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(EEG) of a patient and also presents information regarding 
electromyographic activity (EMG) as well as the burst sup-
pression ratio (BSR). The qNOX and qCON are designed to 
reflect the hypnotic level of anesthesia, given by the index 
qCON, as well as to measure nociception (in particular, the 
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Abstract
Background: Processed electroencephalographic (EEG) indices can help to navigate general anesthesia. The CONOX (Fre-
senius Kabi) calculates two indices, the qCON (hypnotic level) and the qNOX (nociception). The CONOX also calculates 
indices for electromyographic (EMG) activity and EEG burst suppression (BSR). Because all EEG parameters seem to 
influence each other, our goal was a detailed description of parameter relationships. Methods:  We used qCON, qNOX, 
EMG, and BSR information from 14 patients receiving propofol anesthesia. We described index relationships with linear 
models, heat maps, and box plot representations. We also evaluated associations between qCON/qNOX and propofol/remi-
fentanil effect site concentrations (ceP/ceR). Results: qNOX and qCON (qCON = 0.79*qNOX + 5.8; p < 0.001; R2 = 0.84) 
had a strong linear association. We further confirmed the strong relationship between qCON/qNOX and BSR for qCON/
qNOX < 25: qCON=-0.19*BSR + 25.6 (p < 0.001; R2 = 0.72); qNOX=-0.20*BSR + 26.2 (p < 0.001; R2 = 0.72). The rela-
tionship between qCON and EMG was strong at higher indices: qCON = 0.55*EMG + 33.0 (p < 0.001; R2 = 0.68). There 
was no qCON > 80 without EMG > 0. The relationship between ceP and qCON was qCON=-3.8*ceP + 70.6 (p < 0.001; 
R2 = 0.11). The heat maps also suggest that the qCON and qNOX can at least partially separate the hypnotic and analgetic 
components of anesthesia. Conclusion: We could describe relationships between qCON, qNOX, EMG, BSR, ceP, and ceR, 
which may help the anaesthesiologist better interpret the information provided. One major finding is the dependence of 
qCON > 80 on EMG activity. This may limit the possibility of detecting wakefulness in the absence of EMG. Further, 
qNOX seems generally higher than qCON, but high opioid doses may lead to higher qCON than qNOX indices.
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probability of movement in response to painful stimulation), 
provided by the index qNOX [1]. The qCON and qNOX are 
derived by combining the information of frontal EEG power 
in different frequency bands. The performed combinations 
are proprietary and initially based on an Adaptive Neuro 
Fuzzy Inference System (ANFIS) [1]. Both indices range 
from 0 to 99. According to the manufacturer’s recommen-
dation, high values of the qCON indicate a lighter level of 
anesthesia/wakefulness, and the range between 40 and 60 
seems appropriate for surgical intervention. For the qNOX, 
the 40 to 60 index range indicates a low probability for a 
movement response to a surgical stimulus. Higher qNOX 
indices (i.e., qNOX > 60) reflect a higher, whereas lower 
indices (qNOX < 40) indicate a lower probability of such a 
reaction. In addition to the qNOX and qCON, the CONOX 
provides the BSR that helps to detect excessively deep 
levels of anesthesia as well as an EMG index that reflects 
muscle activity. In the case of a non-zero BSR, the patient 
may be in an excessively deep anesthetic level with waxing 
and waning EEG patterns [2]. The introductory article for 
the qCON/qNOX describes a strong relationship between 
BSR, qCON, and qNOX for qCON < 25 [1]. The EMG 
index indicates the possibility of muscle activity influenc-
ing the EEG. The EMG information seems to play a crucial 
role in the processed EEG monitors’ approach to detecting 
wakefulness, at least for the BIS [3, 4]. In general, all these 
processed EEG parameters of a monitor seem to be inter-
woven and the better we know how these indices relate to 
each other, the better we can deal with situations where the 
provided information may be contradictory. Therefore, we 
conducted analyses that helped to understand the behavior 
of the CONOX indices in more detail.

2 Methods

2.1 Patients

For our retrospective analyses, we included data from 15 
patients, after obtaining Institutional Review Board and 
Ethics in Clinical Research Committee approval (Hospital 
CLINIC de Barcelona nº HCB/2016/0318v2). Each patient 
gave written consent to participate in the study. Patients 
were scheduled for ambulatory gynecologic procedures 
and general surgery (surgical hysteroscopy, laparoscopy, 
and urinary incontinence correction). We recruited these 
patients in the Ambulatory Surgery Unit at the Hospital 
CLINIC (Barcelona, Spain) during the month of July 2018. 
Exclusion criteria included prior eye surgery, any ocular dis-
eases besides refraction errors (because the study included 
pupillary measurements), prescription of drugs affecting the 
size or reflex of the pupil, and morbid obesity (BMI > 35). 

