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Introduction: The aim of this study was to explore the use of a multi-parameter technology, 
the Nociception Level (NOL) index (Medasense Biometrics Ltd, Ramat Gan, Israel), for pain 
assessment in postoperative awake patients after cardiac surgery during non-nociceptive and 
nociceptive procedures in the intensive care unit (ICU).
Materials and Methods: A prospective cohort repeated-measures design was used. 
Patients were included if they were in the ICU after undergoing cardiac surgery and if 
they could self-report their pain. A non-invasive probe was placed on the patient’s finger for 
the continuous monitoring of the NOL index. Patients’ self-reports of pain and anxiety (0–10 
Numeric Rating Scale or NRS), and behavioral scores with the Critical-Care Pain 
Observation Tool (CPOT) were obtained before and during a non-nociceptive procedure 
(ie, non-invasive blood pressure [NIBP] using cuff inflation), and before, during and after 
a nociceptive procedure (ie, chest tube removal [CTR]) for a total of five time points. Non- 
parametric tests were used to compare scores at different time points, and receiver operating 
characteristic curve analysis was performed.
Results: Fifty-four patients were included in the analysis. The NOL index, pain and anxiety 
scores were significantly higher during CTR compared to rest and NIBP (p < 0.001). During 
CTR, the NOL was associated with self-reported pain intensity and unpleasantness but not 
with anxiety and CPOT scores. The NOL showed a modest performance in detecting pain 
(NRS ≥1 and ≥5) in this sample with sensitivity and specificity ranging from 61% to 85%.
Conclusion: The NOL index was able to discriminate between a non-nociceptive and 
a nociceptive procedure and was associated with self-reported pain. Further validation testing 
of the NOL is necessary in a heterogeneous sample of ICU patients.
Keywords: nociception, pain, pain assessment, adult, cardiac surgery, intensive care unit

Introduction
Assessing pain in the intensive care unit (ICU) is a challenging endeavor for 
clinicians striving to provide the best care for their patients. The patient’s self- 
report should be obtained whenever possible as it represents the gold standard 
measure of pain.1 However, a significant proportion of ICU patients are unable to 
communicate due to their critical condition and related treatment. In such situations, 
behavioral scales such as the Critical-Care Pain Observation Tool (CPOT)2 are 
recommended alternative measures, but their use have limitations.3,4 Indeed, 
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behaviors are impossible to monitor in paralyzed patients 
receiving neuromuscular blocking agents and they may be 
blurred with deep sedation.5 Therefore, it is necessary to 
explore other pain or nociception assessment methods.3–5

Physiological parameters such as vital signs (eg, 
blood pressure, heart rate and respiratory rate) and num-
ber of skin conductance fluctuations (NSCF) have been 
found to increase during nociceptive stimuli known to be 
painful.5–7 However, these parameters are not consis-
tently related to self-reported pain by ICU patients. 
Previous studies using single physiological parameters 
have shown inter-individual variability to be a major 
limiting factor in the fields of anaesthesiology and 
pain.8 The multi-parameter Nociception Level (NOL) 
index incorporates simultaneously heart rate, photo-
plethysmography and skin conductance parameters to 
estimate nociception levels.9 The combination of these 
parameters significantly differentiated between low, 
moderate and high heat pain intensities in 45 healthy 
subjects.10 The ability of the NOL index to classify 
nociceptive versus non-nociceptive stimuli was high 
with an area under the curve (AUC) >0.90 in anaesthe-
tized patients undergoing surgery.11–13 Also, NOL- 
guided anesthesia resulted in lower pain scores in the 
postoperative phase,14 and a 30% reduction in intrao-
perative opioid use.15

However, the use of this multi-parameter technology is 
new to the ICU context. To our knowledge, only our 
previous pilot study on the NOL’s validation with 15 
intubated ICU patients has been recently published.16 

