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Background: This systematic review and meta-analysis analyzed the utility of the Analgesia Nociception Index (ANI) 
in detecting intraoperative and procedural pain in sedated patients.
Methods: A comprehensive search of the Cochrane Central Register of Controlled Trials, Ovid-MEDLINE, Ovid-Embase, 
and Google Scholar databases was performed to identify relevant studies. The primary outcome was the diagnostic 
accuracy of ANI, assessed by pooled sensitivity, specificity, likelihood ratios, and diagnostic odds ratio (DOR). 
Secondary outcomes were the correlation between ANI and pain assessment scales, the effect of norepinephrine 
(NE) on ANI, and differences in opioid consumption between the ANI-guided and control groups.
Results: Eleven studies were included in the systematic review, with ten studies incorporated into the meta-analysis. 
ANI demonstrated moderate sensitivity (0.746, 95% confidence interval [CI] = 0.683–0.803) and specificity 
(0.776, 95% CI = 0.741–0.808) for detecting intraoperative and procedural pain, with a pooled DOR of 10.491. 
ANI was lower in the pain state than that in the no-pain state (standardized mean difference [SMD] = –1.140, 95% 
CI = –1.239 to –1.041, I² = 93.63%). ANI-guided analgesia was associated with a significant reduction in opioid 
consumption (SMD = –0.410, 95% CI = –0.643 to –0.178, I² = 0.0%). There were no significant differences in ANI 
between the NE and control groups. ANI showed a negative correlation with pain scales (r = –0.110 to –0.470).
Conclusions: ANI effectively differentiated between the pain and non-pain states in sedated patients with moderate 
diagnostic accuracy and helped reduce opioid consumption. However, the high heterogeneity suggests the need for 
cautious interpretation.

Keywords: Analgesia; Analgesics, Opioid; Conscious Sedation; Meta-Analysis; Monitoring, Physiologic; Nociception; 
Pain Measurement.
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INTRODUCTION

Sedation encompasses a continuum of states, ranging 
from minimal sedation, where patients retain some level 
of consciousness and responsiveness, to deep seda-
tion [1]. Unlike general anesthesia, sedation requires 
careful titration to prevent complications. Inadequate se-
dation can cause discomfort and movement, while exces-
sive sedation leads respiratory depression, hemodynamic 
instability, and delayed recovery [2,3]. Even when ap-
pearing adequately sedated, patients may still experience 
pain or distress, highlighting the complexity of defining 
“adequate sedation” [4,5]. These challenges are height-
ened during procedures, where sedation depth varies 
with nociceptive stimuli. Thus, continuous monitoring is 
crucial to maintain effective analgesia and ensure patient 
safety.

In sedated patients, the assessment of nociception, 
the neural process of encoding and processing noxious 
stimuli, offers an alternative approach for assessing 
pain intensity. Various methods have been developed 
to evaluate nociception, including pupillometry, skin 
conductance, and heart rate variability. Among these 
methods, the Analgesia Nociception Index (ANI), derived 
from heart rate variability, reflects the balance between 
sympathetic and parasympathetic activity. ANI was origi-
nally developed to evaluate pain intensity in patients 
under general anesthesia [6]; however, it has emerged as 
a useful tool for awake and sedated patients owing to its 
noninvasive nature and ease of application [7,8].

Several studies have explored the accuracy and reli-
ability of ANI in various clinical contexts. ANI has dem-
onstrated a good correlation with Numeric Rating Scale 
(NRS) scores in assessing the severity of postoperative 
pain, suggesting its validity as a surrogate marker of pain 
[9,10]. A previous meta-analysis reported that ANI moni-
toring in patients undergoing surgery with general anes-
thesia serves as a valuable tool for predicting intra- and 
postoperative pain, reducing the need for intraoperative 
opioids and enhancing perioperative pain management 
[11]. However, debate exists regarding the application 
of ANI in conscious patients, as previous studies have 
shown weaker correlations between ANI values and self-
reported pain levels in this population. [12,13]

This discrepancy raises critical questions regarding the 
applicability of ANI in sedated patients who represent a 
unique population with characteristics that lie between 
fully anesthetized and fully conscious states. Sedated 
patients often require pain assessment to optimize anal-
gesic management while minimizing over-sedation and 

its associated risks. The current literature lacks a compre-
hensive synthesis of evidence regarding the utility of ANI 
in this specific condition.