Because this is a retrospective investigation, we did not con-
duct a power analysis.

2.2 Study protocol

Upon arrival to the operating room, we attached the patient 
to routine monitors including a continuous electrocardio-
gram, pulse oximetry, and non-invasive blood pressure. We 
did not administer any premedication. We used total intra-
venous anesthesia with propofol and remifentanil for induc-
tion and maintenance of general anesthesia using a Target 
Controlled Infusion (TCI) system (Base Primea docking 
station, Fresenius Kabi AG, Bad Homburg, Germany).

We induced loss of consciousness by targeting the 
effect-site concentration of propofol (CeP, Schnider model) 
between 5 and 11 µg·mL− 1 [5, 6]. Further, we defined the 
range for the effect site concentration of remifentanil (CeR, 
Minto model) from between 0.5 and 6 ng mL− 1 [7, 8]. vary-
ing between 0.5 and 6 ng mL− 1. The applied criss-cross 
approach enabled enough combinations of propofol and 
remifentanil administration to cover the whole surface of 
clinically relevant concentrations [9]. After two minutes 
of pseudo-equilibration we secured the airway either by 
placement of a laryngeal mask or by endotracheal intuba-
tion. In the cases requiring tracheal intubation, we admin-
istered 30 mg of rocuronium bromide two minutes before 
laryngoscopy.

During anesthesia maintenance, we titrated the hyp-
notic level using the CONOX, while the analgesic effect 
was titrated according to the anaesthesiologist’s discretion. 
Because of our limited sample size, we refrained from con-
ducting a subgroup analysis regarding the effect of the neu-
romuscular blocking agent on the EEG.

We recorded data from the CONOX (qCON, qNOX, 
BSR, EMG, and raw EEG) in real time using the CONOX 
view (Fresenius Kabi, Bad-Homburg, Germany). The EEG 
electrodes were placed on the patients’ forehead according 
to the manufacturers’ specifications. CeP (µg mL-1) and 
CeR (ng mL-1) were recorded using the Rugloop software 
(DEMED, Gent, Belgium).

2.3 Analysis of the trend data

For our analyses, we first cleaned the data set from invalid 
index values and synced all indices provided by the CONOX 
each second with the effect site concentrations of remifent-
anil and propofol provided every 2 s. To avoid reducing the 
sample size, we did not separate the perioperative period 
into different episodes. Further, with this pilot investigation, 
we were interested in the overall associations of the indices.

To evaluate the behavior of the indices we investigated 
the following relationships:
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1. Between qCON and EMG to understand the influence 
of muscle activity on the generation of qCON indicat-
ing wakefulness. This is important information for the 
possible detection of intraoperative awareness.

2. Between qCON and BSR to understand the qCON 
index range where burst suppression can be expected.

3. Between qCON or qNOX and the effect site concentra-
tions of propofol and the opioid.

4. Between qCON and qNOX to understand possible rela-
tionships between these indices reflecting the hypnotic 
and analgetic component of general anesthesia.

We used both the pooled data, i.e., each valid index com-
bination from all patients (all valid data collected), as well 
as median values per patient for our analyses and figures. 
Therefore, we derived the median value of a parameter like 
EMG or qNOX for each qCON value observed. This means, 
for example, that patient 1 had a median EMG of 80 when 
having a qCON of 90.

2.4 Statistics

To properly present and describe our results, we applied 
descriptive as well as inference statistical approaches. We 
describe the overall relationships among the indices using 
the pooled data, i.e., the valid index pairs from all patients 
combined. We are aware that the data are dependent and 
that patients with a higher number of recorded data pairs are 
overrepresented. Hence, we also calculated median values 
per patient, e.g., the median qNOX at a defined qCON index 
to generate the box and scatter plots. We also present violin 
plots that were created with the violin function by H. Hoff-
man, available at mathworks.com. We built a linear model 
using the MATLAB fitlm function inclusive t-statistics and 
coefficient of determination (R2). For the investigation of 
the qNOX or qCON being higher, we used the AUC param-
eter from the MES toolbox [10] together with 10k-fold 
bootstrapped 95% confidence intervals (Ci). A 95%Ci that 
excludes 0.5 indicates an effect difference from chance, i.e., 
a significant difference in our analyses. We used MATLAB 
R2017b (The Mathworks, Natick, MA, USA) for statistical 
analysis and the graphical representation of the results.

3 Results

From the 15 patients, we derived a total of 68,125 qCON, 
qNOX, EMG, and BSR pairs, i.e., 68,125 s (∼ 19 h), to use 
for our analyses. We had to exclude a number of points 
because of invalid values, dependent on the comparisons. 
The supplemental Table S1 contains the number of included 
pairs or triplets for the analyses This included one patient 

with an entire invalid recording due to EEG recording 
issues.

