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SUMMARY

Background
An effective agent is needed that provides rapid onset of sedation and
quick recovery for patients undergoing colonoscopy.

Aim
To assess the efficacy and safety of fospropofol disodium in providing
sedation in patients undergoing colonoscopy.

Methods
A randomized, double-blind, multicentre trial evaluated 127 adult
patients who received fospropofol (2, 5, 6.5 or 8 mg ⁄kg) or midazolam
0.02 mg ⁄kg following pre-treatment with fentanyl. Supplemental doses
of study medication were allowed to reach a Modified Observer’s
Assessment of Alertness ⁄Sedation scale score £4. Efficacy end points
included sedation success, measures of clinical benefit, sedation, and
recovery as well as patient- and doctor-rated satisfaction.

Results
Fospropofol produced a significant dose-dependent increase in sedation
success from 24% (2 mg ⁄kg), 35% (5 mg ⁄kg) and 69% (6.5 mg ⁄kg) to
96% (8 mg ⁄kg; P < 0.001). There were also dose-dependent trends for
time to sedation, requirements for alternative sedative medication, sup-
plemental doses of sedative and fentanyl, time to ready for discharge
and doctor-rated satisfaction scores. Fospropofol was well tolerated,
with most adverse events mild-to-moderate in severity.

Conclusion
The 6.5 mg ⁄kg dose of fospropofol provides the ideal balance of effi-
cacy and safety for patients undergoing colonoscopy and has been
selected for phase 3 clinical development.
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INTRODUCTION

Gastroenterologists commonly use benzodiazepines

and opioids to produce moderate sedation with anal-

gesia during colonoscopy.1 Not all patients are readily

sedated with commonly used doses of midazolam

(1–2 mg) combined with opioids, and these drugs are

not suitable for certain patients undergoing endoscopy

who are at a higher risk for sedation-related complica-

tions, e.g. morbid obesity, short thyromental distance

(‘short neck’), alcohol or substance abuse, unstable cer-

vical spines and those with psychiatric illnesses who

may require evaluation and sedation care under the

direction of an anaesthesiologist. Lipid emulsion prop-

ofol, used as a rate-controlled infusion for procedures,

has pharmacokinetic (PK) and pharmacodynamic (PD)

properties, such as rapid attainment of maximum

plasma concentration (Cmax), that can induce levels of

deep sedation, and occasionally even general anaes-

thesia. Although propofol can be highly effective for

moderate sedation during procedures such as endos-

copy, it may require the presence of an anaesthesia

specialist. Therefore, a sedative agent that provided the

benefits of propofol, but which could more readily,

reliably and safely be titrated to target a moderate

level of sedation on individual patient basis, would be

useful for patients undergoing diagnostic and thera-

peutic procedures performed by a variety of medical

and surgical specialists, including gastroenterologists.

Fospropofol disodium (AQUAVAN Injection; MGI

PHARMA, Inc., Bloomington, MN, USA) is a water-sol-

uble prodrug of propofol that is undergoing evaluation

as a sedative agent for diagnostic and therapeutic pro-

cedures. Fospropofol disodium is rapidly hydrolysed by

alkaline phosphatases to release propofol, as well as

phosphate and formaldehyde (which is rapidly con-

verted to formate). These metabolites do not accumu-

late above endogenous levels.2 The safety profile and

PK ⁄ PD properties of fospropofol disodium have been

evaluated in preliminary clinical trials and support its

use as a sedative during diagnostic procedures such as

colonoscopy.3, 4 Following intravenous (i.v.) adminis-

tration of fospropofol, the plasma concentration profile

of fospropofol-derived propofol is characterized by a

smooth and predictable rise and decline, rather than a

rapid spike similar to that observed following adminis-

tration of the lipid-emulsion formulation of propofol

(Diprivan, AstraZeneca SpA, Caponago, Italy).4 The

elimination kinetics of propofol are similar, regardless

of whether propofol is derived from fospropofol or

Diprivan. The purpose of this dose-ranging trial was to

determine the efficacy and safety of various dosing

regimens of fospropofol disodium intended to target

moderate sedation, to avoid deep levels of sedation and

to provide an acceptable safety profile for patients

undergoing colonoscopy.

MATERIALS AND METHODS

Study objectives and design

The primary objective of this randomized, double-

blind, multicentre trial was to evaluate the

dose-response relationship of fospropofol disodium

with sedation success in patients undergoing elective

colonoscopy. Measures of sedation, recovery, memory

retention, patient- and doctor-rated satisfaction, safety

and tolerability were also evaluated.