Furthermore, autonomic tone in sedated patients can 
be influenced by pharmacologic agents and underlying 
pathophysiology, potentially confounding ANI interpre-
tation. Norepinephrine (NE), a commonly administered 
sympathomimetic agent, may suppress parasympathetic 
activity, leading to decreased ANI values independent of 
nociceptive input [14-16]. Similarly, altered autonomic 
function in conditions such as severe sepsis has been as-
sociated with paradoxical increases in parasympathetic 
tone and changes in heart rate variability [14-16]. These 
factors emphasize the importance of evaluating how such 
clinical contexts impact ANI measurements in sedated 
patients.

This comprehensive review and meta-analysis aimed 
to assess the effectiveness of ANI in evaluating nocicep-
tion in sedated patients. By synthesizing the available 
evidence, we sought to clarify the accuracy and clinical 
utility of ANI in this population.

MATERIALS AND METHODS

1. Methodology and registration

The protocol for this comprehensive review and meta-
analysis was developed according to the preferred re-
porting requirements for systematic reviews and meta-
analysis protocols (PRISMA-P) statements  [17]. It was 
drafted and registered with the International Prospective 
Register of Systematic Reviews (PROSPERO) (registration 
number: CRD42024570820; July 31, 2024) and can be ac-
cessed at https://www.crd.york.ac.uk/PROSPERO/view/
CRD42024570820. This study adhered to the methodolog-
ical recommendations set forth by the Cochrane Collabo-
ration [18] and followed the reporting standards outlined 
in the PRISMA statement [19] and the Meta-Analysis of 
Observational Studies in Epidemiology (MOOSE) guide-
lines [20].

2. Eligibility criteria

The research questions and inclusion and exclusion cri-
teria were established prior to conducting this systematic 
review and meta-analysis. We included published ran-
domized controlled trials (RCTs), as well as observational 
studies, including cohort, cross-sectional, and case-con-
trol studies and case series that addressed the three study 
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research questions.
The participants, intervention, comparison, outcomes, 

and study design (PICO-SD) was used to define the re-
search questions:
Primary outcome Research Question: Is ANI monitoring 
effective in identifying intraoperative or procedural pain 
in sedated patients?
ㆍ  Participants (P): sedated patients undergoing a sur-

gery or procedure
ㆍ  Intervention (I): ANI monitoring
ㆍ  Comparison (C): not applicable (NA)
ㆍ  Outcome measurements (O): diagnostic accuracy of 

intraoperative or procedural pain assessed by sen-
sitivity, specificity, positive likelihood ratio (LR+), 
negative likelihood ratio (LR–), diagnostic odds ra-
tio (DOR), and area under the curve (AUC)

ㆍ  Study design (SD): RCTs, cohort, cross-sectional, 
case-control studies, and case series

3. Secondary outcomes

Research Question 1: Does the ANI score differ between 
pain and no-pain states in sedated patients?
ㆍ  Participants (P): sedated patients undergoing a sur-

gery or procedure
ㆍ  Intervention (I): pain state
ㆍ  Comparison (C): no-pain state
ㆍ  Outcome measurements (O): difference in ANI 

scores
ㆍ  Study design (SD): RCTs, cohort, cross-sectional, 

case-control studies, and case series
Research Question 2: Does NE administration affect ANI 
monitoring scores in sedated patients?
ㆍ  Participants (P): patients receiving surgery under 

sedation
ㆍ  Intervention (I): administration of NE
ㆍ  Comparison (C): no administration of NE
ㆍ  Outcome measurements (O): ANI monitoring score 

(ANI instantaneous [ANIi] and ANI mean [ANIm])
ㆍ  Study design (SD): RCTs, cohort, cross-sectional, 

case-control studies, and case series
Research Question 3: Is there a correlation between ANI 
values recorded during surgery or procedures in sedated 
patients and other pain assessment scales (NRS, Visual 
Analogue Scale [VAS], Face, Legs, Activity, Cry, Consola-
bility [FLACC] scale, and Behavioral Pain Scale [BPS])?
ㆍ  Participants (P): sedated patients undergoing a sur-

gery or procedure
ㆍ  Intervention (I): intraoperative or procedural ANI 

value

ㆍ  Comparison (C): other pain score (NRS, VAS, 
FLACC scale, and BPS)

