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Remifentanil treatment in transurethral resection

Efficacy and safety of different doses of remifentanil for monitored 
anesthetic care during transurethral resection

Abstract
Aim: We aimed to investigate the efficacy and safety of transurethral resection (TUR) under monitored anesthetic 
care (MAC) and the effective dose of remifentanil. 
Materials  and  Methods: In this prospective, randomized, controlled trial, 50 patients were randomized to 
undergo TUR under monitored anesthetic care MAC. Vital signs were recorded at baseline and at 1, 5, 10, 15, 
20, 30, 40, 50, and 60 minutes after induction. During induction, all patients received propofol at 1 mg/kg/h and 
remifentanil at 0.25 µg/kg/h. Following induction, Group 1 received a remifentanil infusion at 3 µg/kg/h, and 
Group 2 received 6 µg/kg/h. The depth of anesthesia was monitored using bispectral index (BIS) monitoring. 
Intraoperative and postoperative side effects, surgeon satisfaction, propofol consumption (PC), and recovery 
time were also recorded.
Results: In our study, effective sedation and analgesia were achieved in both groups. However, intraoperative 
depth of anesthesia (p = 0.03), postoperative recovery time (p = 0.017), and surgeon satisfaction (p = 0.019) were 
better in Group 2. Hemodynamic and side effects were similar between the groups (p > 0.05). No adverse events 
were observed in any patient that would negatively affect the surgical procedure. SpO₂ values were transiently 
lower in Group 1 at 1, 5, and 15 minutes, but these differences were not statistically significant. BIS scores 
in group 2 were statistically lower than group 1 at all measurement times (p = 0.02). Group 2 demonstrated 
significantly shorter awakening and recovery times.
Discussion: We think that TUR procedures using both remifentanil doses can be preferred under MAC. Both 
regimens were safe and effective; however, Group 2 demonstrated better hemodynamic stability, deeper 
sedation, higher surgeon satisfaction, and faster recovery.
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Introduction
Transurethral resection of the prostate (TURP) syndrome is characterized 
by headache, restlessness, confusion, cyanosis, dyspnea, arrhythmia, 
hypotension, or seizures, which occur when large amounts of irrigation 
fluid from the venous sinuses enter the systemic circulation. General 
anesthesia or neuraxial blocks (± obturator nerve block), especially 
spinal anesthesia, are preferred in the treatment of TURP syndrome 
and in transurethral procedures due to the potential for obturator jerk. 
In contrast, MAC is typically not preferred in transurethral resection 
(TUR) [1-3]. In the literature, it is seen that this method is generally 
preferred in high-risk patients where other methods cannot be applied 
[1,4]. However, these problems have decreased thanks to advances in 
technology such as bipolar diathermy, radiofrequency, laser, microwave 
thermotherapy, and the use of bispectral index (BIS). These advances 
have facilitated the use of MAC in TUR procedures [5,6]. The overall 
mortality rate from TURP syndrome appears to be decreasing steadily. 
For example, 2.5% in 1962, 1.3% in 1974, 0.23% in 1989, and 0.10% in 2003 [7]. 
Today, this rate is between 0% and 0.25% [8]. In their retrospective study 
on 53,182 patients who underwent TURP surgery, Ayoub et al. reported 
that 2.8% of the patients were performed under MAC anesthesia and 
that this method had similar complication rates with other anesthesia 
methods [1].
MAC aims to increase patient comfort and surgical satisfaction through 
effective sedation and analgesia, especially in short-term and minimally 
invasive surgical procedures. It offers advantages over general 
anesthesia, such as less physiological disruption and faster recovery. 
Recent reports indicate that MAC is the primary choice in 10-30% of 
all surgical procedures [9]. It is predicted that TUR will be increasingly 
preferred in MAC in the future, especially in suitable bladder tumors 
and small prostate resections. Therefore, more research is needed 
in this area. In our literature review, we did not find any prospective 
study comparing the effectiveness and safety of different doses of 
remifentanil in patients who underwent TUR under MAC.
The aim of this study is to evaluate the feasibility of MAC in patients 
undergoing TUR and to evaluate the effectiveness and safety of two 
different doses of remifentanil.