Patients were randomized to one of the four fos-

propofol disodium treatment arms: 2, 5, 6.5 or

8 mg ⁄ kg. The lowest fospropofol dose was included to

serve as a surrogate for a placebo group. A fifth treat-

ment group, serving as a sensitivity reference for mea-

surements of efficacy and clinical benefit, received

midazolam 0.02 mg ⁄ kg (Table 1). All patients received

a dose of fentanyl, an opioid analgesic, prior to the

study treatment.

Patient selection

The study population included male and female

patients ‡18 years of age with an American Society of

Anaesthesiologists (ASA) physical status of P1 to P4

undergoing elective colonoscopy.5 Study exclusion cri-

teria included: history of allergic reaction or hypersen-

sitivity to any anaesthetic agent, opioid or

benzodiazepine; any contraindication relative to the

use of fentanyl or midazolam; the presence of a diffi-

cult airway as evidenced by a Mallampati Classification

Score of 4, or a Mallampati Classification Score of 3

and a thyromental distance of £4 cm; and participation

in an investigational drug study within the previous

30 days. All participants gave written informed consent

to participate in this study, which was approved by the

institutional review board at each participating site.

Study procedures

A detailed medical history, physical examination,

blood chemistries and general assessments including
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ASA status and Hopkins Verbal Learning Test-Revised

(HVLT-R) were performed during the screening visit.

Concomitant medication usage, 12-lead electrocardio-

gram (ECG) and weight were assessed at baseline. Vital

signs, oxygen saturation, electrocardiography and

adverse events (AEs) were assessed at baseline and then

continuously until full recovery. Sedation was assessed

using the Modified Observer’s Assessment of Alert-

ness ⁄ Sedation Scale (MOAA ⁄ S) scale 1 min following

pre-treatment with fentanyl and at 2-min intervals

thereafter. Patients were monitored and treated during

the sedation and recovery phases in facilities staffed

and equipped to manage hypotension, hypoxaemia and

airway obstruction and ⁄ or apnoea, including cardiac

dysrhythmias or bradycardia known to occur with seda-

tive–hypnotic agents. In addition to the gastroenterolo-

gist and research staff, another healthcare professional

who was not performing the colonoscopy was required

to be present during the procedure.

Drug formulations

MGI PHARMA supplied fospropofol disodium to the

study centres as a sterile solution containing

35 mg ⁄ mL of active agent ready for i.v. administra-

tion. Midazolam, a water-soluble benzodiazepine ready

for i.v. administration, and fentanyl, an opioid analge-

sic available for i.v. administration, were obtained

commercially by the study centre. Fospropofol disodi-

um, midazolam and saline were indistinguishable by

physical appearance.

Dosage

Sedation initiation phase. All patients received fenta-

nyl 50 lg 5 min prior to administration of the initial

dose of sedative medication. All patients were placed

on supplemental oxygen via nasal cannula (4 L ⁄ min)

prior to administration of study drug and continuing

until the patient was determined to be ‘ready for dis-

charge’, as per routine clinical site policy for the colo-

noscopy procedure.

Patients were stratified by age and ASA status

(£65 years and ASA = P1–P3 vs. ‡65 years or

ASA = P4) into one of five treatment groups at an

equal allocation ratio (Table 1). Patients were random-

ized to receive either fospropofol (2, 5, 6.5 or

8 mg ⁄ kg) or midazolam 0.02 mg ⁄ kg. The randomiza-

tion was carried out centrally via the Internet with a

block size of 5. The sponsor and all study personnel
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were blinded to the treatment, with the exception of

the pharmacist who prepared the study drug. Identical

syringes and drug volumes were used in all treatment

groups to ensure that the study was blinded. Patients

aged ‡65 years or those with ASA class P4 received

initial and supplemental doses of fospropofol or mida-

zolam that were reduced by 25% from the randomized

dose. Patients who had an ASA score of P3 may have

received initial and supplemental doses reduced by

25% at the discretion of the investigator. Dosing of

fospropofol was bounded by weight (<60, 60 to <90

and >90 kg; i.e. adults who weighed >90 kg were

dosed as if they weighed 90 kg; adults who weighed

<60 kg were dosed as if they were 60 kg). After the

initial bolus dose of study drug was given, a maxi-

mum of two supplemental doses of fospropofol at 25%

of the initial dose (0.5, 1.3, 1.6 or 2 mg ⁄ kg) were per-

mitted. Four supplemental doses of midazolam (1 mg)

were permitted. Midazolam supplements were adminis-

tered every 2 min, and fospropofol supplements were

administered every 4 min; the fospropofol-treated

patients received a corresponding volume of sterile

saline at 2 and 6 min to maintain blinding. To further

ensure the blind, the syringes were prepared as equal

volumes. A MOAA ⁄ S score £4 was required for initia-

tion of the procedure. Sedation failure was defined by

failure to achieve a MOAA ⁄ S score of £4 following

administration of all initiation supplements permitted

per-protocol. When a patient was declared a sedation

failure, alternative sedation medication was provided

per-protocol, permitting completion of colonoscopy.

