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Comparison between patient-controlled tramadol infusion and 
additional thoracic paravertebral block in the management of 
post-thoracotomy pain; a retrospective study

Mustafa Cenk Çetin1, Mehtap Tunç1, Hilal Sazak1, Onur Küçük1,  Musa Zengin2, Ramazan Baldemir1
Ali Alagöz1

1Department of Anesthesiology and Reanimation, Ankara Atatürk Sanatorium Training and Research Hospital, University of Health Sciences, Ankara, Turkiye
2Department of Anesthesiology and Reanimation, Ankara Etlik City Hospital, Ankara, Turkiye

ABSTRACT
Aims: Thoracic paravertebral block (TPVB) is provides effective analgesia in patients undergoing thoracotomy. In this study, 
we aimed to compare the level of analgesia, hemodynamic parameters, and analgesic consumption in post-thoracotomy 
patients who received iv patient-controlled analgesia (PCA) with the patients who received TPVB plus iv PCA. 
Methods: We retrospectively evaluated the pain and anesthesia forms of 100 patients. Patients were divided into two groups 
according to analgesia methods. All patients were given 100 mg iv tramadol 30 minutes before the end of the operation. 
Intravenous tramadol infusion by using PCA was applied in both groups for postoperative 24 hours. In Group II, 5 levels 
of TPVB was performed just before the end of the operation. Additional analgesic (paracetamol 1 g infusion) was given 
when visual analog scale (VAS) was≥4. Demographic data of patients and analgesia methods of patients were recorded. 
Hemodynamic parameters, peripheral oxygen saturation, respiratory rate, sedation scores, resting and coughing VAS score, 
additional analgesic requirement, side effects and complications, amounts of consumed analgesics, and analgesia-related 
satisfaction scores were recorded preoperatively, before PCA, and 1, 6, 12, and 24. hours postoperatively to use patients’ pain 
forms. 
Results: Hemodynamic parameters were comparable between groups (p >0.05). Resting and coughing VAS scores were 
significantly lower in the TPVB group (p < 0.05). The additional analgesic requirement was also lower in Group II (p<0.05). 
Cumulative tramadol conpsumption was significantly lower in Group II (p <0.05).
Conclusion: TPVB combined with iv tramadol PCA provided effective analgesia, and it decreased cumulative tramadol use in 
thoracotomy patients. 

Keywords: Thoracotomy, thoracic paravertebral block, tramadol, visual analog scale.
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INTRODUCTION 

Post-thoracotomy pain is one of the most severe postoperative 
pains, is constantly stimulated by respiratory movements, 
and the first 4-6 hours postoperatively is the period with 
the highest analgesic requirement. Complications resulting 
from this pain include an inability to cough due to decreased 
respiratory movements, an inability to expel bronchial 
secretions, atelectasis, pneumonia, bronchitis, hypoxemia, 
respiratory failure, and prolonged mechanical ventilation.1-3

The administration of analgesics following a thoracotomy 
can effectively reduce the incidence of postoperative 
complications. The pharmacological and non-
pharmacological methods employed to relieve pain 
following thoracotomy encompass a range of agents and 

techniques. These include systemic opioids, non-steroidal 
anti-inflammatory drugs (NSAIDs), systemic analgesia 
therapy, including ketamine, and regional techniques such 
as intercostal, paravertebral, intrapleural and epidural 
blocks.1,4  To minimize the potential for complications and 
provide adequate analgesia, a combination of both drugs and 
techniques, rather than a single method, is more effective in 
patients undergoing thoracotomy.4

In recent years, post-thoracotomy pain has been successfully 
prevented with the use of a thoracic paravertebral block 
(TPVB). A review of the literature reveals that TPVB 
applications result in effective analgesia with a lower 
complication rate than that observed with thoracic epidural 
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applications.4  The paravertebral nerves in the surgical area 
are the sole nerves blocked in a TPVB application, which 
results in a lower incidence of hypotension and bradycardia 
than in a thoracic epidural block.4-7

The hypothesis in this study is adding TPVB for postoperative 
analgesia in patients undergoing thoracotomy may positively 
affect postoperative analgesia and perioperative parameters. 
This retrospective study aimed to assess the analgesic efficacy, 
hemodynamic parameters, analgesic consumption, adverse 
effects and complications in patients who received a thoracic 
paravertebral injection in addition to intravenous patient-
controlled analgesia (PCA) following a thoracotomy.

METHODS 

The study was carried out with the permission of the 
Keçiören Training and Clinical Researches Ethics Committee 
(Date: 28.11.2012, Decision No: B.10.4.İSM.4.06.68.49). All 
procedures were carried out in accordance with the ethical 
rules and the principles of the Declaration of Helsinki.
Following the granting of, a retrospective analysis was 
conducted on the standard pain monitoring forms used in 
the postoperative analgesia practices of 100 patients who 
underwent thoracotomy between 2009 and 2012. Patients 
with incomplete or incorrectly recorded data were excluded 
from the study. 

Interventions 
Before undergoing surgery, patients were informed about 
TPVB, which is a method used to treat postoperative pain. 
They were also informed about the use of the PCA device and 
their consent was obtained. The Visual Analogue Scale (VAS) 
method was employed to assess pain intensity, with patients 
being provided with a detailed explanation of the method. 
Upon examination of the pain follow-up forms, the patients 
were divided into two groups, designated Group I and 
Group II, according to the postoperative analgesia methods 
applied. Patients were selected from those who underwent the 
same anesthesia method. The amounts of fentanyl used for 
induction and maintenance of anesthesia were recorded from 
the intraoperative anesthesia forms.

For postoperative analgesia, 100 mg of tramadol (Contramal 
ampul® 100 mg/2 ml, Abdi İbrahim, Turkiye) was 
administered via intravenous slow infusion 30 minutes prior 
to the patient’s awakening after surgery. Once the patients 
had been discharged from the operating room and admitted 
to the surgical intensive care unit, intravenous PCA (Abbott 
Laboratories, North Chicago, IL, USA) was administered for 
24 hours following the operation. A solution containing 5 mg 
of tramadol in 1 ml was prepared for intravenous PCA. The 
device was programmed as a 10 mg/hour infusion, a 20 mg 
bolus, a half-hour locked time, and a 4-hour limit of 120 mg. 
The same intravenous PCA analgesia protocol was applied to 
both groups. Patients in Group II underwent TPVB after the 
surgical procedure, immediately preceding the termination 
of anesthesia, with the patient positioned in the lateral 
decubitus position.

The TPVB application was initiated at the caudal and 
cephalad incision lines of the thoracotomy incision, with two 

levels each including the thoracic vertebral segment, resulting 
in a total of five levels. The spinous processes of the vertebrae 
were identified and a point 2.5 cm lateral to the spinous process 
on the thoracotomy side was marked as the injection point. A 
22-gauge spinal needle (Exelint®, California, USA) was inserted 
at the designated point and the transverse process was palpated. 
The needle was then withdrawn and advanced just above the 
transverse process in a cephalic direction for a maximum of 
2 cm. 4 ml of bupivacaine hydrochloride (Marcaine vial® 0.5% 
20ml, Astra Zeneca, Turkey) was administered for each level. 

During the follow-up of patients in the intensive care unit, 1 
gram of paracetamol (Perfalgan 100ml vial® 10mg/ml Bristol-
Myers Squibb Inc.) was administered via intravenous infusion 
as an additional analgesic when the VAS score was 4 or higher. 
Any adverse effects or complications that arose during this 
period were duly recorded.

The postoperative pain follow-up forms were examined, 
and the following variables were recorded: gender, age, 
diagnosis, body mass index (BMI), surgical method, ASA 
score, and postoperative analgesia methods. The follow-up 
data included systolic arterial pressure (SBP), diastolic arterial 
pressure (DAP), mean arterial pressure (MAP), heart rate 
(HR), peripheral oxygen saturation (SpO2), respiratory rate 
(RR), resting and cough VAS scores, the need for additional 
analgesics, side effects and complications related to analgesia, 
the number of analgesics consumed and ramsay sedation 
scores. The data above were recorded at a total of six time 
points: preoperatively, before the commencement of PCA, 
and at 1, 6, 12 and 24 hours postoperatively. Furthermore, 
analgesic method satisfaction scores were recorded after 24-
hour (0=poor, 1=moderate, 2=good, 3=very good, 4=excellent).

Outcomes
The primary outcome of the study was the intensive care unit 
discharge VAS scores in patients who underwent thoracotomy 
with and without thoracic paravertebral injection in addition 
to intravenous PCA for postoperative pain control. The 
other outcomes of our study were hemodynamic parameter 
measurements, total tramadol consumption, need for 
additional analgesia and incidence of side effects in the first 
24 hours postoperatively in patients with and without thoracic 
paravertebral injection.

Statistical Analysis 
The data was analyzed using the Statistical Package for Social 
Science (SPSS) for Windows 11.5 package program. Descriptive 
statistics were expressed as mean±standard deviation or 
median (minimum-maximum) for continuous variables and 
as number of cases (n) and (%) for nominal variables. The 
significance of the difference between the groups in terms 
of means was investigated using a Student’s t-test, while 
the significance of the difference in terms of median values 
was investigated through a mann-whitney U test. Nominal 
variables were analyzed using pearson’s chi-Square, fisher’s 
chi-square with fisher’s exact test or likelihood ratio test. A 
repeated-measures analysis of variance was employed to assess 
the hemodynamic measurements. The percentage changes 
between follow-up times, which were considered clinically 
important, were calculated and comparisons were made 
between the groups.
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The friedman test was employed to ascertain whether there 
was a statistically significant change in VAS and sedation 
scores according to time within the groups. If the result of 
the friedman test statistic was found to be significant, the 
Wilcoxon signed-rank test with Bonferroni correction 
was employed to ascertain the follow-up times that were 
responsible for the observed difference. The results were 
considered statistically significant if the p-value was less than 
0.05.

RESULTS

There was no statistically significant difference between the 
groups in terms of age, gender, body weight, height, body mass 
index, and ASA assessment (p > 0.05), as shown in Table 1.

Table 1. Demographic and clinical characteristics of groups

Parameters
Group I (n:50)
(mean ± SD)

Group II (n:50)
(mean ± SD) p

Age (year) 50.6 ± 14.8 50.9 ± 15.7 0.922

Gender
Male (%) 30 (60.0) 38 (76.0)

0.086
Female (%) 20 (40.0) 12 (24.0)

BMI (kg/m2) 24.9 ± 4.6 26.5 ± 5.1 0.092

ASA I/II/III 1 / 21 / 28 0 / 31 / 19 0.080
Demographic data are given as mean ± SD or %.
ASA: American Society of Anesthesiologists, BMI: Body mass index, SD: Standard devision

The change in SAB over time was statistically similar 
between the groups (F=0.379 and p=0.812). In Group I, the 
only statistically significant change in SAB was the decrease 
observed between pre-PCA and 24 hours (p=0.023). In group 
II, there was no statistically significant difference in mean 
SAB between the follow-up times (p=0.198). The change in 
DAB over time was statistically similar between the groups 
(F=0.623 and p=0.664). In group I, there was no statistically 
significant difference in DAB between the follow-up times 
(p=0.115). In group II, the only statistically significant change 
in DAB was the decrease observed between the preoperative 
and first-hour time points (p=0.004).

There was no statistically significant difference in MAP 
between the groups (F=0.254 and p=0.900). There was no 
statistically significant difference in MAP between the 
follow-up times in both Group I and Group II (p=0.433 and 
p= 0.713), as shown in Table 2.

Table 2. Mean arterial pressure (map) levels according to monitoring 
times

Times
Group I (n:50)
(mean ± SD)

Group II (n:50)
(mean ± SD) pa

Preoperative 91.5 ± 9.7 91.6  ±  8.2 0.938

Pre-PCA 92.5 ± 16.6 90.4  ±  15.1 0.506

1st hour 89.7 ± 11.2 88.8 ± 11.2 0.669

6th hour 91.2 ± 11.5 90.0 ± 13.2 0.623

12th hour 91.0 ± 11.0 89.4 ± 13.5 0.527

24th hour 89.3 ± 8.5 89.7 ± 10.8 0.814
a: Results were considered statistically significant for p < 0.0083 according to Bonferroni 
Correction. PCA: patient-controlled analgesia

In Group I, there was a statistically significant increase in 
HR at 12 hours compared to all follow-up times (p<0.025). 

In Group II, the HR values at pre-operative and before PCA 
were statistically lower (p<0.001). In the context of intergroup 
comparison, it was observed that the HR in the pre-operative 
period was significantly higher in Group I (p=0.008).

There was no statistically significant difference in SpO2 
between the groups (p>0.05). The SpO2 values were found to 
be statistically lower than the preoperative values at all times 
(p<0.01). A statistically significant decrease was observed in 
the resting VAS values in Group I and Group II when the data 
from the pre-PCA and all follow-up times were compared 
(p<0.001). In the intergroup comparison, resting VAS values 
in Group II were found to be statistically significantly lower 
before PCA (p =0.001) (Figure 1).

*: The difference between groups is statistically significant (p = 0.001).
†: In Group I, the difference between pre-PCA and other follow-up times 
was statistically significant (p < 0.001).
‡: In Group II, the difference between pre-PCA and other follow-up times 
was statistically significant (p < 0.001).
Figure 1. Resting visual analog scale (VAS) levels according to monitoring 
times.