ㆍ  Outcome measurements (O): correlation
ㆍ  Study design (SD): RCTs, cohort, cross-sectional, 

case-control studies, and case series
Research Question 4: Does ANI-guided analgesia reduce 
opioid consumption in sedated patients?
ㆍ  Participants (P): sedated patients undergoing a sur-

gery or procedure
ㆍ  Intervention (I): ANI guided analgesia
ㆍ  Comparison (C): standard analgesia (non-ANI guid-

ed)
ㆍ  Outcome measurements (O): total intraoperative or 

procedural opioid consumption
ㆍ  Study design (SD): RCTs, cohort, cross-sectional, 

case-control studies, and case series
The following studies were excluded from the analysis:
ㆍ  Review articles, case reports, letters to the editor, 

and conference abstracts, as well as animal, pre-
clinical, and all other non-relevant studies

ㆍ  Studies with missing outcome measures of interest
No language restrictions were applied in this study.

4. Search process and data acquisition

The search for relevant studies was conducted indepen-
dently by two investigators using Ovid-MEDLINE, Ovid-
Embase, the Cochrane Central Register of Controlled 
Trials, and Google Scholar from the inception of these 
databases until July 2024. The search strategy was devel-
oped in collaboration with a medical librarian and incor-
porated a combination of free-text terms, medical subject 
headings, and EMTREE terms related to “Analgesia No-
ciception Index,” “ANI monitor,” and “sedation.” To en-
sure comprehensive coverage, the authors also searched 
ClinicalTrials.gov (https://clinicaltrials.gov/, accessed on 
July 31, 2024) and the Clinical Research Information Ser-
vice (https://cris.nih.go.kr/, accessed on July 31, 2024) for 
ongoing or unpublished clinical trials. Furthermore, gray 
literature was reviewed using OpenSIGLE. The reference 
lists of all included studies were manually examined to 
identify any additional relevant publications. All retrieved 
references were organized using Endnote software (ver-
sion 9.3.3; Thomson Reuters).

Study selection was independently performed by two 
investigators, who first screened the titles and abstracts. 
To avoid duplication, studies with overlapping authors, 
institutions, or countries were cross-checked and exclud-
ed when necessary. If a study appeared eligible, the full 
text was retrieved for further evaluation. Discrepancies 
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were resolved through discussion, with a third investiga-
tor making the final decision if needed. Kappa statistics 
were used to assess inter-rater agreement, categorized 
as follows: < 0 (less than chance agreement), 0.01–0.20 
(slight), 0.21–0.40 (fair), 0.41–0.60 (moderate), 0.61–0.80 
(substantial), and 0.81–0.99 (almost perfect) [21].

Data extraction was performed using a predefined form 
that included key study details (e.g., study title, first au-
thor, journal name, publication year, country, language, 
sample size, eligibility criteria, study registration, and pri-
mary/secondary outcomes). If data were reported as me-
dian [P25–P75], median (range), or mean (standard error), 
they were converted into mean and standard deviation 
following established methods [21-23]. In cases where 
necessary data were unavailable, the authors were con-
tacted for clarification. If unresolved, missing values were 
estimated from the available information. The extracted 
data were cross-checked for accuracy, and discrepancies 
were resolved by a third investigator.

5. Quality evaluation of included studies

Study quality was assessed using tools specific to the 
study design [24]. RCTs were evaluated using the Revised 
Cochrane Risk of Bias Tool (RoB 2.0) [25]; non-random-
ized studies, using the Risk of Bias Assessment Tool (Ro-
BANS) [26]; and diagnostic accuracy studies, using the 
Quality of Diagnostic Accuracy Studies (QUADAS)-2 tool 
[27]. Any disagreements were resolved through discus-
sion with a third investigator.

6. Statistical analysis

Ad hoc tables were created to summarize the key charac-
teristics of the included studies and highlight key charac-
teristics and essential questions relevant to this review. If 
data could be combined, a meta-analysis was conducted; 
otherwise, a systematic review was performed when syn-
thesis was not possible owing to unsuitable or insufficient 
data.

To evaluate diagnostic performance, values for true 
positives, false positives, false negatives, and true nega-
tives were extracted from the studies. When these values 
were not explicitly reported, they were calculated from 
the available data whenever possible. Pooled sensitiv-
ity specificity, LR+, LR–, combined AUC value with cor-
responding 95% confidence intervals (CIs), and pooled 
DOR were determined using the DerSimonian–Laird 
random-effect model [28].

