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Abstract  

Maintaining a good level of anesthesia along a surgery is essential both for 

intraoperative and postoperative outcomes. General anesthesia is a combination of a 

hypnotic effect, to achieve an unconscious level, and an analgesic effect, to relief or 

inhibit nociception. Up to present, analgesia was administered based on clinical signs 

during surgery. However, in the recent years new monitors have been developed based 

on different technologies in order to advise doctors on the amount of analgesia they 

have to manage. Since these monitors are quite new in the market, there is not enough 

study that accurately establishes their performances. Hence, the aim of this work is to 

compare several nociception indices computed by four different devices: the Conox, the 

ANI, the Algiscan and the qCO.  Three objectives are addressed: to see how similar the 

monitors are between them, to assess the performance of each device based on the 

prediction of the nociception response and to identify some parameters that could be 

interfering the prediction.  

The correlation of 43 surgeries with Conox, qCO, and Algiscan and 13 surgeries with 

ANI was done to calculate the similarity between these monitors. The prediction 

probability (Pk) was computed and a statistical significance test was performed in order 

to assess the capability of each index to predict the nociception response. Finally, to 

identify the parameters that were affecting the monitors, the mean and the standard 

deviation (SD) of different groups based on the index prediction performances were 

calculated.  

From the obtained results it can be concluded that the qNOX index computed with the 

Conox and the parameters based on pupil size computed with Algiscan data, were able 

to predict the nociception response to Tetanus stimulus with a Pk>0.75. Nevertheless, 

the age and the Burst Suppression were affecting the qNOX index in a bad way. Finally, 

the ANI monitor shows moderate correlation with the HFn index of the qCO monitor, 

while the qNOX most correlate with the Algiscan index.  

 

Keywords  

General anesthesia, Pain, Remifentanil, Propofol, Tetanus stimulus, LMA stimulus, ANI, 

qNOX, Algiscan, qCO.  
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Preface or prologue  

This thesis was developed in collaboration with Quantium Medical, which is a company 

involved in the research, design and development of innovative non-invasive monitoring 

solutions. They were interested in this project since the comparison was done with two of 

the monitors they are commercializing nowadays. In addition, classifying and identifying 

the limitation of the devices that Quantium Medical markets with some others on the 

market is essential to advance as a company and position above their competition. 
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1. INTRODUCTION  

One of the anesthesiologist’s challenges among a surgery is to determine the exact dose 

of anesthetic that must be administered on a case-by-case basis, based on their skills and 

different monitors. 

Maintaining a good level of anesthesia along a surgery is essential both for intraoperative 

and postoperative outcomes. An overdose may produce side effects such as dementia, 

prolonged unconsciousness and respiratory distress, among others. On the other hand, 

insufficient anesthesia can lead to intraoperative awareness with recall. [1]   

General anesthesia (GA) is a pharmacologically-induced reversible state of 

unconsciousness, amnesia, analgesia and immobility.  

The hypnotic component, which reaches an unconsciousness level, is quite well defined 

by monitors that use electroencephalogram (EEG) signals to assess the clinical state. 

Anesthesiologists are really comfortable with these indices, as they use them in their daily 

operations.  

In contrast, objectively assessing nociception induced by surgery has been more 

challenging to achieve, and doctors do not pay as much attention as consciousness issues. 

[2] 

In most of the surgical rooms, when a GA is carried out, the analgesia is titrated by 

movements after nociceptive stimuli and clinical signs of the sympathetic system such as 

heart rate (HR), blood pressure, lacrimation, sweating and others. In recent years, 

different monitoring devices have tried to estimate the effect of analgesia by generating 

indices to assess the clinicians during surgeries, as to the ones that detect the level of 

unconsciousness. [3] 

Nevertheless, as nociception monitoring is a new concept in surgical rooms, the health 

personnel is not aware yet of the importance of identifying and cutting down the response 

of nociceptive stimuli. Furthermore, a huge number of monitors that use different 

techniques with different results for the same aim are available in the market, without a 

well-established gold standard. For this reason, the aim of this project is to compare 
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different nociception monitoring techniques, based on clinical cases, in order to assess 

their performances and finish with the lack of trust with devices’ indices. 