Materials and Methods
Participants
This study was conducted as a randomized, controlled, and single-
blind study at Gaziantep University Faculty of Medicine, Department 
of Anesthesiology. Fifty patients between the ages of 18 and 75 in the 
American Society of Anesthesiologists (ASA) I-III risk group who would 
undergo elective prostate TUR Surgery (TUR-P) or Bladder TUR Surgery 
(TUR-B) were included in the study.
Patients meeting the following criteria were excluded from the study; 
ASA IV-V patients, those for whom deep sedation/general anesthesia 
is contraindicated or those with a history of adverse events during 
sedation/anesthesia, those who are allergic to remifentanil, propofol 
and its components (e.g. soybean oil, glycerol, triglycerides), lecithin, 
sodium oleate and sodium hydroxide), participants who have taken 
part in any pharmacological clinical study in the last 3 months, 
breastfeeding or pregnant women, patients with a body mass index 
>35 kg/m2, patients with a prostate size >50 cc, and patients with 
other conditions that we consider unsuitable for this study (e.g. opioid 
addicts and chronic analgesic users).
  Verbal and written informed consent was obtained from all patients 
before surgery. The patients were randomized by the sealed envelope 
method and divided into two groups, Group 1 and Group 2, with equal 
numbers of patients.
Application and sedation protocol
All patients fasted for at least 8 hours before surgery and were 