The recordings from the remaining 14 patients lasted 
between 2315 and 13,192 s (median: 4450 s) and the pro-
portion of valid data for the individual patient ranged from 
86 to 100% with a median of 99%.

3.1 Demographics

Of the 14 patients included in the study, 11 were female and 
3 were male. The median age was 40.5 years (1st-3rd quar-
tile: 35-70.25) years, and the median Body Mass Index was 
25.1 (22.2–27.9).

3.2 Relations between qCON or qNOX and EMG

The evaluation of the relationship between the qCON or 
qNOX and the calculated EMG index revealed a strong 
dependence of qCON > 80 and EMG in our data set. A 
qCON > 80 only occurred in the presence of substantial 
EMG activity. EMG activity was also indicated for lower 
qCON but the EMG indices could span the entire scale for 
these qCON indices. The detailed heat map and box plot 
are presented in Fig. 1. The linear model derived from 
the median EMG values per qCON index for each patient 
was: qCON = 0.55*EMG + 33.0 (p < 0.001; t-Stat = 47.38; 
R2 = 0.68). For the qNOX vs. EMG investigation we 
observed high qNOX values without EMG. The linear model 
derived from the median EMG values per qNOX index for 
each patient was: qNOX = 0.59*EMG + 40.3 (p < 0.001; 
t-Stat = 35; R2 = 0.53). We present the corresponding plots 
as supplemental Figure S1.

3.3 Relations between qCON or qNOX and BSR

We observed positive BSR in 10 patients. For these analy-
ses, we only considered data with BSR > 0. Figure 2 pres-
ents the heat map plots of the observed qCON/BSR pairs. 
The linear model derived from the median BSR values per 
qCON index for each patient was: qCON=-0.57*BSR + 46.8 
(p < 0.001; t-Stat=-16.0; R2 = 0.43). When only considering 
qCON < 25, i.e., when the BSR is supposed to take over, 
the linear model was qCON=-0.19*BSR + 25.6 (p < 0.001; 
t-Stat=-17.4; R2 = 0.72). We found similar results for 
the qNOX with qNOX=-0.67*BSR + 53.4 (p < 0.001; 
t-Stat=-16.8; R2 = 0.41) for the regression of qNOX 
with BSR > 0 and qNOX=-0.19*BSR + 26.2 (p < 0.001; 
t-Stat=-16.1; R2 = 0.71) for all qNOX < 25. Figure S2 con-
tains the heat map and the box plot. For both indices qCON 
and qNOX, the boxplots indicate that BSR > 0 with a qCON 
or qNOX > 30 is a spurious observation.
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Fig. 2 Heat map and box plot for the qCON to burst suppression 
ratio (BSR) relationship. A) The heat map presents the distribution of 
qCON / BSR pairs for all data pairs recorded. B) The box and scatter 
plot were derived from the median BSR for each observed qCON in 
the single patients (n = 10). The grey boxes indicate the 25th and 75th 

percentile with whiskers spanning to the most extreme values that are 
not considered outliers. The blue dots present the single median BSR 
values, and the orange line and dots indicate the median BSR value for 
each qCON value

 

Fig. 1 Heat map and box plot for the qCON to EMG relationship. A) 
The heat map presents the distribution of qCON / EMG pairs for all 
data pairs recorded. B) The box and scatter plot were derived from the 
median EMG for each observed qCON in the single patients (n = 14). 
The grey boxes indicate the 25th and 75th percentile with whiskers 

spanning to the most extreme values that are not considered outliers. 
The blue dots present the single median EMG values, and the orange 
line and dots indicate the median EMG value for each qCON value. 
The most important finding is the observation that qCON values above 
80, indicative of an awake patient, only occur with EMG > 0
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qCON values on positive EMG, a strong general correlation 
between qCON and qNOX, generally higher qNOX than 
qCON values, and the confirmation of the linear relation-
ship between BSR and qCON or qNOX.

4.1 Monitoring the hypnotic and analgesic 
component

The CONOX monitor claims to combine monitoring the 
hypnotic and analgesic components of anesthesia. The 
qCON is designed to evaluate the anesthetic level and the 
qNOX to present the patient’s probability to react to a nox-
ious stimulus. In an initial study, Melia et al. [11]. described 
different reactions of these indices to different stimuli. 
Hence, the CONOX seems to be the only EEG-based 
monitor that combines hypnosis and nociception monitor-
ing besides the brain anesthesia response monitor (Cortical 
Dynamics, Scoresby, Victoria, Australia) [12]. 

