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Background and aim: Endoscopic retrograde cholangiopancreatography (ERCP) requires

moderate-to-deep conscious sedation. Combinations of ketamine and propofol (ketofol) and

of midazolam and meperidine were analyzed using the bispectral index (BIS). There is no

research on the use of ketofol on very elderly patients. The aim of this study is to use BIS

and offer insight into the use and safety of ketofol sedation for oldest old patients undergoing

ERCP.

Materials and methods: For the ERCP procedure, 168 patients aged 85+ years were

enrolled in a 2-year retrospective single center study. Seventy-five patients received mid-

azolam-meperidine (MM) sedation in 2016, while 75 patients received ketofol (KP) sedation

in 2018.

The two groups were compared for patient data, procedure duration, Ramsay Sedation

Score (RSS), heart rate (HR), blood pressure (BP), and pulse oximetry (SpO2), BIS, facial

pain score (FPS), time to achieve BIS, recovery time, and complications. The total amount of

rescue medication was recorded.

Results: The two groups did not differ by patient data or procedure duration (p>0.05).

Group KP had significantly higher systolic and diastolic BP, HR, and SpO2 values and lower

BIS scores than Group MM (p=0.0001). The two groups did not differ by time to achieve

BIS scores (p>0.05). Group KP had significantly fewer complications and a shorter recovery

time than Group MM (p<0.001).

Conclusion: Ketofol induced sedation results in more stable vital signs and fewer compli-

cations than the midazolam-meperidine sedation regimen during ERCP in oldest old patients,

indicating that ketofol can be an alternative to midazolam-meperidine.

Keywords: ketofol, midazolam-meperidine, moderate to deep sedation, endoscopic

retrograde cholangiopancreatography (ERCP), bispectral index (BIS), oldest old

Introduction
Endoscopic retrograde cholangiopancreatography (ERCP) is a gold standard treat-

ment of biliary tract diseases that require moderate-to-deep sedation.1

A distinction should be made between moderate and deep sedation needs. In

moderate sedation, patients can respond to verbal commands and/or tactile stimula-

tions while maintaining adequate spontaneous ventilation and cardiovascular func-

tions. However, in deep sedation, patients respond to repeated and/or painful stimuli
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but have all protective reflexes intact with spontaneous

respiration, require assistance to maintain the airway, and

cardiovascular functions may be compromised.2,3

The percentage of deep sedation episodes was 26%

for ERCP, and the percentage of patients experiencing at

least one episode of deep sedation was 85% in the very

elderly.4 ERCP is an invasive procedure during which

patients with poor general health secondary to old age

and multiple associated diseases are more vulnerable to

potential complications mainly caused by respiratory

and cardiovascular conditions such as hypertension,

hypotension, bradycardia, oxygen desaturation, abdom-

inal discomfort, and dizziness, which may occur during

operation.5,6

Anesthesiologists use different doses and anesthetic

agents depending on factors such as age, comorbidities,

American Society of Anesthesiologists (ASA) score, rea-

son for ERCP procedure, and time for procedure comple-

tion. Protective reflexes are not compromised, and cardiac

functions are little affected by low doses of anesthetics.

However, the procedure is interrupted or terminated due to

patient agitation in some clinical situations. Deeper seda-

tion is generally considered safe, unless the patient has

underlying comorbidities which may increase the risk of

aspiration.7–9 Ketamine and propofol were mixed in dif-

ferent concentrations in the same syringe (ketofol) for

procedural sedation.10–14

The administration of benzodiazepines such as mida-

zolam, which contains an opioid like meperidine, requires

the titration of doses of sedative agents.15–17 Bispectral

index (BIS) is a non-invasive technology that provides

valuable data used to assess the level of sedation and

BIS values that have good correlation with Ramsay

Sedation Score (RSS).18,19 There is limited data on the

use of BIS in very elderly patients during sedation.20

We hypothesized that a subdissociative dose of keta-

mine is safer than the combination of midazolam and

meperidine for sedation during ERCP. We aimed to use

BIS to show that ketofol sedation is safe to use for oldest

old patients undergoing ERCP.

