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A B S T R A C T 

Aim: Effectiveness of analgesic nociceptive index (ANI) monitoring in predicting 

both intraoperative and postoperative early pain in neurosurgery patients undergo-

ing lumbar spinal surgery. The patients were administered general anesthesia using 

different anesthesia management techniques. 

Method: The study included a total of 60 patients with American Society of Anesthe-

siologist (ASA) I-III. The patients were randomly divided into two groups of 30 each 

using the closed envelope method. Group T received total intravenous anesthesia 

(TIVA) with remifentanil-propofol, while Group D with desflurane-remifentanil. Non-

invasive ANI monitoring was applied to patients undergoing lumbar spinal surgery, 

and ANI, heart rate, systolic/diastolic arterial pressure values were recorded before 

and after induction, skin incision, major muscle incision, laminectomy, right-left fa-

sciectomy, screw fixation, after extubation and during the postoperative period. Post-

operative heart rate, ANI value, mean arterial pressure values, and visual analog scale 

(VAS) values were measured. 

Results: No statistically significant difference was found in terms of the demographic 

data of the patients. According to the groups, no statistically significant difference 

was found between the ANI and VAS measurements of the cases at the postoperative 

5th minute (P=0.261), postop 10th minute (P=0.379), postop 15th minute (P=0.673), 

postop 30th minute (P=0.784) and postop 60 minute (p =0.750).  

Conclusions: In our study on lumbar spine surgery, we could not detect any signifi-

cant relationship between ANI monitoring and VAS values in the early postoperative 

period. There was no difference in ANI and VAS with either anaesthetic technique. In 

light of the results of our study, we believe that more studies are needed on the use 

of ANI monitoring in the early postoperative period. 
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1. Introduction 

The role of anesthesia and anesthesiologist in lumbar 
spinal surgery is very important not only in the in-
traoperative period but also in the entire perioperative 
period and postoperative rehabilitation to discharge. In 
addition to providing appropriate anesthesia during sur-
gery, the anesthesiologist is especially responsible for 
providing adequate pain control in the postoperative pe-
riod to maintain the normal respiratory and cardiovas-
cular functions of the patient [1]. Postoperative pain is a 
type of acute pain that begins with surgical trauma and 
gradually decreases as tissues heal. Applicable and ac-
ceptable pain management after surgery is an important 
factor that accelerates recovery and shortens hospital 
stays [2]. Postoperative pain is affected by many factors 
including the location, type, duration, incision type and 
size of the surgery, the patient's approach to pain, phys-
ical and mental status, preoperative preparation of the 
patient, type of anesthesia, pain treatment before and af-
ter surgery, previous pain experiences, presence of pre-
operative pain, incidence of surgical complications, qual-
ity of postoperative care and environmental factors [3]. 
While the importance of starting pain management in 
the preoperative period is emphasized, the anesthesia 
method used in the intraoperative period and the drugs 
used are important components of postoperative pain 
management [4]. For anesthesiologists, adequate sup-
pression of the sympathetic response is considered a re-
quirement for good anesthesia. Since methods that can 
measure this suppression may serve as a guide for the 
maintenance of anesthesia, studies on this subject have 
gained momentum in recent years. Analgesia Nocicep-
tion Index (ANI), which measures the tone of the para-
sympathetic autonomic nervous system during anesthe-
sia and shows the nociception-analgesia balance and 
thus the adequacy of analgesia in the perioperative pe-
riod, has emerged as a parameter in recent years [8,9]. 
ANI is a numerical value ranging from 0 to 100. Below 30 
indicates severe pain, between 30-50 indicates moder-
ate pain, and between 50-70 indicates adequate analge-
sia [5]. 

In this study; we aimed to compare the importance of 
analgesic nociceptive index (ANI) monitoring in predict-
ing both intraoperative and postoperative early pain in 
neurosurgery patients who underwent general anesthe-
sia with different anesthesia management and in pa-
tients who underwent lumbar spine surgery, where 
there are almost no similar studies in the literature. 

 

2. Material and Method 

Our study was designed as a prospective randomized 
controlled study and approved by the Harran University 
Faculty of Medicine Clinical Research Ethics Committee 
(dated 04.01.2021 and Session no. 01, and Ethics Com-
mittee Decision Approval no. 20). We conducted the 
study in accordance with the Declaration of Helsinki. 
The study comprised of 60 patients between the ages of 
18-65 years, with American Society of Anesthesiologist 
(ASA) I-III Classification and diagnosed with spinal ste-

nosis. These patients were scheduled to undergo elec-
tive L4-5 Lumbar spinal stabilization under general an-
esthesia, after obtaining written and verbal informed 
consent. 