premedicated with intravenous 1-2 mg midazolam before the 
procedure. Age, gender, weight, type of surgery, and ASA scores were 
recorded before the procedure. Heart rate (HR), systolic (SAP), diastolic 
(DAP), and noninvasive mean blood pressure (MAP), peripheral O2 
saturation (SpO2), and respiratory rate (RR) were monitored. 8 mL/kg/h 
i.v. Isotonic NaCl infusion was started. BIS monitoring (Aspect Medical 
Systems, A-2000 BIS Monitor, Netherlands) was used to determine the 
depth of anesthesia.
HR, MAP, SpO2, RR, and BIS values were recorded before induction, after 
induction, and at 1, 5, 10, 15, 20, 30, 40, 50, and 60 minutes of remifentanil 
infusion. After the control values were taken, the patients were given 4 
lt/min 100% O2 via nasal cannula. Infusions of 10 mg/kg/h for propofol 
(B. Braun Melsungen, Propofol Lipuro 1%, Germany) and 20 µg/kg/h  for 
remifentanil (GlaxoSmithKline, Ultiva 5 mg vial, Italy) were prepared and 
administered.
All patients were induced with 1 mg/kg/h propofol and 0.25 µg/kg/h 
remifentanil. Afterwards, 3 mg/kg/h propofol infusion was started. 
Following induction of anesthesia, patients were randomly divided 
into two groups before surgery; Group 1 (n = 25) was given 3 µg/kg/h 
remifentanil, and Group 2 (n = 25) was given 6 µg/kg/h remifentanil. 
Patients with a BIS score of 75-85 after induction were placed in the 
lithotomy position. At least 10 minutes before induction, local anesthesia 
was applied to the urethra with 20 ml of sterile lubricating gel (Aqua 
Touch, Lidocaine 2% Gel, Ankara, Turkey).
A propofol bolus dose of 0.4 mg/kg/h was administered to both groups 
every 3 minutes until the target BIS score (60-75) was reached, and 
the infusion rate was increased by 0.5 mg/kg/h. At values below the 
target BIS score, the propofol infusion rate was reduced by 0.5 mg/
kg/h. Remifentanil infusion was not interrupted during the operation. 
Additional doses of propofol were similarly administered to patients 
who showed movement during the procedure.
Our primary aim in the study was to investigate whether the procedures 
would be performed successfully and to measure the surgeon’s 
satisfaction level. Success is defined as completing the procedure 
without the need for general anesthesia and without the need for more 
than 5 doses of additional anesthesia within 15 minutes.
Secondary outcomes were to compare the effectiveness and safety 
of anesthesia. In terms of effectiveness, vital signs, sedation levels, 
time to reach target sedation, amount of additional dose administered 
throughout the procedure, and cumulative dose were evaluated in 
both groups. Safety, recovery times, movement during the procedure, 
drug-related adverse events (respiratory, such as desaturation, 
hypoxia, bronchospasm, cough, intubation, or cardiovascular, such as 
bradycardia, arrhythmia, hypertension, hypotension, inotropic need) 
were evaluated.
Before induction, preparations were made against all possible side 
effects. A decrease in SpO2 below 95% during the operation was 
defined as “desaturation”, and a decrease below 90% was defined as 
“hypoxia”. When desaturation was observed in the patient, first tactile 
and verbal warnings were given, and then, depending on the situation, 
the jaw thrust maneuver was applied and the airway was entered. If 
there was no improvement within 1 minute despite this intervention, 
mask ventilation with 100% O2 was planned. In case of hypoxia, mask 
ventilation was applied. Mask ventilation times were recorded. If 
there was no improvement despite these attempts, laryngeal mask 
placement or intubation was planned.
No intervention was planned for patients with a heart rate ≤ 50 
bpm, as long as it did not adversely affect blood pressure. When 
MAP was <60 mmHg or 25% lower than control MAP, 5 mg ephedrine 
was administered intravenously and repeated every 3-5 minutes if 
necessary. It was planned to give 0.01 mg/kg atropine to patients with 
resistant bradycardia (HR <50 beats/min). In resistant hypotension, it 
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was planned to increase the crystalloid fluid infusion rate to 10 ml.kg-1 
and then start dopamine infusion. After the resectoscope was removed 
from the urethra, propofol and remifentanil infusions were terminated, 
and total propofol and remifentanil doses, anesthesia, and operation 
times were recorded. 
When the patients responded to verbal stimuli after the procedure, 
they were transferred to the postoperative recovery room, and when 
the Aldrete score was ≥ 9, that is, there was a recovery period, they 
were transferred to the patient rooms (10). Eye-opening time with 
verbal stimulation was defined as the waking time. After the operation 
was completed, the operating surgeon (who was blind to the groups) 
was asked to score anesthesia satisfaction from 1 to 4 (very good: 4, 
good: 3, moderate: 2, bad: 1) (Figure 1).
Statistical analysis
The estimated sample size was calculated based on the difference 
between satisfaction scores in a previous study (3.41 ± 0.80 vs. 2.36 
± 1.26) [10]. We assumed that the expected difference in satisfaction 
scores was greater than 1, and in accordance with this assumption, 
a minimum of 20 patients per group was required. To achieve this, 25 
patients were recruited for each group, and ultimately, 25 patients per 
group completed the study. The Kolmogorov-Smirnov test was used to 
check the suitability of continuous variables for normal distribution. In 
univariate analysis, the Student T test was used to compare normally 
distributed variables in two independent groups, and the Mann-
Whitney U test was used for non-normally distributed variables. The 
relationship between categorical variables was tested with chi-square 
analysis. Repeated measures ANOVA was used to compare repeated 
measures, and two-way ANOVA was used to evaluate multiple factors 
together. Frequency, percentage, and mean ± SD values were given as 
input statistics. SPSS for Windows v.22 was used in statistical analysis, 
and a p-value of <0.05 was considered statistically significant.
Ethical approval
Ethical approval was received from the Gaziantep University local 
ethics committee (Date: 2013-09-17, No: 17.09.2013/323). 