Sedation maintenance phase. The patient entered the

sedation maintenance phase following successful

induction of sedation, defined as MOAA ⁄ S score £4

and initiation of procedure (defined as insertion of the

endoscope). Supplemental maintenance doses of study

medication (Table 1) were permitted if a patient had a

MOAA ⁄ S score ‡4 and demonstrated purposeful

response. Patients were permitted to receive supple-

mental doses of fentanyl 25 lg for pain or discomfort

during the procedure. A minimum of 10 min was

required between supplemental doses of fentanyl.

Assessments

Cognitive assessment. The HVLT-R, a validated neu-

rocognitive assessment that evaluates one’s ability to

recognize and recall words through verbal learning

and memory, was used to assess cognitive skills.6, 7

During this test, patients are asked to remember a list

of 12 words after each of three readings of the list.

Following a 20-min delay, patients are asked to recall

as many words as possible. The HVLT-R was per-

formed at screening and recovery (approximately

15 min following the end of the procedure). Clear-

headed recovery, in this case, is a measurement of the

percentage of memory retention of verbal learning in

the HVLT-R.

Depth of sedation. Level of sedation was assessed

using the MOAA ⁄ S scale (Table 2).8 The MOAA ⁄ S level

was assessed 1 min before the initial dose of fentanyl,

1 min following fentanyl and at 2-min intervals there-

after until fully alert. Patients were considered to be

fully alert after the first of three consecutive MOAA ⁄ S
scores of five following completion of the procedure.

Patients were considered to be ready for discharge after

scoring 9 or more on the Aldrete Discharge Scale.9

Patient ⁄ doctor satisfaction. Prior to discharge,

patients completed a 9-item survey consisting of ques-

tions pertaining to their satisfaction with the endo-

scopic experience and sedation (Supplementary

Table S1). Patients were also asked to participate in a

telephonic survey the day after their procedure. The

24-h assessment consisted of seven questions regard-

ing postprocedural recovery and patients’ willingness

to receive the same sedation for colonoscopy during a

subsequent examination (Supplementary Table S2a).

Investigators received a 16-question survey; four ques-

tions pertained to the induction of sedation and 12

questions evaluated overall satisfaction with sedation,

level of sedation, control of patient discomfort and

anxiety and willingness to use the sedation drug again

Table 2. Modified Observer’s Assessment of Alert-
ness ⁄ Sedation (MOAA ⁄ S) Scale

Responsiveness Score

Responds readily to name spoken in normal tone 5 (alert)
Lethargic response to name spoken in normal tone 4
Responds only after name is called loudly
and ⁄ or repeatedly

3

Responds only after mild prodding or shaking 2
Responds only after painful trapezius squeeze 1
Does not respond to painful trapezius squeeze 0
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(Supplementary Table S2b). Doctors and patients rated

their level of satisfaction on a scale of 1–10 (1 = dis-

satisfied, 10 = highly satisfied).

Efficacy end points

The primary efficacy end point, sedation success, was

defined as (i) three consecutive MOAA ⁄ S scores of £4

after administration of sedative medication, (ii) com-

pletion of procedure without use of alternative seda-

tive medications and (iii) no requirement for either

manual or mechanical ventilation. An additional anal-

ysis assessed treatment success, defined as completion

of the procedure without requiring alternative sedative

medications and without requiring manual or mechan-

ical ventilation.

Secondary efficacy end points included time to

sedation, number of doses of study medication and

fentanyl, percentage of patients requiring alternative

sedative medication, time to ready for discharge,

MOAA ⁄ S scores over time, percentage of patients with

mean MOAA ⁄ S scores of 2–4 and 0–1 during the pro-

cedure, and patient- and doctor-rated satisfaction with

level of sedation and memory recall.

Safety monitoring

All patients who received at least one dose of fospropo-

fol or midazolam were included in the safety analyses.

Safety was assessed by evaluating AEs, clinical labora-

tory test results (serum chemistry, haematology and

urinalysis), vital sign measurements, ECGs, oxygen sat-

uration and the need for pharmacological intervention

or ventilatory support. Patients were evaluated for AEs

at baseline (predosing) and during the 24-h (day 1) fol-

low-up telephonic interview. If new or continuing AEs

were noted during the telephonic follow-up on day 1,

additional follow-up was performed on days 2–5.

