients

Mean age Mean propofol Procedure

time

ERCP Non-

ERCP

Yusoff [38] Canada 2004 500 53.4 (15.8) 301 19 0 500

Redondo-Cerezo [28] Spain 2012 446 62.1 ± 14.5 192 22 ± 9 0 446

Dewitt [34] USA 2008 40 54.1 ± 14.1 NA NA 0 40

Fatima [39] USA 2008 806 53 ± 15 519 ± 262 34 ± 20 0 806

Khan [32] Pakistan 2014 156 NA 201 ± 130 NA 156 0

Riphaus [33] Germany 2005 75 NA 322 ± 208 NA 75 0

Wehrmann [43] Germany 1998 99 NA 388 ± 212 NA 99 0

Lee [29] Korea 2011 102 62.73 (13.38)

(19–86)

106.86 (105.02) 30.61 (20.65) 40 62

Lee [31] (two groups) Korea 2012 102 65.08 (15.39) 145.64 (101.02) 28.66

(12–112)

93 9

104 67.46 (13.63) 185 (107.79) 27.4 (11–80) 102 2

Angsuwatcharakon

[35]

Thailand 2012 103 59.56 ± 13.65 172.08 ± 92.15 27.88 ± 14.38 103 0

Wehrmann [37] (two

groups)

Germany 2001 40 20 [8] 374 [166] 35 40 0

40 16 [7] 290 [158] 37 40 0

Vargo [40] USA 2002 38 52.9 2.4 4.67 mg/kg 53.6 4.3 29 9

Riphaus [41] (two

groups)

Germany 2012 50 69.4 ± 17.1 305 ± 155 31.4 ± 11.3 29 21

50 70.3 ± 12.4 343 ± 123 30.7 ± 12.1 31 19

Garcı́a-Suárez [36] Spain 2010 47 82 51 8 0 47

Schilling [42] Germany 2008 76 82.4 (80 – 92) 376 42 ± 18 58 18

von Delius [30] (two

groups)

Germany 2011 72 64.7 ± 16.6 290.2 ± 201.0 32.2 ± 21.9 72 0

72 63.9 ± 15.4 339.4 ± 202.7 36.3 ± 23.4 72 0

First author Country Year of

publication

Number of

patients with

saturation

below 90 %

ASAIIII ? IV Airway

interventions

Endoscopist

satisfaction

Patient

satisfaction

Adjuvants

Yusoff [38] Canada 2004 4 NA 1 NA NA None

Redondo-

Cerezo

[28]

Spain 2012 36 NA 0 2.81 ± 0.52

(out of 5)

2.91 ± 0.32

(out of 5)

None

Dewitt [34] USA 2008 3 NA 0 8.5 ± 1.8 8.8 ± 1.7 None

Fatima [39] USA 2008 6 NA 16 NA NA Meperidine, fentanyl,

versed, phenergan,

morphine, or

diphenhydramine in

2.7 % of patients

Khan [32] Pakistan 2014 NA NA 4 NA NA None

Riphaus

[33]

Germany 2005 9 NA NA NA None

Wehrmann

[43]

Germany 1998 11 NA 2 NA NA None

Lee [29] Korea 2011 6 (5.9) 11 6 7.57 (2.61)

10-cm

VAS

9.05 (1.24)

10-cm

VAS

Midazolam and

meperidine

Lee [31]

(two

groups)

Korea 2012 6 (5.9) 25 7 7.96 (1.84) 9.13 (1.16) Fentanyl

7 (6.7) 17 3 7.80 (1.81) 8.90 (1.69) None
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Results: Primary End Points

The pooled rates in the AAP group were as follows.

Hypoxia

A total of 16 groups/subgroups reported the required val-

ues. The pooled hypoxia rate in AAP group was found to

be 0.143 (95 % CI 0.128–0.159). This result, however,

showed a significant degree of heterogeneity of 77.24 %

(Fig. 2). Further subgroup analysis dividing the included

trials into ERCP [13] and non-ERCP [3] had minimal ef-

fect on the heterogeneity and brought it down to 75.26 %.

Further, a sensitivity analysis (with one study removed at

each step) demonstrated that results of Cote et al. con-

tributed most to the heterogeneity; however, its deletion

changed the heterogeneity by only 2.4 %.

Airway Intervention

Eleven groups/subgroups reported the airway intervention

rate during the procedures. The pooled intervention rate

was found to be 0.133 (95 % CI 0.118–0.150) with

P\ 0.001. The heterogeneity was found to be very high at

89.02 % (Fig. 3). Sensitivity analysis performed after re-

moving the study contributing most to heterogeneity (Cote

et al.) brought this down to 68.54 %, suggesting significant

methodological variations among the sedation providers.

