
The Effects of Ketamine-Propofol and Remifentanil-Propofol 
Combinations on Integrated Pulmonary Index During 
Sedation in Gastrointestinal System Endoscopy

Gastrointestinal endoscopy is a procedure performed 
for diagnostic or therapeutic purposes in gastroin-

testinal system diseases. The most effective method for 
diagnosis of gastrointestinal diseases is gastrointestinal 
endoscopy. Even though these procedures can be per-

formed without sedation, as it is an invasive procedure, 
various sedo-analgesia-anesthesia methods are becom-
ing widespread to provide amnesia by minimizing anxiety 
and pain.[1] It is known that cardiopulmonary and respira-
tory complications are handicaps of the use of anesthetic 
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drugs in especially non-operating rooms.[2] Sedo-analgesia 
increases the safety and efficacy of endoscopic processes. 
Usually, complications (e.g., aspiration, oversedation, hy-
poventilation, vasovagal episodes, and airway obstruction) 
are more related to medications, and complications due to 
procedure (e.g. perforation, bleeding) are rare. Therefore, 
gastrointestinal endoscopy procedures are associated with 
the safety of sedation and raise concerns. These concerns 
make monitoring and sedation types more significant. Car-
diac and respiratory minor complications are common in 
gastrointestinal endoscopy, especially hypoxia is an impor-
tant apprehension. The incidence of hypoxia differs from 
6% to 18% depending on medication and dosage. We in-
vestigated different medications’ effects on the safety of 
endoscopic procedures by using the Integrated Pulmonary 
Index (IPI).

The routine use of blood pressure and pulse oximetry mon-
itoring during endoscopy is also agreed upon in the litera-
ture. However, recommendations for sedative medications 
and the requirement for capnography when monitoring 
sedated patients are distinct.[3] The addition of capnogra-
phy monitoring reduces the complications like hypoxia and 
hypoventilation. Hence, it is recommended that additional 
capnography monitoring be considered in sedation for en-
doscopic procedures by the U.S. and European guidelines. 
Using additional capnography monitoring may reduce the 
hypoxic events.[4,5]

The Integrated Pulmonary Index® (IPI) is an algorithm that 
takes account of both variables obtained by pulse ox-
imetry, such as heart rate and arterial oxygen saturation 
[SpO2], and parameters measured by capnography, such 
as partial pressure end-tidal carbon dioxide (PetCO2) and 
respiratory rate. As a result, it combines the advantages 
of oxygenation and ventilation monitoring and may be 
an easy-to-use tool for maintaining a close watch on pa-
tients when they are sedated.[6] provides a score between 
1 and 10, which is meant to assist the medical team in as-
sessing the patient's respiratory state based solely on that 
one parameter. Numbers between 7 and 10 indicate steady 
characteristics, whereas numbers under 7 demand atten-
tion. The monitor alerts the endoscopic team with an audio 
alarm and a flashing signal around the IPI value.[7]

Different sedation protocols are defined with various medi-
cations for gastrointestinal endoscopy procedures. There is 
no consensus on optimal sedating agents. As the supreme 
drug, dose, or combination is yet to be found to provide ad-
equate sedation during endoscopic procedures, the choice 
of drug, dose, or combination is important. Most of them 
include combinations of opioids, ketamine, benzodiaz-
epines, and propofol to provide balanced sedation which 

ranges from minimal, moderate, and deep sedation.

Propofol has been used in combination with opioids for se-
dation in endoscopic protocols frequently. Due to its lipo-
lytic structure, the rapid onset and recovery of this hypnotic 
agent are advantageous for sedation protocols.[8] Cardio-
vascular and respiratory depression may occur depending 
on the dosage. Propofol has been used as monotherapy 
according to the guidelines in the literature. In contrast, 
there are also guidelines recommending additional agents 
to improve the safety of moderate sedation with analgesia.

Remifentanil is an opioid that is a synthetic μ-receptor ago-
nist like fentanyl. It has a rapid onset and provides a quick 
recovery. Respiratory depression is common with remifen-
tanil. Ketamine is a dissociative anesthetic that does not 
cause respiratory tract depression. They both have analge-
sic effects and have been used for procedural sedo-anal-
gesia.

Comparing the reliability of the remifentanil-propofol com-
bination with the ketamine-propofol combination by using 
IPI in gastrointestinal endoscopy procedures is the primary 
aim of this study. The expectation was to provide a better 
respiratory situation with a ketamin-propofol combination 
in endoscopic procedures.