To this end, we compared the patient data, procedure

duration, heart rate (HR), blood pressure (BP), and pulse

oximetry (SpO2), BIS, Ramsay Sedation Score (RSS),

facial pain score (FPS), recovery time, and complications

of Group MM (75 patients), who received midazolam-

meperidine sedation in 2016, and Group KP (75 patients),

who received ketofol sedation in 2018.

Methods
The initial sample consisted of 168 patients aged 85+ years.

However, 14 patients did not meet the inclusion criteria and

four patients had missing data. Therefore, the final sample

consisted of 150 patients. The study was approved by the

Ethics Committee of Ümraniye Training and Research

Hospital (B. 10.1.TKH.4.34.H. GP.0.01), and written

informed consent was obtained from participants according

to the guidelines presented in the Declaration of Helsinki.

The records of Groups MM and KP were compared.

The exclusion criteria were as follows: 1) ASA V, 2)

younger than 85 years of age, 3) presence of epilepsy,

arterial aneurysm, or intracranial mass, 4) history of drug

allergy, and 5) presence of hemodynamical instability such

as peripheral oxygen saturation <90%, systolic blood pres-

sure (SBP) <60 mmHg and HR ≤40 bpm.

Two experienced anesthesiologists administered seda-

tion to patients. Groups MM and KP did not differ by the

duration of the procedure conducted by two endoscopists

who had over 5 years of experience in ERCP.

Patients were referred to the endoscopy unit. Twenty-

gauge intravenous catheters were inserted, and 10 mL/kg/h

of isotonic infusion was administered. Patients were later-

ally positioned and monitored for HR, SBP, diastolic blood

pressure (DBP), peripheral oxygen saturation (SPO2), and

bispectral index (BIS). Data were recorded at pre-

induction (t0), at (t1) following induction and at (t2)

10 minutes and (t3) 30 minutes. Supplemental oxygen

was administered using a nasal cannula at the beginning

of the procedure. FPS (0–10) was used to evaluate pain at

(t1), (t2), and (t3) (Figure 1). Time to achieve RSS scores

≥4 was recorded (Figure 2). Procedure duration was

defined as the time between the insertion of the endoscope

and the end of the procedure. Drug infusion was discon-

tinued at the end of the procedure. Recovery time was

defined as the time from the termination of drug infusion

until the achievement of a Modified Aldrete Score (MAS)

(9–10). SPO2<90% for more than 10 seconds was defined

as respiratory depression. Apnea was defined as the cessa-

tion of airflow for at least 20 seconds. Hypotension was

recorded at SBP <70 mmHg, and bradycardia was taken

into account when HR <50 bpm.

Bolus was administered to Group KP. They received

0.5 mg/kg ketamine and 0.5 mg/kg propofol intravenously.

Afterwards, ketofol (1:1) consisting of 2 mL ketamine

(50 mg/mL) and 10 mL propofol (10 mg/mL), while

8 mL normal saline containing 5 mg ketamine and 5 mg
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propofol for each milliliter was titrated to maintain a BIS

ranging from 60–80 and RSS ≥4. Midazolam (2.5 mg) and

meperidine (0.5 mg/kg) were administered as intravenous

bolus doses to Group MM for induction. They intrave-

nously received single injections of 1 mg midazolam

depending on RSS level of sedation and BIS monitoriza-

tion ranging from 60–80 throughout the procedure. No

continuous anesthetic infusion was used in Group MM.

When the RSS score reached 4, the procedure was started

with the insertion of the endoscope by the endoscopist. We

monitored BIS and RSS values for dose adjustment of

anesthetics during the procedure.

In cases where the endoscopist or patient felt uncomfor-

table or the patient needed to cough, gag, or needed restraint

or FPS>5, participants were injected with another dose (ie,

increment dose of 10 mg) of rescue sedation (propofol), the

total amount of which was recorded. Post-ERCP recovery

was based on MAS. Patients with a MAS ≥9 were dis-

charged. The anesthesiologist monitored postoperative

MAS for 1 minute and every 5 minutes during the follow-
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Figure 1 Distribution of BIS scores of each groups. The y-axis presents BIS level and the x-axis presents the number of patients.

Abbreviation: BIS, bispectral index.
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Figure 2 Facial pain score.
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up period. Hypotension, respiratory depression, bradycardia,

nausea, vomiting, and emergence reactions such as delirium

and excitement were recorded during the recovery period.