 

1.1. Objectives of the project 

The main objective of this project is to compare different nociception monitors which use 

diverse methods to calculate the nociceptive response in surgical procedures under GA. 

To achieve this aim, the following specific studies are stated:  

1. Find out how similar the nociception monitors are during surgery in different patients, 

even though they use different methods and indices to show the clinical state.  

2. Demonstrate the ability of nociception monitors to predict patient pain versus two 

types of nociceptive stimuli under GA during surgeries, by performing statistical 

analysis. The pain, in this study, is related to patient's movement.  

3. Distinguish the parameters that negatively affect the nociception indices ending in an 

erroneous assessment of the patient’s state.  

  

2. BACKGROUND 

It is essential, for any discussion about how to predict nociception under GA to ask the 

following questions: What is nociception? Why is it different from pain? How does 

anesthesia interfere in the nociception process? What provokes nociception? Which 

monitors have the health personnel to be aware of this process during GA?  

 

2.1. Pain 

From the beginning of our existence, humans had always been worried about pain and 

how to combat it or eradicate it. Pain’s interpretation had been influenced by mystic and 

religious thoughts until XIX century, where scientific knowledge began to be founded. 

 

Primitive societies believed that pain was the cause of a spell, the loss of the soul or the 

possession of an evil spirit or a demon that entered the body. However, throughout the 

years, Greek philosophers looked away from religion as the cause of the pain, and started 

to look into nature. The first to explain, in a rational way, the mechanisms of pain was 

Descartes (1596 – 1650). He described a hollow tube with a cord beginning at the injury 

part of the body and ending at a bell located in the brain that sent both sensory and motor 
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information. Thus, he concluded that pain depended on an injury and its intensity it was 

proportional to the damage magnitude. [4]  

After these theories, the concept of pain perception influenced by the mind was 

introduced by Ronald Melzack (1929 – 2019), a psychologist, and Parick Wall (1916 – 

1998), a neuroscientist. The theory they postulated consists in a mechanism in which the 

central nervous system (CNS) has the ability to open and close the pain pathways, letting 

the pain flow through the afferent (from peripheral receptors to the CNS) and efferent 

fibres (from the CNS to peripheral receptors). Moreover, they said that efferent impulses 

can be influenced by a wide variety of psychological factors, explaining the different 

perceptions of the pain. [5]  

 

At the present time, Melzack and Wall’s theory explains quite well that pain is not only 

a physical response to a risk danger, but also a personal and subjective experience that 

can be described in different ways. Additionally, to confirm it, the International 

Association for the Study of Pain (IASP; www.iasp-pain.org) defines pain in humans as 

“an unpleasant sensory and emotional experience associated with actual or potential 

tissue damage, or described in terms of such damage”. 

 

In conclusion, pain is generated in CNS by nociception as a product of some forebrain 

regions that are in charge to interpret this sensation.   

 

2.2.  Nociception 

Acording to the IASP, nociception is defined as "the detection, transduction and 

transmission of the painful stimulus that produces an autonomous response in the patient 

despite being unconscious". [6]  

 

Noxious or painful stimuli, are events that come from the environment and interfere into 

tissues in a mechanical, chemical or thermal way. These stimuli are detected and 

transduced by nociceptors present in peripheral structures. Nociceptors are neurons with 

free nerves ending that respond to stimuli, sending the information to the CNS. However, 

all noxious stimuli are not adequate to be detected by any sensory receptor, nociceptor. 

Therefore, the adequate stimuli of nociceptors are termed nociceptive stimuli. [7] 
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Hence, nociception represents peripheral detection and CNS processing of nociceptive 

stimuli. This process causes a variety of physiological and behavioural responses (e.g. 

withdrawal reflexes, increases in heart rate and blood pressure, and other parameters) that 

usually result in a subjective experience of pain. [8] 

 

2.2.1. Mechanisms of nociception  

The Nociception mechanism is divided into two different pathways. The ascending 

pathway is in charge of transmitting and processing nociceptive stimuli, and the 

descending pathway is responsible for controlling and inhibiting the ascending pathway 

as showed in Figure 1 (b) coloured in red and blue, respectively. 