2.1. Inclusion criteria of patients in the study 

Our study included patients between the ages of 18-
65 who were evaluated preoperatively and classified in 
the ASA I, II, III risk group. Pregnant and breastfeeding 
patients, patients with uncontrolled hypertension and 
diabetes were not included in the study. Patients with 
significant cardiac pathology, in sinus rhythm, who had 
not received intraoperative administration of epineph-
rine, phenylephrine, atropine, B-blockers, and clonidine, 
and who had no significant preoperative chronic pain, no 
autonomic nervous system disorders, and no psychiatric 
disorders were included. Additionally, patients who 
were cooperative and oriented, had no intubation diffi-
culties, and agreed to participate in the study were in-
cluded. 

2.2. Study groups 

The patients were randomized into 2 groups with 
equal numbers by closed envelope method before sur-
gery. A total of 60 patients were included in the study. 
Two different anesthesia management techniques 
were used; one was total intravenous anesthesia 
(TIVA) and the other was inhalation anesthesia (des-
flurane). Patients were divided into two groups of 30 
patients each by closed envelope method; group T was 
total intravenous anesthesia (propofol/remifentanil) 
and group D was inhaled anesthesia (desflurane/rem-
ifentanil). 

2.3. Monitoring 

The patients included in the study were brought to 
the operating room without premedication and routine 
monitoring including Electrocardiography (ECG), heart 
rate (HR), Noninvasive blood pressure (NIBP), Mean Ar-
terıal Pressure (MAP) peripheral oxygen saturation 
(SpO2), End Tidal Carbon dioxide (ETCO2), was per-
formed. In addition to standard anesthesia monitoring, 
Bispectral index (BIS) monitoring was used in all pa-
tients of both groups before induction. In 60 patients un-
dergoing spinal stabilization, an ANI pallet was placed 
noninvasively 2 cm below the xiphoid process of the 
sternum and an ECG pallet was placed in the region cor-
responding to the V5 chest lead. ANI values were rec-
orded before and after induction, skin incision, incision 
of major muscles, laminectomy, right-left fasciectomy, 
screw topping, extubation and postoperative period. ANI 
V1 monitor (Mdoloris Medical Systems) was used for 
ANI. 

2.4. Anesthesia practices and data collection 

All patients included in the study underwent stand-
ard anesthesia induction. Anesthesia induction was 
achieved with intravenous (IV) propofol 2-3 mg/kg, IV 
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fentanyl 2 mcg/kg and IV rocuronium bromide 0.6 
mg/kg using the same induction agents. After adequate 
depth of anesthesia and muscle relaxation were 
achieved, the patients were intubated by the same anes-
thesiologist. 

Anesthesia maintenance was provided with desflu-
rane with a minimum alveolar concentration (MAC) of 1 
in Group D. In Group T, propofol infusion was started at 
a dose of 12 mg.kg'1 and decreased to 9 mg.kg'1 after 20 
minutes, 6 mg.kg'1 after 40 minutes and 4 mg.kg’1 after 
60 minutes. Propofol was administered with 0.05-0.3 
mcg/kg/min IV remifentanil infusion. The depth of anes-
thesia was adjusted according to the BIS value after in-
duction. The BIS value was titrated to be in the range of 
40-60. During anesthesia maintenance, oxygen-dry air 
mixture was given to all patients at a rate of 4L.min'1 at 
a rate of 50% O2. 

Among the parameters we examined, HR, NIBP and 
ANI values were measured before anesthesia, before in-
duction, after induction and during the operation for 5 
minutes in the first 30 minutes and 30 minutes after 30 
minutes at 30 minute intervals. HR, NIBP and ANI values 
were recorded after skin incision, major muscle incision, 
laminectomy, right-left fasciectomy, screw fixation and 
discectomy.  

In hypotensive anesthesia, a range of 50-65 mmHg 
was targeted in patients without hypertension and a 
range of MAP values of up to 30% of the baseline MAP 
value was targeted in patients with hypertension. In-
creases in MAP were controlled by increasing the rem-
ifentanil dose between 25-100%. 

2.5. Surgical procedures 

All surgeries were performed by the same surgical 
team. By making a classical midline incision, anatomical 
layers were passed and the facet joints were reached. 
Transpedicular screws were placed under scope guid-
ance, preserving the adjacent facet joints. The screws 
were joined with the help of rods. Decompression and 
foraminotomies were performed based on imaging and 
patients' symptoms. 