Results
Comparison of demographic values is shown in Table 1. There was 
no statistically significant difference between the groups in terms 
of demographic data (p > 0.05). Comorbidities in both groups were 
hypertension, diabetes, chronic obstructive pulmonary disease, 
and kidney disease. The average prostate size in TURP surgery was 
determined to be 40 grams (range 30-50 grams) (Table 1).
Primary Results
There was no statistical significance between the groups in terms 
of hemodynamic values (p > 0.05) (Figure 2). The procedures in both 
groups were completed successfully in all patients, and no patient 
required intubation or advanced airway equipment. However, oxygen 
saturations were similar (p > 0.05) (Figure 3). Sedation levels (BIS Score) 
in group 2 were statistically lower than group 1 at all measurement 
times (p = 0.02) (Figure 3). Target sedation scores (BIS 60-75) were 
reached in both groups.
Vital signs (HR, MAP, RR, SPO2) were similar in both groups, and there 
was no statistical difference except for some measurement times (p 
> 0.05). However, patients in Group 2 were clinically more stable (Table 
2). Secondary Results
Intraoperative adverse events were comparable between the two 
groups. The incidence of desaturation (SpO₂ < 95%) was 14 cases in 
Group 1 and 12 cases in Group 2 (p = 0.39), while hypoxemia (SpO₂ < 90%) 
occurred in 10 and 6 patients, respectively (p = 0.77). Bradycardia (HR 
< 60 beats/min) was observed in 2 patients in Group 1 and 6 patients 
in Group 2 (p = 0.15). No hypotensive episodes (MAP < 60 mmHg) were 

recorded in either group. Hypertension (MAP 100–120/> 120 mmHg) 
occurred in 7 and 1 patients in Group 1, and 4 and 1 patients in Group 2 
(p = 0.36). The proportion of patients requiring respiratory support with 
a mask was 12 in Group 1 and 18 in Group 2 (p = 0.86). The mean duration 
of respiratory support was 11.67 ± 9.37 minutes in Group 1 and 11.39 ± 
8.36 minutes in Group 2, with no statistically significant difference 
between the groups (p = 0.88).
Comparison of postoperative measurement values is shown in Table 
3. Awakening time was similar between groups (6.04 ± 2.93 min vs. 4.6 
± 1.70 min, p = 0.39). In contrast, recovery time differed significantly, 
being longer in Group 1 (8.88 ± 2.39 min) compared to Group 2 (8.04 ± 
1.86 min, p = 0.017). Propofol consumption was higher in Group 1 (4.02 ± 
1.65 mg/kg/h) than in Group 2 (3.13 ± 1.24 mg/kg/h), and the difference 
was statistically significant (p = 0.02). Surgeon satisfaction scores were 
slightly higher in Group 2 (median 3, range 2–4) compared to Group 
1 (median 3, range 1–3), with a significant difference (p = 0.019). The 
incidence of postoperative nausea was low and similar between the 
groups (1/24 in Group 1 vs. 0/25 in Group 2; p = 0.30) (Table 3).

Discussion
To our knowledge, this is the first prospective, randomized controlled 
trial to directly compare different doses of remifentanil for MAC during 
TUR procedures. In this study, we aimed to reveal the applicability of 
MAC in TUR, and the optimum dose of remifentanil was investigated. 