 

Nociception is initiated when an injury is produced in a tissue. Consequently, this region 

of the organism begins to release some chemicals and other products secreted by the 

damaged cells. Thanks to these chemicals, sensory nerve fibers (nociceptors), which are 

present around the periphery, detect the injury by activating themselves. These 

nociceptors, called 1st order neurons, are connected with the 2nd order neurons in the 

dorsal horn of the spinal cord. The synapsis between the 2nd and the 1st neuron is made 

by different pain neurotransmissions such as substance P or glutamate. 

Then, the 2nd neuron travels to contralateral anterior region of the spinal cord and enters 

to the spinothalamic tract. From there, the 2nd neuron starts ascending through the 

brainsteam up to the thalamus. There, the 2nd neuron synapsis with the 3rd neuron that 

finishes in a specific region of the somatosensory cortex that corresponds to the location 

of the injury. It is in that moment, when the perception of the pain is perceived.  

 

On the other hand, regarding the descending pathway, the important regions are the 

Periaqueductal gray (PAG) and the Rostral ventromedial medulla (RMV) (in the midbrain 

and the medulla, respectively). The PAG receives inputs from the hypothalamus, limbic 

forebrain and several regions of the frontal neocortex and the central nucleus of the 

amygdala. With the information received, the PAG controls the nociceptive transmission 

indirectly by connections to the RMV. The RMV region, is projected to the dorsal horn, 

where houses the synapses between the 1st and the 2nd neurons. [9] This projection to the 
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dorsal horn can exert both inhibitory (off-cells) and facilitator (on-cells) nociceptive 

transmission.  

Opioids have the ability to inhibit the on-cells and enhance the off-cells or to join with 

the opioid receptors of the 1st neuron. [10] Both processes inhibit the synapse between 

the 2nd and the 1st neuron, as seen in Figure 1 (a). Hence, it is in the dorsal horn where the 

pain is modulated.  

 

 

 

 

 

 

 

 

 

Figure 1. Information of the nociception pathway. (a) Synapsis between the 1st and 2nd neuron is in the 

dorsal horn of the spinal in three different conditions.  (b) The two pathways of the nociception process: 

the ascending pathway in red and the descending pathway in blue.  Source. Modulation of Glycine-

Mediated Spinal Neurotransmission for the Treatment of Chronic Pain and Pain | Basicmedical Key  

 

 

2.3. General anesthesia  

The purpose of GA is the induction of a balanced state of loss of consciousness, pain 

relief, amnesia, motionlessness and weakening of autonomic responses.  

The type of drugs administrated to achieve these states varies depending on the hospitals 

where the surgery is performed, the clinicians that are in charge of it, the patients’ pre-

anesthetic state and the type of surgery among others. GA may be induced by gases or 

volatile liquids, which the patient inhales through a mask, or intravenously induced. The 

most common drugs used by doctors, are hypnotics to reach an unconsciousness level and 

analgesics to reduce pain. 

GA has five important phases: 

1. Premedication: In some cases, if the patient is too nervous, he will be 

administrated a sedative drug to reduce the stress.  
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2. Anesthesia Checklist: Before drugs administration, the HP has to check the 

medical history of each patient to be aware of the allergic, diseases, daily 

medications or medications prior to surgery.  

3. Induction: The hypnotic administration begins. Consequently, the patient 

enters in a deeper state of sedation and loses the consciousness. In this stage 

the analgesia is administered too, to relief pain. As one of the secondary effects 

of these drugs is to cancel the respiratory musculature, the patient is intubated 

for mechanical ventilation with laryngeal mask airway (LMA).  

4. Maintenance: The most challenging step. HP have to keep up the balance of 

the drugs to obtain the different desirable states. It is necessary to continue 

supplying hypnotics and analgesics following the advice of the monitors.  

5. Recovery: It occurs when the surgery is complete. The hypnotic dose starts to 

decrease to recover the consciousness and the analgesics gradually decrease to 

avoid awakening with pain. When the respiratory musculature activates again 

and the patient is conscious, the LMA is removed.   