On removing subgroups involving non-ERCP procedures

(three participants of 11), the heterogeneity was reduced to

65.50 %.

The pooled values in the in NAAP group were as

follows.

Hypoxia

A total of 19 participant trials/subgroups reported the in-

cidence of hypoxia during the procedures. The pooled

hypoxia rate was found to be 0.133 (95 % CI 0.117–0.152)

with a P\ 0.001. The heterogeneity was found to be

92.95 % (Fig. 4). On step-by-step single study removal,

heterogeneity dropped to 84.83 % by removing Ang-

suwatcharakon et al. subgroup that was contributing most

to the heterogeneity. Further, by removing trials from the

non-ERCP group (five trials), the heterogeneity only de-

creased to 90.31 %.

Airway Intervention

Airway intervention rates were documented in 15 of the

included subgroups. Pooled intervention rate was found to

be 0.035 (95 % CI 0.026–0.047) with P\ 0.001. This was

associated with a heterogeneity of 76.02 % (Fig. 5). For

reduction in heterogeneity, one study exclusion was per-

formed at a time and study by Fatima et al. was found to

contribute most to the heterogeneity. On its removal, the I2

value dropped only marginally to 69.57 %. Five trials in-

volving non-ERCP procedures were excluded to further

Table 1 continued

First author Country Year of

publication

Number of patients

with saturation

below 90 %

ASAIIII ? IV Airway

interventions

Endoscopist

satisfaction

Patient

satisfaction

Adjuvants

Angsuwatcharakon

[35]

Thailand 2012 58.30 % 11 0 NA 93.1 Midazolam

and

meperidine

Wehrmann [37]

(two groups)

Germany 2001 6 (4) 29 0 NA NA None

5 (3) 29 0 NA NA None

Vargo [40] USA 2002 14 8 0 NA NA None

Riphaus [41] (two

groups)

Germany 2012 4 0 5 NA NA Midazolam

4 14 6 NA NA Midazolam

Garcı́a-Suárez [36] Spain 2010 8 47 0 NA NA None

Schilling [42] Germany 2008 9 46 0 NA NA None

von Delius [30]

(two groups)

Germany 2011 11 (15.3) 39 0 NA 9.65 ± 0.7 Midazolam

12 (16.7) 47 0 NA 9.75 ± 0.5 Midazolam

NA data not recorded, VAS visual analogue scale
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Table 2 Features of trials included in AAP-administered propofol group

First author Country Year of

publication

Number of

patients

Mean age Mean

propofol

Procedure

time

ERCP Non-

ERCP

Berzin et al. [26] USA 2011 470 63.7 (17.3) NA NA 470 0

Paspatis [18] (two groups) Greece 2007 45 72.7 (15.1) 512 ± 238 47.8 ± 20.3 45 0

46 67.4 (18.7) 330.7 ± 223.3 48.7 ± 21.8 46 0

Coté [20] USA 2010 799 57.8 (16.5) 29.5 ± 18.8 336 463

Fanti [21] (two groups) Italy 2006 135 66 ± 15 364 ± 207 32 ± 17 0 135

135 63 ± 18 394 ± 204 35 ± 22 0 135

Mazanikov [23] (two

groups)

Finland 2012 41 46 ± 13 306 ± 124 23 (14) 41 0

41 47 ± 11 224 ± 101 25 (12) 41 0

Mazanikov [22] (three

groups)

Finland 2011 27 47 (9) NA NA 27 0

27 51 (12) NA NA 27 0

27 45 (13) NA NA 27 0

Kongkam [24] Thailand 2008 67 52.31

(11.91)

299.90

(146.15)

39.79 (32.49) 67 0

Mazanikov [27] Finland 2010 40 51 13 249 ± 138 21 11 40 0

Paspatis [19] (two groups) Greece 2009 46 69.6 ± 11.1 477 ± 187 47.5 ± 15.7 46 0

44 67.8 ± 11.3 584 ± 182 40.6 ± 13.2 44 0

Barnett [25] USA 2013 384 63.4 ± 18 384 25 ± 14 384 0

First author Country Year of

publication

Number of patients

with saturation

below 90 %

ASA3 ? 4 Airway

Interventions

Endoscopist

satisfaction

Patient

satisfaction

Adjuvants

Berzin et al.