Ephedrine (5 mg) or atropine (0.5 mg) were administered if

SBP <70 mmHg and/or HR <50 bpm.

The primary outcomes were: 1) the amount of propofol

used as a rescue medication; and 2) time of reaching RSS

≥4. The secondary outcomes were: 1) the duration of

postoperative recovery based on MAS ≥9; and 2) the

prevalence of respiratory depression, laryngospasm, and

nausea/vomiting, and the incidence of other side-effects

such as bradyarrhythmia and/or change in circulatory

dynamics. Groups MM and KP were compared in terms

of these outcomes. Head tilt/chin lift maneuver or mask

ventilation technique were used when needed.

Statistical methods
Frequencies were calculated for nominal and ordinal data,

which were analyzed using chi-square and chi-square with

Linear Likelihood ratios. Mean and standard deviation (SD)

were presented for scale parameters. The Kolmogorov-

Smirnov test was used to determine whether the data met

the assumptions for parametric tests. Independent-samples

t-tests (for normally distributed data) and Mann Whitney-U

analysis (for non-normally distributed data) were used to

determine group differences. Data were analyzed using

SPSS 17 for Windows (Statistical Package for the Social

Sciences) at a significance level of 0.05.

Results
Table 1 shows the demographic characteristics of the partici-

pants and duration of the procedures. Groups KP and MM did

not significantly differ by age, gender, Body Mass Index

(BMI), ASA scores, duration of each group, and ERCP diffi-

culties which were classified by ASGE criteria (Table 1) and

types of indications for ERCP (Table 2) (p>0.05).

The groups did not significantly differ by SBP at T0.

However, Group KP had significantly higher DBP at T0,

T1, T2, and T3 and higher SBP, SPO2, and HR (Table 3) at

T1, T2, and T3 than Group MM (P=0.0001).

Although Group KP had higher BIS scores at T0 than

Group MM, the latter had significantly higher BIS scores

at T1, T2, and T3 than the former (p<0.0001) (Figure 1).

Table 3 shows the categorical BIS scores and depression

distribution and differences between the two groups.

Table 6 presents the comparison of the primary outcomes

of the two groups. The results show that Group MM had

a higher time to achieve RSS scores ≥4 (p<0.001) (Table 4)

and MAS scores ≥9 (Table 5), and total dose of propofol as

rescue sedation than Group MM (p<0.001).

In Group KP, two patients (2.7%) had cough and two

patients (2.7%) needed restraint. In Group MM, three

patients (4%) had cough, two patients (2.7%) had gag

reflex, and four patients (5.3%) needed restraint, indicat-

ing no statistically significant difference between the two

Table 1 Demographic characteristics and duration of the

procedures

Group
KP
(n=75)

Group MM
(n=75)

p-value

Age (years) 88.15±3.11 87.99±2.62 0.510a

Female, n (%) 47 (62.7) 34 (45.3) 0.033c

Male, n (%) 28 (37.3) 41 (54.7) 0.033c

BMI 24.16±2.50 24.20±2.28 0.930b

ASA, n (%)

III 43 (57.3) 41 (54.7) 0.742c

IV 32 (42.7) 34 (45.3)

Duration of

procedures

41.52±13.19 49.15±13.12 0.0001a

Grade of ERCP

procedures

Grade I, n (%) 19 (25.3) 13 (17.3) 0.433c

Grade II, n (%) 50 (66.7) 57 (76.0)

Grade III, n (%) 6 (8.0) 5 (6.7)

Notes: aMann Whitney U-test, bIndependent samples t-test, cchi-square test.

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass

index; ERCP, endoscopic retrograde cholangiopancreatography

Table 2 Diagnosis of the patients

Group KP
(n=75)

Group MM
(n=75)

p-value

Indication type

Choledoc stone, n (%) 40 (53.3) 43 (57.3) 0.425a

Cholangitis, n (%) 21 (28.0) 15 (20.0)

Pancreatitis*, n (%) 6 (8.0) 6 (8.0)

Malignancy, n (%) 5 (6.7) 10 (13.3)

Sepsis, without bili-

ary pathology

n (%)

Cholangitis 3 (4.0) 1 (1.3)

Malignancy seconder 3 (4.0) 5 (6.0) >0.05

Calculi and sludge 18 (24.0) 10 (13)

Note: achi-square test.
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groups (p>0.05). During recovery, three patients had

hypotension, one bradycardia, four PONV and three agi-

tation/delirium in Group KP. On the other hand, four had

hypotension, three bradycardia, and six PONV in

Group MM during recovery (p>0.05) (Table 6).