This pilot testing has shown that the NOL could discrimi-
nate between a nociceptive (endotracheal suctioning) and 
a non-nociceptive (non-invasive blood pressure [NIBP] 
using cuff inflation) procedure (Wilcoxon signed-rank 
test, p < 0.001), and the NOL index was positively asso-
ciated with self-reported pain intensity and CPOT scores 
(Mann–Whitney U tests, p < 0.05). The present study 
aimed to pursue validation testing using a different stan-
dard of care procedure, namely the chest tube removal 
(CTR), which is one of the most painful procedures 
reported after cardiac surgery by ICU patients.6,17

Objectives
This study aimed to explore the use of the NOL index, 
a multi-parameter technology, for pain assessment in post-
operative cardiac surgery ICU adults able to self-report. 
Primary validation objectives were to examine the use of 
the NOL index to:

1. Discriminate between nociceptive (CTR) and non- 
nociceptive (NIBP) procedures part of standard ICU 
care.

2. Detect self-reported pain intensity during CTR.
3. Describe its association with self-reports of pain 

intensity, pain unpleasantness and anxiety, and 
CPOT scores during CTR.

As a secondary objective, we described the feasibility of 
the NOL’s use for research purposes in the ICU context.

Materials and Methods
Design
A prospective cohort design including repeated-measures 
was used for this study.

Setting and Sample
This study was conducted in a 24-bed medical-surgical 
ICU in Montreal, Canada. Patients were considered eligi-
ble if they 1) underwent elective cardiac surgery; 2) were 
adults (18 years or older); 3) spoke French or English or 
had a family member as an interpreter; and 4) were able to 
self-report. Patients were excluded if they suffered from 
any form of paralysis, psychiatric or neurological disease, 
and if the physiological signal acquired by the NOL device 
was not suitable for NOL index calculation. Having an 
intact motor function was essential as CPOT scores are 
dependent on behavioral reactions.

The study was powered to detect a moderate positive 
correlation (>0.40)6 between the NOL index and self- 
reported pain intensity. A minimum of 47 patients was 
needed with an alpha error of 0.05 and a power of 80%. 
Considering an attrition rate of 10% as found in previous 
studies of the principal investigator (CG), a sample of 52 
participants was required. The sample size was reached 
using consecutive sampling. All patients admitted for elec-
tive cardiac surgery from February to August 2017 were 
screened for eligibility and were approached by the nur-
sing staff to participate in the study when eligible.

Procedures
The Medical/Biomedical Research Ethics Committee of 
the Jewish General Hospital – CIUSSS West-Central 
Montreal approved this research project (CODIM-MBM 
-16-207). This study was conducted in accordance with the 
Declaration of Helsinki. The research staff met with eligi-
ble patients the day before surgery to explain the study 
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procedures, obtain written informed consent and collect 
socio-demographic data (eg, age, sex). Consented patients 
were taught how to use the 0–10 numeric rating scales 
(NRS) for pain intensity, pain unpleasantness and anxiety, 
and how the NOL non-invasive probe would be placed on 
their finger.

When the patients’ condition allowed the planning of 
CTR, the research staff placed the non-invasive probe with 
the disposable adhesive electrodes on one of the patient’s 
fingers (usually the index), set up the NOL device at the 
bedside for calibration, and turned the screen away from 
the patient to reduce any bias during self-reporting. 
A video camera was also installed at the foot of the bed 
to capture the patient’s behaviors for interrater reliability 
of CPOT scores. A total of five assessment time points of 
each measure (NOL index, CPOT scores, and patients’ 
self-reports of pain intensity, pain unpleasantness and 
anxiety) were completed by trained research staff while 
patients were in the ICU. Assessments were done at rest 
before and during a non-nociceptive procedure (ie, NIBP 
using cuff inflation), and at rest before, during, and 5 
minutes after a nociceptive procedure (ie, CTR). For 
assessments during procedures, patients were asked to 
rate their symptoms experienced during the procedures 
right after they were completed. NIBP is easily accessible 
using the standard ICU monitoring equipment and has 
been shown to be painless in ICU adult patients.6,18 

Assessments related to NIBP were performed first when 
possible. This procedure was done by the responsible ICU 
nurse or by the research staff under the supervision of the 
nurse. CTR was performed by the resident, fellow or 
cardiac surgeon.