Potential sedation-related AEs were also evaluated.

Sedation-related AEs included apnoea (lack of sponta-

neous breathing >30 s), hypoxaemia (oxygen satura-

tion <90% for >30 s), bradycardia (heart rate <50 bpm

and requiring medical intervention) and hypotension

(systolic blood pressure <90 mmHg and requiring

medical intervention).

Statistical analysis

Two efficacy populations [modified intent-to-treat

(mITT) and per-protocol 2 (pP2)] and one safety popu-

lation were used in the presented analyses. The mITT

population included all randomized patients who

received at least one dose of study drug and had at

least one postdose clinical assessment. Because those

patients declared as sedation failures received alterna-

tive sedative, the pP2 population allowed for exploring

the treatment effects of the assigned sedative without

the confounding effect of alternative sedative medica-

tions. This population included only patients in the

mITT population who did not receive alternative seda-

tive medication during the study. The safety popula-

tion included all randomized patients who received at

least one dose of fospropofol or midazolam. For effi-

cacy end points, the primary analyses were based on

the mITT population. Patients in the mITT population

were analysed by the study group to which they were

randomized. Patients in the pP2 and safety populations

were analyzed according to the study drug they

received.

Summary statistics (mean, standard deviation, med-

ian, minimum and maximum values) were calculated

for all end points. The number and proportion of

patients considered a sedation success was calculated

for each treatment group and for the between-group

differences in the sedation success rate. Using the

Fisher’s exact test, pairwise P-values for the between-

group differences are provided. The trend in the seda-

tion success rate over different fospropofol doses was

tested using the Cochran–Armitage trend test. Sample

size was determined to show a difference between the

8, 6.5 and 5 mg ⁄ kg dosing groups compared with the

2 mg ⁄ kg group based on the primary analysis of seda-

tion success.

For analyses of categorical variables, Fisher’s exact

test was used to assess whether there was overall sig-

nificant difference among fospropofol groups, and

pairwise comparisons were performed if the overall

P-value was £0.05. For continuous variables, Wilco-

xon rank sum test was used to assess whether there

was overall significant difference among fospropofol

groups, and pairwise comparisons were performed if

the overall P-value was £0.05.

RESULTS

Patient population

A total of 127 patients from 16 sites were enrolled in

the trial. Of the 34 patients who were screening failures,

18 patients withdrew consent before randomization,
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three were ineligible because they did not meet inclu-

sion or exclusion criteria, nine were not randomized

because the sponsor closed enrollment upon reaching

the target sample size and four patients had the date

of their randomization visit outside the 14-day

window. All enrolled patients received study medica-

tion and were included in the efficacy ⁄ safety evalua-

tions. Twenty-three of 127 (18%) randomized patients

were ‡65 years of age or had an ASA status of P4.

Demographic and baseline characteristics were similar

among treatment groups (Table 3).

Efficacy assessments

Sedation success. Sedation success was dose-depen-

dent across fospropofol treatment groups (Figure 1).

There was also a highly significant dose-dependent

increase in treatment success across the fospropofol

dosing groups. Both sedation success and treatment

success rates in the fospropofol groups FP 6.5 and FP

8.0 were significantly higher than in the fospropofol

groups FP 2.0 and FP 5.0 (P £ 0.001). There were also

dose-dependent trends across the fospropofol dosing

groups for median time to sedation, use of alternative

sedative medication, number of supplemental doses of

study sedative and mean number of doses of fentanyl

administered (Table 4). There was an inverse relation-

ship between fospropofol dose and use of alternative

sedative medications.

The mean cumulative doses of fospropofol were as

follows: 234 mg for the FP 2.0 group, 590 mg for the

FP 5.0 group, 710 mg for the FP 6.5 group and

780 mg for the FP 8.0 group. There was a trend

towards a higher total dose of fentanyl administered

to patients in the groups receiving lower doses of fos-

propofol: 83.5 lg for the FP 2.0 group and 84.6 lg for

the FP 5.0 group compared with 66.0 lg for the FP

6.5 group and 62.0 lg for the FP 8.0 group. The mean

cumulative dose of midazolam was 4.2 mg, and

patients in the MD group received a mean dose of

65.4 lg of fentanyl.