 

2.3.1. Analgesia  

Analgesia is the effect of the drug in charge to relieve pain in those stimuli that would 

normally be painful. Opioids analgesics act directly on the CNS, blocking the opioid 

receptors (Figure 1(a)). In that way, the ascending pathway is inactivated and there is a 

decrease in the activity of the sympathetic nervous system (SNS). 

 

The most usual analgesic administered in surgical in recent decades is Remifentanil, a 

common opioid that has a rapid onset and rapid recovery time and it is intravenously 

administered. [11] 

Some of the most common side effects of Remifentanil are: slow heartbeat, low blood 

pressure, miosis and respiratory depression. 
 

 

2.4. Nociception Monitors 

Nowadays, there are different nociception monitors in the market. However, in this 

project indices from 4 monitors that use different techniques to assess the nociception 

response are compared. 
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2.4.1. Quantium Medical  

Quantium Medical (QM) was founded in 2011 in Barcelona, Spain. In 2017, it was 

acquired by Fresenius - Kabi, a German multinational. [12] However, QM is still involved 

in the research, design and development of innovative non-invasive monitoring solutions. 

For the moment, they have developed two main medical devices: Conox and qCO. 

 

2.4.1.1. CONOX 

It is a non-invasive depth of anaesthesia monitor that is used in surgery rooms during 

anaesthesia and sedation procedures.   

Conox records the patient’s EEG with the Conox Sensor (Figure 2(b)), located in the 

forehead of the patient, and analyses the data with an advanced digital processing 

algorithm to obtain two indices: the qCON, which indicates the patient’s consciousness 

level, and the qNOX, which works as a guide to know the patient’s probability of response 

to a noxious stimuli. [13]  

For these two indices, the company has established different ranges to interpret the data 

and relate it to a clinical state (Table 1). Moreover, this device includes secondary 

parameters, as seen in the Conox Screen in Figure 2(a), for a better evaluation of the 

patient’s state. 

 

Table 1. qNOX range stablished by Quantium Medical. Source. Quantium Medical  

 

 qNOX 

61 - 99 Patient likely to respond to noxious stimuli. 

40 - 60 Patient unlikely to respond to noxious stimuli. 

0 - 39 
Very low probability for the patient to respond to 

noxious stimuli. 
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Figure 2. Display and sensors of the Conox monitor. The Conox (a) has primary and secondary 

parameters as shown in the display. The primary parameters are the qCON and the qNOX. The secondary 

parameters are: the Burst Suppression (BS), the Electromyogram (EMG) and the signal quality (SQI). 

Moreover, in the display is shown the patient’s EEG in real time, the evolution of the indices and the 

Conox sensor impedance. (b)The Conox sensor is a single use device and must be disposed of after use. It 

is compose by a reference sensor and a positive and negative sensor. Source: Quantium Medical. 

 

2.4.1.2. qCO 

It is a non-invasive cardiac output monitor used in every area of the hospital. The qCO 

device, showed in Figure 3, computes different indices based on impedance cardiography 

and Heart Rate Variability (HRV) techniques applied to thoracic impedance (ICG) and 

electrocardiographic (ECG) signal recorded with four electrodes. These indices are 

analysed by a digital processing algorithm and must be interpreted by a doctor, as the 

company does not establish a clinical state range. [14] 

The qCO monitor calculates the Cardiac Output (CO), the Stroke Volume (SV) and the 

HRV parameters: HR, energy in the High Frequency (HF) band, Root mean Square of the 

Successive Differences (RMSSD), and Standard Deviation of Successive Differences 

(SDSD). Moreover, the energy in the Low Frequency (LF) band, the HF normalized 

(HFn) and the ratio between LF and HF (LFHF) can also be calculated by offline 

processing of the data. Appendices I contains an explanation of each parameter.  

 

 

 

 

 

Figure 3. Display and sensors of the qCO monitor. (a) The qCO monitor screen is used in hospitals. (b) 

The generic sensors placement on the patient’s body. Source. Quantium Medical.  
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2.4.2. MDMS, ANI  

Mdoloris Medical Systems (MDMS) is a start-up founded in 2010 in the Regional 

University Hospital of Lille, France. They research and market continuous and non-

invasive pain monitoring systems, for conscious and unconscious patients.  