A statistically significant decrease in cough VAS values was 
observed in both Group I and Group II at all other follow-up 
times in comparison to the pre-PCA values (p<0.001). In the 
intergroup comparison, cough VAS values before PCA were 
found to be statistically significantly lower in Group II (p< 
0.002), as illustrated in Figure 2.

*: The difference between groups is statistically significant (p = 0.002).
†: In Group I, the difference between pre-PCA and other follow-up times 
was statistically significant (p < 0.001).
‡: In Group II, the difference between pre-PCA and other follow-up times 
was statistically significant (p < 0.001).
Figure 2. Coughing visual analog scale (VAS) levels according to 
monitoring times.
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A comparison of sedation levels within Group I revealed a 
statistically significant reduction at all subsequent follow-
up times in comparison to the baseline measurement prior 
to PCA (p<0.001). There was no statistically significant 
difference between the other follow-up times in terms of 
sedation levels (p > 0.025). In Group II, the lower sedation 
levels observed at other follow-up times in comparison to 
the pre-PCA period were found to be statistically significant 
(p<0.001). There was no statistically significant difference 
between the other follow-up times in terms of sedation levels 
(p>0.025).A comparison of the groups in terms of the need 
for additional analgesics revealed a statistically significant 
reduction in this need in Group II (p<0.05) (Table 3).

Table 3. Rates of additional analgesic requirement

Times Group I (n:50) n (%) Group II (n:50) n (%) p

Pre-PCA 50 (%100.0) 37 (%74.0) <0.001

1st hour 1 (%2.0) 4 (%8.0) 0.362

6th hour 1 (%2.0) - 1.000

12th hour - - -

24th hour - - -
p<0.05 statistically significant. PCA: patient-controlled analgesia

In terms of analgesic method satisfaction, three patients 
in Group I indicated moderate satisfaction, 37 patients 
indicated high satisfaction, and 10 patients indicated very 
high satisfaction. In Group II, three patients were moderately 
satisfied, 30 were well satisfied, and 17 were very well satisfied 
with the analgesia method. Although the overall satisfaction 
rate was higher in Group II, there was no statistically 
significant difference between the groups (p=0.277).

Although there was no statistically significant difference 
between the groups in terms of total tramadol consumption at 
I and 6 hours, total tramadol consumption at 12 and 24 hours 
was found to be statistically significantly lower in Group II 
compared to Group I (p=0.040 and p=0.006) (Table 4).

Table 4. Total amounts of tramadol (mg) consumed

Times
Group I (n:50)
(mean ± SD)

Group II (n:50)
(mean ± SD) p

1st hour 51.7 ± 10.3 48.7 ± 10.9 0.162

6th hour 183.5 ± 70.9 158.9 ± 59.3 0.063

12th hour 308.6 ± 80.1 271.2 ± 98.7 0.040

24th hour 502.9 ± 70.4 443.8 ± 128.1 0.006
p < 0.05 statistically significant, SD:Standard Deviation, n: Number

DISCUSSION

In this retrospective study, hemodynamic parameters were 
found to be similar in both groups. VAS scores at admission 
to intensive care were found to be statistically significantly 
lower in the TPVB group. Additionally, the need for 
additional analgesics was found to be less in this group. It was 
observed that the TPVB application also reduced 24-hour 
cumulative tramadol use.

TPVB is a regional blockade method that is becoming 
increasingly popular due to its ease of application and similar 
results to thoracic epidural analgesia. The sympathetic 

blockade is less observed in TPVB application compared 
to thoracic epidural analgesia. TPVB can also be applied 
with multiple injection or catheter techniques.8-11  Although 
there are studies on paravertebral catheter application in 
thoracotomies, studies combining multiple paravertebral 
injections with iv PCA are limited.4,12

LA and opioid administration via thoracic epidural catheter 
negatively affects hemodynamic parameters due to the 
blocking of sympathetic cardiac fibers. This situation may 
also occur during iv PCA administration due to the systemic 
effects of iv opioids. Studies indicate that sympathetic 
blockade is less after TPVB and that complications that may 
develop due to this can be limited.4 In a study comparing 
TPVB with thoracic epidural analgesia, Richardson et al.5 
found lower pain scores and less morphine consumption in 
the thoracic paravertebral group. They also reported that 
pulmonary functions were better preserved in the TPVB 
group and nausea-vomiting and hypotension were more 
common in the epidural group. In our study, no difference 
was detected in hemodynamic parameters in the iv PCA 
group (Group I) and the TPVB+iv PCA group (Group II), and 
no hemodynamic complications occurred due to analgesic 
treatment. We think that the lower 24-hour iv analgesic 
consumption in the TPVB group will also reduce the 
complications that may develop due to iv opioid use.

After thoracic surgery, respiratory functions may deteriorate 
due to inadequate pain treatment. Additionally, the risk 
of respiratory depression with excessive opioid use makes 
pain treatment difficult. Therefore, a situation that requires 
multimodal analgesia arises.13 In multimodal analgesia, 
different analgesia combinations can be used in combination 
with central and peripheral blocks.14 Tramadol is an agent with 
weak opioid effects and limited respiratory depressant effects. 
It is widely used in postoperative analgesia.15-17 Considering 
the negative effects that may occur on respiratory functions 
after thoracotomy, iv PCA application with tramadol is also 
used as a component of multimodal analgesia in our clinic. 
Although SpO2 values in the postoperative period were found 
to be statistically lower than in the preoperative period, no 
situation requiring treatment was encountered.

Although thoracic epidural analgesia is considered the gold 
standard in the treatment of post-thoracotomy pain, in 
recent years it has been advocated that TPVB application 
may be an alternative to thoracic epidural block.18,19 It has 
been shown that opioid+LA or LA-only administration 
with a paravertebral catheter in the treatment of pain after 
thoracotomy provides effective and safe analgesia, reducing 
the need for iv opioids and the incidence of side effects.9 In 
a study conducted by Hill et al.20 in which they performed 
multiple paravertebral injections for the treatment of pain 
after video-assisted thoracoscopic surgery, they observed a 
significant decrease in VAS scores and a significant decrease 
in morphine consumption in the first 6 hours. Kaya et al.21 
found a significant decrease in VAS scores and cumulative 
morphine consumption in patients who underwent video-
assisted thoracoscopic surgery, in their 24-hour postoperative 
follow-up after multiple TPVB. In the present study, it was 
observed that in the TPVB+iv PCA group, both resting and 
cough VAS scores were lower and there was a significant 
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decrease in 24-hour tramadol consumption in the pre-PCA 
period. The need for additional analgesics in the group in 
which TPVB was not performed in the pre-PCA period 
(Group I) was found to be statistically higher than in the 
group in which TPVB was performed (Group II). In our 
study, we observed that since severe pain occurred after 
thoracotomy, a decrease in VAS scores could not be achieved 
in the early period, and accordingly, the need for additional 
analgesics was higher in this period. In the group that received 
only iv PCA, VAS levels were high before PCA despite 100 mg 
tramadol administered at the end of surgery. More additional 
analgesics were required to achieve acceptable VAS scores in 
this group. While VAS levels were 5 and above in all patients 
in this group before PCA, VAS resting scores were between 0 
and 4 in 12 patients in the TPVB+iv PCA group (Group II).

Kotze et al.,22 in a study they conducted on TPVB, stated that 
studies on complications developing after TPVB application 
are limited. They concluded that most studies focused on 
complications specifically on LA toxicity. In most of these 
studies, bupivacaine was used as LA. In our study, no LA 
toxicity or method-related complications were encountered 
in any of the patients after TPVB.

Limitations
There are some limitations in this study. First of all, the study 
is single-center and retrospective. Secondly, we could only 
access 24-hour follow-up in patient records. There was a lack 
of data for the 48th and 72nd hours after surgery in terms of 
long-term analgesic effectiveness. Finally, the chronic pain 
conditions of the patients could not be accessed from the 
records.

CONCLUSION

As a result, we think that multiple TPVB applications in the 
acute postoperative period in thoracotomy, when combined 
with iv PCA applied with tramadol, provide effective analgesia 
without causing any complications in hemodynamic and 
respiratory parameters.
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ABSTRACT
Aims: In this study, remifentanil infusion and patient-controlled bolus use with a patient-controlled analgesia (PCA) device 
were compared in terms of sedation in patients who underwent spermatic vein ligation under local anesthesia.
Methods: Thirty patient between the ages of 15-45 who were in the ASA I-II group were included in the study. They were 
randomly divided into 3 groups using the closed envelope method; continuous infusion (Group I), patient-controlled sedation 
(Group P) and control group (Group C). All patients were premedicated with intravenous (IV) 0.07 mg/kg midazolam. Group 
I was given 0.1 µg/kg/min remifentanil, Group P was given a patient-controlled 0.5 µg/kg bolus remifentanil via PCA, Group I 
and Group C were given physiological saline via PCA device. We hypothesized that patient-controlled bolus use would result 
in less drug consumption than infusion. Primary outcome; was determined as the amount of drug consumption. Secondary 
outcome; Intraoperative and postoperative side effects and sedation levels. In addition, hemodynamic parameters, anxiety 
scores, number of PCA applications and patient satisfaction were also recorded. During the operation, 2-3 L/min oxygen was 
administered via mask to patients whose SpO2 fell below 93%.
Results: Respiratory depression was more common in Group I, but the respiratory rate did not fall below 8 in any group. 
Intraoperative oxygen was required in 7 patients in Group I and 4 patients in Group P. The total amount of drug consumed 
was 64.4 µg in Group P and 147.5 µg in Group I. Although there was no difference in the number of PCA requests, 4 patients 
in Group I, 2 patients in Group P, and 1 patient in Group C never pressed the device. In terms of patient satisfaction, 30% 
of patients in Group I said it was excellent, while patients in Group C said it was not excellent. The number of patients who 
evaluated the method as excellent and very good was higher in Group P than in Group I.
Conclusion: Patient-controlled bolus administration of remifentanil provided superior primary outcome with significantly 
less drug consumption. Secondary outcome were similar. Patient-controlled bolus administration with respiratory monitoring 
can be used safely. 
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INTRODUCTION

Spermatic vein ligation can be performed under general, 
spinal or local anesthesia (LA). The choice of anesthesia 
technique depends on various factors such as suitability 
of the procedure for the patient, surgeon’s choice, patient 
acceptance, safety, perioperative pain control, time to return 
to normal activity, need for monitoring and cost effectiveness. 
Compared to general anesthesia, local anesthesia has less 
pain, postoperative analgesic requirement, postoperative 
nausea and vomiting, and is associated with shorter 
anesthesia and hospital stay.1 However, preoperative and 

intraoperative anxiety is common in all patients undergoing 
LA. For this reason, sedation is needed in local and regional 
anesthesia.2 An ideal sedative agent should have a rapid 
onset of action, allow control of the duration and level of 
sedation, and provide rapid recovery and uncomplicated 
discharge.3,4  The drugs used may cause significant respiratory 
depression or delayed recovery in increasing doses. It has 
been shown that continuous IV infusions of anesthetic and 
analgesic drugs provide fewer intraoperative side effects, less 
cardiorespiratory depression and shorter recovery time.5,6

doidoi
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Intermittent bolus doses of drugs may cause temporary 
respiratory and circulatory depression, the patient does not 
lose cooperation in conscious sedation without suppressing 
protective reflexes, Complies with commands. As the 
sedation level increases, loss of cooperation, confusion and 
hypoxemia may occur.7

The primary aim of Monitored Anesthesia Care (MAC) 
recommended by ASA is the patient’s comfort and safety 
during surgery. It involves the administration of IV drugs 
to provide sedation, anxiolysis, amnesia and analgesia in 
minor diagnostic, therapeutic and local-regional anesthetic 
procedures. Monitoring is the same as that required for 
general anesthesia (ECG, non-invasive blood pressure 
measurement, peripheral oxygen saturation and end-tidal 
CO2 monitoring).5

In order to obtain suitable conditions for the anesthetist and 
surgeon as well as the  patient during the operation, IV 
sedative-hypnotic and analgesic drugs are frequently used 
as intermittent bolus or infusion. Infusion is administered in 
two ways: doctor- controlled or patient-controlled.8

Patient-controlled sedation (PCS) method using the PCA 
device, where the patient participates in the treatment, has 
now also entered practice. It has been shown that the general 
condition and expectations of patients who participate in 
treatment with this method are positively affected.9

In this study, we compared the short-acting µ-receptor 
agonist remifentanil with placebo using continuous IV 
infusion and PCS methods for sedation after midazolam 
premedication in patients who will undergo spermatic vein 
ligation under local anesthesia. We aimed to evaluate the 
amount of medication used, side effects, sedation levels, 
anxiety scores and patients’ satisfaction with the method. 
In this study, superior primary outcome were obtained and 
less drug consumption was observed with patient-controlled 
bolus administration of remifentanil in patients who 
underwent spermatic vein ligation under local anesthesia. As 
a secondary outcome, it was observed that intraoperative and 
postoperative side effects were less and sedation levels were 
similar with patient-controlled bolus use of remifentanil. 
With respiratory monitoring, 0.5 µg/kg bolus remifentanil 
could be administered safely via PCA device.