Discussion
Ketamine is a derivate of phencyclidine, which is

a non-competitive N-methyl-D-aspartate (NMDA)

receptor antagonist binding to opioid and sigma recep-

tors. Ketamine, with its rapid onset and short duration,

leads to a condition referred to as “dissociative

anesthesia”, resulting in amnesia and analgesia with

little or no cardio-respiratory depression. The use of

ketamine alone as a sedative agent has been limited

due to its propensity to cause frightening and vivid

irrelevant emergence reactions and nausea-vomiting

and its sympathomimetic effects.8,9 Ketamine is water-

soluble and lipophilic. The onset of action of intrave-

nously administered ketamine is rapid, ranging from

15–30 minutes. The recommended sedation dose of

ketamine is 0.5–1 mg/kg.

Table 3 Time-dependent changes in circulatory dynamics,

Categorical BIS scores, distribution, and differences between

patient groups*

Group KP
(n=75)

Group MM
(n=75)

p-value

SBP

T0 148.33±18.83 141.77±22.69 0.056a

T1 139.96±19.73 114.00±19.73 0.0002a

T2 136.04±20.45 116.36±20.93 0.0001a

T3 132.44±19.92 116.31±17.26 0.0001a

DBP

T0 71.19±12.68 64.21±12.60 0.001b

T1 62.28±9.55 54.25±11.01 0.0001b

T2 60.51±7.85 54.11±8.34 0.0001b

T3 59.91±9.51 52.80±6.03 0.0001b

HR

T0 70.39±11.10 70.03±11.61 0.846a

T1 65.49±11.15 70.19±9.14 0.005a

T2 63.60±8.47 69.59±7.22 0.0001a

T3 70.36±6.74 74.21±5.04 0.0001a

SPO2

T0 93.40±2.49 93.00±2.75 0.267b

T1 92.29±2.09 88.93±2.86 0.0001b

T2 91.95±1.99 89.60±2.66 0.0001b

T3 91.79±2.00 90.09±1.66 0.0001b

T0 BIS score, n (%)

<60 — 4 (5.3)

60–80 73 (97.3) 71 (94.7) 0.015c

>80 2 (2.7) —

T1 BIS score, n (%)

<60 5 (6.7) —

60–80 70 (93.3) 63 (84.0) 0.0001c

>80 — 12 (16.0)

T2 BIS score, n (%)

<60 5 (6.7) -

60–80 69 (92.0) 61 (81.3) 0.0001c

>80 1 (1.3) 14 (18.7)

T3 BIS Score, n (%)

<60 2 (2.7) —

60–80 72 (96.0) 72 (96.0) 0.148c

>80 1 (1.3) 3 (4.0)

Notes: aIndependent samples t-test, bMann Whitney U-test, cchi-square with

linear likelihood ratio. *Since parameters were compared separately, Bonferroni

Correction was not usable.

Abbreviations: BIS, Bispectral index; DBP, Diastolic blood pressure; SBP, Systolic

blood pressure.

Table 4 Ramsay sedation scale

Ramsay sedation scale

1 Patient is anxious and agitated or restless, or both

2 Patient is co-operative, oriented, and tranquil

3 Patient responds to commands only

4 Patient exhibits a brisk response to light glabellar tap or loud

auditory stimulus

5 Patient exhibits a sluggish response to light glabellar tap or loud

auditory stimulus

6 Patient exhibits no response

Note: Group MM had significantly higher FPS than Group KP (P<0.0001)
(Figures 2 and 3).

Abbreviation: FPS, facial pain score.