LR+ was calculated as sensitivity divided by (1−speci-

ficity), while LR− was determined as (1−sensitivity) di-
vided by specificity. The DOR was computed as the ratio 
of the odds of a positive test result in diseased individuals 
to that in non-diseased individuals, with higher values 
indicating better diagnostic performance. A DOR value of 
1 suggests no discrimination between diseased and non-
diseased states [29].

Summary receiver operating characteristic curves were 
plotted using proportional hazards and bivariate models 
to estimate the AUC of accuracy. An AUC value closer to 1 
indicated better diagnostic accuracy [30].

The standardized mean difference (SMD) and 95% CIs 
were used to compare groups.

Heterogeneity among studies was assessed using I2, τ, 
and the 95% predictive interval. Sensitivity analyses were 
conducted by sequentially removing individual studies to 
assess their impact on the overall results.

For studies reporting the correlation between ANI and 
pain assessment scales, correlation coefficients (r) and 
corresponding P values were extracted and summarized 
in a table.

Subgroup analysis was performed based on whether 
ANI monitoring was conducted in critically ill patients re-
quiring sedation or non-critically ill patients undergoing 
sedation for needing surgery or procedure.

The meta-analysis was performed using Comprehen-
sive Meta-Analysis software version 2.0 (Biostat Inc.), 
Meta-DiSc version 1.4 (Unit of Clinical Biostatistics, the 
Ramón y Cajal Hospital), and mada package (version 
0.5.11) in R version 4.4.2 (R Foundation for Statistical 
Computing).

7. Assessment of evidence quality

Evidence quality was assessed using the Grading of 
Recommendations, Assessment, Development, and 
Evaluation (GRADE) systems for intervention [31] or for 
diagnostic tests and strategies  [32]. Two investigators 
independently conducted this assessment following a 
structured approach that included evaluating evidence 
quality, analyzing the risk-benefit balance, and determin-
ing the strength of recommendations. Any disagreements 
were resolved through discussion with a third investiga-
tor.
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RESULTS

1. Study selection

A comprehensive search, including manual searches, 
identified 899 articles (896 from databases and 3 through 
manual searching) up to July 2024. After excluding 143 
duplicates, 756 articles were screened. During the title 
and abstract review, 728 articles were excluded, with an 
inter-rater agreement kappa value of 0.895. Subsequently, 
28 full-text articles were evaluated for eligibility, and 17 
articles were removed for the following reasons: two did 
not align with the outcome of interest, one was a litera-
ture review, one was a brief survey, 10 were conference 
abstracts, and 3 were study protocols, with the kappa val-
ue during this phase reaching 0.922 (Supplementary Ma-
terial 1). Ultimately, 11 studies met the inclusion criteria. 
Among these, one study was deemed unsuitable for data 
synthesis [33], resulting in ten studies being included in 
the meta-analysis (Fig. 1) [3,8,14,16,34-39].

2. Study characteristics

Table 1 presents an overview of the characteristics of the 
11 included studies. Nine were prospective observational 
studies [3,8,14,16,34-38], one was a RCT [39] and one [33] 
was a secondary outcome analysis of an RCT [40].

3. Quality of included studies

Supplementary Tables 1, 2, and 3 show the risk of bias 
assessment for the studies evaluated using three different 
tools: QUADAS-2, RoBANS, and RoB 2.0. In QUADAS-2, 
nine studies showed low risk in patient selection, refer-
ence standards, and flow/timing, except in the index test 
domain. RoBANS indicated variability in participant se-
lection and confounding variable control, with blinding 
practices being inconsistent, while intervention measure-
ment and reporting were generally low risk. For RoB 2.0, 
two studies were classified as having concerns. As fewer 
than 10 studies were included, publication bias was not 
evaluated.