Table 3. Comparison of postoperative measurement values

Table 2. Comparison of intraoperative parameters

Table 1. Comparison of demographic values

 Group 1(n=25) Group 2 (n=25) p values

Age (year) 68.76 ± 8.540 67.72 ± 8.349 0.665

Gender (M/F) 23.2 25/0 0.15

Weight (kg) 72.56 ± 15.006 75.56 ± 14.388 0.474

Duration of Anesthesia (min) 45.60 ± 24.644 46.76 ± 23.844 0.866

Duration of Operation (min) 37.92 ± 23.564 42.20 ± 23.773 0.526

ASA I/II/III 0/13/12 0/15/10 0.257

TUR-P/TUR-B 12.13 15.10 0.405

 Group 1 (Mean ±SD) Group 2 (Mean ±SD) P value

Heart Rate 77.04±13.09 75.08±15.49 0.47

Mean Arterial Pressure (MAP) 84.64±19.07 81.34 ±13.27 0.55

Respiratory Rate (RR) 13.56 ± 1.03 13.11± 0.98 0.63

Bispectral Index (BIS) 73.90 ± 5.22 61.12 ± 6.24 0.03

Peripheral sPO2 95.21±0.69 96.027 ±0.49 0.36

Time to Achieve Target Sedation 8.44 ± 8.69 3.16±2.44 0.04

*: Means of values at all measurement times of groups

 Group 1 Mean ±SD Group 2 P value

Awake Time (min) 6.04 ± 2.93 4.6 ± 1.70 0.39

Recovery Time (min) 8.88 ± 2.386 8.04 ± 1.859 0.017

Propofol Consumption (mg/kg/h) 4.02 ± 1.65 3.13 ± 1.24 0.02

Surgeon Satisfaction Score 3 (1-3) 3 (2-4) 0.019

Nausea +/- 1.24 0/25 0.30
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Our study is the first randomized controlled trial of TURP/B with MAC 
anesthesia. TUR under local anesthesia and sedation was first reported 
by Moffat et al. [11]. In this study, it was reported that the method 
was well tolerated by the patients and no major complications were 
observed. Acceptable success rates were reported in many similar 
studies conducted in subsequent years [12-15]. Miroglu et al. reported 
an 82% success rate in the TUR procedure with this method [12]. Sinha 
et al. reported that 87% of patients were satisfied with this procedure 
[16]. These studies underlined that it is a good alternative to general and 
regional anesthesia, especially in high-risk patients [3,5,15,16]. Currently, 

the procedure is successfully applied to selected patients in some 
clinics, as reported in previous studies [1,4,8,9]. A recent retrospective 
study on 52,182 patients reported that TUR-P under MAC had similar 
complication rates as general and spinal anesthesia in patients with 
advanced age, high ASA, diabetes, and COPD [1]. 
Our study is different from previous studies in that only intraurethral 
2% lidocaine gel was used as a local anesthetic, and it was performed 
with deeper sedation under BIS guidance. Although it has been 
reported that lidocaine 2% gel alone is sufficient for endoscopic 
urological procedures, it may not provide sufficient analgesia for TUR 
alone [17]. Therefore, it should be combined with effective sedatives 
and analgesics. It is important that the sedation level is at the depth 
required for the surgery and that those side effects, especially 
respiratory and hemodynamic effects, are avoided. We tried to achieve 
this balance with BIS monitoring. 
Many different anesthetic/analgesic agents can be used in MAC [18,19]. 
The anesthetics to be preferred and their doses vary depending on 
the patient’s health condition and/or the surgical procedure to be 
performed. The fact that remifentanil is a powerful analgesic and has 
a short dose-independent half-life has made this drug the preferred 
analgesic agent in MAC [20,21]. Propofol, like remifentanil, is a short-
acting anesthetic agent, and these two agents complement each other 
pharmacodynamically. Vuyk et al. reported that remifentanil added to 
propofol is superior to other opioids in terms of recovery time [22].
In a study investigating the effect of remifentanil added to propofol 
on the depth of sedation with BIS monitoring, it was reported that 
faster and deeper sedation levels were achieved with remifentanil 
added to propofol and that remifentanil doses of 3 microgr.kg.h-1 were 
compared to 6 microgr.kg.h-1. They said it caused fewer side effects. 
In this study, fixed-dose propofol infusion was applied [23]. However, 
determining the optimum drug combination and dosage for each 
surgical procedure is a matter of research. The use of propofol and/
or remifentanil in endoscopic urological procedures has been reported 
[24]. The number of studies on transurethral resection is very limited. 
Verdejo et al. reported that propofol-remifentanil infusion was used 
for sedation in addition to local anesthesia in ASA III-IV patients with 
benign prostatic hypertrophy who underwent TUR. As a result, they 
reported that there were no complications arising from anesthesia [25]. 
However, in the aforementioned study, all patients were administered 
a fixed dose of remifentanil, and no comparison of different doses was 
made.
When the hemodynamic status was evaluated in our study, it was 
seen that anesthesia was more stable in Group 2. It has been reported 
that high doses and rapid administration of propofol and remifentanil 
during induction cause bradycardia and hypotension, but low doses 
and/or slow (e.g., infusion) administration of these drugs have less 
effect on hemodynamics [19,21,22]. For induction, we started with 
lower doses of propofol and remifentanil (1 mg/kg propofol, 0.25 µg/
kg remifentanil). While remifentanil was continued as an infusion 
at different doses, additional doses of propofol were administered 
according to the BIS index. In this way, none of our patients (including 
our ASA 3 and 4 patients) experienced hypotension or bradycardia 
requiring intervention. Although the decrease was more pronounced in 
Group 2, it remained within clinically acceptable limits. 
Both propofol and remifentanil have respiratory suppressant 
properties. In our study, transient desaturation and hypoxia occurred 
in both groups but were managed with simple airway maneuvers, and 
no patient required intubation. Importantly, BIS monitoring allowed 
titration to adequate depth while minimizing respiratory compromise. 
As it is known, BIS is a device that measures the depth of anesthesia 
with the help of brain waves and thus facilitates the MAC technique 