METHODS 

The study was conducted in 2001 as an anesthesiology and 
reanimation specialty thesis. This study was initiated after 
institutional approval was obtained. All procedures were 
carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki. In this study, 30 
patient from the American Society of Anesthesiologist (ASA) 
physical status I-II group, aged between 15 and 45, who would 
undergo spermatic vein ligation under local. 

Urology Clinic, were included in the study with their 
informed consent. Patients with any neurological disorder, 
renal or hepatic failure, a history of benzodiazepine and 
opioid use, anesthetic drug intolerance and cooperation 
difficulties were not included in the study. In patients whose 
oral intake had been restricted for at least 6 hours in advance, 

an IV line was opened with a 22G on the back of the hand and 
physiological saline infusion was started. The PCA device 
was introduced to the patients and they were told to press the 
button of the device when needed during the operation.

All cases were given 0.07 mg/kg IV midazolam for 
premedication. They were random divided into 3 groups 
according to sedation techniques: continuous infusion (Group 
I), patient-controlled sedation (Group P) and control group 
(Group C). All patients were administered local anesthesia 
with 2% prilocaine hydrochloride by the surgeon. Group I 
was given 0.1 µg/kg/min remifentanil infusion with a simple 
syringe-infusion pump system (Pilot A2- Fresenius vial) 
and saline solution with a locked period of 5 minutes with a 
PCA (Acute pain manager apm abbott) device. Group P was 
given remifentanil (ULTIVA TM glaxo wellcome) via PCA at 
a bolus dose of 0.5 µg/kg. Group C received only PCA and 
physiological saline. In order to ensure accurate evaluation of 
the number of requests, physiological saline was administered 
to the subjects in the control and infusion groups via the PCA 
device. The patients’ heart rate (HR), mean arterial pressure 
(MAP), SpO2 and respiratory rates were recorded before 
sedation and every 5 minutes throughout the procedure. 
Intraoperative and postoperative side effects of remifentanil 
(MAP <60 mmHg, pulse <60, bradypnea <8, desaturation 
<93%, nausea, vomiting, itching, tremor, arrhythmia) were 
examined. At the end of the procedure, the operation time 
and the total remifentanil doses used were recorded. Anxiety 
was evaluated with VAS (0 mm-none, 100 mm-very present). 
Mini mental test was applied to evaluate orientation and 
adaptation. In this test, which consists of a total of 30 points, 
a score of 24 or below was considered an indicator of serious 
cognitive dysfunction.10

Cooperation was evaluated with a 5-score test.11 Sedation 
level was evaluated with Ramsey sedation score. Two-three 
points were considered sufficient for conscious sedation.12 A 
picture card test was performed intraoperatively to evaluate 
amnesia.13 At the end of the operation and 2 hours later, their 
failure to remember the previously shown picture cards was 
considered as anterograde amnesia. Patient satisfaction was 
evaluated with a 5-point verbal scale 2 hours postoperatively 
(1 excellent, 2 very nice, 3 nice, 4 not bad, 5 bad).14

The total button pressing frequency of the subjects during 
sedation was recorded from the memory information of the 
device. At the end of the 2nd and 24th postoperative hour, the 
patients were questioned about their complaints of nausea, 
vomiting and pain.

Statistical Analysis

‘SPSS for Windows version 9.01’ program was used for 
statistical evaluation. Kruskal wallis ANOVA and median test 
were used where necessary. mann-whitney U test was used to 
find different groups. chi-square test was used to compare 
side effects grouped as present or absent. The significance 
level was accepted as p<0.05.

RESULTS

There was no difference between the groups in terms of 
age, body weight and operation times (p>0.05) (Table 1). 
There was no difference in MAP values between the three 
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groups. Hypotension and bradycardia were not observed 
in any case (p>0.05). There was no statistical difference in 
HR values within and between groups.Desaturation was 
considered when peripheral O2 saturation fell below 93%. O2 
was administered continuously to 7 patients in the infusion 
group, and to 4 patients in the PCS group intermittently via 
a mask at a rate of 2-3 L/min. Respiratory depression was 
observed in fewer cases in the PCS group.

Table 1. Demographic data and operation times (Med ± SD)

Grup I Grup P Grup C

Age (year) 25.1±5.46 30.6±8.74 26.5±6.51

Weight (kg) 76.8±9.56 81.2±12.7 69.0 ±15.93

Operation time (min) 27.3±6.11 28.0±6.74 23.3 ± 7.07
Min: Minumum, SD: Standard Devision

As seen in Figure 1 (p<0.01), respiratory rate showed a 
significant difference in Group I (p<0.05). However, it never 
fell below the hypoventilation limit of.8

time (min)
Figure 1. Respiratory rate by time
*p<0.01, +p<0.05

While preoperative and postoperative anxiety levels did not 
differ between the groups, the postoperative anxiety levels of 
the patients in all three groups were significantly lower than 
before surgery (P<0.001) (Table 2).

Table 2. Preoperative and postoperative anxiety levels

Grup I Grup P Grup C

Preoperative anxiety 43.7± 5.19.7 48.5± 28.2 46.8± 31.3

Postoperative anxiety 0.0 ± 0.0* 0.5 ± 0.5* 5.0 ± 12.6*
* p < 0.001

According to the mini-mental test results, which evaluate 
mental status and orientation, postoperative values were 
lower than before surgery, but this was not statistically 
significant (p>0.05). There was no difference between the 
groups in amnesia evaluation (p>0.05). 

Patients who were awake and cooperative throughout the 
operation did not remember how many times they pressed 
the PCA button.The total amount of drug consumption was 
statistically significantly different between the two groups 

receiving remifentanil. In Group P, it was 147.5±48.37 and 
64.4±40.95 (p<0.001) (Figure 2). All patients evaluated with 
the 5-point cooperation test were cooperative throughout 
the operation.4-5 There was no statistical difference between 
the groups.Sedation scores are shown in Figure 3. Level 2-3 
was considered sufficient for conscious sedation. In group I, 
the deepest sedation was seen in the 20th-30th minutes with a 
value of 3.5, while in group P the deepest sedation was seen 
in the 10th-20th minutes with a value of 3. In the Group C the 
sedation score was always 2. The scores at the 5th, 10th, 20th 
and 30th minutes in Group I and the scores at the 10th and 
20th minutes in Group P were significantly different compared 
to Group C (p<0.05). Patients who were cooperative and alert 
even at the deepest levels of sedation responded fully to verbal 
stimulation.

Figure 2. Remifentanil consumption amount(ug)

time(min)
Figure 3. Sedation levels

Patient satisfaction; It can be seen in Table 3. No statistical 
difference was found between the groups (p>0.05). While 30% 
of the patients in Group I evaluated the method as excellent, 
it was not evaluated as excellent in the control group that 
did not receive remifentanil. The number of patients who 
evaluated the method as excellent and very good was higher 
in Group P than Group I. No negative comments were made 
regarding the method used in any group. In the perioperative 
period, pain was observed in 2 patients in the infusion and 
PCS group and in 4 patients in the control group (p>0.05). 
During this period, the rate of PCA use increased. In this 
situation, additional local anesthetic was administered. 
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Table 3. Patients’ satisfaction

Grup I Grup P Grup C

Excellent 3 1 -

Very good 2 5 4

Good 5 4 5

Not bad - - 1

Bad - - -

The amount of local anesthetic used was similar in all groups. 
The numbers of medication request are shown in Table 4. 
It was similar in Group P and Group C, but less in Group 
I. It was not significant (p>0.05). Four patient in Group I, 
2 patients in Group P and 1 patient in Group C had never 
pressed the PCA device.

Table 4. PCA Request count

Grup I Grup P Grup C

Successful demands 9 14 14

Failed demands 5 8 9

Total demands 14 22 23

No demand(n) 4 2 1

Among the side effects of remifentanil, itching, bradycardia, 
hypotension, rigidity, tremor and arrhythmia were not 
observed in any patient. Nausea was observed in 2 patients in 
Group I, one in the postoperative 10th minute and the other 
in the postoperative 30th minute and 2nd hour. There was 
no vomiting. No nausea or vomiting was observed in Group 
P. In the control group that did not receive remifentanil, 
orthostatic hypotension and vomiting were observed in one 
patient in the 2nd postoperative hour (p>0.05).There were 
no complaints of pain, nausea or vomiting in the patients 
contacted by phone at the 24th postoperative hour.

DISCUSSION

In general, stress is a very important factor in all surgical 
interventions. Even if patients do not feel any pain under 
local or regional anesthesia, the discomfort caused by stress 
affects both the patient and the surgical team. To control 
perioperative anxiety, sedative agents are usually given as IV 
boluses under the supervision of the anesthesiologist. In PCS, 
the patient self-administers the medication in small doses 
as needed. It is a great pleasure for the patient to be able to 
control his anxiety. Sedative agents that have a rapid onset of 
action, a short half-life, no active metabolites, and a rapid and 
trouble-free recovery are ideal for PCS use. While the selected 
agent, locking conditions and bolus amounts primarily affect 
PCS settings, the patient’s psychological state, intellectual 
level and informing about the procedure are other effective 
factors.

Research has shown that patients are better aware of 
their discomfort, pain, and the sedation they need during 
interventions than an anesthesiologist or nurse. The idea 
that patients can best respond to their own needs creates 
positive emotions in the patient. It has been noted that these 
feelings caused by PCS in patients are due to the following 
three factors. The first is that the worry of someone giving too 
much medication is eliminated, the second is that the patient 
is free from dependence on someone, and the third is that it 

is possible to receive immediate treatment.9 Benzodiazepines 
are generally used in this method. While patient-controlled 
IV therapy was previously used only for analgesia, the 
foundations of PCS were first laid in 1989 when Galleti et al 
used diazepam for anxiolysis in a group of 50 people.15 PCS 
has also been successfully applied to elderly and pediatric 
patients.16,17 The success of PCS depends on the sedative agent 
chosen, the level of sedation provided, and the patient.18 In 
addition to postoperative pain control, PCA devices are also 
used in sickle cell anemia crisis, gynecology, intensive care 
units and intraoperatively.19,20

Although patient satisfaction in PCS applications is better 
than other sedation methods, the expensiveness of PCA 
devices causes additional costs such as the need for a special set 
for each patient, which creates limitations and disadvantages 
in practice.21 Benzodiazepines are drugs commonly used for 
anxiolysis, amnesia and sedation. Midazolam has a rapid 
onset of action, a short elimination half-life (1-4 hours) and 
good recovery properties. In addition to its hypnotic and 
anticonvulsant effects, it causes anterograde amnesia.22

Although there are studies showing that the use of 
remifentanil alone is sufficient to provide sedation, it has been 
reported that it should be given with 2 mg IV midazolam 
at a dose of 0.05-0.1 µg/kg/min to provide amnesia and 
analgesia.6 In another study, clinically significant respiratory 
depression was detected after a bolus dose of remifentanil 
in patients premedicated with midazolam.23 Additionally, it 
was observed that respiratory depression occurred in direct 
proportion to the increase in the midazolam dose in the 
combination of remifentanil and midazolam. Gold et al.25 also 
used remifentanil alone and in combination with midazolam 
during outpatient surgery for MAC. They reported that 
low-dose (0.05 µg/kg/min) remifentanil combined with 
midazolam (2 mg) caused slightly more sedation, less anxiety 
and side effects.24 A 0.07 mg/kg sedation dose of midazolam 
has been recommended, but it has been reported that it may 
reduce protective reflexes if opioids are used before treatment.

In ESWL, it has been stated that in addition to the lower 
infusion dose of remifentanil with the PCS method, the 
10mcg bolus dose is more effective and causes fewer side 
effects.26 In some studies, dose adjustments were made to 
reach the desired level of sedation in continuous infusion.11 
In our study, the rate was kept constant in the infusion 
group. Based on previous studies, we preferred the 0.1 µg/
kg/min infusion dose and 0.5 µg/kg bolus dose as we found 
them reliable throughout the surgery. We provided adequate 
sedation and did not encounter excessive sedation in any 
patient.

PCS is also recommended to avoid unnecessary deep sedation 
during ERCP.21 Remifentanil, used at a dose of 0.1-0.5µg/kg/
min in awake fiberoptic intubation, increased tolerance by 
providing significant analgesia and suppressing the cough 
reflex. Although recovery from remifentanil is very rapid, 
it can be reversed with naloxone if necessary.27 It has been 
reported that 0.05-0.15 µg/kg/min remifentanil infusion 
may be an alternative to 25-75 µg/kg/min propofol infusion 
in ambulatory operations performed under LA. In the same 
study, it was clearly shown that drug infusion rates generally 
need to be changed after 15-20 minutes and that active site 
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concentrations of drugs continue to increase during the early 
infusion period.23

Remifentanil was used together with the PCA device for 
analgesia and sedation in 3 pregnant women who could not 
have an epidural due to thrombocytopenia, and it was found 
to be well tolerated. Oxygen was not required at a bolus 
dose of 0.5 µg/kg. There was a slowdown in fetal heartbeat, 
but it recovered 10 minutes after the device was turned off. 
Remifentanil consumption (426-1050 µg/h) was observed to 
be strikingly variable. In this publication, in which the use 
of remifentanil along with PCA at birth was reported for 
the first time, the use of artificial respiration and naloxone 
was not required. PCA effectiveness is related to the size of 
the bolus. When the dose is low, distrust of the method may 
occur, and when it is high, unwanted side effects may occur.28

A bolus dose of 0.5 µg/kg, which was tolerated without oxygen, 
was also found to be appropriate in our study (20- 47.5 µg 
bolus dose). The doses of remifentanil required for sedation 
are close to the doses that cause respiratory depression. 
Remifentanil side effects are similar to other µ-opioid 
receptor agonists. Studies have shown that remifentanil 
reduces tidal volume and respiratory rate. However, unlike 
other opioids, it does not have an accumulating effect and 
has a short half-life, so the condition can improve within a 
few minutes.6 In our study, we encountered desaturation 
(SpO2<93%) in two groups receiving remifentanil, more in 
the infusion group, but there was no significant difference 
between the groups.The decrease in respiratory rate seen in 
Group I was never below 8, but the difference between the 
groups was statistically significant.