Depth of sedation. The majority of patients in each

of the fospropofol treatment groups had mean

Table 3. Patient demographics*

Characteristic

Fospropofol

Midazolam
(n = 26)

FP 2.0
(n = 25)

FP 5.0
(n = 26)

FP 6.5
(n = 26)

FP 8.0
(n = 24)

Age (years)
Mean (�s.d.) 54.6 (�10.4) 55.5 (�11.1) 54.2 (�15.2) 53.4 (�14.5) 53.9 (�11.9)
‡65 4 (16) 5 (19) 5 (19) 4 (17) 4 (15)

Males 12 (48) 14 (54) 11 (42) 11 (46) 10 (39)
Race

Caucasian 17 (68) 24 (92) 21 (81) 22 (92) 20 (77)
Black 4 (16) 1 (4) 4 (15) 2 (8) 3 (12)
Asian 0 1 (4) 0 0 2 (8)
Hispanic ⁄ Latino 4 (16) 0 0 0 1 (4)
Other 0 0 1 (4) 0 0

Weight group (kg)
<60 3 (12) 4 (15) 6 (23) 4 (17) 1 (4)
60 to <90 16 (64) 15 (58) 13 (50) 10 (42) 19 (73)
‡90 6 (24) 7 (27) 7 (27) 10 (42) 6 (23)

ASA status
P1 15 (60) 10 (39) 15 (58) 8 (33) 12 (46)
P2 10 (40) 15 (58) 11 (42) 16 (67) 12 (46)
P3 0 1 (4) 0 0 1 (4)
P4 0 0 0 0 1 (4)

* Data expressed as n (%) unless otherwise indicated.
P-value between groups not significant for any variable.
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MOAA ⁄ S scores ranging from 2 to 4 during the pro-

cedure (Figure 2). One patient in group FP 2.0

entered deep sedation (mean MOAA ⁄ S score of 0 or

1) during the procedure. A greater number of patients

in group FP 8.0 (n = 6 ⁄ 24, 25%) had MOAA ⁄ S scores

of 0 or 1 at any time after the first dose of sedation

agent compared with those in groups FP 2.0

(n = 2 ⁄ 27, 8%), FP 5.0 (n = 1 ⁄ 26, 4%) and FP 6.5

(n = 1 ⁄ 25, 4%).

Memory retention. Memory retention, as evidenced

by HVLT-R results at screening and recovery, is sum-

marized by treatment group in Figure 3. Although it

was not significant, during the recovery period, the

mean percentage of memory retention was higher in

the fospropofol 6.5 mg ⁄ kg group (99%) compared

with the other fospropofol treatment groups (71%,

90% and 76% for 2, 5 and 8 mg ⁄ kg, respectively; see

Recovery, mITT; Figure 3). The lower retention rate

for patients in group FP 2.0 (71%) was likely due to

the confounding influence of alternative sedatives that

were used in the majority (64%) of patients in this

group. When patients who received alternative seda-

tive medications were removed from the analysis

(pP2), the percentage of retention for patients in group

FP 2.0 increased (86%). The percentage of retention

was similar in the mITT and pP2 populations for the

other groups.

Mean percentage of retention was >100% for

patients in the FP 2.0 group at the screening visit

and in the FP 6.5 group pP2 population during recov-

ery. This occurred when patients recalled more words

after the 20-min delay than they did after the first

reading.

Patient satisfaction. Patients in the 6.5 mg ⁄ kg group

reported a higher overall satisfaction with the entire

procedure than patients in the other fospropofol

groups. There was also a trend towards a higher per-

centage of patients willing to use the study drug

Table 4. Measures of clinical benefit and recovery (modified intent-to-treat population)

Parameter

Fospropofol

Midazolam
(n = 26)

FP 2.0
(n = 25)

FP 5.0
(n = 26)

FP 6.5
(n = 26)

FP 8.0
(n = 24)

Treatment success, n (%) 9 (36) 11 (42) 21 (81)* 23 (96)� 23 (89)�
Time to sedation, mean (�s.d.; min) 12.4 (�5.0) 11.0 (�6.9) 6.5 (�4.5) 4.7 (�2.4) 5.0 (�4.2)
Received alternative sedative, n (%) 16 (64) 15 (58) 5 (19) 1 (4) 2 (8)
Number of supplemental doses of sedative,
mean (�s.d.)

2.4 (�1.3) 2.3 (�1.2) 2.1 (�1.2) 1.3 (�1.2) 3.3 (�1.7)

Number of supplemental doses of fentanyl,
mean (�s.d.)