2.6. Postoperative follow-up 

All patients participating in the study were adminis-
tered analgesia with IV paracetamol 1 g/100 mL and IV 
tramadol 100 mg 30 minutes before the end of the sur-
gery. HR, NIBP and ANI were measured at 5, 10, 15, 30, 
60, 90, and 120 minutes after extubation. In addition, all 
patients were given detailed information about VAS in 
the preoperative period and their postoperative pain 
levels and VAS values were questioned and recorded at 
the 5th, 10th, 15th, 30th, 60th, 90th, and 120th minutes. 

2.7. Statistical method 

Statistical analysis and evaluation of the study were 
conducted using the NCSS (NumberCruncher Statistical 
System) 2020 statistical software (NCSS LLC, Kaysville, 
Utah, USA). Quantitative variables were reported using 
mean, standard deviation, minimum, and maximum, 
while qualitative variables were reported using descrip-
tive statistical techniques such as frequencies and per-
centages. To assess data suitability to a normal distribu-
tion, the Shapiro-Wilks test and boxplot graphs were ap-
plied. Mann Whitney-U test was used to evaluate two 
quantitative groups with normal distribution. Student t-
test (for normal data) was used to compare numerical 
data between two groups, while the Chi-square test was 
done to observe the relationship between categorical 
data. Spearman's correlation analysis was used to iden-
tify the relationships between variables. The results 
were evaluated at 95% confidence interval and signifi-
cance at a p-value of less than 0.05. Sample size was cal-
culated based on published ANI studies to detect a stim-
ulus-induced difference of 15%, with an alpha-error of 
0.05 and 90% power [9,11]. 

 

3. Results  

A total of 60 patients between the ages of 27 and 64 
were included in the study. Demographic data is pro-
vided in Table 1 and Fig. 1 shows the Consort Diagram.

Table 1. Distributions of descriptive features. 

  Group T Group D p values 

Age (years)  47.23 ± 10.04 46.73 ± 8.78 0.838* 

BMI (kg/m2)  27.73 ± 3.28 28.67 ± 3.76 0.307* 

Gender female 17 19 0.598⁰ 

 male 13 11  

ASA ASA 1 12 8 0.273⁰ 

 ASA 2 18 22  

Comorbidity yes 9 14 0.184⁰ 

The data are presented as mean ± standard deviation or number.  

BMI: Body Mass Index. ASA: American Society of Anesthesiologists.  

⁰Chi-square test. *Student t test. 
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SBP: Systolic Blood Pressure DBP: Diastolic Blood Pressure TİVA: Total intravenous anesthesia 2A:Heart Rate Values 2B: SBP Values 2C: DBP Values 

Fig. 1. The mean Heart Rate, SBP and DBP values for perioperative and postoperative period.

Heart rate measurements during surgery were signif-
icantly higher in Group D compared to other group at 
90th and 120th minutes, during skin incision, and inci-
sion of major muscles (p: 0.005, p: 0.005, p: 0.005, p: 
0.010, p: 0.008, respectively). However, there was no sig-
nificant difference in systolic blood pressure measure-
ments between the groups. Diastolic blood pressure 
measurements were significantly higher in Group D at 
60th, 90th, and 120th minutes (p: 0.026, p: 0.010, p: 
0.004, respectively).  

During surgery, ANI values were significantly higher 
in Group D than in the TIVA group at 20th minute and 

25th minute (p: 0.040, p: 0.025 respectively). No signifi-
cant differences were found between the groups at other 
time intervals (Fig. 2). 

There was no statistically significant difference 
(p>0.05) between the ANI measurements of the subjects 
during extubation, postoperative 5, 10, 15,30 or 60 
minutes between the groups  (Table 2). 

There was no statistically significant difference 
(p>0.05) between the VAS measurements of the subjects 
during extubation postoperative 5, 10, 15, 30 or 60 
minutes between the groups (Table 3). 

 
ANI: Analgesia Nociception Index TİVA: Total intravenous anesthesia 

Fig. 2. The ANI values for perioperative and postoperative period. 
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Table 2. Comparison of ANI measurements by groups. 

ANI  Group T (n=30) Group D (n=30) p values 

Extubation Mean±SD 50.6±16.42 51.27±19.58 a0.836 

Postop 5th min Mean±SD 51.4±14.89 56.70±19.62 a0.261 

Postop 10th min Mean±SD 52.9±18.19 56.53±18.93 a0.379 

Postop 15th min Mean±SD 58.43±15.81 61.37±19.73 a0.673 

Postop 30th min Mean±SD 56.13±14.28 56.03±16.88 a0.784 

Postop 60th min Mean±SD 54.53±14.06 53.77±15.19 a0.750 

aMannWhitney-U Test 

Table 3. Comparison of VAS measurements by groups. 

