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AIM

To report our one-year experience with computer
assisted propofol sedation (CAPS) for colonoscopy as
the first United States Medical Center to adopt CAPS
technology for routine clinical use.

METHODS

Between September 2014 and August 2015, 2677
patients underwent elective outpatient colonoscopy with
CAPS at our center. All colonoscopies were performed
by 1 of 17 gastroenterologists certified in the use of the
CAPS system, with the assistance of a specially trained
nurse. Procedural success rates, polyp detection rates,
procedure times and recovery times were recorded and
compared against corresponding historical measures
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from 2286 colonoscopies done with midazolam and
fentanyl from September 2013 to August 2014. Adverse
events in the CAPS group were recorded.

RESULTS

The mean age of the CAPS cohort was 59.9 years
(48.7% male); 31.3% were ASA 1, 67.3% ASA 1
and 1.4% ASA 1. 45.1% of the colonoscopies were
for screening, 31.5% for surveillance, and 23.4% for
symptoms. The mean propofol dose administered was
250.7 mg (range 16-1470 mg), with a mean fentanyl
dose of 34.1 mcg (0-100 mcg). The colonoscopy
completion and polyp detection rates were similar
to that of historical measures. Recovery times were
markedly shorter (31 min vs 45.6 min, P < 0.001). In
CAPS patients, there were 20 (0.7%) cases of mild
desaturation (< 90%) treated with a chin lift and
reduction or temporary discontinuation of the propofol
infusion, 21 (0.8%) cases of asymptomatic hypotension
(< 90 systolic blood pressure) treated with a reduction
in the propofol rate, 4 (0.1%) cases of marked agitation
or discomfort due to undersedation, and 2 cases of
pronounced transient desaturation requiring brief (< 1
min) mask ventilation. There were no sedation-related
serious adverse events such as emergent intubation,
unanticipated hospitalization or permanent injury.

CONCLUSION

CAPS appears to be a safe, effective and efficient
means of providing moderate sedation for colonoscopy
in relatively healthy patients. Recovery times were
much shorter than historical measures. There were few
adverse events, and no serious adverse events, related
to CAPS.

Key words: Colonoscopy; Propofol; Sedation; Colon
cancer screening; Anesthesia

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: As the first United States Medical Center to
adopt computer assisted propofol sedation (CAPS)
technology for routine clinical use, we report our one-
year experience with CAPS for colonoscopy. Between
September 2014 and August 2015, 2677 patients
underwent colonoscopy with CAPS. The colonoscopy
completion and polyp detection rates were similar to
that of historical controls who received midazolam and
fentanyl sedation. Procedure and recovery times were
shorter. In CAPS patients, there were only 2 cases
of desaturation requiring mask ventilation, and no
sedation-related serious adverse events. In conclusion,
CAPS is a safe, effective and efficient means of
providing moderate sedation for colonoscopy.

Lin OS, La Selva D, Kozarek RA, Tombs D, Weigel W, Beecher R,
Koch J, McCormick S, Chiorean M, Drennan F, Gluck M, Venu N,
Larsen M, Ross A. One year experience with computer-assisted
propofol sedation for colonoscopy. World J Gastroenterol 2017,
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INTRODUCTION

In the United States, the administration of propofol
sedation for gastrointestinal endoscopy has been
fraught with controversy, primarily around the issues
of reimbursement and privileging. Although most
endoscopic procedures can be done with moderate
sedation using midazolam and fentanyl (MF), propofol
sedation carries distinct advantages, including more
effective sedation and faster patient recovery'. In the
United States, propofol is almost always administered
by anesthesia professionals, with a vast increase in
the incidence of propofol use over the past decade for
routine outpatient endoscopic procedures in low-risk
patients™?®!. The use of anesthesiologist-administered
propofol for low-risk endoscopies is estimated to cost
the United States Health Care System hundreds of
millions of dollars per year®. As a response, there
have been attempts to introduce nurse-administered
propofol sedation (NAPS). NAPS has been shown to be
feasible and safe®”, but there are significant barriers
to its use in the United States, including the FDA
labeling for propofol (which specifies that propofol must
be administered by personnel trained in anesthesia),
insurance regulations, hospital credentialing rules and
medicolegal concerns'®.,

Computer assisted propofol sedation (CAPS) was
approved by the FDA in 2013 as a means to provide
moderate sedation for American Society of Anesthe-
siology (ASA) class I and 1II patients undergoing routine
upper endoscopy and colonoscopy. CAPS allows non-
anesthesiologists to administer a continuous propofol
infusion after a single premedication dose of fentanyl.
As the only endoscopy unit in the United States to
introduce CAPS for large-scale clinical use, we report
our one-year experience with CAPS for colonoscopy on
a large cohort of low-risk patients, compared against
similar historical controls who underwent colonoscopy
using traditional MF sedation in the 12 mo immediately
preceding the start of our CAPS usage.