1.0 (�0.7) 0.9 (�0.7) 0.7 (�0.7) 0.5 (�0.6) 0.6 (�0.6)

Time to ready for discharge from the
end of the procedure, mean (�s.d.; min)

15.0 (�19.6) 7.8 (�10.5) 9.1 (�7.8) 14.2 (�13.4) 10.2 (�14.1)

P-value not significant except where indicated: * P = 0.002 vs. fospropofol 2 mg ⁄ kg; � P < 0.001 vs. fospropofol 2 mg ⁄ kg.
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Figure 1. Sedation success. The primary end point of this
study was sedation success, where a highly significant
dose-dependent trend was observed across fospropofol
dosing groups in the modified intent-to-treat population
(P < 0.001 by Cochran–Armitage trend test). The sedation
success rates were 24%, 35%, 69% and 96% in the FP
2.0, FP 5.0, FP 6.5 and FP 8.0 groups respectively.
*P < 0.05 vs. FP 2.0 and FP 5.0.
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Figure 2. Depth of sedation (modified intent-to-treat population). Fospropofol produced a satisfactory depth and duration
of sedation for patients undergoing colonoscopy. Results of depth of sedation evaluated according to the Modified Obser-
ver’s Assessment of Alertness ⁄ Sedation Scale (MOAA ⁄ S) scale are presented in this graph. Mean MOAA ⁄ S scores during the
procedure: most patients in the fospropofol arms had mean MOAA ⁄ S scores of 2–4 during the procedure, ranging from
76% in the FP 2.0 group to 92% in the FP 8.0 group. Of the patients in the MD group, 85% had MOAA ⁄ S scores in the
range of 2–4. Mean MOAA ⁄ S scores £1: MOAA ⁄ S scores of 0 or 1 are indicative of deeper sedation. Slightly more patients
in the FP 8.0 group (25%) had MOAA ⁄ S scores of 0 or 1 (dark grey bars) at any time after the first dose of sedation agent
compared with the other fospropofol groups. Of the patients with MOAA ⁄ S scores in this range, one patient in the FP 5.0
group had a score of 0 or 1 for ‡5 min (white bar) and this patient had received alternative sedative medication (midazo-
lam). Two patients in the FP 8.0 group also had scores of 0 or 1 for ‡5 min (white bar).
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Figure 3. Mean percentage retention [Hopkins Verbal Learning Test-Revised (HVLT-R) results]. The mean percentage of
memory retention at screening and recovery by treatment group are summarized in this figure. The mean retention percent-
age was similar among the five groups at screening. Patients in the FP 6.5 group demonstrated the highest memory reten-
tion during recovery, with a mean of 99%. Groups FP 2.0, FP 5.0 and FP 8.0 had mean memory retention of 71%, 90%
and 76%, respectively. Patients in the MD group had a mean retention of 73%. However, as the use of alternative sedatives
may confound these analyses, the HVLT-R data are also presented for the per-protocol 2 (pP2) population, which excluded
those patients who received alternative sedatives. Patients in the FP 6.5 group tended to have higher mean percentage of
memory retention than patients in the other groups. The mean scores for the pP2 analysis were as follows: 83%, 88%,
104%, 74% and 76% for the FP 2.0, FP 5.0, FP 6.5, FP 8.0 and MD groups, respectively.
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again among patients in the fospropofol 6.5 mg ⁄ kg

group. The patient satisfaction scores (mean � s.d.)

were 8.9 � 1.6, 9.4 � 1.3, 9.5 � 0.6 and 9.2 � 1.5,

respectively, in the fospropofol groups FP 2.0, FP

5.0, FP 6.5 and FP 8.0; overall P = 0.6200. The

proportion of patients who rated their overall satis-

faction very high (9 or 10 on a 10-point scale) ranged

from 72% (FP 2.0) to 92% (FP 6.5) among those

receiving fospropofol, overall P = 0.2793 (Table 5).

The proportion of patients who reported an adequate

level of sedation was 76%, 81%, 100% and 83%,

respectively, in the fospropofol groups FP 2.0, FP 5.0,

FP 6.5 and FP 8.0 (overall P = 0.04, FP 2.0 vs. FP 6.5:

P = 0.0098). Fospropofol exhibited an amnestic effect,

with the proportion of patients remembering being

awake during the procedure decreasing with increasing

doses of fospropofol.

Doctor satisfaction. Doctor ratings of overall satisfac-

tion with the entire procedure were dose dependent in

the fospropofol group. The mean scores (� s.d.) for

doctor level of satisfaction with the study medication

at end of procedure were 3.5 � 2.7, 4.7 � 3.0,

6.8 � 2.3 and 7.7 � 2.8, respectively, in the fospropo-

fol groups FP 2.0, FP 5.0, FP 6.5 and FP 8.0, overall

P < 0.0001; FP 2.0 vs. FP 6.5, P = 0.0004; FP 5.0 vs.