[26]

USA 2011 66 NA 44 9.2 (1.8)

Scale 1–10

9.9 (0.7)

Scale

1–10

Propofol ± midazolam

± ketamine ± fentanyl

Paspatis [18]

(two

groups)

Greece 2007 11 15 3 NA NA Propofol only

3 13 0 NA NA Propofol ? midazolam

Coté [20] USA 2010 102 NA 29 NA NA propofol ± low-dose

opiate and/or

benzodiazepine

Fanti [21]

(two

groups)

Italy 2006 NA 22 0 NA NA Propofol only

NA 20 0 NA NA Propofol ? midazolam

Mazanikov

[23] (two

groups)

Finland 2012 7 NA 0 9.3 ± 3.0

Scale 1–10

6.6 ± 0.7

(scale

1–7)

Alfentanil

5 NA 0 8.5 ± 2.3

Scale 1–10

6.5 ± 0.7

(scale

1–7)

Alfentanil

Mazanikov

[22] (three

groups)

Finland 2011 26 6 0 7.9 (1.7)

Scale 1–10

6.4 (1.2)

(scale

1–7)

Remifentanil

7 10 0 8.8 (2.5)

Scale 1–10

6.4 (0.7)

(scale

1–7)

Alfentanil

7 8 0 8.0 (2.3)

Scale 1–10

6.7 (0.5)

(scale

1–7)

Alfentanil

Dig Dis Sci (2015) 60:2612–2627 2617

123



analyze the effect on heterogeneity, and I2 values after this

exclusion were found to be 59.65 %.

Results: Secondary End Points

Both the above groups were also analyzed for pooled rate

of the following parameters as explorative objectives, re-

sulting in the following findings.

AAP Group

Patient Satisfaction

Six trials reported patient satisfaction scores recorded after

the procedural sedation. On a scale of 1–10, mean pooled

patient satisfaction scores were found to be 9.82 (95 % CI

9.76–9.88) with a P value\0.001. The heterogeneity for

this pooled analysis was 89.72 % (Fig. 6a)

Table 2 conrin=tinued

First

author

Country Year of

publication

Number of patients

with saturation

below 90 %

ASA3 ? 4 Airway

Interventions

Endoscopist

satisfaction

Patient

satisfaction

Adjuvants

Kongkam

[24]

Thailand 2008 15 19 0 NA NA None

Mazanikov

[27]

Finland 2010 0 0 NA NA Fentanyl

Paspatis

[19] (two

groups)

Greece 2009 0 12 0 NA NA None

2 11 0 NA NA None

Barnett

[25]

USA 2013 59 212 16 NA NA Propofol ± midazolam ±

ketamine ± fentanyl

NA data not recorded

Fig. 2 Forest plot showing pooled mean hypoxia rates in the AAP group. Diamond at the bottom denotes the final net effect
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Fig. 3 Forest plot showing pooled airway intervention rates in the AAP group. Diamond at the bottom denotes the final net effect

Fig. 4 Forest plot showing pooled mean hypoxia rates in the NAAP group. Diamond at the bottom denotes the final net effect
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Endoscopist Satisfaction

Six trials reported the mean scores. Pooled mean value was

found to be 9.06 (95 % CI 8.91–9.21) (on a scale of 1–10)

with P\ 0.001 and a heterogeneity of 79.28 % (Fig. 6b)

Mean Propofol Administered

Ten trials reported the amount of propofol administered

with a mean of 340.32 mg (95 % CI 327.30–353.33)

I2 = 95.88 % (Fig. 8).

NAAP Group

Patient Satisfaction Scores

Mean pooled patient satisfaction score was found to be

7.22 (95 % CI 7.17–7.27) with a heterogeneity of 99.88 %

reported in eight of the trials (Fig. 7a).

Endoscopist Satisfaction Scores

Five trials reported the mean endoscopist satisfaction

scores on a scale of 1–10. Pooled satisfaction score was

found to be 6.03 (95 % CI 5.94–6.11) with P\ 0.001. The

heterogeneity of this analysis was 98.98 % (Figs. 7b, 8).

Mean Propofol Administered

Fourteen trials reported the amount of propofol adminis-

tered with a mean of 251.44 mg (95 % CI 244.39–258.49),

I2 99.08 % (Fig. 9).

34.38 percent of the patients in AAP group and 37.1

percent in NAAP group were of American Society of

Anesthesiologists (ASAs) class 3–4. Although a quantitative

analysis was not possible, the patients data in terms of both

age and ASA physical status were similar in both groups.