At each time point, CPOT scoring was done by the 
research staff prior to obtaining the patient’s self-report to 
avoid rater bias. CPOT assessments were done for a 60- 
second duration except for CTR, which lasted longer (up 
to 180 seconds) and included the dressing, stitches, and 
tubes removal. The NOL index was continuously recorded 
(ie, values generated every 5 seconds) during the whole 
data collection, and data were then extracted for data 
analysis in a standardized manner as done in previous 
studies in anesthesiology.12,13 More specifically, baseline 
NOL values were averaged over 1 minute when no stimu-
lation was done (ie, before NIBP and CTR). During NIBP 
and within a 1-minute window after the start of cuff 
inflation, NOL values were averaged within 15 seconds 
before and after the peak value obtained during this non- 
nociceptive procedure. NOL values were averaged in 

a similar way during CTR, ie, within 15 seconds before 
and after the peak value obtained during a 180-seconds 
window after the start of this nociceptive procedure. At the 
end of data collection, the research staff collected type of 
cardiac surgery, cardiac medication, opioid analgesia and 
sedation administration within 4 hours pre-procedure and 
within 1 hour prior to CTR from the patients’ medical 
charts. All medications were administered by the nurses 
according to the patients’ needs and as prescribed by the 
physicians. Videos were viewed by a trained rater not 
involved in CPOT scoring at the bedside at least 1 month 
after data collection to check for interrater reliability of 
CPOT scores with the bedside rater.

Instruments
Nociception Level (NOL) Index
The NOL index PMD200TM (Medasense Biometrics Ltd, 
Ramat Gan, Israel) simultaneously incorporates the heart 
rate, heart rate variability (0.15–0.4 Hz band power), 
photoplethysmographic waveform amplitude, skin conduc-
tance level, NSCF, and their time derivatives, using a non- 
linear Random Forest regression technique to estimate the 
nociception or related pain level.9 The NOL index is 
a single number from 0 to 100 obtained through a non- 
invasive finger probe. Values above 25 are believed to be 
indicative of nociception and related pain.

Numeric Rating Scale (NRS)
The patient’s self-reports of pain intensity, pain unplea-
santness and anxiety were assessed using 0 to 10 NRS.19 

For pain intensity, the Faces Pain Thermometer (FPT), 
which is a thermometer including six faces with NRS 
scoring from 0 “no pain” to 10 “worst possible pain,” 
was used.20 For pain unpleasantness, the NRS from 0 
“not at all unpleasant” to 10 “most unpleasant feeling 
possible” was utilized. The 0–10 NRS (0 for “no anxiety” 
and 10 for “worst possible anxiety”) was also selected to 
remain consistent with the format of self-reports for pain 
intensity and unpleasantness, and thereby, to facilitate 
patients’ scoring of symptoms.

Critical-Care Pain Observation Tool (CPOT)
The CPOT includes four behavioral items: 1) facial 
expression, 2) body movements, 3) muscle tension, 
and 4) compliance with the ventilator (for intubated 
patients) or vocalization (for those non-intubated).2 Each 
item is rated on a scale from 0 to 2 for a total CPOT score 
ranging from 0 to 8. The CPOT has shown robust 
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reliability and validity findings in cardiac surgery and 
other ICU patients.2,6,21 It was found to be significantly 
correlated with self-reported pain intensity (r > 0.40) and 
pain unpleasantness (r > 0.30), and to increase during 
nociceptive procedures when compared with rest or non- 
nociceptive procedures (CPOT scores ≥2).

