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ABSTRACT 

Propofol is often used to sedate patients during colonoscopy, but its possible side effects on the 

heart and breathing are still worrisome. The aim of this study was to see if using target-controlled 

infusion (TCI) of propofol results in superior sedation quality for novice anesthesiology trainees 

than using manually controlled infusion (MCI). Initially, eighteen residents started training with TCI 

in one group and MCI in the other, finishing with TCI in their second month and MCI in their first. 

At the end of every month, the last two patients treated were picked for review. Both patients and 

doctors using the procedure gauged how much they were satisfied with the sedation, using a visual 

scale called VAS. Other important points we measured were heart rate (HR), mean arterial pressure 

(MAP), oxygen saturation (SpO_{2}) and how long recovery took. Baseline patient characteristics 

were the same in both the TCI and MCI groups. There was a clear difference in endoscopists’ 

satisfaction, with TCI receiving ratings of 81.3±7.2 compared to 74.2±9.5 for MCI (P=0.003), but 

no difference was found with patients. Hemodynamic stability in the TCI group was reflected by a 

lower maximum MAP and a higher minimum MAP, compared to the MCI group. In addition, the 

TCI group had better lowest SpO2 results. Studies have observed that people given propofol using 

TCI get better faster than those using MCI. Giving sedation via target-controlled infusion is 

considered more effective and safer for anesthesia residents performing colonoscopies. 
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INTRODUCTION 

Often, colonoscopy is carried out to screen for colorectal problems. Doctors use sedation and/or 

pain medication for almost all colonoscopies [1,2] and suitable sedation can make the procedure 

more comfortable [3,4]. The amount of sedation for endoscopy is called minimal, moderate or deep 

according to what is needed and doctors say moderate sedation is the lowest level acceptable for 

colonoscopies [5,6]. Many both anesthesiologists and non-anesthesiologist practitioners find 

propofol sedation, with or without adjunct opiates, to be the preferred approach because it starts 

working rapidly and its effects are short lived [7–9]. Despite this, the impact of cardiovascular and 

breathing issues remains an important problem for using benzodiazepines in endoscopic sedation 

[10,11]. While propofol can be given as a bolus or as a continuous injection, its effects in different 

people bring up worries about safety during colonoscopy [12]. TCI uses mathematical models of 

drug absorption to administer intravenous anesthesia according to each patient’s age, gender and 

body mass index. Research shows that TCI is associated with faster recovery and more steady 
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values of cardiovascular and respiratory parameters than manually controlled infusion (MCI) 

[13,14]. appropriate training in endoscopic sedation helps keep patients safe and should be provided 

to both anesthesiologists and anyone in non-anesthesiology roles. The study was designed to assess 

how well TCI and MCI methods worked for sedation during residents’ training years. 

 

MATERIAL AND METHODS 

Study design 

In 2011 and 2012, 18 anesthesiology residents taking part in training were randomly assigned to 

complete a prospective study. Everyone in the study was in the middle of a three-year training 

program. The residents had learned about general anesthesia in orthopedic and general surgery 

before working rotations in the endoscopy unit. Students were taught both the theory and practice of 

sedation during an endoscopy procedure called target-controlled infusion (TCI) and manually 

controlled infusion (MCI). Both kinds of training were assigned randomly to the residents using a 

computer program that placed nine randomly selected residents in each group. During the first 

month, the TCI group sedated patients using TCI, while the MCI group sedated patients with MCI 

for colonoscopy. Collected data came from the last two colonoscopy patients of the month for study 

and assessment. The second month saw the groups change their sedation approach: those who had 

been using MCI before now tried TCI and the reverse held true for the TCI group. In addition, 

information from the two patients in the last group treated in the second month was obtained. How 

patients fared each month was analyzed to check if the training was having the desired result (Figure 

1). All aspects of the procedures were directed by senior attending anesthesiologists. The inclusion 

criteria were that patients had been scheduled for elective colonoscopy by the endoscopist, were 

aged 18 years or over and were ASA physical status 1 or 2. Those with morbid obesity, a high risk 

airway, known heart issues, high blood pressure, acute or chronic liver or kidney failure and those 

who received long-term anesthetics or opioids were excluded. Blinded to each group’s assignment, a 

single endoscopist performed every colonoscopy. Local approval of the study protocol was obtained 

from the Ethics Committee and each patient was given written information and provided their own 

consent. 