Sa’Rego et al.29 compared intermittent bolus doses of 
remifentanil (25 µg) and continuously variable dose infusion 
(0.025-0.15µg/kg/min)  in addition to the use of midazolam 
(2 mg) and propofol (50 µg/kg/min) under MAC in ESWL. 
Although patient comfort is better when using remifentanil 
by infusion, the incidence of desaturation is higher. Although 
more medication was used in the infusion group, a lower pain 
score was found in the low dose infusion+bolus (0.05 µg/kg/
min+12.5 µg) and bolus only group. Compared to infusion, 
it has been observed that the risk of hypoventilation does 
not increase and rapid recovery is achieved with bolus doses, 
which are found to be simple, reliable and effective, and it 
has been reported that dose titration should be done very 
carefully because it reduces tidal volume and respiratory 
rate.6 In our study, respiratory depression was also seen in the 
infusion group, and bolus administration did not occur.

In contrast to the use of infusion in general anesthesia, it 
has been observed that the response to temporary noxious 
stimuli is better prevented by intermittent bolus application 
in MAC.24 Studies have reported that it causes nausea and 
vomiting during remifentanil administration or in the early 
postoperative period.6 In our study, we observed nausea in the 
infusion group, although it was not statistically significant. 
In the control group, one patient experienced orthostatic 
hypotension and vomiting at the 2nd postoperative hour. 

In the studies conducted, when 0.1 µg/kg/min remifentanil 
infusion combined with 2, 4 or 8 mg midazolam was 
compared, the respiratory rate decreased more in the group 

combined with high dose midazolam, but intraoperative 
itching and postoperative nausea were observed in the 
deep sedation (4-5) group. Side effects such as vomiting 
were less common in the light sedation group.6 PCS has 
been recommended for patients undergoing ERCP to avoid 
unnecessary deep sedation.21 In our study, there was no 
difference in amnesia between the 3 groups. It has been 
shown in the literature that patients taking remifentanil 
alone fully remember intraoperative events, the degree of 
amnesia depends on the dose of midazolam administered, 
and recovery from remifentanil is rapid.6  In our study, all 
cases transferred themselves from the operating table to the 
stretcher at the end of the operation. In Group I, stopping the 
infusion (while skin stitching begins) before the end of the 
procedure may also have an effect. Early postoperative pain 
is expected after remifentanil, but the 1.5-2 hour effect of 
local anesthetic infiltration ensures the continuation of the 
analgesic effect after of surgery. Our patients did not need 
analgesics before 2 hours. There are positive publications 
regarding the use of PCS in otorhinolaryngology and breast 
surgery performed under local anesthesia and in labor 
analgesia.20,30,31

In women using the PCA device, the duration of active labor 
was shorter compared to epidural, the rate of spontaneous 
birth was higher, and side effects were less.32 The deeper 
level of sedation in the infusion group may have resulted in 
fewer PCA requests. The number of requests in Group C was 
similar to Group P, but patient satisfaction and sedation level 
were better in Group P. The study has limitations. Since it was 
a single-center study and the number of patients was small, 
it may not be appropriate to generalize these results to the 
general population.

CONCLUSION

In this study, adequate sedation was achieved with a lower 
dose of remifentanil using the PCS method compared to 
infusion. Intraoperative pain was less in the group receiving 
remifentanil than in the control group, and side effects 
were less in the PCS group than in the infusion group. 
We concluded that PCS can be used safely with a bolus 
remifentanil dose of 0.5 µg/kg under respiratory monitoring 
in cases undergoing surgery under local anesthesia.
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ABSTRACT
Aims: According to the World Health Organization, obesity is an abnormal or excessive fat accumulation in adipose tissue 
that impairs health. In recent years, due to the increase in the number of patients referred for surgery with diagnoses of obesity 
surgery or other clinical conditions, the perioperative evaluation and anesthesia management of these patients have become 
crucial. Obesity is associated with increased anesthesia risk due to its effects on metabolic, cardiovascular, and pulmonary 
functions. This study compares the effects of propofol dosing based on lean body weight (LBW) and total body weight (TBW) 
on hemodynamics and intraoperative awareness in patients undergoing laparoscopic sleeve gastrectomy.
Methods: This study is a prospective observational and randomized clinical trial. It included 54 patients aged 18-60 who 
underwent elective laparoscopic sleeve gastrectomy under general anesthesia at Ankara Keçiören Training and Researches 
Hospital. The patients were ASA I-III, with surgeries lasting less than 2 hours, and propofol was used for induction. Patients 
were randomized into Group LBW and Group TBW based on the calculation of the propofol dose according to their lean body 
weight and total body weight, respectively. Clinical, demographic, perioperative, and hemodynamic data were recorded for all 
patients. Additionally, all patients were assessed using the Appendix 1 questionnaire.
Results: The dose of propofol administered was higher in Group TBW than in Group LBW (p<0.001). When propofol was 
administered based on TBW, systolic blood pressure was significantly lower at the 1st and 2nd minutes of induction (p<0.05). 
There was no significant difference in systolic blood pressure recorded during the intraoperative period and post-extubation 
between the two groups. Diastolic blood pressure, mean arterial pressure, and heart rate were significantly lower in Group 
TBW post-extubation (p=0.003). Intraoperative BIS values were significantly lower in Group TBW at the 1st, 2nd, and 3rd 
minutes post-induction and post-extubation. No intraoperative awareness (IOA) was detected in either group according to the 
Appendix 1 questionnaire.
Conclusion: In obese patients undergoing sleeve gastrectomy, propofol doses calculated based on LBW during induction were 
associated with less hemodynamic instability compared to doses calculated based on TBW.
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INTRODUCTION

Obesity is defined by the body mass index (BMI), which is 
the ratio of body weight (kilograms) to the square of height 
(meters). According to the World Health organization’s 
classification, individuals with a BMI over 30 are considered 
obese.1,2 The prevalence of obesity has increased in recent 
decades, particularly in the United States and Asian 
countries.3,4 The rise in the number of obese patients has also 
led to an increase in obesity-related surgical procedures.4-6 

Due to the increase in the number of obese patients referred 

for surgery with diagnoses of obesity surgery or other clinical 
conditions, the preoperative evaluation and anesthesia 
management of these patients have become increasingly 
important.

The pharmacokinetic parameters of anesthetic drugs are 
affected by obesity due to their solubility in fat and distribution 
in tissues. Dose adjustments for these drugs should consider 
the volume of distribution for the loading dose and clearance 
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for the maintenance dose.7 Obese individuals can metabolize 
lipophilic drugs to a greater extent compared to lean 
individuals.

Propofol is an intravenous (IV) anesthetic agent commonly 
used for induction of anesthesia. Although propofol has high 
fat solubility, its induction dose should be calculated based 
on lean body weight (LBW), whereas the maintenance dose 
should be adjusted according to total body weight (TBW) due 
to its high clearance.1,4  Recent studies on anesthesia in obesity 
surgery have primarily focused on total IV anesthesia or 
specific infusion models like target-controlled infusion.4,8 In 
rapid induction models, individuals receiving propofol based 
on TBW have faster induction times. When compared to 
normal-weight individuals, obese patients receiving propofol 
based on LBW during induction have similar times to loss 
of consciousness.8,9 This can be explained by the unchanged 
initial volume of distribution in patients receiving propofol 
based on LBW. 8,9

The primary aim of this study is to compare the hemodynamic 
parameters of groups by applying two different doses of 
propofol (TBW or LBW) during induction in obese patients. 
The secondary aim is to compare their intraoperative 
awareness (IOA).

METHODS

The study was carried out with the permission of Ethics 
Committe of the Keçiören Training and Researches Hospital 
(Date: 13.12.2017, Decision No: 1563). All procedures were 
carried out in accordance with the ethical rules and the 
principles of the Declaration of Helsinki.

This study is a prospective observational randomized clinical 
comparison conducted in a tertiary education and research 
hospital  and from the Turkish Medicines and Medical Devices 
Agency (decision number 93189304-514.05.01-E7287, dated 
11.01.2018). Written informed consent was obtained from all 
patients participating in the study, and no interference was 
made in their perioperative management. 

The study included patients aged 18-60 who were planned for 
elective laparoscopic sleeve gastrectomy at the General Surgery 
Clinic under general anesthesia, classified as American Society 
of Anesthesiologists (ASA) physical status I-III, with surgeries 
lasting less than 2 hours, and who consented to participate 
postoperatively. Exclusion criteria were patients who refused 
to participate, had a history of allergy to anesthetic drugs, 
had preoperative hemoglobin levels below 10 mg/dl, received 
premedication, were assessed as difficult intubation, developed 
intraoperative complications, had surgery lasting more than 2 
hours, consumed alcohol daily, were diagnosed with severe 
anxiety, used benzodiazepines, opioids, sedatives, or anxiolytic 
drugs preoperatively, had stage 2-3 hypertension or any 
chronic disease, and had dementia.

Patients were randomized in the operating room using the 
sealed envelope draw method. They were divided into two 
groups: the group given propofol according to TBW (Group 
TBW) and the group given propofol according to LBW (Group 
LBW). The dose of propofol used for anesthesia induction in 
patients was calculated according to TBW and LBW, while 

other drugs used for anesthesia induction and maintenance 
were dosed according to LBW.

In patients included in the study, demographic information, 
BMI, ASA score, comorbidities, mechanical ventilator settings, 
administered drug doses, perioperative hemodynamic 
monitoring (Systolic arterial pressure (SAP), diastolic arterial 
pressure (DAP), Mean arterial pressure (MAP), heart rate 
(HR), peripheral oxygen saturation (SpO2), End-tidal carbon 
dioxide (EtCO2)], Bispectral index (BIS) values, anesthesia 
and surgery duration, loss of consciousness time (time elapsed 
until loss of eyelash reflex after propofol administration), 
TOF unresponsiveness time (Time elapsed until TOF 0 after 
muscle relaxant administration), intubation time, insufflation 
and desufflation time, intraoperative inhalation anesthetic 
consumption measured by fresh gas flow method, and 
whether additional medication was used intraoperatively were 
evaluated. Additionally, the dose of medication used during 
extubation, time to reach TOF 90%, extubation time, and the 
time in the postoperative recovery unit (PACU) (when Aldrete 
score >9) were recorded. Patients were evaluated with the PO 
Appendix 1 questionnaire a total of 3 times: within the first 24 
hours postoperatively, between 24-72 hours, and 30 days after 
the surgery. Patients were asked to answer these questions 
with ‘Yes’ or ‘No’.

Statistical Analysis
The required sample size for each group was determined to 
be 27, with a total of 54 patients, based on BIS results from 
the study by Lam et al.,4 using the Minilab program with α 
0.05 and β 0.10 for power analysis. Data were evaluated using 
SPSS (Statistical Package for Social Science) 22.0. Categorical 
data were presented as numbers (n) and percentages (%), and 
continuous numerical data were presented as mean± standard 
deviation (SD). The Kolmogorov-Smirnov test was used to 
assess the normality of continuous data distribution. Student’s 
t-test was used for group comparisons of normally distributed 
parameters, and paired t-test for within-group comparisons. 
The Mann-Whitney U test was used for group comparisons of 
non-normally distributed parameters, and the Wilcoxon test 
for within-group comparisons. Categorical data comparisons 
were made using the Chi-Square or Fisher’s exact test. Results 
were considered significant at p<0.05 within a 95% confidence 
interval.

RESULTS

Twenty-seven patients were assigned to each group, and the data 
of all 54 patients were analyzed. Demographic and preoperative 
assessment data of the groups were similar (Table 1). Induction 
doses of rocuronium and fentanyl, calculated according to 
LBW, were administered similarly in both groups. However, 
the propofol dose administered was significantly higher in 
Group TBW (p<0.001) (Table 2). No significant difference was 
found between the groups regarding the need for additional 
medication. Total nitrogen and sevoflurane consumption 
during maintenance of anesthesia, guided by BIS monitoring to 
maintain BIS values between 40-60, were similar between the 
groups. 