MATERIALS AND METHODS

CAPS system

In September 2014, our unit introduced CAPS (SEDASYS,
Ethicon Endosurgery, Cincinnati, OH, United States) into
our Seattle facility for routine, non-emergent, outpatient
colonoscopies in relatively healthy, low-risk patients.
All procedures were performed by one of 17 board
certified, ACLS-certified, highly experienced attending
gastroenterologists who had undergone mandatory
formal training in use of the CAPS system. A specially
trained nurse maintained or changed the infusion rate
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by controlling the CAPS device, according to verbal
orders issued by the endoscopist; a technician was also
present in the room to provide procedural support, such
as when polypectomy was performed. An anesthesia
professional was immediately available in the same
building for assistance as needed.

The CAPS system continuously monitors multiple
parameters, including capnography, oxygen saturation,
EKG and blood pressure. In addition, the CAPS system
periodically assesses patient alertness by automated
response monitoring (ARM). With ARM, patients grip a
plastic device during the procedure, and are prompted
by voice and vibration prompts from the CAPS system
every 3-5 min to squeeze the device. In patients with
cognitive or language difficulties, ARM can be replaced
by clinician response mode (CRM), whereby the nurse
is prompted every 3-5 min by the CAPS system to
assess the level of patient responsiveness and inputs
that data into the system.

At the discretion of the endoscopist, intravenous
fentanyl (a single bolus of 25-100 mcg) can be given
to patients 3 min prior to the initiation of the 1%
propofol infusion. The initial infusion rate is set by the
endoscopist and must be between 25-75 mcg/kg per
minute. To achieve a suitable level of sedation, the
endoscopist can titrate the maintenance infusion rate
upwards or downwards during the procedure, and
can give intermittent boluses as needed. The CAPS
system has multiple built-in safety measures: Each rate
increase cannot be more than 50 mcg/kg per minute,
the absolute maximum infusion rate cannot be more
than 200 mcg/kg per minute, and boluses cannot
be more than 0.25 mg/kg. Hypoventilation, oxygen
desaturation, apnea or lack of patient responsiveness,
manifesting as long lag times before the patient
squeezes the ARM hand grip device (or inability to
squeeze the device), will prevent further infusion rate
increases or administration of boluses, and, if severe
enough, can lead the CAPS system to decrease or
discontinue the propofol infusion (the CAPS system can
never unilaterally increase the infusion rate). To prevent
a stacking effect, there is a 180 s lockout period after
each infusion rate increase (during which further rate
increases cannot occur), and a 90 s lockout after each
bolus. Finally, as an additional safety measure, if the
CAPS system detects hypoventilation, apnea or hypoxia
it will automatically increase supplemental oxygen
delivery to the patient and trigger visual and auditory
alarms to alert the provider team.

Subject recruitment

Between September 1, 2014, and August 31, 2015,
all patients who underwent colonoscopy with CAPS in
our endoscopy unit were included in the study cohort.
All CAPS procedures were performed in our downtown
Seattle Buck Endoscopy Unit, which focuses exclusively
on low-risk (mostly ASA I or 1) out-patients with no
major comorbidities. Sicker out-patients, as well as in-
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patients and those undergoing complex procedures,
were assigned to our Jones Endoscopy Unit and did not
receive CAPS. None of the CAPS patients had chronic
obstructive pulmonary disease or chronic heart failure,
since we specifically excluded such patients from the
CAPS experience. The few ASA I subjects in our study
suffered from non-cardiopulmonary conditions (such
as renal or liver disorders) that would not be expected
to affect the safety of the procedure or sedation; CAPS
was used off-label for these patients. There was a
Body Mass Index cutoff of 40 for all CAPS and control
patients.

For CAPS patients, all data (including adverse
events) were prospectively collected as part of a
quality control initiative. During the same period, we
also performed approximately 900 upper endoscopies
with CAPS, but the use of CAPS for upper endoscopic
procedures poses unique challenges quite different from
that of colonoscopy, and are discussed in a separate
manuscript.