Monitoring the hypnotic component of anesthesia is 
based on the evaluation of the anesthetic-induced change 
from a fast and low-amplitude EEG during wakefulness to a 
slow and high-amplitude EEG during general anesthesia for 
common anesthetics [13]. Monitoring the analgesic com-
ponent is more complex since different EEG reactions to a 
noxious stimulus have been described. An increase in EEG 
beta power can be observed during intubation or incision 
and is often accompanied by movement [14, 15]. A loss of 
dominant alpha-band activity can occur as a reaction to a 
noxious stimulation intraoperatively, [16, 17] and ‘paradox-
ical’ increases in delta power following the stimulation were 
described as well [18]. The qNOX mainly seems to react to 
beta arousal [1]. A recent study describes the absence of cor-
relation between maximum qNOX values at the end of sur-
gery and postoperative pain [19], which is not the task of the 
qNOX being designed as a measure of probability of move-
ment reaction to noxious stimulation [1]. One major point 
of criticism of this study was the absence of other indices 
like the qCON presented [20]. In the Ledowski study, the 
qNOX indices covered a wide range from around 30 to over 
80 [19]. Because qCON and qNOX seem correlated, the 
investigated patients probably were at different anesthetic 
levels. Our results highlight the necessity to evaluate both 
indices together. While we cannot answer data regarding the 
qNOX performance for the other EEG reactions to a nox-
ious stimulus, we can describe the relationship between the 
qCON and the qNOX in detail. Because we observed cases 
of higher qCON than qNOX indices at high opioid concen-
trations and higher qCON than qNOX indices at high pro-
pofol concentrations, we very cautiously state that qCON 
and qNOX may indeed look at two different components of 
general anesthesia, but with a big overlap and strong inter-
action terms. This is in line with current findings, [11, 21] 

3.4 Relations between qCON and qNOX

We found a strong relationship between qCON and 
qNOX as displayed in Fig. 3. The linear model was 
qCON = 0.79*qNOX + 5.8 (p < 0.001; t-Stat = 75.1; 
R2 = 0.84). The heat map in Fig. 3A resembles a diving 
kingfisher bird. The beak presents the linear relationship 
between qCON and qNOX at low indices: For qCON indi-
ces up to 25 and qNOX indices up to 28 there seems to be 
an almost linear relationship between both parameters. In 
29% of cases, the qCON was higher than the qNOX, and in 
50% of the cases, it was the other way around, as depicted 
in Fig. 3C. The box plot in Fig. 3D shows that the qNOX 
seems generally higher than the qCON, and the AUC analy-
sis revealed a significantly higher qNOX than the qCON at 
qCON indices, indicating deep, adequate, or light anesthe-
sia as well as sedation. When the qCON indicated a fully 
awake patient, the qNOX was not lower than 80, but the 
qCON range was wider, ranging from ∼ 45 to 99 at maxi-
mum qNOX indices.

3.5 Relationships between indices and effect site 
concentrations

We observed the expected decrease of qCON with ceP: 
qCON=-3.8*ceP + 70.6 (p < 0.001; t-Stat=-11.5; R2 = 0.11). 
The rather low coefficient of determination R2 indicates that 
only little variability can be explained by the linear regres-
sion model. In 9.4% of the times when ceP was higher than 
5 µg·mL− 1, we observed a qCON > 60, i.e., a stated level of 
light anesthesia, sedation, or awake. Figure 4 presents the 
qCON/ceP heatmap and box plots. The box plot in supple-
mental Figure S3 describes the occurrence of burst suppres-
sion by means of the BSR that started at a median ceP of 
3 µg·mL− 1 or more. We also found a significant linear trend 
between ceR and qNOX with qNOX=-10.7*ceR + 74.5 
(p < 0.001; t-stat=-21.0; R2 = 0.28). The corresponding heat-
map and boxplot can be found in supplemental Figure S4. 
But of course there is a significant interaction effect between 
ceP and ceR influencing the qNOX (p = 0.012; t-stat = 2.51). 
Supplemental Figure S5 shows the relationships between 
the differences of the two indices and the effect site concen-
trations of propofol and remifentanil. We found that in gen-
eral, the qCON was higher than the qNOX at lower propofol 
concentrations and higher remifentanil concentrations.

4 Discussion

We can describe the relationship between the CONOX 
indices presented in a more detailed fashion than previ-
ously reported. Main findings are the dependence of high 
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Fig. 3 Heat map and box plots for the qCON to qNOX relationships. 
A) The heat map presents the distribution of qCON / qNOX pairs for 
all data pairs recorded. B) The box and scatter plot were derived from 
the median qNOX for each observed qCON in the single patients 
(n = 14). C) The heat map presents the distribution of qCON / qCON-
qNOX pairs for all data pairs recorded. D) The box and scatter plot 