There was no significant difference in the time of consciousness 
loss between the groups. Consequently, the time from anesthesia 
drug administration to intubation was also similar (Table 3).
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Table 1. Distribution of some descriptive and clinical features among study groups
Total body weight 

(n=27) group 1
Lean body weight 

(n=27) group 2 p
Age* 40.51±11.50 38.62±12.26 0.562
Gender, n(%)
      Woman 23 (85.2) 22 (81.5)

0.715      Male 4 (14.8) 5 (18.5)
Height length (cm)* 162.33±9.11 166.03±6.65 0.094
Body weight (kg)* 127.27±16.69 136.55±21.15 0.079
Body mass index (BMI)* 48.36±5.72 49.53±7.44 0.523
Lean body weight (kg)* 64.01±10.11 69.18±7.44 0.097
Comorbidity status, n(%)
      None 19(70.4) 15 (55.6)

0.260      There is 8(29.6) 12 (44.4)
Comorbidities, n (%)
      DM 6 (22.2) 14 (14.8) 0.484
      H.T. 7 (25.9) 6 (22.2) 0.750
Obst . Akc . Hast 1 (3.7) 4 (14.8) 0.159
ASA Classification, n (%)
      I 19 (70.4) 15 (55.6)

0.260      II 8 (29.6) 12 (44.4)
Anesthesia duration (min)* 70.07±14.14 66.66±7.55 0.267
Surgery time (min)* 55.22±13.98 48.74±9.25 0.051
*: mean±sd
ASA : American Society of Anesthesiologist , min : Minute, cm: Centimeter, kg: Kilogram, DM: Dia-
betes mellitus , HT: Hypertension, mean : Median, SD : Standard deviation, KOAH: Kronik obstrüktif 
akciğer hastalığı

Table 2. Intravenous Drug Doses Used During Induction

Total Body Weight 
(n=27) Group 1

Lean Body Weight 
(n=27) Group 2

p

Arrhythmal (mg) 40.55±4.00 40.37±1.97 0.829

Propofol (mg) 310.00±50.15 183.88±37.42 <0.001

Rocuronium (mg) 42.03±8.57 43.70±7.54 0.452

Fentanyl (mg) 132.18±25.71 141.11±23.91 0.192

*: mean±SD

mg : Milligram, mean : Median, SD : Standard deviation

Table 3. Induction times

Total Body Weight 
(n=27) Group 1

Lean Body Weight 
(n=27) Group 2 p

Duration of loss of 
consciousness (sec) 34.96±13.27 35.70±15.79 0.853

TOF non-response time (sec) 225.59±100.02 257.00±122.75 0.307

Intubation time (sec) 326.85±95.98 364.44±125.71 0.222

n : Number, sec : Seconds, mean : Median, SD : Standard deviation, *: mean±sd

SAP was found to be significantly lower in Group TBW at 
the 1st and 2nd minutes of induction (p<0.05). No significant 
difference was found in SAP between the groups post-
intubation intraoperatively and post-extubation. DAP and 
MAP values were found to be significantly lower in Group 
TBW post-intubation (p=0.003 and p=0.001, respectively). 
However, at 30-40-50 minutes post-intubation, DAP and MAP 
values were significantly higher in Group TBW (p<0.05).

Comparing HR at 1 minute post-induction, no significant 
difference was found, but HR was significantly lower in Group 
TBW at the 2nd and 3rd minutes post-induction, 20-30 
minutes post-intubation, and post-extubation (p<0.05). No 
difference was found between the groups for SpO2 and EtCO2 
values. BIS measurements at 1-2-3 minutes post-induction 
and during the intraoperative and post-extubation periods 
were significantly lower in Group TBW (p<0.05) (Table 4). The 
TOF values were similar preoperatively and postoperatively in 
both groups, with similar sugammadex doses, time to TOF 
90%, and extubation times post-surgery. The average Modified 

Aldrete score in Group TBW post-extubation in the operating 
room was 7.22±1.01, compared to 6.62±1.07 in Group LBW 
(p=0.046). However, no difference was found between the 
groups in the PACU Modified Aldrete score (Table 5).

Appendix 1 questionnaire responses, collected at three 
different times with 16 questions, showed no statistical 
difference between the groups. Only the question “Do you 
remember the moment you fell asleep?” in the questionnaire 
administered within the first 24 hours showed that Group TBW 
significantly more often answered “yes” (p=0.033) (Table 6).

Table 4. Comparison of BIS values

Total Body Weight
 (n=27) Group 1

Lean Body Weight 
(n=27) Group 2 p

Preinduction 95.1481±8.45669 96.7778±5.24282 0.922

Induction 1 min 36.9630±16.27996 47.0370±14.42349 0.005

Induction 2 min 33.4074±9.43504 50.4815±16.23475 <0.001

Induction 3 min 35.4800±11.99347 53.2692±11.44572 <0.001

Postintubation 42.0741±10.94717 62.5926±10.06998 <0.001

Intubation 10 min 44.7037±5.68273 50.8889±9.10762 0.006

Intubation 20 min 43.6296±7.14223 47.3704±6.98982 0.073

Intubation 30 min 42.8519±6.79198 45.7778±5.92474 0.049

Intubation 40 min 42.2308±5.27111 46.1538±6.03783 0.023

Intubation 50 min 42.7143±5.01142 48.8421±9.64517 0.025

Intubation 60 min 46.2667±5.84889 49.6667±6.15359 0.225

Intubation 70 min 40.7500±6.23832

Intubation 80 min 46.0000±5.65685

Intubation 90 min 42,0000

Intubation 100 min 45,0000

Postextubation 88.6296±15.79715 81.4444±6.29611 0.013

min : Minute

Table 5. Postoperative recovery data

Total Body Weight 
(n=27) Group 1

Lean Body Weight 
(n=27) Group 2 p

Extubation aldrete 7.22±1.01 6.62±1.07 0.046

Aldrete 9 time ( min ) 8.07±2.60 9.59±3.38 0.137

mean : Median, sd : Standard Deviation , min : Minutes, *: mean±SD

Table 6. Appendix 1 survey ‘Yes’ answers comparison table
0-24. Hour 24-72.Hour Postop Day 30

TVA
n (%)

YVA
n (%) p

TVA
n (%)

YVA
n (%) p

TVA
n (%)

YVA
n (%) p

1 25 (92.6) 27 (100) 0.150 25 (92.6) 26 (96.3) 0.552 25 (92.6) 26 (96.3) 0.552
2 4 (14.8) 5 (18.5) 0.710 4 (14.8) 6 (22.2) 0.484 7 (25.9) 7 (25.9) 1.000
3 6 (22.2) 7 (25.9) 0.750 5 (18.5) 5 (18.5) 1.000 4 (14.8) 7 (25.9) 0.311
4 16 (59.3) 23 (85.2) 0 .033 17 (63) 20 (74.1) 0.379 18 (66.7) 18 (66.7) 1.000
5 0(0) 0(0) 1.000 0 (0) 0 (0) 1.000 0 (0) 1 (3.7) 0.313
6 - - - - - - - - -
7 - - - - - - - 1(3.7) -
8 0(0) 0 (0) 1.000 0 (0) 0(0) 1.000 0(0) 0(0) 1.000
9 1 (3.7) 0 (0) 0.313 1 (3.7) 0(0) 0.313 1(3.7) 2(7.4) 0.552
10 0(0) 0 (0) 1.000 0(0) 0(0) 1.000 0(0) 1(3.7) 0.313
11 0(0) 0 (0) 1.000 0(0) 0(0) 1.000 1(3.7) 0(0) 0.313
12 - - - - - - - - -
13 0(0) 0 (0) 1.000 1 (3.7) 0(0) 0.313 0(0) 0(0) 1.000
14 0(0) 0 (0) 1.000 0(0) 0(0) 1.000 0(0) 0(0) 1.000
15 - - - - - - - - -
16 - - - - - - - - -
TVA: Total body weight, YVA: Lean body weight
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Appendix 1. Intraoperative awareness appendix 1 survey

1 Do you remember being transferred to the operating room and being prepared for 
anesthesia?

2 Do you remember the end of the operation?

3 Do you remember sleeping during the operation?

4 Do you remember the moment of falling asleep?

5 Do you remember the dreams you had while you were under anesthesia?

6 If yes; Were they pleasant dreams?

7 If yes; Were they disturbing unpleasant dreams?

8 Did you feel pain during anesthesia?

9 Do you remember not being able to breathe during anesthesia?

10 Do you remember anything from the operation?

11 Did you hear anything during the surgery?

12 If yes; Can you specify if it is a personal conversation?

13 Did you hear any noise during surgery?

14 Did you feel anything during the surgery?

15 If yes; Did you feel any touch?

16 If yes; Did you feel anything in your throat or mouth?

DISCUSSION

The increase in the prevalence of obesity has led to a rise in 
obesity-related surgical procedures.(4-6) Compared to the 
normal population, anesthesia complications are higher in 
obese patients, causing confusion regarding the dose-effect 
strategy of anesthetic drugs due to their pharmacokinetic 
and pharmacodynamic interactions. Propofol is a frequently 
used drug with high fat solubility. Besides providing rapid loss 
of consciousness, it has cardiac effects such as hypotension 
and myocardial depression due to its redistribution.10,11 In 
this prospective observational clinical study compared the 
hemodynamic effects and IOA in patients administered 
propofol doses based on TBW and LBW. According to 
this study, it was shown that dosing propofol according to 
LBW during induction had significantly better results on 
hemodynamic parameters.

In a similar study by Ingrande et al.12 with 60 morbidly obese 
patients (BMI>40), propofol doses calculated according to 
TBW and LBW were administered by infusion. The time to 
loss of consciousness was defined as the moment the patient 
dropped a small object from their hand, and the propofol 
infusion was stopped. A significant difference was found 
between the amounts of propofol administered in the groups 
(TVA: 244.7 mg LBW: 183.3 mg, p=0.0002).12 The time to loss 
of consciousness was shorter in Group TBW (65.86 s vs 94 s, 
p=0.0001). Another study by Lam et al.,4 similar to our study, 
administered propofol as a rapid single bolus and found a 
significant difference in propofol amounts between the groups 
during induction (TVA - LBW; 217.3 ± 39.1 mg- 189.5±36.3 
mg, p=0.03). No difference was found in the time to loss of 
consciousness and the need for additional drugs, similar to 
our study.

There are studies in the literature investigating BIS monitoring. 
Ibraheim et al.13 examined the effect of BIS monitoring on 
PO recovery and IO sevoflurane consumption in morbidly 
obese patients undergoing laparoscopic gastric banding 
and found higher sevoflurane consumption in the group 
without BIS monitoring (19.60 ml vs 15.66 ml, p<0.05). 

Gan et al.14 compared the amounts of propofol, alfentanil, 
and nitrous oxide used in normal-weight individuals and 
found significantly lower anesthetic consumption in the BIS-

monitored group. In our study, BIS monitoring was applied to 
all patients. Inhaled anesthesia was administered to maintain 
BIS values between 40-60. Despite the different propofol 
doses administered, BIS monitoring allowed balanced and 
safe anesthesia maintenance without significant differences in 
inhaled anesthetic doses between the groups.

Lam et al.4 Ingrande et al.12, Kazama et al.15, and found a 
dose relationship between the rate and amount of propofol 
administration and hypotension. Particularly, in the absence 
of surgical or anesthetic complications, a decrease in MAP of 
more than 40% within 5 minutes post-induction was defined as 
post-induction hypotension. In the control group, hypotension 
was observed in 3 patients, 5 in the LBW group, and 9 in the 
TBW group, with no significant statistical difference.5 In Lam 
et al.’s study, propofol administered based on TBW allowed 
for rapid loss of consciousness accompanied by hypotension, 
with at least 83% of patients experiencing hypotension and 
at least 44% experiencing significant hypotension. Another 
study by Kazama et al.15 found that propofol administration 
leading to SAP <75 mm Hg or a decrease of more than 40% 
was associated with the relationship between propofol plasma 
concentration and infusion rate and lean body mass.

In our study, the decrease in SAP and greater impact on Group 
TBW attributed to propofol’s effects on the cardiovascular 
system. Administering propofol based on LBW was shown 
to cause less cardiac instability, similar to other studies. The 
significant differences in SAP, DAP, and MAP at the 30th 
minute measurements between the groups were not associated 
with propofol’s pharmacodynamics and pharmacokinetics. 
Propofol undergoes biotransformation in the liver and is 
excreted by the kidneys. Its effect begins within seconds 
and ends rapidly due to its short distribution half-life (2-8 
minutes). Patients included in our study were selected to be 
free of liver and kidney dysfunction, eliminating factors that 
could affect propofol’s duration and elimination. Therefore, 
the changes in SAP, DAP, and MAP during the IO period 
were not related to the propofol induction dose but rather to 
surgical conditions or inhalation anesthetic dose adjustments.

Lam et al.4  Ingrande et al.,12 Kazama et al.15 found no 
significant statistical difference in HR changes due to 
propofol in their studies. The lack of similar changes in HR 
despite observed SAP changes was attributed to propofol’s 
inhibition of baroreflex response, which normally occurs due 
to decreased systemic vascular resistance, cardiac contractility, 
and preload. However, in our study, we observed a greater 
decrease in MAP (Mean arterial pressure) after induction in 
Group TVA and considered that it might be due to cardiac 
depression associated with the high dose of propofol used in 
obese patients.