Figure 1. Flowchart of study

Figure 3. Comparison between groups of peripheral blood O₂ 
Saturation (SpO₂) and Sedation level (Bispectral Index, BIS). BIS values 
were significantly lower in Group 2 at all measurement times (p = 0.02). 
SpO₂ values were comparable between groups, with no significant 
differences (p > 0.05).

Figure 2. Comparison between groups of heart rate (HR, b/min) and 
mean arterial pressure (MAP, mmHg) values. HR and MAP values were 
similar across most time points (p > 0.05). No significant differences 
were observed
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in critical situations [23]. Studies have reported that BIS monitoring 
reduces anesthesia consumption, complications, and recovery time by 
optimizing the depth of anesthesia. Despite this, respiratory depression 
was observed in both groups. However, this period was short-lived, and 
no patient required long-term mask ventilation or intubation. There 
was no difference between the groups in terms of the number of 
breaths and duration of support.
In our study, eye opening and recovery were faster in Group 2 (p > 
0.05). The most important reason for this is that the remifentanil dose 
in this group provided a more effective analgesia, so hypnotics were 
used less. The positive effects of effective analgesia on postoperative 
recovery have been reported in many studies. It was reported that 
patients who used propofol + remifentanil had earlier recovery 
than those who used propofol alone [23]. Other studies had similar 
results [5,20,22]. Our recovery time findings are consistent with prior 
reports. Verdejo et al. demonstrated safe and complication-free use 
of propofol–remifentanil sedation in high-risk TUR patients, and Vuyk 
et al. showed that remifentanil added to propofol shortened recovery 
compared to other opioid combinations. Similarly, we observed that 
higher-dose remifentanil (Group 2) was associated with faster recovery 
and reduced propofol consumption.
Limitation
This study has some limitations. Although the study was adequately 
powered for the primary endpoint, the relatively small sample size 
may limit generalizability. The trial was conducted in a single center, 
potentially introducing center-specific biases. Additionally, the follow-
up period was limited to the intraoperative and early postoperative 
phases, preventing assessment of long-term outcomes or late 
complications. Finally, factors such as inter-individual variability in 
anesthetic response and surgeon experience, which may influence the 
results, were not fully controlled.
Conclusion
In conclusion, this study showed that both drug combinations provided 
adequate MAC anesthesia for TUR procedures, but the quality of 
intraoperative sedation and analgesia and the postoperative recovery 
rate were higher in Group 2. Both doses appear to be feasible options 
for MAC in urological endoscopic interventions; however, the higher 
dose provided superior outcomes in our trial.
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