were derived from the median qCON-qNOX for each observed qCON 
in the single patients (n = 14). The grey boxes indicate the 25th and 75th 
percentile with whiskers spanning to the most extreme values that are 
not considered outliers. The blue dots present the single median BSR 
values and the orange line and dots indicate the median qNOX value 
for each qCON value
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most probably be attributed to the different time delays of 
index calculation [23]. We also observed high qCON values 
at high propofol concentrations > 5 µg/ml that cause burst 
suppression with high probability [24, 25]. This may be 
indicative of burst suppression not detected by the monitor. 
Other monitoring systems seem to underestimate the occur-
rence of burst suppression [26] which then can cause high 
index values [27]. But further studies are necessary to eval-
uate if this applies to the CONOX. Further, the time delay of 
index calculation [23] may also cause situations with high 
qCON values at high ceP. For the levels of anesthesia with-
out burst suppression, the qNOX seemed to have a tendency 
to be higher than the qCON. This makes sense because, at 
least for volatile anesthetics, the blockage of cardiovascular 
response to surgical incision occurs at 1.3 minimum alveo-
lar concentration (MAC), i.e., at a later point in the course of 
anesthesia. Hence, qNOX may remain higher. With opioids, 
the 1.3 MAC threshold can be reduced to below 1 MAC[28] 
which should influence the difference between qCON and 
qNOX. We did not find any qNOX < 70 and qCON ≥ 80, 
indicating an awake patient. This observation confirms the 
assumption that an awake patient has a high probability of 
responding to painful stimulation. Generally, the qNOX was 
higher than qCON. But at low propofol and high remifen-
tanil concentrations, we found qCON > qNOX. This may 
point towards the strength of each index to either reflect the 
hypnotic or analgesic component of anesthesia.

but they did not include interactions. However, our study 
was conducted only with patients receiving propofol and 
remifentanil. Hence, future studies are necessary to investi-
gate the qCON and qNOX relationship for different general 
anesthetics (i.e., inhalational ones). Hence, the correlation 
between qNOX and qCON may be different (lower) for cer-
tain regimens. To investigate the analgesic component in 
a proper fashion, the indices could be derived from awake 
subjects receiving an opioid only.

4.2 Relationships between the indices

Not a lot of literature is available regarding the qCON 
and qNOX relationship. Regarding state transitions, the 
qCON seems to decrease faster during anesthesia induction, 
whereas the qNOX increases earlier during emergence and 
reacts faster to the laryngeal mask insertion stimulus [11]. 
The different delays may cause contradicting qCON and 
qNOX indices. Further, we could confirm the almost perfect 
linear relationship of BSR and qCON or qNOX previously 
described [1]. This strong dependence seems very similar to 
the bispectral index to BSR relationship [22]. 

We can describe strong overall relationships between 
qCON, qNOX, and BSR. Especially in situations with 
detected burst suppression the linear relationship between 
qCON and qNOX is nearly perfect. But we also observed 
situations where high qCON and qNOX values occurred in 
combination with BSR > 0. These contradicting indices can 

Fig. 4 Heat map and box plot for the qCON to propofol effect-site con-
centration (ceP) relationship. A) The heat map presents the distribu-
tion of the qCON / ceP pairs for all recorded data pairs. B) The box 
and scatter plot were derived from the median ceP for each observed 
qCON in the single patients (n = 14). The grey boxes indicate the 25th 

and 75th percentile, with whiskers spanning to the most extreme val-
ues that are not considered outliers. The blue dots present the single 
median BSR values, and the orange line and dots indicate the median 
ceP value for each qCON value
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the indices. This should be investigated in the future with a 
sufficiently large data set.

4.4 Clinical impact

Our results can help to better understand the CONOX moni-
tor. The dependence of qCON on EMG and the knowledge 
that other indices, i.e., the BIS may not be able to detect an 
awake patient without EMG [3] could tell the anesthesiolo-
gist always to consult the displayed raw EEG as well. At 
some point, the qNOX and the qCON are driven by the BSR. 
In case the monitor does not detect burst suppression -other 
devices like the SEDLine seem to underestimate the real 
occurrence of burst suppression [26]- the qCON and qNOX 
may be implausible and again, the raw EEG should be con-
sulted. Our pilot results regarding a potential separation of 
the hypnotic (qCON) and analgesic component (qNOX) 
could help the anesthesiologist to improve the quality of 
anesthesia by including both indices in decision-making.