4. Prediction of intraoperative and procedural pain

Seven studies evaluated the ability of ANI monitoring to 
accurately reflect pain levels in sedated patients [3,16,34-
38], and two studies assessed the accuracy of ANI moni-
toring in reflecting pain during sedation by analyzing 
both ANIi and ANIm  [36,38]. For predicting painful 
intraoperative or procedural stimuli, the pooled sensitiv-
ity and specificity were 0.746 (95% CI = 0.683–0.803, I2 = 
46.2%, Pchi

2 = 0.062) and 0.776 (95% CI = 0.741–0.808, I2 = 
91.2%, Pchi

2 < 0.001), respectively (Fig. 2). The pooled LR+ 
and LR– were 3.349 (95% CI = 2.099–5.345, I2 = 81.9%, Pchi

2 
< 0.001) and 0.384 (95% CI = 0.277–0.532, I2 = 44.0%, Pchi

2 
= 0.075), respectively (Fig. 3). DOR was 10.491 (95% CI = 

Fig. 1. PRISMA flowchart of included and excluded trials.
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4.726–23.290, I2 = 70.8%, Pchi
2 = 0.001) (Fig. 4).

When subgroup analysis was performed, the pooled 
sensitivity and specificity were 0.788 (95% CI = 0.686–
0.869, I2 = 59.8%, Pchi

2 = 0.059) and 0.888 (95% CI = 0.849–
0.920, I2 = 87.8%, Pchi

2 < 0.001) in non-critically ill patients, 
and 0.719 (95% CI = 0.632–0.795, I2 = 34.3%, Pchi

2 = 0.192) 
and 0.661 (95% CI = 0.606–0.713, I2 = 77.5%, Pchi

2 = 0.001) 
in critically ill patients (Supplementary Fig. 1). The 
pooled LR+ and LR– were 6.101 (95% CI = 2.914–12.772, 
I2 = 64.8%, Pchi

2 = 0.036) and 0.303 (95% CI = 0.161–0.572, 
I2 = 56.0%, Pchi

2 = 0.078) in non-critically ill patients, 2.186 
(95% CI = 1.511–3.164, I2 = 61.3%, Pchi

2 = 0.035) and 0.448 
(95% CI = 0.326–0.618, I2 = 16.4%, Pchi

2 = 0.310) in critically 
ill patients (Supplementary Fig. 2). DOR was 30.739 (95% 
CI = 15.313–61.705, I2 = 0.0%, Pchi

2 = 0.507) in non-critical-
ly ill patients and 5.074 (95% CI = 2.560–10.058, I2 = 45.1%, 
Pchi

2 = 0.121) in critically ill patients (Supplementary Fig. 
3).

The AUCs of ANI in predicting painful intraoperative or 
procedural stimuli when using proportional hazards and 
bivariate models were 0.855 (95% CI = 0.794–0.926, Pchi

2 = 
0.199) and 0.779 (I2 = 17.6%), respectively (Supplemen-
tary Fig. 4).

The results of the sensitivity analysis conducted by se-
quentially excluding one study at a time are provided in 
the supplementary materials (Supplementary Table 4).

When subgroup analysis was performed, the AUCs of 
ANI in predicting painful intraoperative or procedural 
stimuli when using proportional hazards and bivariate 
models were 0.876 (95% CI = 0.767–1.021, Pchi

2 = 0.199) 
and 0.876 (I2 = 0.0%) in non-critically ill patients, and 
0.722 (95% CI = 0.624–0.855, Pchi

2 = 0.117) and 0.876 (I2 = 
0.0%) in critically ill patients (Supplementary Fig. 5).

Fig. 2. Forest plot of (A) sensitivity and (B) specificity in predicting intra-operative and procedural pain. Circles represent individual 
study estimates, with the size of each circle corresponding to the weight of the respective study in the meta-analysis. Horizontal 
lines denote the 95% confidence intervals (CIs) for each estimate. The pooled estimate is represented as a diamond shape, sum-
marizing the overall sensitivity and specificity.
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Fig. 3. Forest plot of (A) positive LR and (B) negative LR in predicting intra-operative and procedural pain. Circles represent individ-
ual study estimates, with the size of each circle corresponding to the weight of the respective study in the meta-analysis. Horizontal 
lines denote the 95% confidence intervals (CIs) for each estimate. The pooled estimate is represented as a diamond shape, sum-
marizing the overall positive LR and negative LR. LR: likelihood ratio.
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fidence intervals (CIs) for each estimate. The pooled estimate is represented as a diamond shape, summarizing the overall DOR. 
DOR: diagnostic odds ratio.
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5. ANI score compared between the pain and  

no-pain states

Five studies (349 patients and 1,866 measurements) 
compared the ANI scores between the pain and no-pain 
states  [8,14,16,36,37]. The ANI score was significantly 
lower in the pain state than that in the no-pain state (SMD 
= −1.140, 95% CI = −1.239 to −1.041, I2 = 93.63%, Pchi

2 < 
0.001, τ = 0.554) (Fig. 5).