BIS can be used for IOA diagnosis. Differences have been 
found between groups with and without BIS monitoring in 
the literature. In our study, preoperative BIS averages were the 
same in both groups, but a greater decrease was observed post-
induction in Group TBW. Particularly, BIS averages below 40 
were found in Group TBW at 1-2-3 minutes post-induction, 
indicating deep hypnosis and brain activity close to an 
isoelectric EEG, which is considered unsafe.18 In Group LBW, 
BIS values between 40-60 during the first 1-2-3 minutes post-
induction indicated sufficient hypnosis for safe anesthesia and 
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rapid recovery. A significant difference was found between 
the groups in BIS values at 1-2-3 minutes post-induction and 
post-intubation.

In our study, comparison of postoperative effectiveness 
between the groups was limited to 30 days and did not assess 
long-term effects and complications. New studies with larger 
sample sizes are needed to evaluate long-term effects and 
complications.

CONCLUSION

There is no consensus on the dose-effect strategy for propofol 
in obese patients in the literature. Our study demonstrated 
that using propofol doses calculated based on LBW during 
induction in obese patients undergoing sleeve gastrectomy 
resulted in less hemodynamic instability. Based on our 
findings, sufficient and safe anesthesia depth can be achieved 
with BIS monitoring, with no IOF detected. Administering 
propofol doses based on TBW in obese patients may negatively 
affect hemodynamic responses, predispose to cardiovascular 
complications, and lead to unnecessary costs. Further studies 
with larger sample sizes, different surgical types, and various 
weight scales are needed to determine the optimal dose.
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ABSTRACT
Aims: Pericapsular nerve group (PENG) block is a new regional analgesia technique that has recently been used for perioperative 
analgesia for hip fracture operations. This study, it was aimed to investigate the perioperative analgesia characteristics of PENG 
block in patients scheduled for hip fracture operation under spinal anesthesia.
Methods: The study was conducted as a prospective randomized controlled study between February 2021 and May 2021 after 
ethics committee approval. Patients with consent were included in the study. The patients were randomly divided into two 
groups (Group-I and Group-II). Patients in Group I underwent a PENG block with a 0.25% concentration of 20 cc bupivacaine 
in the preoperative waiting room 30 minutes before the operation. Afterward, spinal anesthesia was applied in the operating 
room. Only spinal anesthesia was applied to the patients in Group II. Preoperative visual analog scale (VAS) scores were 
recorded for both groups in the preoperative period. ECG, arterial blood pressure, pulse, and oxygen saturation measurements 
were performed in all patients preoperatively, intraoperatively, and postoperatively. Pulse, arterial blood pressure, oxygen 
saturation measurements, and VAS scores were recorded in the lateral decubitus position before and at the 5th minute after 
spinal anesthesia. In addition, the comfort of the anesthetist who will administer the spinal anesthesia during the application 
was questioned (0: poor, 1: moderate, 2: good, 3: very good). All patients 5 min after spinal anesthesia. It was kept in the 
lateral position throughout. In the postoperative period, VAS scores at 0th, 2nd, 8th, 16th, and 24th hours and the time of 
first analgesic administration were recorded. The total amount of paracetamol and tramadol consumed in the first 24 hours 
postoperatively were recorded.
Results: Patients; gender, age, body weight, height, BMI, and ASA values were statistically similar (p > 0.05). In comparisons 
between the groups; During position, postoperative 2nd, 8th, 16th, 24th hours, and their sum, VAS values were found to be 
statistically lower in Group-I (p < 0.05). While it was found that the first analgesic administration time was statistically longer 
in Group-I patients (p<0.001), the amounts of paracetamol and tramadol consumed in the first 24 hours were found to be 
statistically lower (p<0.001). In addition, the comfort of the anesthetist during spinal anesthesia was found to be better in 
Group-I (p:0.014).
Conclusion: PENG block can be used effectively as a part of perioperative multimodal analgesia in hip fracture surgery. PENG 
can reduce the pain levels of patients with hip fractures as well as reduce the need for additional analgesia. It also increases the 
comfort of the anesthetist who will administer regional anesthesia.

Keywords: Hip fracture, pericapsular nerve group, PENG block, position pain, spinal anesthesia

Cite this article: Yömen VY, Başkan S, Aytaç İ, Mantı N, Horasanlı E. Effect of pericapsular nerve group block on perioperative analgesia characteristics for 
hip fracture operations. Eurasian J Anesthesiol Intens Care . 2024;1(3):64-71.
Corresponding Author: Semih Başkan, drsemkan@gmail.com

Received: 10/05/2024 ◆ Accepted: 05/06/2024 ◆ Published: 06/08/2024

INTRODUCTION

Hip fractures are a common public health problem.1 In 
the perioperative period, 75% of the patients suffer from 
moderate to severe pain associated with movement.2 Pain 
causes endocrine and metabolic changes in the body. These 
physiological responses may contribute to chronic persistent 

pain after surgery in patients.3 It can also cause pain, 
delirium, sleep disorders, and depression in patients.4

There is no standardized approach to hip fracture anesthesia 
because neither regional nor general anesthesia has been 
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shown to be superior in specific outcomes such as 30-day 
mortality, myocardial infarction, pneumonia, delirium, or 
renal failure.5 The choice of anesthesia is therefore based on 
surgical concerns, including the expected operative time 
and complexity of the operation, as well as the patient’s 
comorbidities and preferences. The patient should be aware 
of the risks and benefits of both general and neuraxial 
anesthesia, and a joint decision should be made on the most 
appropriate anesthesia technique.6

Positioning patients with hip fractures for regional anesthesia 
is very difficult due to pain. Opioids and nonsteroidal anti-
inflammatory drugs are widely used for analgesia, but these 
drugs can cause serious side effects due to decreased hepatic 
and renal functions in the geriatric age group.7 Regional 
anesthesia techniques (nerve blocks or field blocks) applied 
by experienced personnel provide perioperative analgesia, 
lead to a decrease in the amount of opioids administered to 
patients, and are recommended because they cause a decrease 
in opioid-related side effects such as nausea, vomiting, and 
respiratory depression.8

The anterior hip capsule is innervated by the obturator 
nerve, the accessory obturator nerve, and the femoral nerve. 
These three nerves should be targeted to provide analgesia 
for hip fractures. A recent anatomical study confirmed the 
innervation of the anterior hip capsule by these three main 
nerves.9

The application of regional anesthesia techniques such as 
femoral nerve block, fascia iliaca block, psoas compartment 
block, or lateral femoral cutaneous nerve block, which are 
applied with ultrasound and/or nerve stimulator, which is an 
effective perioperative analgesia method in pain control in 
patients with hip fractures and reduces opioid consumption, 
is becoming increasingly common. In addition, new 
peripheral nerve block methods are being investigated in 
this field. Pericapsular nerve group (PENG) block, defined in 
2018, is a new regional anesthesia technique first developed 
for postoperative analgesia in total hip arthroplasties (THA) 
where the motor functions of the quadriceps muscle are 
preserved.10 It is thought that it provides comprehensive 
analgesia by administering a local anesthetic to the 
myofascial area between the psoas muscle and the superior 
pubic ramus.11

The hypothesis in this study is that PENG block application 
in patients scheduled for hip fracture operation under spinal 
anesthesia may reduce the VAS scores of the patients as well 
as reduce the need for additional postoperative analgesia. 
VAS scores were determined as the primary outcome at 
the time of spinal anesthesia application and during the 
postoperative 24-hour period. First analgesia need, total 
analgesic consumption, and anesthetist comfort during 
spinal anesthesia were determined as secondary outcomes.

METHODS

This study was conducted as a prospective, randomized 
controlled study after the approval of the Ankara Bilkent 
City Hospital Clinical Researches Ethics Committee (Date: 
24.02.2021 and Decision No: E2-21-200). After the patients 
were informed about the study and their consent was 

obtained, they were included in the study. Patients over 
the age of 50, with ASA I-III, who will be operated on due 
to hip fracture in the Department of Anesthesiology and 
Reanimation of the Ankara Bilkent City Hospital between 
February 2021 and May 2021 were included in the study. 
ASA IV and above, coagulopathy and using anticoagulant 
drugs, accompanying severe cardiac, respiratory, hepatic, and 
renal disease, known diabetic neuropathy, motor or sensory 
deficit after a previous cerebrovascular accident, known 
neuropsychiatric disorder, local anesthetic allergy, patients 
with infection or wound scar at the application site, were 
excluded from the study.

The patients were randomly divided into two groups using 
the closed envelope method (Group-I and Group-II). Visual 
analogue scale (VAS) was recorded for both groups in the 
preoperative period before the applications (0:No pain, 10: 
Unbearable pain). ECG, arterial blood pressure, pulse, and 
oxygen saturation measurements were routinely performed 
in all patients during the preoperative, intraoperative, and 
postoperative periods.

Patients in Group-I underwent PENG block with 20 ml, 50 
mg of 0.25% bupivacaine using linear probe (HFL 38x/13-
6 MHz Transducer) USG (Sonosite S-Nerve; SonoSite Inc, 
Bothell, WA, USA) in the preoperative waiting room 30 
minutes before the operation. In the PENG block, the USG 
probe was placed parallel to the imaginary line passing 
between the anterior inferior iliac spine and iliopubic 
eminence. The iliopubic eminence, iliopsoas muscle and 
tendon, femoral artery, and pectineus muscle were visualized. 
A peripheral block needle (22G 80 mm iğne, Pajunk, GmbH, 
Medizintechnologie, Karl-Hall-Strasse 1, 78187 Geisingen / 
Germany) was advanced between the psoas tendon and the 
iliopubic ramus with the in-plane technique. 20 ml of 0.25% 
bupivacaine was injected after negative aspiration showed 
that there was no hemorrhagic injury (Figure 1).

Figure 1. Sonographic view of PENG block. (FA: Femoral artery, PT: Psoas 
tendon, IPE: Ileopubic eminence, AIIS: Anterior inferior iliac spine, LA: 
Local anesthetic) 

Sensory block time after the block was recorded every 5 
minutes for 30 minutes. While evaluating sensory block, 
pinprick sensory examination was used (sensation: 0, 
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hypoesthesia:1, no sensation:2). Patients with hypoesthesia 
were considered suitable for positioning.

Intravenous fentanyl 1 mcg/kg was administered to the 
patients in Group II, 1 minute before positioning for spinal 
anesthesia.

All patients were placed in the lateral decubitus position with 
the fractured side down. Meanwhile, arterial blood pressure, 
pulse, oxygen saturation values, and VAS scores were 
recorded. 1 mcg/kg of intravenous fentanyl was administered 
to patients with a VAS score higher than 4 during the 
position. Heavy bupivacaine 10 mg at 0.5% concentration 
was administered to the patients through the L4-L5 or L3-L4 
spinal space. All patients were kept in the side position for 
5 minutes after spinal anesthesia. Arterial blood pressure, 
pulse, oxygen saturation measurements, and VAS scores at 
the 5th minute after spinal anesthesia were recorded. The 
patients were then placed in the supine position. In addition, 
the comfort of the anesthetist who will administer the spinal 
anesthesia during the application was questioned. (0: bad, 1: 
fair, 2: good, 3: very good).

The patients’ age, gender, height, weight, body mass index, 
ASA score, comorbidities, type of fracture, type of operation 
(endoprosthesis, proximal femoral nail, etc.), and duration of 
operation were recorded.

In the postoperative period, VAS scores at 0th, 2nd, 8th, 16th, 
and 24th hours and the time of first analgesic administration 
were recorded. Paracetamol was given to patients with a VAS 
score above 4 in the postoperative period. A minimum of 6 
hours waited between two paracetamol doses. During the 
follow-up of the patients, tramadol was given to patients with 
a pain score above 4 despite paracetamol. The total amount 
of paracetamol and tramadol consumed in the first 24 hours 
postoperatively were recorded.

Statistical Analysis
Data analysis was performed using the IBM SPSS 25.0 
(Armonk, NY: IBM Corp.) statistical package program. 
While evaluating the study data, chi-square2  test was used 
to compare qualitative data as well as descriptive statistical 
methods (frequency, percentage, mean, standard deviation, 
median, min-max). The suitability of the data to the normal 
distribution was evaluated using the kolmogorov-smirnow 
test, skewness-kurtosis, and graphical methods (histogram, 
Q-Q Plot, stem and leaf, boxplot). In the study, in the 
comparison of normally distributed quantitative data between 
groups; the Independent samples t-test (t-test in independent 
groups) and repeated measures anova (repeated measure 
analysis of variance) were used for within-group comparison. 
The statistical significance level was accepted as <0.05. 
Power analysis was made with G*Power 3.1.9.4 statistical 
package program; n1=34, n2=34, α=0.05, Effect Size (d) = 
0.80; power = 90% was found.

RESULTS

The data of 68 patients who were operated on under spinal 
anesthesia for hip fractures between February 2021 and May 
2021 were analyzed (Figure 2).

Figure 2. Flow chart.

The demographic and operational characteristics of the 
patients were statistically similar. The comfort scale of the 
anesthetist during spinal anesthesia was found to be better in 
Group I (Table 1).