Determining respiratory complication rates and differences 
in sedation duration between the groups are the second-
ary aims of the study.

Methods
The Institutional Ethical Committee approved this prospec-
tive, observational study (protocol no: 147, 2022), which 
was performed by the ethical principles for human investi-
gations as outlined by the Second Declaration of Helsinki. 
Our observational study was registered at clinicaltrials.
gov with the protocol number (NCT05829486). Written in-
formed consent was provided by all patients prior to inclu-
sion in the study.

ASA class I to III risk-scored patients according to ASA (the 
American Society of Anesthesiologists) guidelines, patients 
over the age of 18 who will undergo endoscopic interven-
tion were eligible for the study. Patients who need mechan-
ical ventilator support or emergency endoscopic interven-
tions, pregnant patients, a history of substance abuse and 
allergy to the drugs were exclusion criteria.

88 patients were assessed for eligibility. 6 of the patients need-
ed emergency endoscopic procedures and excluded from the 
study according to exclusion criteria. 2 of them refused to par-
ticipate. In 80 patients, there were some technical problems 
during the procedure, and 11 patients could not finish the 
procedure. A flow diagram is shown in Figure 1.
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Since the endoscopic retrograde cholangiopancreatogra-
phy (ERCP) procedure requires a longer and more specific 
anesthesia, it was excluded from the study. Gastroscopy 
cases were not included in the study because of their very 
short duration. Patients scheduled for colonoscopy or gas-
troscopy/colonoscopy were included in the study.

IPI is a monitoring technique that uses metrics for heart 
rate, SPO2, and respiratory rate. SPO2, heart rate, and re-
spiratory rates are collected with a finger probe, and it will 
show an instant measurement of respiratory status, where-
as EtCO2 is detected via nasal capnography.

A cuff was placed on the patient's arm and a sphygmoma-
nometer was applied to take noninvasive blood pressure 
readings at scheduled times.

The study population is divided into two groups: Group 
ketamine received 0.25 mg/kg ketamine and 0.75 mg/kg 
propofol at the beginning of anesthesia. 1 mcg/kg of remi-
fentanil and 0.75 mg/kg propofol were administered to 
group remifentanil patients at the induction of anesthesia. 
Anesthesia maintenance was provided by titration of drug 
doses according to the modified Ramsey sedation scale.

Measurements were taken at four different points in time: 
just before anesthesia was induced, five minutes after se-
dation was induced, ten minutes later, and five minutes af-
ter the treatment was finished. IPI accepts numbers from 1 
to 10.

When the IPI value is 8 or more, it shows normal values; 
when it is between 5-7, it suggests that the patient's respi-
ratory status needs to be carefully reviewed and treated if 
necessary; and when it is 4 or lower, the patient's respira-
tory state needs to be treated. The Ramsey sedation scale 
is the most widely used scale to assess the security of se-

dation. Both in the operating room and in settings outside 
of the theater, various evaluation techniques have been 
developed for figuring out the level of sedation. The Ram-
say scale indicates a simple strategy that was outlined by 
Ramsey and associates in 1974. The tool displays patients 
in six categories, ranging from those who are awake but 
anxious, agitated, or restless to those who are awake but 
cooperative, oriented, and tranquil, as well as those who 
are drowsy but responsive to commands, asleep (brisk re-
sponse to glabella tap or loud auditory stimulus), asleep 
with sluggish response to a stimulus, and finally those who 
have no response to noxious stimuli. The target sedation 
level was a Ramsay score of 3 or 4 in both groups. Below 
this level was considered as insufficient sedation and treat-
ed with titrated initiate propofol plus ketamine or remifen-
tanil doses (0.25 mg/kg ketamine and 0.75 mg/kg propo-
fol or 1 mcg/kg of remifentanil and 0.75 mg/kg propofol). 
The level of 5 or 6 was considered as very deep sedation, in 
cases of hypotension and bradycardia, fluid replacement, 
bolus doses of ephedrine and intravenous atropine were 
the treatments of choice.

When there were respiratory issues, it was essential to do 
practical interventions including patient stimulation, the 
chin lift and jaw thrust processes,[4] increasing the flow of 
oxygen, and[5] endotracheal intubation if needed.

IPI scores were calculated using the Capnostream 20 por-
table bedside monitor from Oridion Medical in Needham, 
Massachusetts, USA. A pulse oximeter was used to measure 
the peripheral oxygen saturation (SpO2) and heart rate. 
Data from the two groups were compared.