FP 6.5, P = 0.0157. The proportion of doctors who

expressed a high level of satisfaction (9 or 10 on a

10-point scale) ranged from 8% (FP 2.0) to 50% (FP

8.0), overall P = 0.0028 (Table 5).

Safety

Fospropofol was well tolerated, and there were no

major treatment-emergent AEs (Table 6). There were

no serious AEs or deaths during the study, and only

one event led to discontinuation of the procedure (MD

group).

Adverse events were primarily mild to moderate in

severity, transient and self-limited. The most common

treatment-related AE (TRAE) experienced by patients

in the fospropofol groups was paresthesia (Table 6).

Paraesthesia refers to all AEs characterized as burning

sensations and tingling that occurred between the

administration of the first dose of study medication

and the start of the procedure. Paraesthesias generally

occurred in the perianal and perineal area and were

usually described as mild in intensity, were transient

and self-limited, and typically lasted for 1–2 min.

Four patients receiving fospropofol experienced seda-

tion-related AEs including mild hypotension [FP 5.0

(n = 1) and FP 6.5 (n = 1)] and hypoxaemia [FP 6.5

(n = 2); one classified as mild hypotension and one clas-

sified as moderate hypotension]. Of these four patients,

one patient (FP 6.5 group) required airway assistance

(verbal stimulation) for the treatment of hypoxaemia.

Table 5. Patient and doctor ratings of success (modified intent-to-treat)

Parameter

Fospropofol Overall
P-value among
fospropofol
groups

Midazolam
(n = 26)

FP 2.0
(n = 25)

FP 5.0
(n = 26)

FP 6.5
(n = 26)

FP 8.0
(n = 24)

Patient satisfaction
Patient overall satisfaction rated as
high (9–10; %)

72.0 84.0 92.3 79.2 0.2793 69.2

Percent of patients remembering
being awake

58.3 52.0 42.3 33.3 0.3356 65.4

Percent who would be treated with
this sedative again

80.0 84.0 96.2 91.7 0.2832 100

Doctor satisfaction
Doctor overall satisfaction rated as
high (9–10; %)

8.0 11.5 26.9 50.0 0.0028 11.5

Believe patient was adequately sedated 32.0 38.5 80.8 83.3 <0.001 65.4
Percent who would use this sedative
again

24.0 57.7 92.3 83.3 <0.001 76.9
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Comparing the safety profile of the midazolam arm

with that of the 8 mg ⁄ kg fospropofol group, the high-

est dose of fospropofol in this study, neither group

experienced an episode of hypotension or hypoxaemia,

and there were no serious AEs.

DISCUSSION

The findings of this study demonstrate a highly signif-

icant dose-dependent effect of sedation across the

fospropofol dosing groups, with the 6.5 and 8 mg ⁄ kg

dosing groups producing superior sedation compared

with the 2 mg ⁄ kg group. A similar trend was observed

for depth of sedation, time to sedation, supplemental

doses of study medication, alternative sedation medi-

cation and supplemental fentanyl. Significant differ-

ences were observed between the 6.5 and 8 mg ⁄ kg

dosing groups in depth of sedation, however. Within

the 6.5 mg ⁄ kg dose group, there were no recorded epi-

sodes of deep sedation during procedures, and only a

single, brief episode of deep sedation was observed

during the recovery period. In contrast, 25% of those

patients receiving 8 mg ⁄ kg experienced deep sedation

during the study. Further, doctors as well as patients

preferred 6.5 mg ⁄ kg over the other doses of fospropo-

fol, with all of the patients in the 6.5 mg ⁄ kg dosing

group reporting they were adequately sedated.

Fospropofol was safe and well tolerated by patients

in all fospropofol dosing arms. The majority of treat-

ment-emergent AEs were categorized as mild or mod-

erate. Paraesthesia, the most common AE, was

transient and self-limited, generally lasting for 1–2

min, and was usually described as mild to moderate in

intensity. The mechanism of this AE is not understood

but has been noted with other i.v. administered drugs

that contain phosphate esters, e.g. dexamethasone and

fosphenytoin.10–14 Four sedation-related AEs were

reported during this study. Two patients experienced

mild hypotension and two patients experienced hyp-

oxaemia (mild, n = 1 and moderate, n = 1). There were

no deaths and no patient withdrew from participation

in the study.