Socio-Demographic and Clinical Variables
Socio-demographic (ie, age, sex) and clinical data includ-
ing type of cardiac surgery, number of chest tubes in place, 
sedation level based on the Richmond Agitation Sedation 
Scale scores (RASS),22 cardiac medication, administered 
opioids and sedatives were also collected from the medical 
charts.

Data Analysis
Descriptive statistics (frequencies and percentages for cate-
gorical data; medians, ranges and/or interquartile ranges 
[IQR] for continuous data) were computed for all study 
variables at each time point. Intraclass correlation coefficient 
(ICC) was computed to determine the interrater reliability of 
CPOT scores between the two raters at each time point.

Given that variables were not normally distributed 
(Shapiro–Wilk Test, p < 0.05 and kurtosis and skewness 
indices > ±2)23 at most time points (ie, before and during 
NIBP, post CTR), nonparametric tests were used. NOL index 
values were compared across time points and procedures (ie, 
CTR, NIBP) (Friedman and Wilcoxon signed-rank tests) to 
examine its ability to discriminate between conditions. NOL 
index values were also compared across patient groups (eg, 
with or without pain, different pain levels) (Kruskal-Wallis 
and Mann–Whitney U tests) to explore its ability to detect 
pain during CTR. The receiver operating curve (ROC) ana-
lysis was also performed to estimate the Area Under the 
Curve (AUC), sensitivity and specificity of the NOL index 
to detect pain during CTR. Associations between all vari-
ables, including the NOL index, self-reports of pain intensity, 
pain unpleasantness and anxiety as well as CPOT scores were 
examined during CTR using the Spearman’s rho correlation 
or the point-biserial correlation. CPOT scores of the bedside 
rater were used for data analysis. The alpha error was initially 
set at 0.05 and was adjusted to 0.017 for post-hoc Mann– 
Whitney U and Wilcoxon signed-rank tests to account for 
multiple tests based on Bonferroni correction. Calibration 
time, challenges encountered with the NOL device and finger 
probe and mitigation strategies described the feasibility of 
the NOL’s use for research purposes in the ICU context.

Results
Sample of Participants
A total of 118 patients were screened and approached for 
inclusion in this study, and 96 provided informed consent. 
From these, 11 had their surgery cancelled, and 1 returned to 
his home country. In addition, one patient withdrew, three did 
not have their chest tube removed in the ICU, four could not 
self-report their pain, and six had their chest tube removed 
without the research team being notified. Therefore, data 
collection was attempted for 70 patients; however, photo-
plethysmography (PPG) signal quality issues of the NOL 
index occurred for 16 patients. This was mainly due to 
a technical fault of the finger probe, which has been caused 
by mechanical damage. The finger probe was therefore 
replaced and the PPG performed in a satisfactory manner 
afterwards. These 16 patients were mostly male (81%) with 
a mean age of 65 years old (SD = 9.90) and underwent 
coronary artery bypass graft (CABG) surgery (75%). They 
were not significantly different in sociodemographic and 
medical data compared to the patients included in the data 
analysis (p > 0.45). A total of 54 patients were included in the 
final data analysis. Most participants were male (72%), with 
a mean age of 66 years old, underwent CABG (61%), and 
had an average of three chest tubes (including mediastinal 
and pleural drains) removed on postoperative day 1 or 2 after 
the surgery. One-third of the patients (33%) did not receive 
any opioid analgesia and the majority did not receive any 
sedatives (94%) within 4 hours prior to CTR (Table 1). 
A total of 10 patients were administered cardiac medication. 
More specifically, four patients received PO Metoprolol, two 
of them received PO Bisoprolol, and one received PO 
Amlodipine. Only three patients were on low doses of IV 
infusions, ie, two on dobutamine and one on norepinephrine 
bitartrate (Levophed) and milrinone.