Since almost no outpatient procedures in our
hospital were done with MF sedation after December
2014, we used a historical control group to determine
if CAPS resulted in any improvements in procedural
success rates, polyp detection rates, procedure times
and recovery times. We abstracted data from similar
low-risk controls who underwent colonoscopy using
MF in our Buck Unit during the 12 mo immediately
preceding the introduction of CAPS into our unit
(September 1, 2013 to August 31, 2014). The same
group of 17 endoscopists performed the colonoscopies
in both groups. Since all endoscopic procedures at
our center are documented using Provation software
(Wolters Kluwer, Minneapolis, United States), retro-
spective automated extraction of endoscopic data
on large numbers of patients was feasible. However,
adverse events could not be retrospectively abstracted
for the control group.

Institutional Review Board approval was obtained
for this study (IRB 15060); individual informed consent
was not required.

Data abstraction

For each CAPS and control subject, the following
information was extracted: (1) demographics (age
and sex); (2) ASA class; (3) indication for colonoscopy
(screening, surveillance or diagnostic); (4) propofol,
midazolam and/or fentanyl dose; (5) polyp detection
rates; (6) procedural success rates (colonoscopy
completion rates) and the incidence of incomplete
or aborted procedures due to sedation issues; (7)
procedure times, defined as the time of endoscope
insertion to the time of endoscope withdrawal from
the patient; (8) recovery times, defined as the time of
the patient’s arrival at the recovery room to the time
of departure; and (9) level of consciousness upon
arrival at the recovery unit. Level of consciousness was
rated by nursing staff on a 6-point scale ranging from
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Figure 1 Temporal trends of sedative medication doses in the computer
assisted propofol sedation cohort, by quartile. Q1: September to November
2014; Q2: December 2014 to February 2015; Q3: March to May 2015; Q4: June
to August 2015; CAPS: Computer assisted propofol sedation.

“Awake"” to “Unresponsive”.

For CAPS subjects, sedation-related adverse events
(defined as cardiopulmonary compromise during or
immediately after the procedure) and serious adverse
events (defined as any intra- or post-procedural
perforation, bleeding requiring hospitalization or
transfusion, or cardiopulmonary event resulting in
mask ventilation, intubation, having to call anesthesia
personnel for help emergently, permanent injury,
hospitalization, or death) were also recorded.

Statistical analysis

The primary study endpoints included polyp detection
rate, procedural success rate, procedure time, recovery
time and level of consciousness upon arrival at the
recovery unit, compared against historical controls.
In addition, adverse events, sedation-related adverse
events, and serious adverse events in CAPS subjects
are also described, although comparative analysis
could not be done because the adverse event rate in
the historical control group was not available.

All comparative analysis was done using the Chi-
squared test or Fisher’s exact test for proportions,
and Student’s t-test or non-parametric Mann-Whitney
U test for means. All statistical calculations were
performed using SPSS 19.0 (SPSS Inc., Chicago,
IL, United States). P values were 2 tailed. Because
multiple comparisons were made for a total of 5 study
endpoints, the statistical significance threshold was
taken as P < 0.01 (0.05 divided by 5) in accordance
with Bonferroni correction principles.

RESULTS

Subjects and dosing

During the 12-mo study period, 2677 colonoscopies
were performed with CAPS in our Seattle facility. The
mean age of the CAPS cohort was 59.9 + 11.7 years
(48.7% male); 31.3% were ASA T, 67.3% ASA 1
and 1.4% ASA III. 45.1% of the colonoscopies were
for screening, 31.5% for surveillance, and 23.4% for
symptoms. The mean propofol dose administered
was 250.7 £ 132 mg (range 16-1470 mg), with a

Baishidenge ~ WJG | www.wjgnet.com

Lin OS et a/. Computer assisted propofol sedation

mean fentanyl dose of 34.1 £ 14.6 mcg (0-100 mcg).
In addition, there were 426 colonoscopies that were
performed with CAPS as part of “double procedures”
(upper endoscopies and colonoscopies done during the
same session). For these CAPS “doubles”, the mean
age was 57.6 £ 14.3 years (44.5% male); 25.9%
were ASA 1, 69.9% ASA 1I and 4.3% ASA II. As
expected, sedative doses were significantly higher for
double procedures as opposed to single colonoscopies
(propofol 384.8 £ 180.2 mg vs 250.7 = 132 mg and
fentanyl 95.3 £ 11.5 mcg vs 34.1 £ 14.6 mcg; P <
0.001 for both). Temporal trend data showed that
mean fentanyl doses decreased steadily with time
as endoscopists found that fentanyl premedication
was not needed to achieve adequate sedation, while
propofol doses increased during the same time period
to compensate for the absence of fentanyl (Figure 1).