Awaking time, frequency of adverse reactions, Ramsay se-
dation scale, and anesthetic effects were also contrasted.

The Ramsay Sedation Scale is one of the most widely used 
sedation evaluation tools. Six categories, ranging from ex-
treme agitation to deep coma, are used to categorize a pa-
tient's level of sedation.

Statistical Analysis
Comparison of sedation safety and efficacy of Ketamine 
Propofol and Remifentanil Propofol administration for pa-
tients in endoscopic interventions is the primary outcome 
of this study.

G Power 3.1 for the Mac OS program was used for statistical 
power analysis.

Analysis Averages in the G Power program made from the 
difference’s menu. In order to reach at least 80% power, 
when the difference of 0.16 units between the mean IPI val-
ues of the two groups was considered clinically significant, 
a total of 60 patients, at least 30 from each group, were 
planned to be included in the study.

Figure 1. A flow diagram of allocated patients.
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Statistical analyses were performed with IBM® SPSS® 26 
(SPSS Inc., Chicago, IL, USA). The conformity of the variables 
to the normal distribution was examined using analytical 
methods (Kolmogorov-Smirnov/Shapiro-Wilk tests). De-
scriptive analyses were given as the mean ± standard devi-
ation for continuous data. Descriptive statistics were made 
by giving frequency and percentage values of categorical 
variables obtained from sociodemographic and clinical 
information. In continuous data (respiratory parameters, 
etc.), the t-test was used for independent groups when it 
showed normal distribution, and the Mann-Whitney U test 
was used when there was non-parametric distribution to 
compare binary groups (ketamine vs. remifentanil). Pear-
son’s or Fisher’s exact chi-square tests were used to com-
pare categorical variables. A p-value below 0.05 is consid-
ered statistically significant.

Results
Comparing demographical variables between the groups, 
the mean age of group ketamine was found to be signifi-
cantly higher than group remifentanil, and there was an av-
erage of 10 years difference (p=0.009). In terms of gender 
distribution among the groups, the ratio of males was high 
(48.7%) in group ketamine, and the female ratio was higher 
(76.7%) in group remifentanil (p=0.031) (Table 1).

The duration of anesthesia between the groups was exam-
ined, and duration was found to be significantly higher in 
group ketamine (23.0±9.7) compared to the other group 
(19.1±5.6) (p=0.037). The duration of the process was simi-
lar between the groups (p=0.058).

Comorbidity rates were evaluated, and they were found to 
be significantly higher in the remifentanil group (20.0%) 
Hyperlipidemia was higher in group remifentanil com-
pared to group ketamine (p=0.005). There was no signifi-
cant difference in the distribution of ASA score and smok-
ing addiction (Table 2).

As stated in Table 2, the decreases in IPI were within the 
safe range. Therefore, no adverse respiratory problems ac-
companying these declines were observed clinically.

There was no significant difference in respiratory param-
eters such as respiratory rate, SPO2, and EtCO2 measured 
in the baseline time period between the groups. In the T1 
time period, a significant difference was found between the 
groups in the integrated pulmonary index (IPI) (p<0.0001), 
sPO2 (p<0.045), respiratory rate (p<0.0001), and systolic 
blood pressure parameters were found to be significantly 
higher in group ketamine (Fig. 2). Similarly, T2 time period 
results were higher in these three parameters: integrated 
pulmonary index (IPI) (p<0.009), sPO2 (p<0.029), and res-
piration rate (p<0.0001). In the T3 time period, there was a 
significant difference between the groups only in the res-
piration count parameter and it was found to be higher in 
group ketamine (p<0.0001) (Table 3).

Table 1. Ramsey sedation scale

Ramsay Score Response

1 Awake but anxious, agitated, or restless
2 Awake but cooperative, oriented, and tranquil
3 Drowsy but responsive to commands
4 Asleep but the brisk response to glabella tap or  
 loud auditory stimulus
5 Asleep with sluggish response to a stimulus
6 No response to noxious stimuli

Table 2. Comparing of demographical and clinical variables 
among ketamine and remifentanil groups

Parameters Ketamine Remifentanil p 
  (n=39) (n=30)