Subgroup analysis based on measured ANI methods 
also showed that the ANI score was significantly lower 
in the pain state than that in the no-pain state when 
measured using ANI (SMD = −0.885, 95% CI = −1.196 
to −0.573, I2 = 0.0%, Pchi

2 = 0.595, τ = 0.0), ANIi (SMD = 
−1.745, 95% CI = −1.903 to −1.586, I2 = 0.0%, Pchi

2 = 0.805, 
τ = 0.0), and ANIm (SMD = −0.725, 95% CI = −0.864 to 
−0.586, I2 = 0.0%, Pchi

2 = 0.625, τ = 0.0) (Fig. 5).
Subgroup analysis based on critically ill or non-criti-

cally ill patients also showed that the ANI score was sig-
nificantly higher in the no-pain state than that in the pain 
state (SMD = −0.746, 95% CI = −1.168 to −0.323, I2 = 0.0%, 
Pchi

2 = 0.721, τ = 0.0) in non-critically ill patients, and (SMD 
= −1.202, 95% CI = −1.725 to −0.680, I2 = 95.58%, Pchi

2 < 
0.001, τ = 0.578) in critically ill patients (Supplementary 
Fig. 6).

However, it should be noted that in some included 
studies [36,38,39], ANI values remained within the opti-
mal analgesic range (50–70) during painful conditions or 
exceeded 70 during the no-pain state. This observation 
reflects potential variability in ANI responses depending 
on sedation depth, autonomic modulation, and clinical 
setting.

6. ANI score in the norepinephrine and control 

groups

Two studies (83 patients and 241 measurements) 
compared ANI scores between the NE and control 
groups [14,16]. There was no evidence of differences be-
tween the NE and control groups when pain was applied 
(SMD = −0.290, 95% CI = −0.933 to 0.353, I2 = 81.47%, Pchi

2 
= 0.005, τ = 0.509) and when pain was not applied (SMD = 
−0.154, 95% CI = −1.013 to 0.705, I2 = 89.42%, Pchi

2 < 0.001, 
τ = 0.714) (Fig. 6). All studies involved in this analysis 
were performed on critically ill patients, thus subgroup 
analysis based on critically ill or non-critically ill patients 
was not performed.

7. Correlation

The correlation between ANI and pain assessment scales 
is shown in Table 2. Due to heterogeneity in outcome 
measures and insufficient data for meta-analysis, pooled 
estimates were not calculated. Five studies demonstrated 
a negative correlation (r  = −0.110 to −0.470) between 
ANI and pain scores [8,14,36,38,39]. However, one study 
showed a correlation that was not statistically significant 
(P = 0.165) [14].

8. Opioid consumption

Two studies compared opioid consumption between 
ANI guided and non- ANI guided groups [38,39]. The to-
tal amount of opioid used was significantly lower in the 
ANI guided group than that in the non-ANI guided group 

Fig. 5. Forest plot of ANI score compared between P and NP. Squares represent individual study estimates, with the size of each 
square corresponding to the weight of the respective study in the meta-analysis. Horizontal lines denote the 95% confidence inter-
vals (CIs) for each estimate. The pooled estimate is represented as a diamond shape, summarizing the overall ANI scores. ANI: Anal-
gesia Nociception Index, ANIi: ANI instantaneous, ANIm: ANI mean, P: pain state, NP: no pain state.
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(SMD = −0.410, 95% CI = −0.643 to −0.178, I2 = 0.0%, Pchi
2 

= 0.836, τ = 0.0). All studies involved in this analysis were 
performed in non-critically ill patients, thus subgroup 
analysis based on critically ill or non-critically ill patients 
was not performed.

9. Quality of the evidence

The main results and key information on the certainty of 
evidence assessed using the GRADE systems are summa-
rized in Supplementary Table 5. The current evidence 
level was categorized as either “moderate” or “low.”