For assessment of publication bias, Egger’s regression

test was used for the reporting of hypoxia (primary end

point) in both the NAAP and AAP groups. For AAP group,

the intercept at X-axis was found to be -0.21 (95 % CI

-1.93 to 1.51) with a P value of 0.796, i.e., a statistically

significant bias was unlikely in AAP group. Similarly, for

NAAP the intercept at X-axis was at -4.69 (95 % CI 0.33

to -9.73) with a P value of 0.065; as a result publication

bias was unlikely in this group as well. The funnel plots of

standard error by logit event rate for AAP and NAAP (both

showing symmetrical distribution) are shown in Figs. 10

and 11, respectively.

Please note that the comparison values are presented

with their 95 % CI (denoting values pertaining to whole of

the population) rather than a single value, which would

have accounted only for the study group.

Fig. 5 Forest plot showing pooled airway intervention rates in the NAAP group. Diamond at the bottom denotes the final net effect

2620 Dig Dis Sci (2015) 60:2612–2627
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Interestingly, the absence of overlap of 95 % CI values

for these population-based results itself indirectly suggests

that the values in the actual population are statistically

different; however, in the absence of trials making direct

comparisons and given the limitations of indirect meta-

analysis, a ‘‘P’’ value comparison cannot be made.

Discussion

The main findings of the study are as follows:

1. The pooled hypoxia rates in patients undergoing

advanced endoscopic procedures sedated with propofol

Fig. 6 a Forest plot showing pooled patient satisfaction in the AAP group. Diamond at the bottom denotes the final net effect. b Forest plot

showing pooled endoscopist satisfaction in the AAP group. Diamond at the bottom denotes the final net effect
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were similar, irrespective of the provider administering

it.

2. Airway interventions (such as jaw thrust, chin lift,

mask ventilation, and endotracheal intubation) and

airway intervention rates were higher in the patient

groups administered propofol by AAPs.

3. However, both patient satisfaction and endoscopist

satisfaction were better when propofol was given by

AAPs.

4. Anesthesia providers administered higher doses of

propofol, although the precise nature and complexity

of the procedures were unknown.

Fig. 7 a Forest plot showing pooled patient satisfaction score in the NAAP group. Diamond at the bottom denotes the final net effect. b Forest

plot showing pooled endoscopist satisfaction score in the NAAP group. Diamond at the bottom denotes the final net effect

2622 Dig Dis Sci (2015) 60:2612–2627
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Fig. 8 Forest plot showing pooled mean propofol consumption in the AAP group. Diamond at the bottom denotes the final net effect

Fig. 9 Forest plot showing pooled mean propofol consumption in the NAAP group. Diamond at the bottom denotes the final net effect
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In clinical trial settings, propofol can be administered

safety by NAAPs, during the conduct of advanced endo-

scopic procedures. However, the practice is associated with

decreased patient and endoscopist satisfaction.

Similarly, the safety of propofol administration in the

hands of NAAPs was demonstrated in a very large retro-

spective study by Rex et al. [12]. Although frequently

cited, the study is also criticized for two reasons. Firstly, it

is a retrospective study with the expected limitations. Se-

condly, some of the data used were based on the recol-

lection of the participating centers, instead of a formal

record. In spite of these shortcomings, the large number of

the patients in the study, diversity of the procedures, and

the global nature of the data cannot be ignored.

Can our findings be applied more generally to make

recommendations? The gastroenterologists involved in the

non-anesthesia provider-administered propofol trials might

represent a subgroup of very competent physicians with

dedication to the area of sedation. Their other publications

in the area would support such a hypothesis. However, a

similar argument can be made for the anesthesiologist-ad-

ministered or anesthesiologist-supervised trials. It is com-

monly a group of dedicated AAPs who undertake sedation

responsibilities during these procedures [44]. It is plausible

that the AAPs were more apt to institute airway support

interventions biasing their results. Another consideration is

that in the NAAP sedation group, the gastroenterologists

were more ‘‘in tune’’ with the nuances and duration of the

procedures resulting in lower propofol requirements and

vis-a-vis fewer airway support interventions.