Description of Pain and Anxiety Scores at 
Each Time Point
Before NIBP, pain intensity and pain unpleasantness were 
of mild intensity, and anxiety and CPOT were at the lowest 
scores (Table 2). During NIBP, all scores were at their 
lowest value. Before CTR, pain intensity and anxiety were 
of mild intensity, and other scores were at zero. All values 
increased during CTR to reach moderate values (NRS > 4) 
and reached CPOT scores >2. After CTR, all scores 
decreased and reached mild values (NRS ≤ 3) or 0 scores. 
These changes were statistically significant for all pain and 
anxiety variables.
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Interrater Reliability of CPOT Scores
Interrater reliability of CPOT scores between the two raters 
(one at the bedside and one who viewed videos) was supported 
with high ICC (>0.80)24 for most time points. ICC before and 
during NIBP were 0.88 (95% CI: 0.81–0.93) and 0.91 (95% 

CI: 0.85–0.94), respectively. A lower acceptable ICC was 
obtained before CTR with a value of 0.73 (95% CI: 0.58– 
0.83). ICC during CTR and 5 minutes after were high with 
values of 0.83 (95% CI: 0.73–0.89) and 0.89 (95% CI: 0.82– 
0.93), respectively.

The NOL Index Discriminating 
Nociceptive from Non-Nociceptive 
Procedures
The NOL index (Table 2) was significantly higher during 
CTR compared to pre-procedure (Wilcoxon signed-rank test 
= 4.97, p < 0.001) and post-procedure (Wilcoxon signed-rank 
test = 5.74, p < 0.001). The NOL index was also significantly 
higher during CTR than during NIBP (Wilcoxon signed-rank 
test = 5.42, p < 0.001). The NOL index did not significantly 
increase during NIBP (Wilcoxon signed-rank test = –1.94, 
p < 0.05). One out of three patients did not receive any opioid 
within 4 hours prior to CTR. No difference in mean ranks 
was found for the NOL index between patients who received 
opioids within 4 hours prior to CTR and those who did not 
(Mann–Whitney U test = 279.00, p = 0.842).

The NOL Index for Pain Detection
Among the patients with a calculable NOL index during 
CTR (n = 51), 4 patients reported no pain (NRS = 0), 14 
reported mild pain (NRS = 1–4) and 33 reported moderate-to 
-severe pain (NRS ≥ 5). Descriptive statistics of the NOL and 
CPOT for each pain level are reported in Table 3. The NOL 
index was different across the three pain levels (Kruskal– 
Wallis test = 6.00, p = 0.05). We found that the NOL index 
tended to be higher for patients with moderate-to-severe pain 
than for those with mild pain (Mann–Whitney U test = 
151.00, p = 0.063) and those with no pain (Mann–Whitney 
Utest = 27.00, p = 0.056). The ROC analysis using self- 
reported pain intensity ≥1 and ≥5 as reference criteria during 
CTR indicated an AUC ≥0.70 with sensitivity ≥75% and 
specificity >60% (Figure 1). Best NOL cut-off values were 
≥22 and ≥26 with self-reported pain intensity thresholds ≥1 
and ≥5, respectively. Negative predictive value (NPV) was 
higher (74%) than positive predictive value (PPV < 60%) at 
both self-reported pain intensity thresholds.

Associations Between Variables During 
the Nociceptive Procedure
During CTR, CPOT scores were moderately associated 
with self-reported pain intensity, pain unpleasantness, and 
anxiety scores. Self-reported pain intensity, pain 

Table 1 Socio-Demographic and Medical/Surgical Data for 
Participating Patients

Characteristics Descriptive Statistics 
(n=54)

Age (mean, standard deviation) 65.76 (11.77)

Sex (n, %)

Male 39 (72.2)

Female 15 (27.8)

Cardiac surgery (n, %)
CABG 33 (61.1)

CABG and valve replacement 5 (9.3)

Valve replacement 12 (22.2)
Valve repair 2 (3.7)