Table 1. Comparison of patient characteristics between groups
    Group I (n=34) Group II (n=34) p

Gender
Male 14 (41.2 %) 8 (23.5 %)

0.195 a
Female 20 (58.8 %) 26 (76.5 %)

Age (Year) 78.7 ± 9.0 81.6 ± 6.7 0.147 b

Body weight (kg) 73.9 ± 12.5 74.8 ± 10.2 0.751 b

Height (cm)   163.4 ± 10.3 161.1 ± 9.2 0.324 b

Body mass index (kg/m2) 27.7 ± 4.2 28.7 ± 3.8 0.291 a

ASA
I 1 (2.9 %) 0 (0.0 %)

0.956 aII 14 (41.2 %) 11 (32.4 %)
III 19 (55.9 %) 23 (67.6 %)

Fracture type 

Intertrochanteric
femur fracture 19 (55.9 %) 21 (61.8 %)

0.741 aSubtrochanteric
femur fracture 5 (14.7 %) 3 (8.8 %)

Femur neck fracture 10 (29.4 %) 10 (29.4 %)

Fracture side 
Right 18 (52.9 %) 17 (50.0 %)

1.000 a

Left 16 47.1 %) 17 (50.0 %)
Type of 
surgery 

Endoprosthesis 15 (44.1 %) 21 (61.8 %)
0.224 a

PFN 18 (52.9 %) 13 (38.2 %)

Anesthetist’s 
comfort scale 
during spinal 
anesthesia

Bad 2 (5.9 %) 3 (8.8 %)

0.014 aMiddle 8 (23.5 %) 19 (55.9 %)
Good 14 (41.2 %) 10 (29.4 %)
Very good 10 (29.4 %) 2 (5.9 %)

Operation time (min) 119.5 ± 28.4 107.7 ± 29.3 0.097 b

ASA: American Society Of Anesthesiologists, ARIF: Arthroscopic reduction and internal fixation, 
PFN: Proximal femoral nail, a: Chi-square test (n / %), b: Independent samples T test (Mean ± SD), 
Min:Minumum

While SAB was found to be lower in Group-I at the 
preoperative time (p:0.007), there was no significant 
difference between the groups during the position and at the 
5th minute after spinal anesthesia (p >0.05). The groups were 
similar in terms of DAB and heart rate (p >0.05). When the 
groups were compared in terms of SpO2, they were found 
to be similar at the time of preoperative (p >0.05), while 
the SpO2 values of the patients in Group-I were found to be 
higher during the position (p:0.002) and at the 5th minute 
after spinal anesthesia (p <0.001) (Table 2).

In comparisons between groups in terms of VAS scores; there 
was no statistically significant difference between the groups 
in terms of preoperative, 5th minute after spinal anesthesia, 
and postoperative 0th-hour VAS values (p >0.05).  There was a 
statistically significant difference between the groups in terms 
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of VAS values during position (p:0.009), at postoperative 2nd, 
8th, 16th, 24th hour, and their sum (p <0.001). The values in 
group II were higher in all cases where there was a difference 
(Figure 3). In group comparisons; It was found that there was 
a statistically significant difference between the VAS values 
at the preoperative, during the position, and 5th minute after 
spinal anesthesia in both groups (p < 0.05), and the values at 
the three measurement times in both groups were different 
from each other.

Table 2. Comparison of SAP, DAP, Pulse, and SpO2

Group I (n=34) Group II (n=34) p*
SAP (mmHg)
   Preoperative1 143.9±21.2 157.9±20.2 0.007
   During position2 147.2±20.9 157.1±22.4 0.065
   5 min after spinal anesthesia3 119.3±18.7 117.4±22.6 0.714
DAP (mmHg)
   Preoperative 1 78.1±11.2 77.9±10.4 0.956
   During position2 71.2±14.0 75.6±13.4 0.190
   5 min After spinal anesthesia3 63.6±13.2 58.4±12.6 0.107
Pulse (min)
   Preoperative1 91.2±17.4 87.3±15.7 0.326
   During position2 90.8±16.3 87.0±13.8 0.301
   5 min after spinal anesthesia3 89.9±18.5 84.6±18.0 0.238
SpO2 (%)
   Preoperative1 93.5±3.2 92.9±3.9 0.541
   During position2 92.7±3.4 89.6±4.4 0.002
   5 min after spinal anesthesia3 92.8±3.1 89.4±4.2 <0.001
Group I: PENG, Group II: Kontrol, *: Independent samples t Test (Mean ± SD), SAP: Systolic arterial 
pressure, DAP: Diastolic arterial pressure, SpO2: Peripheral oxygen saturation

Figure 3. Comparison of VAS between groups. VAS: Visual analog scale, 
Pre-op: Preoperative, PO: Postoperative.

In intra-group comparisons of the postoperative period; It was 
found that there was a statistically significant difference (p < 
0.05) in terms of VAS values between the measurement times 
in both groups. Post-hoc tests were applied to find out which 
time(s) the difference was. In both groups, postoperative 0th-
hour values were found to be lower than the values at other 
times. In addition, it was found that there was a difference 
between the postoperative 2nd and 24th-hour VAS values in 
Group I, and between the postoperative 2nd and 8th-hour 
VAS values in Group II (Table 3). 

In comparisons between groups; It was found that there was a 
statistically significant difference between the groups in terms 
of the first analgesic administration time in the postoperative 
period, and the amounts of paracetamol and tramadol 
consumed in the first 24 hours postoperatively (p <0.001). 
It was found that the first analgesic administration time 
was longer and the amounts of paracetamol and tramadol 
consumed in the first 24 hours were lower in patients in 
Group I (Table 4).

Table 3. Comparison of VAS between and within groups

VAS Group I (n=34) Group II (n=34) p*
Preoperative 8.2±1.1 7.7±1.4 0.109
During position 5.0±1.6 6.0±1.6 0.009
5 min After spinal anesthesia 0.0±0.0 0.1±0.9 0.325
p** <0.001 <0.001  
Difference All All  
Postoperative 0th hour 1 0.6±1.0 0.7±1.0 0.634
Postoperative 2nd hour 2 2.6±1.7 4.4±2.0 <0.001
Postoperative 8th hour 3 3.2±1.3 5.6±1.6 <0.001
Postoperative 16th hour 4 3.2±1.6 5.3±1.3 <0.001
Postoperative 24th hour 5 3.7±1.2 5.0±1.1 <0.001
p** <0.001 <0.001  
Difference 1 with others 2 with 5 1 with others 2 with 3  
Sum of VAS scores at five 
separate times 13.4±4.6 21.1 ± 3.9 <0.001

Group I: Peng, Group II: Kontrol, VAS: Visual analog scale, *: Independent Samples T test (Mean ± 
SD), **: Repeated measures anova (Mean ± SD)

Tablo 4. Comparison of the first analgesic administration time in the first 24 
hours postoperatively, the average amounts of paracetamol-tramadol consumed, 
and the doses of paracetamol-tramadol administered between the groups
Postoperative First 24 Hours Group I (n=34) Group II (n=34) p
Time to first analgesic 9.0 ± 6.7 3.7 ± 2.1 <0.001 a

Paracetamol amount
1 gr 12 (%35.3) 0 (%0.0)

<0.001 b2 gr 22 (%64.7) 28 (%82.4)
3 gr 0 (%0.0) 6 (%17.6)

Total paracetamol amount (gr) 1,6 ± 0.5 2.2 ± 0.4 <0.001 a

Tramadol amount
0 gr 21 (%61.8) 3 (%8.8)

<0.001 b100 mg 9 (%26.5) 7 (%20.6)
200 mg 4 (%11.8) 24 (%70.6)

Total tramadol amount (mg) 50 ± 70.7 161.8 ± 65.2 <0.001 a
Grup I: PENG, Grup II: Kontrol, A: Independent samples t test (Mean ± SD), b: Chi-square test 
(n / %)

DISCUSSION

In this study performed on patients who will be operated 
under spinal anesthesia due to hip fracture, it has been 
observed that PENG block reduces the pain that may 
occur due to the fracture during the position and in the 
postoperative period. In addition, it has been observed that 
patients need less additional analgesia in the postoperative 
period with this application. In addition, thanks to the 
PENG block, the comfort of the anesthetist who applies the 
spinal anesthesia increases due to giving the patients a more 
comfortable position.

Hip fracture is a traumatic condition that is usually treated 
with neuraxial anesthesia techniques and is mostly seen 
in elderly patients. It causes severe pain both in the lateral 
position of the patients during neuraxial anesthesia and in 
the postoperative period. Pain control may affect the success 
of the neuraxial anesthesia method in the lateral position. In 
addition, successful pain management in the postoperative 
period shortens the discharge time and contributes positively 
to postoperative patient outcomes.12 Regional techniques are 
generally preferred for pain management in hip fractures, 
as the patient population is at risk for the adverse effects of 
opioids and nonsteroidal anti-inflammatory drugs (NSAIDs), 
including cognitive impairment, respiratory depression, 
gastrointestinal complications, and renal dysfunction.8,13,14 
One of the main goals of anesthesia in hip fracture surgery 
is to limit the use of opioid-based drugs in perioperative 
pain management while providing position-dependent 
and postoperative pain control during spinal anesthesia 
application.15

Regional analgesia techniques are widely used because 
they limit the use of opioids in perioperative hip fracture 
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analgesia and provide relatively effective, effective, and safe 
analgesia. Perioperative regional analgesia methods have 
been recommended in perioperative pain management 
since the 1990s, and fascia iliaca block, femoral nerve block, 
and 3-in-1 femoral nerve block are used for this purpose. 
A recent Cochrane study of nerve blocks for hip fractures, 
which included fascia iliaca block, femoral nerve block, and 
3-in-1 femoral nerve block, showed high-quality evidence 
supporting a reduction in dynamic pain within 30 minutes 
post-block. However, no analgesic superiority of any of these 
techniques over the other has been demonstrated.16

Although each of these blocks alone provides a certain level of 
perioperative analgesia for hip fractures and positively affects 
patient outcomes, it has been discussed in the literature that 
these blocks do not cover all the nerves associated with hip 
fracture and cause varying degrees of quadriceps weakness 
due to the involvement of the femoral nerve. To summarize 
these discussions; Although femoral nerve block has been 
shown to provide effective postoperative analgesia, it has 
also been associated with postoperative quadriceps muscle 
weakness. This may cause a delay in mobilization and 
recovery times.17–19 The fascia iliaca block has been defined as 
a suitable alternative with less apparent quadriceps weakness 
due to injection at a point farther from the femoral nerve.20 

However, it has been reported in the literature that it causes 
moderate quadriceps weakness and does not provide effective 
analgesia after hip arthroscopy.21 3-in-1 femoral block, which 
was not as effective as the fascia iliaca block before the use 
of USG, has been shown to be as effective as the fascia iliaca 
block with the initiation of the use of USG.22,23

Femoral nerve block and fascia iliaca block have shown good 
results for post-surgical analgesia. However, the obturator 
nerve and accessory obturator nerve should also be targeted 
to achieve more effective perioperative pain control.24,25 The 
anterior hip capsule is innervated by the obturator nerve, 
the accessory obturator nerve, and the femoral nerve. These 
three nerves should be targeted to provide analgesia in hip 
fractures.11 Short et al.26 confirmed the innervation of the 
anterior hip by these three nerves in a recent anatomical 
study. It also found that the accessory obturator nerve and the 
femoral nerve play a larger role in anterior hip innervation 
than previously reported.9

The branches from the femoral nerve and accessory obturator 
nerve are located between the anterior inferior iliac spine 
(AIIS) and the iliopubic eminence (IPE), while the obturator 
nerve is located close to the inferomedial acetabulum. Using 
this information, Girón et al.11 described a new regional 
anesthetic technique, which they named pericapsular nerve 
group (PENG) block, for pain control on hip fractures. In 
this study conducted on five patients, a significant decrease 
in pain scores was found in patients without quadriceps 
muscle weakness. Orozco et al.15 demonstrated successful 
perioperative pain control using the PENG block technique 
in five patients who underwent hip arthroscopic surgery.

Although peripheral nerve blocks are widely used for 
perioperative analgesia for hip fracture surgery, the 
effectiveness of each is a matter of debate, so new blocks 
continue to be investigated. PENG block is a block that has 

just started to be applied and is becoming more common 
in clinical use. Although PENG block has been shown 
to be effective in postoperative analgesia for hip fracture 
surgery, we did not find any randomized controlled studies 
investigating the perioperative pain characteristics, including 
the postoperative period, as well as the preoperative 
application of the PENG block for neuroaxial anesthesia and 
positioning during spinal anesthesia. We found only studies 
in which case series were collected on this subject.11,27 This 
study, it was aimed to investigate the effectiveness of PENG 
block in pain management starting from positioning for 
spinal anesthesia and up to the first 24 hours postoperatively 
for hip fracture surgery under unilateral spinal anesthesia.

The results of our study showed that PENG block provides 
more effective analgesia than the sedoanalgesia method 
applied with fentanyl at doses specified in the literature 
during spinal anesthesia positioning.28 In accordance with 
the literature, it was determined that it is necessary to 
provide analgesia during the position while applying spinal 
anesthesia, PENG block application provides analgesia, 
albeit partial, and this application is more effective than the 
frequently used fentanyl analgesia. Acharya et al.,27 in their 
study on 10 patients, found the average pain score of 7.5 
before the block to 1.2 when the spinal anesthesia position 
was given. In our study, we found that the mean pain score, 
which was 8.2 before the PENG block, decreased to 5 during 
the pre-spinal anesthesia position. As shown in the literature, 
we preferred unilateral spinal anesthesia to traditional 
spinal anesthesia because it has fewer hemodynamic side 
effects.29  In our study, we found that the VAS score decreased 
significantly during position with the effect of the PENG 
block. Unlike the literature, the pain scores we detected were 
higher. The reason for this difference may be that, unlike 
Acharya et al.,27 we placed the lateral position (for unilateral 
spinal anesthesia using low dose local anesthetic to provide 
hemodynamic stability) with the fractured side down instead 
of the traditional spinal anesthesia position in our study. In 
this regard, new studies are needed to evaluate the analgesic 
efficacy of PENG block in different spinal anesthesia 
positions.