Another possible consideration is that drawing from

their experience and owing to their comfort with airway

Fig. 10 Funnel plot

representing publication bias in

AAP group. Intercept at X-axis

at 0.21 with P = 0.796

(publication bias is not

statistically significant)

Fig. 11 Funnel plot

representing publication bias in

NAAP group. Intercept at X-

axis at 4.69 with P = 0.0.065

(publication bias is not

statistically significant)
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management and rescue, higher doses of propofol were

administered by the AAPs. This observation is strength-

ened by the finding of more frequent airway manipulations

(chin lift, jaw thrust, endotracheal intubations, additional

airway devices, and procedure interruptions) in the AAP

group. As a group, AAPs tend to provide deeper sedation

[45]. This has been demonstrated by using electroen-

cephalogram-based brain function monitor. In a study in-

volving 87 adults undergoing colonoscopy (unpublished) in

the Hospital of the University of Pennsylvania, ap-

proximately half were provided propofol sedation, by a

small group of nurse anesthetists, and the remaining were

given midazolam–fentanyl by the endoscopy nurse under

the guidance of the endoscopist. Unlike the midazolam–

fentanyl group, all the patients in the propofol group spent

significant period of their procedure in general anesthesia

and even deep general anesthesia. In patients undergoing

colonoscopy, it is easy to prevent hypoxemia by mask

ventilation. However, mask ventilation is not feasible while

sustaining upper GI endoscopy without procedure inter-

ruption and endoscope withdrawal. The need for endotra-

cheal intubation and procedure interruption and

cancellation was high in AAP-administered propofol

group, while absent in non-anesthesia propofol group.

It is also possible that the gastroenterologists expect

deeper degree of sedation to the point of general anesthesia

when propofol is administered by AAPs. They might be

willing to perform the procedure with suboptimal sedation

when propofol is administered under their own supervision.

The increased endoscopist satisfaction scores in the AAP

group might support such a hypothesis. Frequent use of

adjuvants such as midazolam and fentanyl in the AAP

might have contributed to increased patient satisfaction. By

virtue of their experience and expertise in managing the

airway, AAPs might err toward deeper sedation, which is

associated with greater patient and endoscopist satisfaction.

The reasons for the extensive use of AAPs to administer

propofol in GI endoscopy might be other than safety con-

cerns. Many gastroenterologists might be unwilling to

shoulder additional responsibility. Rarely, a need for con-

verting to general anesthesia may arise. The gastroen-

terologists may not be provided with additional remuneration

to shoulder the responsibility of administering propofol.

Limitations of the Study

The most important limitation of this study is ‘‘indirect

comparison of pooled estimates between NAAP and

AAP.’’ Additionally, the present analysis suffers a sig-

nificant degree of heterogeneity in almost all reported

pooled values. Despite making subgroups for sensitivity

analysis, we were unable to significantly improve the

heterogeneity. However, to balance this variability, all

values reported are from random-effects modeling.

Although it widened our confidence intervals, all values

remained statistically significant, maintaining the strength

of evidence. This heterogeneity is probably due to varia-

tions in the technique of propofol administration, both

within the groups and among the different centers where

trials were carried out. None of the trials reported the ex-

pertise of sedation provider or the quality of endoscopy

suite setup, and thus, any comparison to eliminate hetero-

geneity arising from these variations could not be made. A

preference for co-administration of adjuvants was a con-

sistent feature of AAP groups, while propofol alone was

preferentially administered in NAAP groups; however, due

to inconsistent reporting, this factor could not be compared.

Additionally, duration of the procedure and the context of

the study were not accounted for.

The reported data on blood pressure and heart rate were in-

consistent and the definitions varied. As a result, pooled com-

parisonwas not possible.Given the higher doses of propofol and

frequent use of adjuvants, it is realistic to expect more frequent

and greater degrees of hypotension and bradycardia episodes in

the AAP group. Such episodes could be preempted in suscep-

tible individuals by administering appropriate medications, thus

limiting the value of hemodynamic data.

Another limitation of the present analysis is that some

studies like Mazinkov et al. 2011 had three subgroups

(remifentanil group, alfentanyl high-dose group, and

alfentanyl low-dose group), and these were analyzed in-

dividually as separate representation in the statistics. We

were able to extract independent data for such individual

groups in the study; however, possible violation of

methodological individuality cannot be negated with ab-

solute certainty.

Conclusion

Although gastroenterologists with an interest in sedation

can administer propofol safely for advanced endoscopic

procedures, the practice is associated with reduced patient

and endoscopist satisfaction. As satisfaction is important

for patient compliance and successful completion of the

procedures, the gastroenterologists interested in providing

propofol sedation for advanced procedures should undergo

training in deep sedation and airway management.
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22. Mazanikov M, Udd M, Kylänpää L, et al. Patient-controlled se-
dation for ERCP: a randomized double-blind comparison of

alfentanil and remifentanil. Endoscopy. 2012;44:487–492.

23. Mazanikov M, Udd M, Kylänpää L, et al. A randomized com-
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