Valve replacement and repair 1 (1.9)

Ascending aorta replacement 1 (1.9)

Ejection fraction % (median, range) 60 (25–75)

Number of days since surgery (median, 

range)

1 (1–4)

Richmond-Agitation Sedation Scale 

(median, range)

0 (−1 to 1)

Number of chest tubes removed 

(median, range)

3 (1–4)

Opioid analgesia within 1 hour of CTR (n, %)

Yes 10 (18.5)

No 44 (81.5)

Equianalgesia within 1 hour of CTR (mg 

of Morphine per os) (n=10) (median, 
range)

25.00 (12.5–25.00)

Opioid analgesia within 4 hours of CTR 
(n, %)

Yes 36 (66.7)

No 18 (33.3)

Equianalgesia within 4 hours of CTR (mg 

of Morphine per os) (n=36) (median, 
range)

25.00 (7.50–75.00)

Sedation within 4 hours of CTR (n, %)
Yes 3 (Propofol n=2; 

Dexmedetomidine n=1) 

(5.6)
No 51 (94.4)

Abbreviations: CABG, coronary artery bypass graft; CTR, chest tube removal.
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unpleasantness and anxiety were moderately to highly 
associated with each other (Table 4). Point-biserial corre-
lations of threshold values of NOL, pain and anxiety 
variables are presented in Table 5. The lowest NOL thresh-
old ≥22 was associated with pain intensity and pain 
unpleasantness >1, but not with anxiety. A tendency 
towards a significant mild correlation was noted between 
the lowest NOL threshold and CPOT ≥ 2 (p = 0.071). 
Similar results were obtained using the highest NOL 
threshold ≥26 and moderate-to-severe symptom level ≥5. 
This NOL threshold was associated with moderate-to- 
severe pain intensity and pain unpleasantness but not 
with anxiety and CPOT thresholds.

Feasibility of the NOL’s Use for Research 
Purposes in the ICU Context
There were 70 instances when the device was calibrated 
throughout the data collection attempts. Although 
Medasense Ltd recommended a calibration time of 5 
minutes (300 seconds) to obtain a stable signal, it took 
an average of 95.68 seconds (1.59 minutes) to obtain an 
initial NOL index signal (SD = 213.94; min = 30; max = 
1585). The mean duration (in seconds) of an entire parti-
cipant’s NOL index recording was 2795.63 (46.6 min-
utes) ± 2351.55 (median = 2400; min = 510; max = 

17,670). There was only one instance that the total time 
waiting to get a NOL index signal was 2760 seconds 
(46.0 minutes), but the device did not calibrate. It was 
a common occurrence that the probe had to be moved 
from one finger to another to get a NOL index signal. On 
eight separate occasions, the NOL index signal was lost 
at some point during the data collection process (signal 
loss duration ranged from 65 to 390 seconds). Artefacts 
in the data arose from multiple factors such as move-
ments of the participants (including coughing, drinking 
water, talking, being talked to or repositioned). We used 
warm blankets around the arm and hand of participants 
with cold hands to obtain a NOL index signal. Other 
factors that interfered with proper NOL index signal 
were the size and shape of the participants’ fingers (eg, 
too large to fit the probe or too contracted to have proper 
contact with electrodes).

Discussion
To our knowledge, this is one of the first studies evaluating 
the use of the NOL index in a population of postoperative 
ICU patients able to self-report. This study was primarily 
designed to detect a moderate positive correlation (>0.40) 
between the NOL index and self-reported pain during 
a nociceptive procedure. We found positive mild correla-
tions between the two NOL threshold values and pain 
intensity levels ≥1 and ≥5. Interestingly, there was no 
significant correlation between the NOL and anxiety, sug-
gesting that the NOL index was not influenced by the 
anxiety level in this ICU sample during CTR. The NOL 
was also not correlated with the CPOT, which is 
a recommended alternative behavioral measure for pain 
in ICU patients unable to self-report.