Currently, midazolam is the most widely used seda-

tive hypnotic agent for endoscopy in the United

States.1 Therefore, this study was designed to include a

midazolam treatment arm, using the FDA-approved

dose, which served as a reference therapy. It is impor-

tant to point out that this study was neither intended

nor designed to compare the efficacy of fospropofol to

midazolam, as used in current practice. With that

caveat, it is worth noting that the sedation success

rates for patients in both groups were high, while

overall patient satisfaction, the feeling of adequate

sedation and memory retention were generally higher

Table 6. Safety overview (safety population)

Parameter, n (%)

Fospropofol

Midazolam
(n = 26)

FP 2.0
(n = 27)

FP 5.0
(n = 26)

FP 6.5
(n = 25)

FP 8.0
(n = 23)

All fospropofol
groups (n = 101)

Treatment-emergent AEs 22 (82) 22 (85) 24 (96) 17 (74) 85 (84) 16 (62)
TRAEs 14 (52) 19 (73) 19 (76) 10 (44) 62 (61) 2 (8)

Paraesthesia* 13 (48) 15 (58) 14 (56) 7 (30) 49 (49) 1 (4)
Pruritus� 1 (4) 3 (12) 2 (8) 3 (13) 9 (9) 0
Hypotension 0 1 (4) 1 (4) 0 2 (2) 0
Hypoxaemia 0 0 2 (8) 0 2 (2) 0
Abdominal pain 0 0 0 1 (4) 1 (1) 0

AE-related discontinuation of procedure 0 0 0 0 0 1 (4)
Sedation-related AEs� 0 1 (4) 3 (12) 0 4 (4) 0

Hypotension 0 1 (4) 1 (4) 0 2 (2) 0
Hypoxaemia 0 0 2 (8) 0 2 (2) 0

AEs, adverse events; TRAEs, treatment-related adverse events.
* Paraesthesia includes all TRAEs characterized as burning sensations and tingling.
� Pruritus includes all TRAEs characterized as genital pruritus male, genital pruritus female, pruritus, pruritus ani, pruritus
generalized, pruritus genital or nasal itching.
� Hypotension, hypoxaemia, bradycardia and apnoea.
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in the fospropofol 6.5 mg ⁄ kg dosing group than with

midazolam.

In clinical practice, the standard combination of

benzodiazepine and opioid often results in a level of

sedation that is deeper than that intended in this

study.15 This may be due to the treatment effect of

these agents when used in combination, along with

the lack of standardized methods (such as MOAA ⁄ S) to

assess the depth of sedation patients experience. In a

recent study by Patel et al., 68% of patients undergo-

ing endoscopy, including 45% of all patients having

colonoscopies with meperidine and midazolam, were

deeply sedated at least transiently during examina-

tion.15 In this study, we targeted moderate sedation

and used the MOAA ⁄ S levels to help direct the titration

of the study drugs. In doing so we observed a signifi-

cant amnestic effect with moderate sedation, account-

ing for the high satisfaction scores among patients

receiving 6.5 mg ⁄ kg of fospropofol. Consequently, we

conclude that patients do not necessarily need to

undergo the risks associated with deep levels of seda-

tion to experience the clinical benefits of sedation.16–20

Benzodiazepines and opioid analgesics are the drugs

most often used for sedation during colonoscopy.1, 21

These agents, although effective for the majority of

patients, have several undesirable features, including

slow to variable onset of action and an extended dura-

tion of effect.21, 22 Additionally, midazolam is a selec-

tive substrate of CYP3A4 and CYP3A5, so there is

significant potential for drug–drug interactions and a

wide interpatient metabolic variability (approximately

4-fold)23 that can result in the need for very large

doses of midazolam in some patients. Full recovery

from the effects of these agents may require up to 3–

6 h or more,1 and patients are instructed to abstain

from work or their usual activities for up to 24 h post-

procedure. For these reasons, many gastroenterologists

prefer propofol. However, propofol administration

under the direction of gastroenterologists has been

limited, largely due to the FDA-approved product

label, which indicates that its use should be restricted

to personnel ‘trained in the administration of general

anaesthesia’.24 Fospropofol may be an appealing alter-

native for these practitioners of endoscopic sedation.

In conclusion, the results of this study demonstrate

that administration of fospropofol disodium results in

a level of sedation that is safe and effective for

patients undergoing colonoscopy. On the basis of this

study, we believe that the 6.5 mg ⁄ kg dose of fospropo-

fol provides the ideal balance of efficacy and safety.

Additional studies are planned to evaluate this weight-

based initial dose of fospropofol. This study also dem-

onstrates that the safety profile of fospropofol com-

pares favourably with that of other sedatives such as

midazolam. If the results of this study are supported

by the findings of a phase 3 trial, fospropofol could

provide a useful alternative to the agents currently in

use for endoscopic sedation.
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