In the 12 mo immediately preceding September
2014, there were 2286 historical controls who under-
went colonoscopy alone with MF in our downtown
facility. Their mean age was 60.3 £ 11.6 years
(49.8% male); 46.4% were ASA 1, 52.6% ASA 1I
and 1.0% ASA 1II. 44.7% of these colonoscopies were
for screening, 28.4% for surveillance, and 26.9% for
symptoms. The mean midazolam dose administered
was 4.8 £ 1.7 mg (range 1-16 mg) and mean fentanyl
dose was 105.2 £ 32.9 mcg (25-425 mcg). There were
also 417 colonoscopies performed with MF as part of
“doubles”. For these patients, the mean age was 59.9 =
14.0 years (41.7% male); 26.3% were ASA 1, 68.4%
ASA TI and 5.3% ASA IlI. The mean midazolam dose
was 6.8 £ 2.5 mg, with a mean fentanyl dose of 130.0
+ 41 mcg.

Procedural outcomes

For CAPS patients who underwent colonoscopy as
single procedures, the procedural completion rate was
high (98.8%) and similar to that of historical controls
(99.0%, P = 0.526) (Table 1). Polyp detection rates
and large polyp detection rates were also similar
to that of controls (53.4% vs 50.1% and 8.2% vs
8.2% respectively, P > 0.01 for both). There were no
differences in colonoscopy completion rates and polyp
detection rates between CAPS patients who underwent
colonoscopy alone and CAPS patients who underwent
colonoscopy as part of double procedures (data not
shown). Temporal trend data showed that colonoscopy
completion and polyp detection rates in the CAPS
group were high right from the start of our experience
with CAPS and remained high throughout the 12 mo
study period (Figure 2).

Procedure and recovery times

For patients who underwent colonoscopy alone, the
mean procedure times were slightly shorter for the
CAPS group than the historical controls (22.2 £ 10.5 vs
22.8 £ 9.3 min, P < 0.001). The maximum procedure
time for the CAPS group was 125 min, vs 101 min for
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Table 1 Comparison between computer-assisted propofol sedation and midazolam fentanyl historical controls who underwent

colonoscopy as single procedures

CAPS (n = 2677) MF (n = 2286) P value
Mean age (yr) 59.9+£11.7 60.3+11.6 0.685
Male sex 48.7% 49.8% 0.427
Colonoscopy completion rate 98.8% 99.0% 0.526
Polyp detection rate 53.4% 50.1% 0.019
Large (= 1 cm) polyp detection rate 8.2% 8.2% 0.961
Mean procedure time (min) 222+10.5 228+93 <0.001
Mean recovery time (min) 31.0+14.4 45.6+17.9 <0.001
Level of consciousness upon arrival at recovery 83.3% 49.2% <0.001
unit - “Awake”
CAPS: Computer-assisted propofol sedation; MF: Midazolam fentanyl.
CAPS - colonoscopy completion and polyp detection CAPS - Mean Procedure and Recovery Times
B Colonoscopy Completion (%) Bl Procedure time (min)
120.0% W Polyp Detection Rate (%) 35 | B Recovery time (min)
100.0%
80.0%
60.0%
40.0%
20.0%
0.0%
QL @ Q3 Q4
Q1 Q2 Q3 Q4

Figure 2 Temporal trends of colonoscopy completion rates and polyp
detection rates in the computer assisted propofol sedation cohort, by
quartile. Q1: September to November 2014; Q2: December 2014 to February
2015; Q3: March to May 2015; Q4: June to August 2015; CAPS: Computer
assisted propofol sedation.

the controls. On the other hand, mean recovery times
were markedly shorter (31.0 £ 14.4 min vs 45.6 +
17.9 min, P < 0.001) (Table 1). In terms of level of
consciousness on arrival at the recovery unit, 83.3% of
CAPS subjects were recorded as “Awake” compared to
49.2% of the controls (P < 0.001) (Table 1). Despite
the larger propofol doses given for doubles compared
with colonoscopies done alone, there was no difference
in recovery times between the two groups (31.7 %+
12.3 vs 31.0 £ 14.4, P = 0.368). On the other hand,
the recovery time for CAPS colonoscopy done as
part of “doubles” was much shorter than that of MF
colonoscopy done as part of “doubles” (31.7 £ 12.3
vs 54.8 £ 23.3, P < 0.001). With regard to temporal
trends, mean procedure and recovery times in CAPS
patients were stable throughout the 12 mo study
period (Figure 3).