5 Conclusion

We could show a dependence of high qCON indices on 
EMG activity, a generally higher qNOX than qCON dur-
ing levels of general anesthesia, as well as strong correla-
tion between low qNOX and qCON values and BSR. We 
could also describe relationships between qCON and qNOX 
and the modelled effect site concentrations of propofol and 
opioids.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s10877-
024-01214-6.
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A major finding of our investigation presents the depen-
dence of high qCON values on EMG activity in our data 
set. An influence of EMG on high qCON values was sug-
gested earlier [1]. We did not observe qCON indices reflect-
ing sedation or wakefulness with an EMG index below 20. 
Hence, our results could indicate that neuromuscular activ-
ity seems crucial for the qCON to indicate wakefulness, but 
this finding has to be confirmed in the future. Studies with 
the BIS showed a causal relationship between EMG activity 
and high BIS values, as the BIS decreased in awake volun-
teers with a neuromuscular blockade [3, 4]. The CONOX 
EMG index is derived from the frontal EEG that also is 
used for qCON and qNOX calculation. Because, in gen-
eral, the frequency ranges of the recorded EEG and EMG 
signal overlap [29] and arousal reactions and wakefulness 
are normally accompanied by EMG activity, assessment 
of the “EEG only” during these episodes is almost impos-
sible. This most probably is the cause for our observations 
of high qCON values only in combination with EEG activ-
ity. If the qCON is capable of reliably detecting (intraopera-
tive) wakefulness during neuromuscular blockade is subject 
to further investigations. To completely answer this ques-
tion, data from subjects that are awake during a neuromus-
cular blockade would be necessary. In a study by Schuller 
et al., volunteers were administered solely neuromuscular 
blocking agents [3]. Using the isolated forearm technique, 
they demonstrated that while these volunteers were awake, 
their BIS values could be below 60 for significant periods 
of time. This emphasized the importance of EMG for BIS, 
and demonstrated that values deemed adequate for surgical 
anesthesia were obtained for awake patients. Bearing this in 
mind, and based on our findings, the clinician may also need 
to be aware of situations where the qCON is used in patients 
undergoing neuromuscular blockade.

The qNOX, in contrast, does not seem to depend as much 
on the EMG, but Jensen et al. described a qCON as reac-
tion to noxious stimulation with EMG activation [1]. Future 
studies should relate qCON and qNOX values to other, non-
EEG based techniques of detecting consciousness during 
general anaesthesia with neuromuscular blockade like for 
instance the isolated forearm technique as has been done in 
a recent meta-analysis [30]. 

4.3 Limitations

We only present results for propofol cases. We did not 
record anaesthetic and surgical events (i.e. start of induc-
tion, intubation, skin incision), so we cannot present sepa-
rate plots for each of these moments. Future studies should 
also compare qCON and qNOX to other non-EEG based 
analgesia. Further, as mentioned in the methods, we did not 
evaluate the impact of neuromuscular blocking agents on 

1 3

https://doi.org/10.1007/s10877-024-01214-6
https://doi.org/10.1007/s10877-024-01214-6


Journal of Clinical Monitoring and Computing

application. Anesthesiology. 1997;86(1):24–33. https://doi.
org/10.1097/00000542-199701000-00005.

9. Short TG, Ho TY, Minto CF, Schnider TW, Shafer SL. Efficient trial 
design for eliciting a pharmacokinetic-pharmacodynamic model-
based response surface describing the interaction between two 
intravenous anesthetic drugs. Anesthesiology. 2002;96(2):400–8. 
https://doi.org/10.1097/00000542-200202000-00027.

10. Hentschke H, Stüttgen MC. Computation of measures of effect 
size for neuroscience data sets. Eur J Neurosci. 2011;34(12):1887–
94. https://doi.org/10.1111/j.1460-9568.2011.07902.x.

11. Melia U, Gabarron E, Agusti M, Souto N, Pineda P, Fontanet J, 
et al. Comparison of the qCON and qNOX indices for the assess-
ment of unconsciousness level and noxious stimulation response 
during surgery. J Clin Monit Comput. 2017;31(6):1273–81. 
https://doi.org/10.1007/s10877-016-9948-z.

12. Shoushtarian M, McGlade DP, Delacretaz LJ, Liley DT. 
Evaluation of the brain anaesthesia response monitor during 
anaesthesia for cardiac surgery: a double-blind, randomised con-
trolled trial using two doses of fentanyl. J Clin Monit Comput. 
2016;30(6):833–44. https://doi.org/10.1007/s10877-015-9780-x.

13. Akeju O, Westover MB, Pavone KJ, Sampson AL, Hartnack KE, 
Brown EN, et al. Effects of sevoflurane and propofol on fron-
tal electroencephalogram power and coherence. Anesthesiology. 
2014;121(5):990–8.

14. Ropcke H, Rehberg B, Koenen-Bergmann M, Bouillon T, Bruhn J, 
Hoeft A. Surgical stimulation shifts EEG concentration-response 
relationship of desflurane. Anesthesiology. 2001;94(3):390–9. 
discussion 5A.

15. Rundshagen I, Schroeder T, Prichep L, John E, Kox W. Changes 
in cortical electrical activity during induction of anaesthesia with 
thiopental/fentanyl and tracheal intubation: a quantitative electro-
encephalographic analysis. Br J Anaesth. 2004;92(1):33–8.

16. Hight DF, Gaskell AL, Kreuzer M, Voss LJ, García PS, Sleigh JW. 
Transient electroencephalographic alpha power loss during main-
tenance of general anaesthesia. Br J Anaesth. 2019;122(5):635–
42. https://doi.org/10.1016/j.bja.2018.11.029.