The NOL was able to discriminate between the noci-
ceptive and the non-nociceptive procedures with higher 

Table 2 Medians and Interquartile Ranges (IQR) for Patients’ Self-Reports of Pain Intensity, Pain Unpleasantness, Anxiety NRS scores; 
CPOT scores and NOL index values Across Procedures

Outcome Before NIBP During NIBP Wilcoxon  

Signed-Rank 

Test

Before CTR During CTR 5-Minutes 

After CTR

Friedman 

Test

Pain intensity 3 (0.5–5) 0 (0–2) −4.07*** 2 (0–5) 6 (3–9) 3 (0–5) 46.39***

Pain unpleasantness 2 (0–6) 0 (0–2) −3.28*** 0 (0–6) 4.5 (0.5–8) 1 (0–5.5) 14.31***

Anxiety 0 (0–4.25) 0 (0–1) −2.89** 1 (0–6) 5.5 (0–10) 0 (0–5) 22.20***

CPOT 0 (0–0) 0 (0–0) 0.00 0 (0–1) 3 (1–4) 0 (0–1) 74.38***

NOL index 5.55 (3.00–16.40) 10.74 (5.22–17.20) −1.94* 19.11 (7.64–26.16) 28.90 (23.23–35.74) 8.62 (2.76–15.82) 42.87***

Notes: *p < 0.05. **p < 0.01. ***p < 0.001. 
Abbreviations: NRS, Numeric Rating Scale; NIBP, non-invasive blood pressure; CTR, chest tube removal; CPOT, Critical-Care Pain Observation Tool; NOL, Nociception 
Level.

Table 3 Medians and Interquartile Ranges (IQR) of the NOL 
index and CPOT at Different Pain Intensity Levels During CTR

NOL index CPOT

NRS N Median IQR Median IQR

0 4 20.50 17.58-32.23 1 0.25-1.75

1–4 14 25.45 20.58-32.28 1 1-3
5–10 33 31.99 25.43-36.29 3 2-5

Abbreviations: NOL, Nociception Level; CPOT, Critical-Care Pain Observation 
Tool; CTR, chest tube removal.
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values during CTR. This finding is consistent with pre-
vious studies in anaesthetized patients9,11–13,25–27 as well 
as in our pilot study16 comparing NOL values between 
NIBP and endotracheal suctioning in mechanically venti-
lated ICU patients. Interestingly, the NOL could also dis-
criminate between three pain levels (no pain, mild pain, 
moderate-to-severe pain). The NOL index increased when 
patients reported higher pain levels. ROC analyses 

supported modest performance of the NOL in its ability 
to discriminate pain using two NRS thresholds (≥1 and ≥5) 
with acceptable to good sensitivity and specificity. The 
NOL threshold values were aligned with the manufac-
turer’s recommendation and higher in this awake post-
operative ICU sample compared to NOL threshold values 
established in anaesthetized patients using different refer-
ence standards.9,12,26 The NOL also showed a better NPV 
than PPV. This is a relevant finding considering that 
opioids should not be administered when their use is not 
required (ie, in the absence of significant pain).

As expected and found in previous studies,6,21 the CPOT 
was moderately associated with self-reported pain intensity 
supporting its criterion validation with the gold standard 
measure of pain. The correlation between CPOT and pain 
unpleasantness is reported for the second time with a slightly 
higher value compared to the previous finding (r= 0.31).6 

A moderate association between CPOT and anxiety is 
reported for the first time showing that more intense pain- 
related behaviors are correlated with higher anxiety levels. 
Consistent with existing evidence in postoperative patients, 
anxiety and pain intensity were highly correlated.28

Contrary to our previous pilot findings,16 the present 
study could not demonstrate a significant association 
between CPOT and NOL index during the nociceptive pro-
cedure. This might be explained by the fact that CPOT and 
the NOL measure different components related to pain. The 
CPOT measures expressive behaviors related to pain, and the 
NOL measures physiological parameters that are involved in 
the nociception process, which may lead to pain. Therefore, 
the CPOT and the NOL likely provide complementary infor-
mation in relation to the assessment of pain and nociception.