Age (years) 60.0±13.4 51.4±13.1 0.009
Processing Time 17.0±10.0 13.2±6.4 0.058 
(minutes)

  n (%) n (%) p

Gender
 Male 19 (48.7) 7 (23.3) 0.031
 Female 20 (51.3) 23 (76.7) 
ASA
 1 4 (10.3) 5 (16.7) 0.712
 2 30 (76.9) 22 (73.3) 
 3 5 (12.8) 3 (10.0) 
Smoking
 No 31 (79.5) 26 (86.7) 0.435
 Yes 8 (20.5) 4 (13.3) 
DM
 No 27 (69.2) 22 (73.3) 0.710
 Yes 12 (30.8) 8 (26.7) 
HT    
 No 22 (56.4) 21 (70.0) 0.248
 Yes 17 (43.6) 9 (30.0) 
KAH
 No 31 (79.5) 26 (86.7) 0.435
 Yes 8 (20.5) 4 (13.3) 
KBY
 No 39 (100) 29 (96.7) 0.251
 Yes 1 (2.6) 1 (3.3) 
SVO
 No 37 (94.9) 30 (100) 0.501
 Yes 2 (5.1) 0 (0)

Independent t-test (for continuous variables) and Pearson's or Fisher's 
Exact Chi-Square test (for categorical parameters) were used and p<0.05 
was considered significant.
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While the initial dose was repeated in 26 patients in the 
ketamine group, the dose was repeated in 19 patients in 
the remifentanil group. The initial doses, titrated according 
to the sedation scale, were repeated at the tenth minute 
on average in the remifentanil group, while at a later time 
such as the 20th minute in the ketamine group. Additional 
sedative drug consumption in both groups was similar in 
both groups.

Between the groups, Modified Ramsay’s Sedation Scale 
and recovery period were found to be significantly higher 
in group ketamine (Fig. 3).

Discussion
In this study, the reliability of the sedation procedure has 
been evaluated during endoscopy by using the IPI score. 
The use of ketamine during the procedure was found to be 
more reliable. While the IPI scores in the remifentanil group 
were 7 in two-time interval measurements (T1 and T2), that 

is, at a level that needs attention, in the ketamine group, 
they were above 8 in both measurements during the pro-
cedure, that is, in the reliable range.

When both groups were compared, although the age fac-
tor was higher in the ketamine group, respiratory com-
plications were not found to be as high as expected. This 
supports the idea that ketamine use is safer in terms of re-
spiratory stability. Comorbidity rates were similar between 

Figure 2. Comparing IPI scores between groups in different time pe-
riods. Baseline: just before sedation was induced, T1: five minutes af-
ter sedation was induced, T2: ten minutes later, T3: five minutes after 
the procedure was finished.

Figure 3. Comparing RSS score and recovery period among groups.

Table 3. Comparing parameters among ketamine and remifentanil 
groups

Parameters Ketamine Remifentanil p 
  (n=39) (n=30)
  Mean±SD Mean±SD

Integrated Pulmonary Index
 Baseline 8.9±1.2 9.1±1.1 0.617
 T1 9.2±1.7 7.2±2.4 <0.0001
 T2 8.9±1.6 7.1±3.3 0.009
 T3 8.9±1.4 8.9±1.8 0.899
sPO2 (%)
 Baseline 98.4±1.4 98.8±1.2 0.229
 T1 98.5±1.9 97.1±3.4 0.045
 T2 98.5±2.1 97.1±2.9 0.029
 T3 98.5±2.2 97.8±2.2 0.248
Pulse
 Baseline 84.6±17.7 86.2±16.7 0.698
 T1 81.0±15.3 80.5±18.9 0.899
 T2 76.6±14.5 81.4±17.1 0.214
 T3 77.1±12.6 80.0±17.8 0.441
Respiration Count
 Baseline 20.4±5.5 20.4±3.4 0.972
 T1 18.3±5.9 11.2±5.8 <0.0001
 T2 22.1±11.8 11.0±6.2 <0.0001
 T3 20.2±4.3 15.6±5.2 <0.0001
EtCO2 (mmHg)
 Baseline 33.3±4.5 33.3±3.7 0.992
 T1 34.9±5.9 35.8±10.6 0.670
 T2 33.2±5.2 34.2±12.3 0.664
 T3 32.5±5.2 35.2±7.9 0.113
Systolic Blood Pressure
 Baseline 137.6±17.5 142.7±17.4 0.228
 T1 143.0±22.7 123.4±16.7 <0.0001
 T2 135.8±18.8 122.7±22.4 0.010
 T3 132.5±19.2 127.6±22.0 0.330
Diastolic Blood Pressure
 Baseline 80.8±13.5 83.4±15.6 0.463
 T1 82.9±17.4 75.8±12.7 0.062
 T2 79.5±12.9 76.9±11.2 0.380
 T3 76.3±14.2 74.6±11.8 0.599

Independent t test and Mann-Whitney U test used, p<0.05 considered 
significant.
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the groups. ASA score and smoking addiction statistical 
distributions were also similar between the groups.