17. Hagihira S, Takashina M, Mori T, Ueyama H, Mashimo T. Elec-
troencephalographic bicoherence is sensitive to noxious stimuli 
during isoflurane or sevoflurane anesthesia. J Am Soc Anesthesi-
ologists. 2004;100(4):818–25.

18. Kochs E, Bischoff P, Pichlmeier U, Schulte am Esch J. Surgical 
stimulation induces changes in brain electrical activity during iso-
flurane/nitrous oxide anesthesia. A topographic electroencephalo-
graphic analysis. Anesthesiology. 1994;80(5):1026–34.

19. Ledowski T, Schmitz-Rode I. Predicting acute postoperative pain 
by the Qnox score at the end of surgery: a prospective obser-
vational study. Br J Anaesth. 2020;124(2):222–6. https://doi.
org/10.1016/j.bja.2019.09.041.

20. Casans-Francés R, Feldheiser A, Gómez-Ríos MA, Muñoz-
Alameda LE. Predicting acute postoperative pain by the qNOX 
score at the end of surgery. Comment on Br J Anaesth. 2020; 124: 
222–226. Br J Anaesth. 2020.

21. Fontanet J, Gabarrón E, Jospin M, Vallverdú M, Gambus P, Jen-
sen E. Comparison of the qNOX and ANI indices of Nocicep-
tion during Propofol and Remifentanil Anaesthesia. Trento, Italy: 
ESGCO. Fai della Paganella; 2014.

22. Bruhn J, Bouillon T, Shafer S. Bispectral Index (BIS) and Burst 
suppression: revealing a part of the BIS Algorithm. J Clin Monit 
Comput. 2000;16:593–6.

23. Zanner R, Schneider G, Meyer A, Kochs E, Kreuzer M. Time 
delay of the qCON monitor and its performance during state 
transitions. J Clin Monit Comput. 2020. https://doi.org/10.1007/
s10877-020-00480-4.

24. Jung D, Yang S, Lee MS, Lee Y. Remifentanil alleviates Propo-
fol-Induced Burst suppression without affecting Bispectral Index 

Consent to participate Each patient gave written consent.

Competing interests Matthias Kreuzer is named as an inventor for a 
patent dealing with spectral EEG features and age (U.S. Provisional 
Patent Application No. 62/914,183). Gerhard Schneider and Matthias 
Kreuzer are named as inventors for a patent filed on a novel method 
for intraoperative EEG monitoring (U.S. Patent Application Serial No. 
62/960,947) and are also named as inventors for a patent dealing with 
the EEG features during anaesthesia emergence (U.S. Provisional Pat-
ent Application No. 63/459,294). Matthias Kreuzer received funding 
from Masimo Corporation, Narcotrend-Gruppe, Medtronic GmbH and 
Fresenius Kabi Deutschland GmbH for conducting EEG-based train-
ing for anaesthesiologists and received honoraria for speaking engage-
ments related to the EEG.

Conflict of interest FL, SV, AF, GS, and MK declare no conflict of in-
terest; PG was a co-developer of Q-NOX. He has received consulting 
fees from Quantium Medical.

Open Access  This article is licensed under a Creative Commons 
Attribution 4.0 International License, which permits use, sharing, 
adaptation, distribution and reproduction in any medium or format, 
as long as you give appropriate credit to the original author(s) and the 
source, provide a link to the Creative Commons licence, and indicate 
if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless 
indicated otherwise in a credit line to the material. If material is not 
included in the article’s Creative Commons licence and your intended 
use is not permitted by statutory regulation or exceeds the permitted 
use, you will need to obtain permission directly from the copyright 
holder. To view a copy of this licence, visit http://creativecommons.
org/licenses/by/4.0/.

References

1. Jensen EW, Valencia JF, Lopez A, Anglada T, Agusti M, Ramos 
Y, et al. Monitoring hypnotic effect and nociception with two 
EEG-derived indices, qCON and qNOX, during general anaes-
thesia. Acta Anaesthesiol Scand. 2014;58(8):933–41. https://doi.
org/10.1111/aas.12359.

2. Rampil IJ. A primer for EEG Signal Processing in Anesthesia. 
Anesthesiology. 1998;89:980–1002.

3. Schuller P, Newell S, Strickland P, Barry J. Response of bispectral 
index to neuromuscular block in awake volunteers. Br J Anaesth. 
2015;115(suppl 1):i95–103.

4. Messner M, Beese U, Romstöck J, Dinkel M, Tschaikowsky K. 
The Bispectral Index declines during neuromuscular block in 
fully awake persons. Anesth Analg. 2003;97(2):488–91.