Safety

In the CAPS group, there were 20 (0.7%) cases of
mild oxygen desaturation (< 90%) treated with a chin
lift and reduction or temporary discontinuation of the
propofol infusion, 21 (0.8%) cases of asymptomatic
hypotension (< 90 systolic blood pressure) treated
with a reduction in the propofol rate, 4 (0.1%) cases of
marked agitation or discomfort due to undersedation,
and 2 cases of pronounced transient desaturation
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Figure 3 Temporal trends of mean procedure times and mean recovery
times in the computer assisted propofol sedation cohort, by quartile.
Q1: September to November 2014; Q2: December 2014 to February 2015;
Q3: March to May 2015; Q4: June to August 2015; CAPS: Computer assisted
propofol sedation.

requiring brief (< 1 min) mask ventilation (including
one that prompted the endoscopist to call for an
anesthesiologist, although the latter did not perform any
intervention because the patient recovered quickly). One
patient who had presented with bloody diarrhea was
diagnosed with ischemic colitis during the colonoscopy
with CAPS, and died 14 d after the procedure despite
surgical resection of the gangrenous colon. Aside from
this delayed fatality, none of the subjects suffered any
severe adverse event such as emergent intubation,
unanticipated hospitalization, permanent injury or
death. Sedation related complications were roughly
evenly distributed throughout the 4 quartiles of our
12-mo study period (data not shown).

DISCUSSION

CAPS has the potential to allow for the safe, on-label
availability of propofol sedation in the United States
without the need for patients or their insurance plans
to incur additional anesthesia-related costs. Despite
considerable media attention, there still seems to
be some misconceptions about this technology. The
currently available CAPS system is not a “closed-loop”
system. It can never increase drug delivery on its own;
depending on patient physiology and responsiveness,
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the system may restrict, suspend, decrease or stop
the propofol infusion, but any increase in drug delivery
must be initiated by the clinician. In addition, CAPS is
not a “target controlled” system. It does not control
delivery based on the propofol concentration in the
plasma or at the site of drug effect; instead, the
infusion rate is determined by the clinician. Finally,
CAPS is not a “patient-controlled sedation” system
(analogous to patient-controlled analgesia pumps used
in hospitalized patients), because the patient cannot
directly change the infusion rate.

FDA approval for the currently available CAPS
system was based on a large multi-center rando-
mized controlled trial®, in which 1000 (mostly ASA
class I and 1I') adults undergoing routine colonoscopy
or upper endoscopy were randomized to CAPS or
MF. The investigators found that the area under the
curve for oxygen desaturation (a composite measure
of the frequency, severity and duration of hypoxic
episodes) was significantly lower for the CAPS group.
Furthermore, patient and endoscopist satisfaction
were greater in the CAPS group, and CAPS subjects
recovered much faster than the MF controls. The
overall incidence of adverse events was 5.8% for CAPS
versus 8.7% for MF; the CAPS group had only one
subject with a desaturation complication compared
with 27 in the control group. The only serious sedation-
related adverse event occurred in a control patient
who required transient mask ventilation.

As the first United States Medical Center to
adopt CAPS for routine clinical use, we had a unique
opportunity to assess the efficacy, safety and efficiency
of CAPS for colonoscopy in a large number of patients
over an extended period of time. We introduced two
CAPS machines into our unit in September 2014, and
once we confirmed that CAPS seemed to function
well, we steadily increased our commitment to
CAPS, such that by December 2014, almost all low-
risk outpatient upper endoscopies and colonoscopies
were being done by one of the seven CAPS systems
deployed in our unit. We previously presented a non-
randomized controlled study that represented the
first three months of our experience with CAPS!®, In
this initial study involving 244 CAPS subjects and 328
MF controls who underwent upper endoscopy and/or
colonoscopy, we found that procedural success rates
and colonoscopic polyp detection rates were high and
comparable between the CAPS and MF groups. The
mean procedure times were also similar between the
two groups. For CAPS, the mean recovery time was
26.4 min vs 39.1 min for MF (P < 0.001). For CAPS
patients who underwent colonoscopy, 1 required
transient mask ventilation for desaturation and 4 ex-
perienced asymptomatic hypotension or desaturation
(that did not require any intervention other than
reduction in the propofol rate). These adverse events
rates were similar to that of the MF control group. For
colonoscopy, CAPS was associated with higher patient
satisfaction scores (according to validated satisfaction
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surveys) for sedation adequacy, the recovery process
and global satisfaction, and much higher endoscopist
satisfaction scores for ease of sedation administration,
the recovery process and global satisfaction. As a
follow-up to these encouraging initial results, we now
present efficacy, efficiency and safety data on a much
larger cohort of patients representing our first 12 mo
of experience using CAPS for colonoscopy.