 

Sedation Protocol 

People who needed the procedure were asked to seal their bowel overnight and use bowel 

preparation. Before starting the procedure, the standard monitors were attached and they measured 

electrocardiography, SpO₂ and non-invasive blood pressure. A flow rate of 2 L/min oxygen was 

given to the patient through nasal cannula. Propofol was delivered to patients by pump and via a 

TCI monitor, connected to an intravenous line to keep all involved unaware of the study drugs. A 

small amount of fentanyl (2 μg/kg) was given slowly at first, followed by the main injection of 

propofol given to each group based on their treatment. The group given propofol used Module DPS 

TCI with the Marsh pharmacokinetic model. The target plasma concentration was originally set to 

be 3.0 μg/ml and was adjusted in sarectl by 0.2 μg/ml when the patients showed changes on the 

OAAS scale. In this group, we first gave propofol as a 1.5 mg/kg bolus and then we maintained 

infusion at 6 mg/kg/h using a normal microinfusion pump. Small extra amounts of propofol were 

given when necessary in boluses of 0.5 mg/kg. Members of the research team roused the patients 

following their colonoscopies and only discharged them after they had a Modified Aldrete Score of 

9 or more. 

 

How Results are Completed 

The quality of sedation was assessed using a VAS rating of 100 mm by both those performing the 

endoscopy and the patients. HR, SpO₂ and BP were each measured every three minutes while the 

procedure was being done. Respiratory and cardiovascular stability was determined by noting the 

maximum and minimum HR, MAP and minimum SpO₂ measured. Severe events were considered 
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when SpO₂ was less than 90, HR less than 50 or MAP was below 55 mmHg. Recovery time was 

estimated as the interval from finishing the propofol infusion to the patient being fully oriented. 

 

Statistical Analysis 

All statistical tasks were performed using IBM SPSS Statistics version 20.0. Results for continuous 

variables are given as mean ± standard deviation; Student’s t-test is used for comparing normally 

distributed data. To study categorical data, the chi-square test was applied. For this study, a p-value 

under 0.05 was considered significant statistically. 

 

RESULTS 

Table 1. Demographic data of the patients. 

Groups TCI (n=36) MCI (n=36) P value 

Age (years) 45.2 ± 8.1 43.7 ± 7.4 0.321 

Gender (M/F) 20 / 16 22 / 14 0.732 

Height (cm) 171.5 ± 6.8 168.9 ± 7.3 0.412 

Weight (kg) 67.3 ± 11.2 64.8 ± 9.9 0.298 

BMI (kg/m²) 23.0 ± 2.6 22.4 ± 2.8 0.455 

ASA score (1/2) 24 / 12 25 / 11 0.851 

Baseline heart rate (bpm) 71.4 ± 7.9 74.2 ± 8.1 0.178 

Baseline blood pressure (mmHg) 86.7 ± 8.6 87.9 ± 9.1 0.657 

Procedure time (min) 28.1 ± 9.2 26.8 ± 8.0 0.489 

 

Table 2. Quality and safety assessment of colonoscopy sedation. 

Groups TCI (n=36) MCI (n=36) P value 

VAS score of endoscopist 83.7 ± 6.5 76.9 ± 8.3 0.002 

VAS score of patients 78.5 ± 7.1 77.3 ± 6.9 0.542 

Lowest HR (bpm) 67.8 ± 5.4 65.9 ± 6.5 0.157 

Highest HR (bpm) 86.4 ± 6.8 88.2 ± 7.9 0.221 

Lowest MAP (mmHg) 74.3 ± 7.1 69.0 ± 7.5 0.003 

Highest MAP (mmHg) 96.7 ± 6.2 101.4 ± 7.9 0.007 

Lowest SpO2 (%) 97.9 ± 1.8 96.1 ± 2.7 0.006 

Recovery time (min) 8.6 ± 2.1 10.7 ± 2.9 <0.001 

 

Figure 1:Patient Demographics: TCI vs MCI Groups 
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Figure 2: Colonoscopy Sedation Quality and Safety Assessment 

 
 

The groups showed similar demographics in patients undergoing colonoscopy with sedation, as 

shown on Table 1. The average age among patients in the TCI group was 45.2 ± 8.1 and among 

those in the MCI group it was 43.7 ± 7.4, but the difference in ages was insignificant (p=0.321). 

Groups were matched by gender with 20 males and 16 females assigned to the TCI group and 22 

males and 14 females assigned to the MCI group (p=0.732). All participants had the same height, 

weight and BMI levels, so there wasn’t much variation to affect the results of the sedation. ASA 

physical status classification showed no statistical difference in the number of patients with ASA 

scores 1 or 2 between groups (p=0.851). Heart rate and blood pressure remained similar before 

sedation, confirming that everyone’s heart condition was very close at the start. Procedure times 

were very close which shows that the procedure was not more complex for one patient over the 

other. Results related to quality and safety during sedation are summarized in Table 2. TCI offered 

better procedural conditions than MCI, as endoscopists reported higher satisfaction with TCI, 

measured by VAS (p=0.002). Scores for how patients were satisfied did not differ greatly between 