VAS  Group T (n=30) Group D (n=30) p values 

Postop 5th min Mean±SD 4.00±1.34 3.97±0.96 a0.830 

Postop 10th min Mean±SD 4.73±1.36 4.77±0.97 a0.700 

Postop 15th min Mean±SD 5.17±1.46 5.23±1.07 a0.659 

Postop 30th min Mean±SD 5.93±1.51 5.80±1.19 a0.849 

Postop 60th min Mean±SD 6.37±1.25 6.23±1.10 a0.721 

aMannWhitney-U Test 

When the postop 5th minute VAS measurements of 
both groups were classified according to the value of 3, 
there was no statistically significant difference be-
tween the postop 5th minute ANI measurements 
(p>0.05). In all cases, there was no statistically signifi-
cant difference between postop 5th minute ANI meas-
urements when classified according to VAS 3 value 
(p>0.05). 

In Group T, there was no statistically significant dif-
ference between the postop 5th minute ANI measure-
ments when the postop 5th minute VAS measurements 
were classified according to the value of 5 (p>0.05). In 
Group D, there were no cases with a VAS value above 5. 
In all cases, when classified according to VAS value 5, 
there was no statistically significant difference between 
postop 5th minute ANI measurements (p>0.05). 

There was no statistically significant correlation be-
tween postop 5th min VAS measurements and ANI 
measurements (p>0.05). 

 

4. Discussion 

Our study was designed as a combination of these 
two studies and compared desflurane/remifentanil 
with propofol/remifentil anesthesia management in pa-
tients undergoing lumbar spinal surgery. Although des-
flurane initially produced slightly higher ANI data than 
TIVA, this difference was not statistically significant. We 

were unable to find a correlation between VAS and ANI 
values in patients under anesthesia. 

The most basic expectation in the administration of 
anesthesia is to maintain hemodynamic stability, pre-
vent metabolic and endocrine responses, and avoid side 
effects with low-dose drug use during the administra-
tion of anesthesia, maintenance and postoperative pe-
riod. The anesthetic technique and agent to be selected 
are of great importance in meeting these expectations. 
The different effects of general anesthetics on nocicep-
tive pathways may affect the development of postoper-
ative pain. Inhalational and intravenous are the two ma-
jor methods of administering general anaesthesia. Vola-
tile Induction and Maintain Anesthesia (VIMA) and TIVA 
are the prominent methods in general anesthesia man-
agement. The effects of these anesthesia methods on 
postoperative pain have always been wondered and 
studies have been conducted [6].  

There have been a limited number of randomized 
controlled trials comparing inhalation anesthesia with 
TIVA using propofol, in terms of postoperative acute 
pain scores or opioid consumption. Overall, there is a 
relative lack of clinical evidence in this area, partly due 
to the absence of objective methods of pain assessment. 
Although postoperative VAS and Numerical Rating Scale 
(NRS) are mostly used to measure pain, intraoperative 
measurements are less reliable. Our study is the first to 
explore VAS and analgesic nociceptive index parame-
ters in the literature. 
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It is important for anesthesiologists to ensure that the 
patient's sympathetic response is adequately suppressed 
during anesthesia. In recent years, a new parameter called 
ANI has emerged which measures the tone of the para-
sympathetic autonomic nervous system. This parameter 
helps to determine the balance between nociception and 
analgesia during the peroperative period, and can be used 
to assess the adequacy of analgesia [8]. ANI has been used 
both intraoperatively and postoperatively in studies in-
volving various surgical cases and different results have 
been obtained. In bariatric and breast surgery, ANI guid-
ance resulted in a reduction in intraoperative opioid con-
sumption, but no postoperative benefit was proven in 
these studies [9,10]. In another study, it was reported that 
during laparoscopic cholecystectomy, intraoperative opi-
oid dose was not reduced with ANI guidance and no post-
operative benefit was proven [11]. In our study, we used 
VAS and ANI parameters for both intraoperative and post-
operative analgesia and anesthesia management in pa-
tients we received with two different anesthesia methods. 
We detected a significant difference in the ANİ in Group D 
compared to Group T at the intraoperative 20th and 25th 
minutes. However, no significance in this sense could be 
detected in other time periods. The fact that the significant 
time intervals coincided especially with the moment of 
fasciotomy suggests that more extensive research should 
be conducted on this subject, even though no significant 
difference was detected in other time intervals. 