Similar to our previous study, we found that the
procedural success rates in the CAPS group was high
and comparable to that seen in the MF historical
controls, demonstrating that CAPS delivered highly
effective sedation for colonoscopy. Furthermore, the
polyp detection rate and large polyp detection rate
were also comparable to the controls, while procedure
times were slightly faster. As expected, recovery times
were much faster for CAPS patients than controls (31
min vs 45.6 min, P < 0.001), primarily due to the
shorter half-life of propofol. It should be noted that the
“recovery times” recorded in our study were heavily
impacted by logistical issues, such as the time needed
to educate patients about the colonoscopy results, get
them dressed and confirm the arrival of their escorts.
These factors tended to artificially prolong the “recovery
time” for the CAPS group more than the MF group. In
fact, CAPS patients were generally much more awake
than control patients upon arrival in the recovery
room, such that the difference in recovery times,
although already highly significant, was less impressive
than the difference in wakefulness upon arrival in
the recovery room (Table 1). Even though the rapid
recovery associated with propofol does not negate
certain limitations, such as the prohibition against
driving after the procedure, it has a major impact on
patient convenience, satisfaction, post-procedural
education and endoscopy unit flow™!!. Our previous
study has already demonstrated that both patients and
endoscopists were more satisfied with the recovery
process for CAPS than that for MF'®, In addition, we
were able to reduce our recovery room staff overtime
hours by 32%, resulting in over $14000 in savings per
month despite increased procedure volumes!'?.

Adverse events were relatively few, while serious
adverse events were extremely rare. In the entire
CAPS cohort of over 2500 patients, there were only
two cases of desaturation requiring transient mask
ventilation. The only death in the study, a CAPS patient
who died from ischemic colitis, was felt to be caused
by the underlying condition and not the colonoscopy
or sedation. Aside from this delayed fatality, none of
the subjects suffered any severe adverse event such
as emergent intubation, unanticipated hospitalization,
permanent injury or death. These findings echo those
from our initial study, where there was only one CAPS
patient who suffered desaturation requiring brief mask
ventilation. The small number of adverse events was
also consistent with the results of the randomized
controlled trial, where no serious sedation-related
complication occurred in the CAPS group™.
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Since CAPS has never been used in routine clinical
practice before, our 12-mo cohort represents an
ongoing learning experience from which we gleaned
several practical principles for using CAPS: First, the
learning curve for CAPS colonoscopy was relatively
gentle compared to that for CAPS upper endoscopy;
most endoscopists and nurses were very comfortable
with CAPS colonoscopy by the end of the second
month. Our temporal data show that colonoscopic
completion and polyp detection rates were high right
from the start (Figure 2). Complications were rare
throughout the 12 mo experience. Once patients
achieve a stable state of moderate sedation with CAPS,
procedures usually go extremely smoothly without
the intermittent awakening that can characterize
MF sedation as drug levels wax and wane. CAPS is
particularly well suited for lengthy colonoscopies,
such as colonic endoscopic mucosal resection. CAPS
for upper endoscopy is somewhat more challenging,
and will be described in a separate paper. Second, we
found that fentanyl premedication was not necessary
in most patients, as demonstrated by the decreasing
doses of fentanyl with time (Figure 1); towards the
end of our 12 mo experience, most endoscopists
preferred to use propofol alone, reserving fentanyl co-
medication only for patients who were felt to be harder
to sedate. Third, although our nursing staff initially
exhibited varying degrees of anxiety associated with
the introduction of CAPS into our unit, eventually our
nurses, all of whom were already highly experienced
with MF sedation, became the strongest proponents of
CAPS.