In our study, we observed that the need for total sedoanalgesia 
before spinal anesthesia was less in the PENG block group, 
and we found that early peripheral oxygen saturations 
during spinal anesthesia were significantly higher in this 
group compared to the control group. In addition, we found 
that the comfort level reported by the anesthetists during 
spinal anesthesia was more positive in the PENG group. 
Anesthetists in the PENG block group reported that they 
performed a more comfortable spinal anesthesia application. 
The reason for this difference may be that the patients in 
the control group could not be effectively positioned due to 
sedation and impaired cooperation due to higher position-
related pain levels. The reason for the decrease in saturation 
values, albeit minimally, in the control group may be opioid-
related respiratory depression, which is also mentioned in the 
literature in the elderly patient group.13,14

Hwang et al.31 show that approximately 36% of hip fractures 
do not receive any analgesia, and opioids are used in 57%.30 
Foss et al. showed that regional analgesia techniques were 
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more effective in reducing dynamic pain compared to 
systemic opioids and that similar results were obtained with 
regional analgesia techniques and opioids in pain at rest.

The prevalence of delirium after hip fracture surgery was 
found to be 40% with the effect of opioid narcotics.32 Lee 
et al.33 found that the 1-year mortality rate was almost 2 
times higher in patients with dementia or delirium after 
hip fracture. Despite the known adverse effects of opioid 
analgesia in the vulnerable elderly population, schepis and 
McCabe published findings from the National survey on 
Drug Use and Health that showed a sustained increase in 
opioid use in the older adult population.34

The morbidity and mortality associated with delirium are 
being struggled with. Alternatives to opioids are being 
explored, including various nerve blocks and systemic 
treatments such as methylprednisolone, to control pain in 
elderly hip fracture patients.35,36

A Cochrane study concluded that the use of peripheral nerve 
blocks made no difference in pain relief, length of hospital 
stay, or patient satisfaction compared to a neuraxial block.37

In Freeman and Clarke’s extensive literature review, it 
was emphasized that analgesia in the elderly population 
should be focused on minimizing risk factors for delirium, 
including pain and constipation side effects. They found 
that fascia iliaca block is safe and easy to apply in the elderly 
population, reduces the need for opioids, and is effective 
in reducing pain and preventing delirium.38 Bang et al.39 

conducted a prospective, randomized study in postoperative 
hemiarthroplasty patients who received patient-controlled 
analgesia versus fascia iliaca block and found that VAS scores 
were similar in both groups, but opioid use was significantly 
lower in the block group.

There is limited literature comparing PENG block with other 
regional anesthesia techniques for postoperative analgesia of 
hip fractures. Lin et al.40 compared PENG and femoral block 
for postoperative analgesia in hip fractures. In this single-
center randomized controlled double-blind study, it was 
found that patients who underwent PENG block had lower 
pain scores than patients who underwent femoral block.

Bhattacarya et al.41 compared the onset of analgesia and total 
analgesia time of PENG block and fascia iliaca block in their 
study on 50 patients with femoral neck fractures. They found 
that PENG block had a faster onset of pain control compared 
to fascia iliaca block in patients with femoral neck fractures, 
however, it was almost equally effective (mean 10 hours) in 
terms of block duration in both groups. In our study, we 
found that VAS scores at the 2nd, 8th, 16th, and 24th hours in 
the postoperative period were significantly lower in patients 
who underwent PENG block compared to the control group 
and that the total amount of paracetamol and tramadol 
consumed in the postoperative period was significantly lower. 
We found that the PENG block group was significantly later 
than the control group at the time of first dose analgesic 
administration in the postoperative period. This result 
shows us that PENG block provides effective analgesia in 
the postoperative period in hip fractures and can be used to 

reduce opioid consumption. More randomized controlled 
trials are needed on the efficacy of PENG block. We think 
that the PENG block is an easily applicable field block because 
spina iliaca anterior superior, iliopubic eminence and psoas 
tendon are easily identifiable sonographic points. In our 
study, no serious adverse events such as permanent nerve 
damage, major vascular damage, or local anesthetic systemic 
toxicity were observed after PENG block, which is quite 
satisfactory.

PENG block may have potential advantages over traditional 
regional analgesia techniques such as femoral nerve or fascia 
iliaca blocks for hip fracture operations. One of these potential 
advantages may be more extensive blocking of the sensory 
nerves that innervate the hip. Due to this feature, it can 
provide more effective analgesia in perioperative analgesia. 
This situation increases patient satisfaction and postoperative 
i.v. may lead to decreased consumption of analgesics and/or 
opioids. It can be used as part of perioperative multimodal 
analgesia, which ultimately results in effective but less adverse 
events. In addition, if studies with large patient numbers 
confirm the absence of quadriceps weakness after PENG 
block, this may contribute to early postoperative recovery by 
enabling early mobilization of patients.

This study has some limitations. First of all, our study is 
single-centered. Therefore, we cannot generalize to the whole 
population. Therefore, multicenter studies may give better 
results in this regard. Second, pain monitoring was limited to 
24 hours. Prospective randomized studies at 48 and 72 hours 
postoperatively may be appropriate to evaluate the longer-
term analgesic efficacy.

CONCLUSION

In this study, we found that patients who underwent 
PENG block had reduced pain during spinal anesthesia 
positioning and lower VAS scores while providing less opioid 
consumption in the postoperative period. This study shows 
that PENG block is promising as a viable and perioperative 
analgesia technique. In the light of all this information, 
randomized controlled studies are needed to compare PENG 
block with blocks such as femoral nerve block and fascia iliaca 
block. We believe that this study will lead to the proliferation 
of studies using PENG blocks and contribute to its use in 
clinical practice.
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Malign hyperthermia in beating heart coronary artery 
bypass surgery
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ABSTRACT
Malignant hyperthermia (MH) is a rare but one of the most serious complications of general anesthesia due to the 
hypermetabolic state of skeletal muscle. This case report aims to share the diagnosis and treatment of the patient who was 
diagnosed with MH intraoperatively during cardiac surgery. Consent was obtained from a 59-year-old patient who was 
scheduled for CABGx2 surgery on his beating heart. The patient had no comorbidities other than hypertension, was a non-
smoker, and had no history of previous surgery. Hypermetabolic findings began in the 90th minute of the operation. The body 
temperature: 39°C; pCO2: 72 mmHg; pH: 7.15; potassium was 5.13 mEq/L and pulse was over 120 min-1. MH was considered 
when the color change in soda lime was observed. Following these findings, anesthesia was maintained with 100% oxygen and 
total intravenous anesthesia (TIVA). The patient, whose hemodynamic stabilization was achieved, was taken to the intensive 
care unit (ICU) in an intubated state at the end of the surgery. A single dose of 2.5 mg/kg iv dantrolene was administered in the 
ICU. After dantrolene, body temperature, hemodynamic and metabolic values returned to normal. The patient was extubated 
on the first postoperative day. The patient was followed up in the ICU for 2 days and in the ward for 5 days before being 
discharged without complications. Dantrolene is the specific antidote for MH. With early application, the risk of complications 
and mortality can be reduced. Therefore, attention should be paid to the clinical symptoms of MH, and as soon as MH is 
suspected, triggering agents should be removed immediately and dantrolene supply and treatment should be provided.
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INTRODUCTION

Malignant hyperthermia (MH) is an autosomal dominant 
condition, rarely encountered but considered one of the most 
serious complications of general anesthesia.1 Triggering 
drugs such as volatile anesthetics and depolarizing muscle 
relaxants increase calcium release from the sarcoplasmic 
reticulum, leading to a continuous rise in intracellular 
calcium concentration and causing uncontrolled skeletal 
muscle hypermetabolism.1 As a result, MH manifests as a 
hypermetabolic state with symptoms such as respiratory 
and metabolic acidosis, hyperthermia, rhabdomyolysis, 
tachycardia, fatal arrhythmias, and hypoxemia.2

Variability in the expression of malignant hyperthermia 
(MH) may also stem from anesthesia-related factors, 
including the triggering potency of the inhalation anesthetic 
employed, drug dosage, and the duration of anesthesia.3 

Factors such as age and gender can additionally influence MH 
expression. Studies have indicated that MH predominantly 

occurs in younger patients, and MH reactions are reported to 
be twice as frequent in males compared to females.3,4

Due to genetic diversity, the incidence and prevalence of MH 
exhibit significant variations among different populations. 
The remarkable decrease in MH mortality since the 1970s is 
attributed to increased awareness of MH, the growing use of 
non-triggering anesthetics, enhanced monitoring standards 
allowing for early diagnosis, and the availability of dantrolene 
sodium.4 In this case, the intention is to share the diagnosis 
and treatment of a patient diagnosed with intraoperative 
malignant hyperthermia during cardiac surgery.

CASE 

The patient was 59-year-old and male. His body mass index 
was 30.4 kg/m². The patient presented with no comorbidities 
other than controlled hypertension. With a smoking history 
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of 20 pack-years, the patient was classified as ASA II. 
Informed consent was duly obtained from the patient. The 
surgical plan involved the on-pump beating heart protocol.

The patient was positioned on the operating table, and 
following monitoring, anesthesia induction was initiated 
with 200 mg propofol, 90 mg ketamine, 80 mg rocuronium, 
100 mcg fentanyl, and 100 mg lidocaine. The maintenance 
involved the use of 1 minimum alveolar concentration 
(MAC) of Sevoflurane and a continuous infusion of 0.5 mcg 
kg min-1 remifentanil. Extracorporeal circulatory support 
was commenced at the 80th minute of the operation. A blood 
gas analysis at the 85th minute revealed mild acidosis (pH: 
7.23) and an elevation in pCO2 (54 mm Hg).

Upon repeating the blood gas analysis at the 90th minute, 
the pH remained constant, with pCO2 at 72 mmHg, K at 5.13 
mEq/L, a pulse rate of >120 min-1, and a body temperature 
of 39 °C. The observation of a change in soda-lime color 
prompted the consideration of malignant hyperthermia 
(MH). In response to this, 100% oxygen and total intravenous 
anesthesia (TIVA) were administered. Dantrolene was 
urgently requested from the pharmacy.

To address the potential MH crisis, the anesthesia circuit and 
soda lime were replaced, the respiratory circuit was flushed 
with maximum fresh gas flow, the patient underwent external 
cooling, and metabolic disorders were addressed. Once 
hemodynamic stabilization was achieved, the patient was 
intubated and transferred to the intensive care unit (ICU).

In the ICU, a single dose of 2.5 mg kg1 intravenous 
dantrolene was administered. Following the administration 
of dantrolene, the patient’s body temperature, hemodynamic 
parameters, and metabolic values normalized. Extubating 
was performed on the first postoperative day. The patient 
received intensive care for 2 days and continued to be 
monitored in the ward for an additional 5 days before being 
discharged without complications.

DISCUSSION

Malignant hyperthermia continues to pose a serious and 
life-threatening condition, underscoring the importance 
of early detection to minimize mortality and MH-related 
complications. Early administration of dantrolene is crucial 
in mitigating the risk of complications and mortality 
associated with MH.

Dantrolene serves as a specific antidote for MH events. Early 
application is associated with a decreased risk of complications 
and mortality.5 According to the European malignant 
hyperthermia group, dantrolene should be prepared for 
administration within 5 minutes of recognizing the first sign 
of MH.6 It is reported that the risk of complications increases 
by 1.6 times for every 30-minute delay between the first sign 
of MH and the administration of dantrolene.4

 Upon the clinical diagnosis of MH, we promptly requested 
dantrolene from the pharmacy and incorporated it 
into the patient’s postoperative treatment. Following 
the administration of dantrolene, the patient’s clinical 
manifestations were completely resolved. Many patients have 

seemingly undergone uneventful general anesthesia with 
triggering agents before manifesting MH reactions.7 The exact 
reasons for this phenomenon are not fully elucidated, but it 
could be related to factors such as the duration of surgery, 
the choice of volatile anesthetic agent, and the concentration 
of the agent administered during the surgery.2 All potent 
inhalation anesthetics commonly used in general anesthesia 
(such as desflurane, sevoflurane, isoflurane, halothane, 
and methoxyflurane) and the depolarizing neuromuscular 
blocking agent succinylcholine have the potential to induce 
MH.6,8

CONCLUSION 

Dantrolene is a specific antidote for malignant hyperthermia 
(MH).1 Early administration can reduce the risk of 
complications and mortality. It has been reported that for 
every 30-minute delay between the onset of the first MH 
symptom and the administration of dantrolene, the risk 
of complications increases by 1.6 times.4 Therefore, careful 
attention should be given to clinical signs of MH, and as soon 
as MH is suspected, triggering agents should be promptly 
removed, dantrolene should be obtained, and treatment 
initiated.
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