DISCUSSION

Our study demonstrated that ANI monitoring showed 
moderate pooled sensitivity (0.746) and specificity (0.776) 
for detecting intraoperative or procedural pain in sedated 
patients, as indicated by a DOR of 10.491. Additionally, 
ANI scores were significantly higher in the no-pain state 
than those in the pain state, highlighting its potential util-
ity in distinguishing between pain states. ANI monitoring 
also contributed to reduced opioid consumption, sug-
gesting its role in optimizing analgesia. However, no de-
finitive evidence was found regarding the effect of NE use 
on ANI scores. These findings underscore the potential 
of ANI as a noninvasive tool for intraoperative and pro-

Table 2. Correlation between the ANI and pain assessment variables

Author (year) ANI variable Variable Correlation estimate P value
Broucqsault-Dédrie et al. [14] (2016) ANI BPS –0.470 0.165
Avez-Couturier et al. [8] (2016) ANI FLACC –0.450 0.022
Chanques et al. [36] (2017) ANIm

ANIi
BPS
BPS

–0.110
–0.300

< 0.001
< 0.001

Soral et al. [39] (2020) ANI NRS –0.402 0.003
Belyakov et al. [38] (2024) ANIi NRS –0.440 < 0.001

ANIm NRS –0.390 < 0.001

ANI: Analgesia Nociception Index, BPS: Behavioral Pain Scale, FLACC: Face, Legs, Activity, Cry, Consolability, ANIm: ANI mean, ANIi: ANI instantaneous, 
NRS: Numeric Rating Scale.

Fig. 6. Forest plot of ANI score compared between NE and C group. Squares represent individual study estimates, with the size of 
each square corresponding to the weight of the respective study in the meta-analysis. Horizontal lines denote the 95% confidence 
intervals (CIs) for each estimate. The pooled estimate is represented as a diamond shape, summarizing the overall ANI scores. (A) 
ANI scores when pain stimulus was applied. (B) ANI scores in the absence of pain stimulus. ANI: Analgesia Nociception Index, NE: 
norepinephrine, C: control.
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cedural pain assessment in sedated patients. However, 
there is a need for careful interpretation within specific 
clinical contexts.

In sedated patients with preserved ability to self-report 
pain, ANI has shown a negative correlation with pain rat-
ing scales (r = –0.110 to –0.470), supporting its role as an 
objective nociceptive monitoring tool [8,14,36,38,39]. Our 
findings also confirm that ANI effectively differentiated 
between pain and non-pain states and contributed to 
opioid reduction when used for analgesia guidance. Sub-
group analysis in our study revealed that ANIi provided 
the strongest differentiation (SMD = −1.745), whereas ANI 
(SMD = −0.885) and ANIm (SMD = −0.725) demonstrated 
smaller effect sizes. These findings confirm the ability of 
ANI to track nociceptive fluctuations in real-time, which 
aligns with its role in opioid-sparing analgesic strategies. 
Additionally, subgroup analysis based on patient condi-
tion revealed that ANI showed better diagnostic perfor-
mance in non-critically ill patients compared to critically 
ill patients, as reflected by higher sensitivity, specificity, 
and DOR. This suggests that ANI may be more reliable in 
relatively stable populations, whereas its interpretation in 
critically ill patients requires greater caution due to auto-
nomic dysregulation.

Furthermore, ANI-guided pain management in sedated 
patients was associated with significantly lower opioid 
consumption (SMD = −0.410). Although the absolute re-
duction may appear modest, it represented approximate-
ly 26.6% to 36.1% of the total opioid dose in the included 
study [39], indicating a potentially meaningful reduction 
in the context of opioid-sparing strategies. This supports 
the role of ANI as a complementary tool for optimizing in-
traoperative and procedural analgesia. By providing con-
tinuous, objective monitoring of nociceptive-autonomic 
balance, ANI facilitates individualized opioid titration 
and helps minimize unnecessary opioid administration. 
This, in turn, may contribute to reducing opioid-related 
adverse effects (e.g., respiratory depression, nausea, and 
opioid dependence) and aligns with current goals of en-
hanced recovery protocols and personalized analgesia.

Although ANI monitoring provides valuable real-time 
insights into nociceptive responses and contributes to 
opioid-sparing analgesia strategies, its interpretation 
requires caution. The high heterogeneity observed in 
the specificity of pain prediction (I² = 91.2%) and in the 
differences between the NE and control groups (I² = 
81.47%–89.42%) suggests that its reliability may vary de-
pending on clinical conditions, sedation protocols, and 
patient-specific factors. This variability indicates that ANI 
scores may be influenced by multiple physiological and 

pharmacological factors beyond nociception alone [41], 
necessitating a careful and contextualized approach in its 
clinical application.