However, there is no consensus on which anesthetic 
agent will improve the correlation of the ANI with sub-
jective pain measures, probably because studies com-
pare different types of anesthetics as well as their re-
spective heterogeneity [12]. In a study involving 200 pa-
tients anesthetized with a halogenated agent or 
propofol/remifentanil, Boselli et al. showed that the per-
formance of the ANI in detecting moderate to severe pain 
was very good for patients anesthetized with a halogen-
ated anesthetic [13]. In contrast, other authors have re-
ported poor performance of the ANI for postoperative 
pain assessment in patients anesthetized with a halogen-
ated agent [14,15]. In our study, we detected the only sig-
nificant difference in group D. In this sense, our study is 
parallel to these studies in the literature. 

As with any surgical procedure, there will be severe 
post-operative pain, especially after lumbar spinal sur-
gery. Many factors are involved in the development of 
this pain. One of them is the postoperative inflammatory 
response of the tissue and the long-term use of auto-
matic retractor systems attached to the paravertebral 
muscles during lumbar spinal surgery. As a result of pro-
longed paravertebral muscle retraction, edema and in-
flammation are observed in the paravertebral muscles 
[16]. In a study conducted in this type of surgery, the ef-
fects of anesthesia management on intraoperative and 
postoperative pain were compared between propofol-
remifentanil and sevoflurane-remifentanil anesthesia 
with the help of ANI in terms of its importance in early 
postoperative pain prediction. While there was no differ-
ence between mean ANI at all measurement times in 
both groups, ANI measurements after perioperative an-
algesic drug administration were significantly higher 
than baseline values in both groups. They found a corre-

lation between ANI and VAS mean values after anesthe-
sia [17]. In another study close to ours, the effect of in-
traoperative propofol-based total intravenous anesthe-
sia on postoperative pain in lumbar spinal surgery was 
compared with desflurane anesthesia, but ANI monitor-
ing was not performed in this study. In conclusion, the 
study showed that patients using TIVA reported signifi-
cantly less pain than patients receiving desflurane-based 
inhalation anesthesia; this was reflected in lower mean 
NRS pain scores on day 1 and less fentanyl consumption 
on postoperative day 2. They also showed that TIVA-
propofol anesthesia provided a more effective effect in 
relieving pain with a decrease in opioid consumption 
during the first 2 days after surgery [18]. Our study was 
designed as a combination of these two studies and com-
pared desflurane/remifentanil with propofol/remifentil 
anesthesia management in patients undergoing lumbar 
spinal surgery and performed intraoperative and post-
operative follow-up with ANI. As a result of our study, 
heart rate measurements were significantly higher in the 
desflurane group at 90th and 120th minutes intraopera-
tively, during skin incision and incision of major muscles, 
and diastolic blood pressure measurements were signif-
icantly higher in the desflurane group at 60th, 90th, and 
120th minutes. Although we say that the patient was in 
pain at the moments when these values were signifi-
cantly higher, the ANI value did not parallel this. In the 
measurements of ANI values between groups, it was 
found to be significantly higher in the desflurane group 
than in the TIVA group during intraoperative 20th mi-
nute, 25th minute and fasciectomy, but it does not agree 
with the hemodynamic parameters in this time period. 
The ANI values drop with Induction of anaesthesia to be-
tween 30-50 from a baseline of 70. We attribute this de-
crease to the pain caused by the anesthesia drugs we use 
during induction and the response of hemodynamics 
during intubation. Apart from this, there was no differ-
ence in the ANI values at the 5th postoperative minute 
and the correlation with the VAS when analyzed in detail. 

It is important to note several limitations of this study. 
Firstly, this was a single-center observational study and 
the results may not be applicable to all types of surgery. 
Secondly, patients with arrhythmias who were taking 
medications that affect heart rate variability (such as 
ephedrine, phenylephrine, atropine, neostigmine or 
beta-blockers) or chronic analgesics were excluded, and 
their effects are unknown. Finally, we were unable to 
perform blood sample analysis of propofol and remifen-
tanil plasma levels in our patients. We adjusted propofol 
and remifentanil dosing targets based on target BIS and 
previous doses of propofol.  

 

5. Conclusions 

Similar analgesia can be achieved with both remifen-
tanil-propofol and desflurane- remifentanil administration 
in spinal stabilization surgeries. Based on the data col-
lected in this study, we could not detect a correlation be-
tween VAS and ANI values in patients under the influence 
of anesthetic agents. We recommend that more studies be 
conducted to contribute to the literature on this subject.  
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