Even though respiratory complications seemed to be re-
duced in the group ketamine, sedation scores were signifi-
cantly better in the group remifentanil. The reduction in IPI 
scores occurred significantly in the time intervals following 
just after the induction. Recovery time was significantly 
better in the remifentanil group. The mean age ratio was 
significantly higher in group ketamine and the predomi-
nance of male gender was noticeable in this group.

Hypoxemia during esophagogastroduodenoscopy was de-
scribed by Rimmer et al.[9] in 1989; they attributed hypox-
emia to the medication, and either the mechanical effect 
of the endoscope or a reflex stimulated by it. Still, the most 
feared complication during endoscopic procedures is hy-
poxemia, which is thought to be due to the use of differ-
ent drugs and doses. Therefore, in this study, we compared 
possible respiratory complications with 2 different drugs 
using IPI.

Champreeda et al.[10] aimed to determine the incidence 
of postoperative respiratory differences among patients 
undergoing major surgery, in the first-night ward care af-
ter surgery. They concluded that apnea is more apparent 
by using a noninvasive capnography monitor, but these 
events are not related to pulmonary complications. Simi-
larly in this study, it was found that apnea detection is more 
practical using a monitor like IPI. Respiratory complications 
were appointed with IPI because of EtCO2 content. Since 
decreases in IPI scores occur in the early minutes following 
anesthesia induction, it is considered that hypoxia during 
the procedure is drug-related in the foreground. Decreases 
were in the group remifentanil and scores were around 7 
(the respiratory status of the patient should be carefully ex-
amined and intervened if necessary). By close monitoring 
and early interventions, IPI was not dropped below 7.

In a randomized prospective tri-center study, Riphaus et 
al.[11] could not document the advantage of IPI assessment 
during deep sedation with midazolam and propofol for en-
doscopic procedures. However, they claim that monitoriza-
tion with IPI reduces apnea episodes compared to standard 
monitorization. They thought that interventions were done 
immediately under the monitorization of IPI.

Depending on the literature, noninvasive IPI monitors seem 
to be beneficial in ambulatory anesthesia. Our results and 
clinical observations were also encouraging for the wide-
spread use of IPI, like the literature.[12,13]

We did not find it necessary to use BIS in our patients whom 
we followed with the Sedation Scale, as we remained with-
in the safe sedation range, did not suppress breathing and 
circulation, and applied conscious sedation.

Although there are many studies on the safety and effec-
tiveness of IPI, the number of studies comparing the seda-
tion protocol using IPI is limited.

An anesthetic usually used for outdoor anesthesia is pro-
pofol.[14-16] 

Close patient monitoring is advised to prevent overseda-
tion, especially when coupled with other medications like 
opioids, due to their limited therapeutic window.[17] This is 
especially true for ASA II-III patients who typically undergo 
endoscopic procedures and may have co-morbidities re-
lated to the heart, lungs, or metabolism.

Propofol was found to have similar risks of hypoxia (OR, 0.82; 
95% CI, 0.63-1.07), and hypotension (OR, 0.92; 95% CI, 0.64-
1.32); for non-advanced procedures, propofol was slightly 
less likely to result in complications (OR, 0.61; 95% CI, 0.38-
0.99), according to a recent meta-analysis of 27 studies, 
many of which were randomized controlled trials.[18]

We used propofol in both groups because it is an effective 
and safe hypnotic frequently used in sedation procedures 
all over the world. When two medications are taken to-
gether, their effects may be amplified, and drug consump-
tion may be decreased. The coadministration of ketamine 
and remifentanil with propofol in this study led to higher 
Ramsey sedation scale and a lower need for extra medicine 
(supplement and rescue study drug required).

According to Fabbri et al.[19] due to its safe and practical 
profile, subanesthetic dosages of ketamine along with a 
widely used infusion regimen of low-dose remifentanil 
and continuous propofol infusion should be employed in 
ERCP procedures. The combination has positive clinical ef-
fects. In fact, it avoids heavy sedation, maintains enough 
analgesia when under conscious sedation, and causes less 
post-procedural nausea and vomiting with shorter recov-
ery durations. Ketamine must therefore be viewed as more 
than just a "rescue drug" and as a highly recommended 
drug for use in situations outside of the operating room. 
They mentioned failure to accurately measuring of breath-
ing depth when using propofol is one of the major issues 
with the sedation approach as a limitation. Capnography 
is considered as a helpful tool in the evaluation of patients 
undergoing sedation and analgesia as to their ventilator 
conditions.