One of the main contributors to this heterogeneity is 
the type of sedative agent  [42,43]. Different sedatives 
exert distinct effects on nociceptive processing, which 
may alter ANI readings. Propofol reduces ischemic pain, 
whereas dexmedetomidine reduces both cold and isch-
emic pain. In contrast, midazolam has been reported to 
increase cold, heat, and ischemic pain perception [44]. 
These findings suggest that ANI responses in sedated 
patients may not solely reflect nociceptive input, but also 
the autonomic modulation induced by sedative agents. 
As ANI is derived from autonomic nervous system activ-
ity, particularly the balance between sympathetic and 
parasympathetic responses, its values may fluctuate in-
dependently of actual pain perception. A previous study 
emphasized the importance of considering patient-
specific factors, including sedative administration, when 
interpreting ANI scores, highlighting that ANI should 
be used in conjunction with behavioral pain scores and 
hemodynamic parameters rather than as a standalone 
measure [45].

Another important factor contributing to ANI variabil-
ity is the use of vasoactive drugs, such as NE. While our 
meta-analysis of two studies found no significant differ-
ences in ANI scores between the NE and control groups, 
regardless of pain application, the high heterogeneity (I² > 
80%) suggests that the effect of NE on ANI is inconsistent 
across studies. One potential explanation for this incon-
sistency is the complex interplay between NE’s primary 
action on sympathetic pathways and ANI’s reflection 
of parasympathetic tone. As ANI is derived from heart 
rate variability, the hemodynamic effects of NE, a potent 
vasoconstrictor and sympathomimetic agent, might be 
expected to directly influence ANI values. However, the 
lack of consistent changes in ANI suggests that this influ-
ence may be modulated by other factors, such as baseline 
autonomic tone, individual patient responses, or specific 
clinical context. Differences in study populations, with 
one study including general intensive care unit patients 
and another focusing on traumatic brain injury patients, 
may further contribute to the observed variability [14,16]. 
These findings suggest that NE does not consistently al-
ter ANI values in a predictable manner, emphasizing the 
need for further standardized research to clarify its im-
pact, including careful consideration of the study popula-
tion, NE dosage, and baseline autonomic function.

Although the authors’ findings support the potential 
utility of ANI in pain assessment and opioid manage-



Min Kyoung Kim, et al

https://doi.org/10.3344/kjp.25105352

ment, some limitations must be considered. First, the ob-
served heterogeneity in the specificity of pain prediction 
and in the effect of NE on ANI scores highlights the influ-
ence of diverse clinical conditions, sedation protocols, 
and patient-specific factors, which may limit the general-
izability of our results. Second, the small number of stud-
ies included in certain analyses, particularly the two stud-
ies assessing the effect of NE, restricts the power to detect 
clinically meaningful differences and fully elucidate the 
relationship. Third, variability in sedation depth and the 
influence of vasoactive agents can alter autonomic tone, 
independently affecting ANI values. Unlike general anes-
thesia, sedation allows fluctuating consciousness, where 
emotional or cognitive responses may evoke sympathetic 
activation even with adequate analgesia, or blunt auto-
nomic responses despite insufficient analgesia. Notably, 
as some included studies reported ANI values remaining 
within the optimal analgesic range (50–70) during painful 
stimuli or exceeding 70 in the absence of pain [36,38,39], 
further research is warranted to investigate the accuracy 
and reliability of ANI monitoring specifically in sedated 
patients. Finally, while this study synthesized ANI per-
formance across diverse contexts, further exploration is 
needed to clarify how factors such as patient age (pedi-
atric versus adult), choice of pain assessment tools (e.g., 
BPS, FLACC, NRS), and types of nociceptive stimuli (e.g., 
repositioning, suctioning, procedural pain) may indi-
vidually impact ANI reliability. Future studies with larger 
samples and standardized protocols should address these 
sources of variability to improve the clinical applicability 
of ANI monitoring.

In conclusion, ANI effectively differentiated between 
the pain and non-pain states during procedures under 
sedation, with potential benefits in guiding analgesic 
administration and reducing opioid consumption. How-
ever, its clinical utility should be interpreted in conjunc-
tion with other established pain assessment methods and 
tailored to specific patient populations and procedural 
contexts.
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