5. Schnider TW, Minto CF, Gambus PL, Andresen C, Goodale DB, 
Shafer SL, et al. The influence of method of administration and 
covariates on the pharmacokinetics of propofol in adult volun-
teers. Anesthesiology. 1998;88(5):1170–82.

6. Schnider TW, Minto CF, Shafer SL, Gambus PL, Andresen C, 
Goodale DB, et al. The influence of age on Propofol Pharmaco-
dynamics. Anesthesiology. 1999;90(6):1502–16.

7. Minto CF, Schnider TW, Egan TD, Youngs E, Lemmens HJ, 
Gambus PL, et al. Influence of age and gender on the pharma-
cokinetics and pharmacodynamics of remifentanil. I. Model 
development. Anesthesiology. 1997;86(1):10–23. https://doi.
org/10.1097/00000542-199701000-00004.

8. Minto CF, Schnider TW, Shafer SL. Pharmacokinet-
ics and pharmacodynamics of remifentanil. II. Model 

1 3

https://doi.org/10.1097/00000542-199701000-00005
https://doi.org/10.1097/00000542-199701000-00005
https://doi.org/10.1097/00000542-200202000-00027
https://doi.org/10.1111/j.1460-9568.2011.07902.x
https://doi.org/10.1007/s10877-016-9948-z
https://doi.org/10.1007/s10877-015-9780-x
https://doi.org/10.1016/j.bja.2018.11.029
https://doi.org/10.1016/j.bja.2019.09.041
https://doi.org/10.1016/j.bja.2019.09.041
https://doi.org/10.1007/s10877-020-00480-4
https://doi.org/10.1007/s10877-020-00480-4
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/aas.12359
https://doi.org/10.1111/aas.12359
https://doi.org/10.1097/00000542-199701000-00004
https://doi.org/10.1097/00000542-199701000-00004


Journal of Clinical Monitoring and Computing

to incision (MAC-BAR) produced by desflurane and iso-
flurane: desflurane and isoflurane MAC-BAR without and 
with fentanyl. Anesthesiology. 1998;88(1):43–9. https://doi.
org/10.1097/00000542-199801000-00009.

29. Jensen E, Litvan H, Struys M, Vazquez PM. Pitfalls and chal-
lenges when assessing the depth of hypnosis during general 
anaesthesia by clinical signs and electronic indices. Acta Anaes-
thesiol Scand. 2004;48(10):1260–7.

30. Linassi F, Zanatta P, Tellaroli P, Ori C, Carron M. Isolated fore-
arm technique: a meta-analysis of connected consciousness 
during different general anaesthesia regimens. Br J Anaesth. 
2018;121(1):198–209. https://doi.org/10.1016/j.bja.2018.02.019.

Publisher’s note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

in female patients: a Randomized Controlled Trial. J Clin Med. 
2019;8(8). https://doi.org/10.3390/jcm8081186.

25. Ludbrook GL, Visco E, Lam AM. Propofol: relation between 
brain concentrations, electroencephalogram, middle cerebral 
artery blood flow velocity, and cerebral oxygen extraction during 
induction of anesthesia. Anesthesiology. 2002;97(6):1363–70. 
https://doi.org/10.1097/00000542-200212000-00006.

26. Muhlhofer W, Zak R, Kamal T, Rizvi B, Sands L, Yuan M, et 
al. Burst-suppression ratio underestimates absolute duration of 
electroencephalogram suppression compared with visual analy-
sis of intraoperative electroencephalogram. BJA: Br J Anaesth. 
2017;118(5):755–61.

27. Hart SM, Buchannan CR, Sleigh JW. A failure of M-Entropy to 
correctly detect burst suppression leading to sevoflurane overdos-
age. Anaesth Intensive Care. 2009;37(6):1002–4.

28. Daniel M, Weiskopf RB, Noorani M, Eger EI 2. Fen-
tanyl augments the blockade of the sympathetic response 

1 3

https://doi.org/10.1097/00000542-199801000-00009
https://doi.org/10.1097/00000542-199801000-00009
https://doi.org/10.1016/j.bja.2018.02.019
https://doi.org/10.3390/jcm8081186
https://doi.org/10.1097/00000542-200212000-00006

	Relationships between the qNOX, qCON, burst suppression ratio, and muscle activity index of the CONOX monitor during total intravenous anesthesia: a pilot study
	Abstract
	1 Introduction
	2 Methods
	2.1 Patients
	2.2 Study protocol
	2.3 Analysis of the trend data
	2.4 Statistics

	3 Results
	3.1 Demographics
	3.2 Relations between qCON or qNOX and EMG
	3.3 Relations between qCON or qNOX and BSR
	3.4 Relations between qCON and qNOX
	3.5 Relationships between indices and effect site concentrations

	4 Discussion
	4.1 Monitoring the hypnotic and analgesic component
	4.2 Relationships between the indices
	4.3 Limitations
	4.4 Clinical impact

	5 Conclusion
	References