Regarding the feasibility of using the NOL index for 
research purposes in ICU patients able to self-report, this 
study reports short calibration time but also describes few 
challenges affecting the quality of the NOL signal and the 

AUC = 0.74 (p=.115)
95% CI = 0.45-1.00
Sensitivity = 85%
Specificity = 75%

NOL≥22

A

AUC = 0.70 (p=.019)
95% CI = 0.54-0.87
Sensitivity = 76%
Specificity = 61%

NOL≥26

B

Figure 1 ROC analyses of the NOL index during CTR using 0–10 NRS thresholds 
of 1 (a) and 5 (b) for pain intensity as reference criteria. (A) Self-reported pain 
intensity ≥1. (B) Self-reported pain intensity ≥5. 
Abbreviations: AUC, area under the curve; CI, confidence interval; NRS, 
Numeric Rating Scale; CTR, chest tube removal; ROC, receiver operating curve.

Table 4 Spearman Rho Correlations of CPOT, Pain and Anxiety 
NRS Scores During CTR

Pain 
Intensity

Pain 
Unpleasantness

Anxiety

CPOT 0.52*** 0.47*** 0.46***

Pain intensity 0.66*** 0.72***
Pain 

unpleasantness

0.59***

Note: ***p < 0.001. 
Abbreviations: CPOT, Critical-Care Pain Observation Tool; NRS, Numeric Rating 
Scale; CTR, chest tube removal.
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one size of the finger probe not suited for all patients. Quality 
of the NOL signal was mainly affected by the patient’s 
movements, and poor peripheral vascularization at the fin-
gertip. Mitigation strategies included reminding patients to 
minimize movements during data collection and using warm 
blankets around their arm and hand. Similar challenges and 
mitigation strategies were reported in our previous pilot 
study,16 but rarely reported in other NOL studies in anaes-
thetized and paralyzed patients under controlled pulmonary 
ventilation.11–13,26 The updated PMD200TM NOL technol-
ogy and a new adjustable finger probe address these chal-
lenges and provide an adapted solution for ICU usage and 
should be utilized in future studies.

This study had some limitations. First, the homogeneous 
small sample limits the generalizability of findings to the 
broader ICU population. We made the decision to recruit post-
operative ICU patients able to self-report to validate the NOL 
index with the gold standard measure of pain. Second, the 0–10 
NRS is not a common measure of anxiety,29 but we selected it 
for simplicity and consistency with self-report pain scales. 
Third, it was impossible to blind the CPOT raters to the type 
of procedure the participants underwent. Therefore, it is pos-
sible that raters perceived more intense behaviors during CTR 
known to be painful. Nonetheless, the examination of interrater 
reliability minimized this potential bias and it is unlikely that 
both raters were simultaneously biased. Finally, the preparation 
before CTR and interaction between the healthcare profes-
sional who removed the chest tubes and the patient could 
have influenced the pain experienced during the nociceptive 
procedure and could be explored in future studies.

Conclusions
1In summary, this study demonstrated promising findings of 
the NOL index for pain detection in the ICU. Indeed, the 
NOL index could discriminate between a non-nociceptive 
and a nociceptive procedure as well as between pain levels. 
Moreover, the NOL index was significantly associated with 
self-reported pain intensity and unpleasantness. Further 

validation of the NOL index with a heterogeneous sample 
of ICU patients including individuals unable to communicate 
who are deeply sedated or receiving neuromuscular blocking 
agents is needed to confirm the validity of its use in this 
population. Identifying a valid physiological measure of pain 
would fill a major gap in the recognition and detection of pain 
in the vulnerable population of ICU patients.
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