There are several limitations to our study. First, we
used historical controls, so there is the potential for
discrepancies between the CAPS and control groups.
Second, the study was unblinded for the providers and
patients, which may have affected certain outcomes
measures such as procedure time, recovery time,
medication doses or even polyp detection rates. Third,
the study was a retrospective analysis of prospectively
collected quality control data, thus potentially subject
to bias. This is particularly true for the historical control
data. Finally, there are no complication data for the
historical controls, thus no comparative analysis could
be done for adverse events. However, the complication
rate for the CAPS cohort was undeniably low and
similar in magnitude to that seen in our previous
controlled study as well as the randomized controlled
trial®.

In conclusion, CAPS is a safe and effective means
of providing moderate sedation for low-risk patients
undergoing routine colonoscopy in a high-volume
endoscopy unit. The major advantage appears to be
much faster recovery times. Because CAPS provides
trained GI physicians with on-label access to propofol
for low-risk procedures, this frees up anesthesia
professionals to focus on more challenging cases,
which may address the current shortage of anesthesia
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professionals in the United States while potentially
reducing overall health care costs. Unfortunately, the
manufacturer of the only FDA-approved CAPS system in
the United States closed down its CAPS division at the
end of 2016, presumably due to the company’s inability
to project profitability from this technology. Currently,
there are significant financial incentives for endoscopy
practices to continue using anesthesia-administered
propofol™*, thereby limiting the number of providers
willing to invest in a CAPS system. However, with the
anticipated advent of bundled payment for screening
and surveillance colonoscopy'™® "1, we believe that
non-anesthesiologist-administered propofol sedation
has considerable potential once the United States
health care financial landscape changes. In our unit,
the universal enthusiasm for non-anesthesiologist-
administered propofol sedation on the part of nurses,
doctors and patients motivated us to develop so-
called nurse-administered propofol continuous infusion
sedation (NAPCIS), which is a method of propofol
delivery that replicates the capabilities of CAPS by
using programmable intravenous fluid infusion pumps
commonly available in the hospital (Alaris® pump
module, Becton Dickinson, Franklin Lakes, NJ, United
States). Unlike NAPS, which uses frequent, small,
intermittent boluses of propofol administered by the
nurse, NAPCIS delivers propofol as a continuous
infusion controlled by the nurse and endoscopist, using
a dosing and safety protocol identical to that in CAPS.
Towards the end of 2016, we transitioned seamlessly
from CAPS to NAPCIS, with over 200 NAPCIS cases
performed at the time of this writing. So far, our
experience with NAPCIS has been excellent, and we
expect to report research data on this new mode of
sedation administration in the near future.
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COMMENTS

Background

Computer assisted propofol sedation (CAPS) was approved by the FDA
in 2013 as a means to provide moderate sedation for American Society of
Anesthesiology (ASA) class I and I patients undergoing routine upper
endoscopy and colonoscopy. CAPS allows non-anesthesiologists to administer
a continuous propofol infusion after a single premedication dose of fentanyl. As
the only endoscopy unit in the United States to introduce CAPS for large-scale
clinical use, we report our one-year experience with CAPS for colonoscopy on
a large cohort of low-risk patients, compared against similar historical controls
who underwent colonoscopy using traditional MF sedation in the 12 mo
immediately preceding the start of our CAPS usage.

Research frontiers
The use of anesthesiologist-administered propofol for low-risk endoscopies is
estimated to cost the United States Health Care System hundreds of millions of
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dollars per year. As a response, there have been attempts to introduce nurse-
administered propofol sedation (NAPS). NAPS has been shown to be feasible
and safe, but there are significant barriers to its use in the United States,
including the FDA labeling for propofol (which specifies that propofol must
be administered by personnel trained in anesthesia), insurance regulations,
hospital credentialing rules and medicolegal concerns. Thus, novel methods
of delivering propofol safely and effectively without the prohibitive costs of
anesthesia are needed.

Innovations and breakthroughs

CAPS appears to be a safe, effective and efficient means of providing moderate
sedation for colonoscopy in relatively healthy patients. Recovery times were
much shorter than historical measures. There were few adverse events, and no
serious adverse events, related to CAPS.

Applications
CAPS can potentially make affordable non-anesthesia administered propofol
sedation for gastrointestinal procedures widely available in the United States.

Peer-review

This is very interesting and important topic and nicely written manuscript. It will
be nice if the authors can provide some more information (or explanation) about
technical characteristics of CAPS system.
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