Table 5 Time to achieve RSS, MAS, and total dose of rescue

medication

Variable Group
KP

Group MM p-value

Time to RSS 4 (min) 3.21±0.41 5.41±0.49 <0.001

Time to MAS (min) 10.93±0.25 11.11±0.31 <0.001

Total dose of propofol as

rescue sedation

10.32±0.62 12.15±0.56 <0.001

Abbreviations: MAS, Modified Aldrete Score; RSS, Ramsay Sedation Score.
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Prepared in a 10% lipid emulsion, propofol is

a lipophilic alkyl phenol derivative, which is a short-

acting sedative (~ 10 minutes, depending on dose) with

a rapid onset of action (<1 minute). Its clearance is not

affected by renal or hepatic dysfunction, as it has no active

metabolites. Propofol can be used as a short-term sedative

agent starting from a dose of 1 mg/kg and then titrated to

effect with incremental doses of 0.5 mg/kg in adults.

Propofol has respiratory and cardiovascular depressant

effects.12–15

Propofol is a strong anesthetic with no property of

internal analgesia that reduces respiratory depression and

blood pressure in patients. Using opioid with propofol

increases the frequency of respiratory depression and

reduces the amount of propofol required. Ketamine is

a safe sedative analgesic agent that can be used with

propofol. It causes no respiratory depression and increases

blood pressure and heartbeat thanks to its sympathetic

effects.13–15 This is the reason why we used ketamine to

decrease the unwanted side-effects of propofol. We found

that ketofol reduced the incidence of sedation-related com-

plications and maintained hemodynamic stability with an

adequate level of sedation in very elderly patients under-

going ERCP.

Many studies have shown that the combination of

propofol and ketamine in low doses can be used to main-

tain hemodynamic stability and to avoid side-effects that

may occur when either of them is individually adminis-

tered in large doses.13–15,21–23 There are numerous studies

investigating the ideal dose of the combination of propofol

and ketamine for deep sedation. There are, however, no

studies that investigate the best combination dose for

elderly patients.

Participants in Group KP, who received a 1:1 combina-

tion of ketamine and propofol (ketofol), had better hemo-

dynamical stability in SBP, DBP, HR, and SPO2 and higher

BIS scores than those in Group MM. This result indicates

that ketamine was effective in counteracting the hemody-

namic depression of propofol in high-risk (ASA III and IV)

oldest old patients.

Our results are consistent with those of several studies

that used ketofol in conjunction with regional anesthesia.

Throughout our study, 1,337 patients under the age of 85

years underwent ERCP in our institution. We used ketofol

anesthesia in 1,207 of them and observed no major

anesthesia-related complications. Rapeport et al24 reported

that ketofol infusion (1:1) is a safe and effective sedative

and analgesic agent that can be used to achieve adequate

sedation under regional anesthesia in high risk patients.

Micdadqy et al25 administered the same dose of ketofol

(1:1) in conjunction with regional anesthesia, and reported

no episode of cardiovascular and respiratory failure.

Andolfatto and Willman26 used ketofol (1:1) and found

adequate sedation in emergency procedural sedation. Eberl

et al28 suggested that ketamine and propofol be used

together to reduce the total amount of propofol.

Olson et al29 compared ketofol (0.75mg/kg) and propofol

(1,5 mg/kg) in general anesthesia at induction and reported

less myocardial depression and vasodilation in the ketofol

group. Lemoel et al30 also reported better hemodynamic

results with respiratory stability in the ketofol group.

Benzodiazepines have frequently been used in endo-

scopic procedures in recent years. However, studies report

adverse effects such as respiratory depression, especially

in very elderly patients with comorbidities. Paradoxical

excitement is a serious adverse effect observed in up to

10–15% of elderly patients.16,17

Midazolam, which is a benzodiazepine, is widely used

alone or in combination with an opiate such as meperidine,

due to its quick onset of action and relatively short duration

of effect. Nevertheless, using a combination of midazolam

and an opiate extends their effects, increases the likelihood of

respiratory depression, and prolongs the recovery period.23,24

Following infusion, propofol is characterized by rapid

distribution and elimination without any cumulative effect.