Although we did not use the drugs as a continuous infu-
sion in our study, we preferred more cautious monitoring 
with IPI. Although both ketamine and remifentanil were 
found to be quite safe in their study, in this study we also 
detected less obvious changes that occurred with remi-
fentanil early,intervened and prevented possible respira-
tory problems. Despite the fact that there were no major 
adverse effects during the experiment, the earlier warning 
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that capnography could provide may have practical appli-
cations since it may give doctors a longer window to act 
and stop additional respiratory deterioration.

Weiniger et al.[20] in their study highlight the limitations of 
respiratory variables used as early warning monitoring for 
apneas. When administering remifentanil to laboring wom-
en, EtCO2 may be a better respiratory monitor than pulse 
oximetry because it was the variable that detected apnea 
the earliest. It is the only study determining respiratory 
complications of remifentanil by using IPI. Only 15% of ap-
neas were picked up by pulse oximetry, the most popular 
method for detecting respiratory depression during child-
birth. The majority of apnea occurrences were detected by 
alert trigger levels for EtCO2 (15 mm Hg), RR (8 bpm), and IPI 
(4); however, the positive predictive rate was low for these 
variables, leading to many false warnings.

Remifentanil was found to be more effective in respira-
tory complications in this study likewise. Although our IPI 
results were not as low as in their study, we also found 
low values in IPI in the remifentanil group. In the ketamine 
group, IPI scores were even higher than baseline in T1, T2, 
and T3 timelines. There were not any respiratory compli-
cations in the ketamine group. The Ramsey sedation scale 
has shown better results in the ketamine group but recov-
ery time was shorter compared to the ketamine group.

Ketamine, a phencyclidine analog, binds to the phency-
clidine recognition site in the NMDA receptor ion-channel 
complex to serve as a non-competitive inhibitor of the N-
methyl-Daspartate (NMDA) receptor in the central nervous 
system. Both in experimental pain and postoperative pain, 
ketamine analgesic dosages seem to be mediated by this 
non-opioid phencyclidine receptor pathway. Norketamine, 
the main metabolite of ketamine, has also been shown in 
laboratory tests to have antinociceptive qualities and to se-
lectively inhibit NMDA receptor function at the spinal and 
supraspinal levels. According to reports, using ketamine 
has a synergistic pharmacodynamic impact that lowers the 
need for opioids. Furthermore, ketamine can be used in 
procedures where it is essential to protect airway reflexes 
due to its high safety margins.[21-23] In adult and pediatric 
patients with inadequate sedation undergoing endoscopic 
procedures or for operations in the emergency room, ket-
amine was only used as an additional drug to achieve suc-
cessful and safe sedation.[24-26]

We recommend the routine use of bolus dosages of ket-
amine in our prospective randomized research. In order 
to produce conscious sedation and profound analgesia, 
which are highly desirable for all endoscopic operations 
carried out outside of the operating room, it can be com-
bined with low dosages of propofol infusion. This method 

has been proven to be both safe and successful. Adequate 
sedation level was achieved with ketamine and propofol 
combinations, except for a slight increase in oral secretions 
and minimal prolongation in sedation time.

Limitations
To find out the association between ketamine and other 
drugs, a significant number of patients are required. The 
study comprised 69 patients; nevertheless, a larger sample 
size might have revealed differences between the groups. 
Although Sia et al.[27] imposed a limit of 15 seconds for de-
saturation in their model with the administration of oxygen 
at a rate of 4 L/min, apnea in pregnant women was tolerat-
ed for periods of minutes in models using preoxygenation. 
In our study, adequate preoxygenation could not be per-
formed due to elevated patient circulation.

Also, the positive predictive values to identify apnea for the 
individual physiological variables could change if an apnea 
definition was used for 15 or 60 seconds and any such alert 
limits and thresholds would change the results.

Conclusion
Although there was a moderate prolongation in the recov-
ery period in the ketamine group, the Ramsey sedation 
scale was significantly higher. Measurements using IPI have 
shown that ketamine causes fewer respiratory complica-
tions than opioids. The use of ketamine in endoscopic pro-
cedures provides sufficient, convenient, and safe sedation 
and analgesia.
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