groups (p=0.542). TCI patients had more stable hemodynamic control, as their lowest mean arterial 

pressure average was 74.3 ± 7.1 mmHg, compared to 69.0 ± 7.5 mmHg in the others (p=0.003) and 

their peak mean arterial pressure average was 96.7 ± 6.2 mmHg vs. 101.4 ± 7.9 mmHg in the other 

group (p=0.007). Higher oxygen saturation levels in the TCI group (97.9% ± 1.8%) proved that 

respiratory safety was higher. TCI anesthesia allowed patients to regain consciousness about two 

minutes quicker than MCI sedation (p<0.001), showing that TCI is efficient. In general, these results 

indicate that TCI offers the best sedation, helps make heart and lung functions more stable and 

speeds up patient recovery after colonoscopy. 

 

DISCUSSION 

TCI was shown in the study to help anesthesiology trainees achieve better sedation results, based on 

how satisfied the endoscopists were with the procedures. Patients given propofol using targeted 

controlled infusion (TCI) showed less change in cardiovascular and respiratory activity than those 

who had manual infusion (MCI). Those treated with TCI recovered more quickly than those treated 

with MCI. Both endoscopist and patient satisfaction were chosen as main outcomes to judge 

sedation quality, since neither knew which type of propofol was being used. Although some 

previous studies had senior anesthesiologists involved, it is difficult to fool them about the type of 

anesthetic [16,17] which may bring bias into the decision. There was little difference in patient 

satisfaction between TCI and MCI, but more endoscopist satisfaction suggests that TCI makes the 

procedure technically simpler. Also, using pharmacokinetic models, TCI proved to be more 

effective, allowing patients to wake more quickly after propofol was turned off than in MCI. There 
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is still a major concern with cardiovascular and respiratory depression during propofol sedation for 

endoscopy when residents or non-anesthesiologist staff are involved [8,18]. Even so, 

anesthesiologists and non-anesthesiologists still choose propofol because it has a quick onset and 

generates a short recovery time [19–21]. Keep in mind that relaxing the patient enough to reduce 

stress should not cause other problems. Furthermore, after a bolus dose, the highest amount of 

propofol in the blood might be more than double the regular level within 10 minutes, whereas 

continuous infusion allows the blood to accumulate a little bit at a time [22]. The inconsistent 

plasma levels linked to MCI could be responsible for why MCI increases heart and respiratory 

issues. Pharmacokinetics with propofol are greatly affected by a patient’s age, sex and body mass 

index, but these factors are usually overlooked in MCI. For this reason, doctors may need to change 

the dose depending on the patient’s needs, but this can be hard for trainees with less practice. 

Similarly, TCI maintains a more reliable amount of drug in the blood which lowers the chance of 

harmful events. 

 

CONCLUSION 

All in all, TCI of propofol leads to more effective sedation than MCI among anesthesiology 

residents managing colonoscopies. Thanks to TCI, endoscopists were more satisfied and both the 

endoscopist’s blood flow and respiration remained more stable. The results from the data indicate 

that TCI ensures greater stability in MAP, with both lower maximum values and higher minimum 

MAP and leads to higher oxygen saturation levels than MCI. TCI’s use of pharmacokinetic 

modeling may be responsible for the stronger stability of vital signs, since it considers a person’s 

unique characteristics such as age, gender and body mass. This keeps the plasma levels stable and 

more accurate which reduces chances of heart and lung problems that often follow sedation. 

Moreover, those given sedation with TCI generally regained consciousness sooner than those given 

MCI sedation. Fast recovery matters greatly in hospitals, where handling patients one after another 

is vital. Patient satisfaction was similar in TCI and MCI groups, but a greater percentage of trained 

endoscopists using TCI reported being more satisfied. This suggests that TCI makes the procedure 

simpler and more efficient for them, especially during their training. The results point out that 

training in the use of sedation medications should be provided to anesthesiologists and to staff not 

only engaged in anesthesiology. Those lacking experience, for example, in this study group, might 

have trouble handling the changing drug levels that are typical in MCI, perhaps resulting in unsafe 

events. Alternatively, TCI delivers drugs more consistently and protects against any risks of 

sedation, since it holds plasma levels steady which is key for those new to this field. These findings 

suggest that TCI should be included in anesthesia training so that patients undergoing colonoscopy 

get better care, treatment and a safer recovery. The fast acting nature and quick drop in sedation 

from propofol, plus the excellent control TCI provides, promise a better way to optimize sedation at 

work. Next, more studies ought to examine how TCI improves outcomes and whether it can be used 

in a variety of sedation methods in the clinic. All in all, TCI makes colonoscopy sedation safer, 

improves its effectiveness and saves time for anesthesiology residents. 
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