Table 6 Sedation related complications during the procedure

and the recovery

Group KP
(n=75)

Group MM
(n=75)

p-value

Bradycardia, n (%) 2 (2.7) 17 (22.7) <0.05a

Apnea, n (%) 3 (4.0) 22 (29.3) <0.05a

Hypotension, n (%) 1 (1.3) 3 (4.0) 0.300a

Desaturation n (%) 9 (12.0) 13 (17.3) 0.356a

Coughs, n (%) 2 (2.7) 3 (4.0) 0.648

Gagging, n (%) 0 (0.0) 2 (2.7) 0.094

Restraint, n (%) 2 (2.7) 4 (5.3) 0.400

During recovery

Respiratory depres-

sion, n (%)

0 0 N/A

Hypotension 3 (4.0) 4 (5.3) 0.698

Bradycardia 1 (1.3) 3 (4.0) 0.300

PONV 4 (5.3) 6 (8.0) 0.513

Apnea 0 0 N/A

Agitation/delirium 3 (4.0) 0 N/A

Note: achi-square test.
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It is, however, much narrower than midazolam, and, there-

fore, should be more closely monitored to differentiate

sedation levels. Propofol used25–29 in ERCP has been

reported to provide more cooperation, a shorter recovery

period, and a better sedation quality than midazolam

We observed apnea in 22 patients in Group MM at the

beginning of the procedure. The head-tilt/chin-lift maneu-

ver was used to open the airway of 17 of them. Mask

ventilation was used in five of them. Atropine was admi-

nistered to 17 of them, due to apnea accompanied by

bradycardia. In three patients in Group KP, we observed

respiratory depression and apnea that were resolved after

the aspiration of the secretions. No cardiac arrest was

observed, and no patients were admitted to the intensive

care unit.

ERCP is an invasive procedure in which papillary

balloon expansion and dilation can be painful. FPS was

used for pain assessment during the procedure because all

our patients were older than 85 years old and difficult to

communicate with due to impaired cognitive functions.

We, therefore, relied on facial expressions during the pro-

cedure and recovery period. Group MM had a higher FPS

scores at T1 and T3, which might be due to the fact that we

used a low dose of meperidine to prevent respiratory

depression. The low FPS scores of Group KP might be

due to the analgesic properties of ketamine. Our results are

consistent with those of Hassan et al, who reported that

ketofol sedation (1:1) was adequate and painless. Tosun

also reported that ketofol provided effective sedation and

analgesia.

Nejati et al27 conducted a randomized prospective

study in an emergency department for the reduction of

bone fractures and compared ketofol (1:1) with

a combination of midazolam and fentanyl (MF). They

reported that Group KP, with adequate sedation, had sig-

nificantly lower pain scores than Group MF.27
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Based on change in the level of alertness, BIS is

a non-invasive technology that provides valuable infor-

mation that can be used to assess the level of sedation.

A numeric scale ranging from 0–100 has been has

developed. In recent years, numerous studies have

reported a good correlation between BIS values and

clinical scores of sedation (ie, RSS) in outpatient

procedures.18,19 There are some studies reporting no

correlation BIS and unconsciousness when ketamine is

used alone or in combination with propofol. There are

no data, up to date, on the use of BIS on oldest old

patients.10–12,20 In our study, BIS was used to assess the

depth of sedation. Patients in Group KP had lower BIS

scores at T1, T2, and T3, indicating that they achieved an

adequate depth of sedation to end the procedure

successfully.

Propofol was administered as rescue medication to

reduce movements, cough, and restraints. Group KP was

given significantly less rescue medication.

Group KP achieved MAS scores faster than

Group MM. The longer recovery time in Group MM can

be explained by the slower clearance meperidine.

Group MM had higher rates of nausea and vomiting.

Propofol is an efficient anti-emetic agent which reduces

the emetic properties of ketamine. Higher rates of hypo-

tension in Group MM might, therefore, be associated with

increased incidence of nausea and vomiting.13–15

Ketofol (1:1) provided adequate analgesia and seda-

tion for ERCP and resulted in less oxygen desaturation

than did the combination of midazolam meperidine in

the very elderly patients. Adverse effects can occur in

sedation procedures, and, therefore, close monitoring

and cardiorespiratory support should be ready during

ERCP.

Conclusion
Ketofol is more effective and safer than the combination

of midazolam and meperidine in order to achieve ade-

quate sedation in ERCP patients in a shorter period of

time with lower doses. Ketofol provides better hemody-

namic stability and results in lower rates of nausea/

vomiting and respiratory complications than does mid-

azolam-meperidine. We believe that ketofol is a better

choice than the combination of midazolam and meper-

idine for patients who need a shorter period of induction

at the onset of sedation. Ketofol is a safe alternative to

conventional sedation regimens during ERCP for oldest

old patients.
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