 

Analgesia Nociception Index (ANI) has been proposed for the assessment of acute 

nociception and pain, it is the first parasympathetic tone monitoring device. The index is 

based on ECG data obtained by two sensors, placed on the patient’s chest (Figure 4 (a)), 

which allow a measurement of the activity of parasympathetic nervous system (PNS), 

sign of autonomous response. ANI index is obtained by the HF of the HRV, and the 

Respiratory sinus arrhythmia. 

 

The ANI range, relating the results to the clinical state of the patient, is established by the 

company to facilitate the work of the anaesthesiologist. For an unconscious patient the 

target values are between 50 and 70. If the index is above 70, there is an overdose of 

opioids. Otherwise, if the index is below 50 more opioids need to be administered in order 

to block nociception (exemplified in Table 2). 

 

Table 2. ANI range established by MDMS. Source. MDMS 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Display and sensors of the ANI monitor. (A) The ANI’s monitor screen (B) The ANI sensors 

placement on the patient’s body. Source. TreuMedizin and Medical Conmed Equipment 

 

 ANI 

0 - 50 Opioids failure. 

50 -70 Target values for an unconscious patient. 

70 - 100 Opioid overdose. 
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2.4.3. IDMED, Algiscan  

IDMED is a French company based in Marseille. Their principal value is innovate in 

anesthesia and intensive care devices.  

The Algiscan monitor uses pupilometer technology for the measurement of the pupillary 

dilation reflex (PDR) to evaluate the patient’s level of analgesia along a surgery. [15] The 

Appendices II contains an explanation about the advantage of measuring the pupil 

diameter.  

Unlike the other monitors, Algiscan is not a continuous monitor. Therefore, the health 

personnel has to monitor the nociception every a determined number of minutes. Once 

the docotors decide to monitor the patient’s level of analgesia, the Algiscan provokes a 

stimulus to see how the pupil reacts. Hence, Algiscan has 3 modes to calculate the level 

of analgesia: (1) any stimulus, only measures the pupil diameter, (2) photomotor stimulus, 

a flash, or (3) an electric stimulus, the Tetanus, generated by two electrodes in the 

forearm, as seen in Figure 5(b).  

 

 

 

 

 

Figure 5. Monitor and sensors of the Algiscan. (a) Algiscan monitor.  (b) Algiscan electrodes that 

generate a Tetanus stimuli. Source. IDMED 

 

For each type of stimulus chosen (Flash or Tetanus) there is an established clinical range. 

Due to the Tetanus stimuli is the most similar to the nociception stimuli present 

throughout surgeries, this project only considers the Tetanus one. The range for this 

stimulus is shown in Table 3.  

 

Table 3. Algiscan in mode Tetanus range. It is stablished by IDMED. Source: IDMED 

 

 

 

 

 Algsican in Tetanus mode 

0 < PDR < 5 Null sensitivity to noxious stimuli.  

5 < = PDR < 12 Weak sensitivity to noxious stimuli. 

12  < = PDR < 20 Strong sensitivity to noxious stimuli. 

PDR > 20  Very strong sensitivity to noxious stimuli.  
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3. METHODOLOGY 

The methodology followed in this project has been developed with the help of QM, which 

has given me the opportunity to collect clinical data and some of the software tools that 

are have been used to process the data.  

 

3.1. Clinical study 

This project compares different clinical cases obtained in the Hospital del Clinic with the 

anesthesiologist Dr. Pedro Gambús under a regulatory framework: the protocol 

HCB/2016/0318, for the pupilometer study, and the protocol 2013/8356, for the general 

study.  In addition, each patient signed a consent form to agree with the study performed.  

 

3.1.1. Nociceptive stimuli  

Throughout a surgery, the nociceptive stimuli are constantly present and the patient could 

receive and process these stimuli if she or he is not well anesthetized. Thus, it is important 

to note all the significant stimuli occurring during surgery to observe (1) if the patient 

reacts in front of these and (2) if the index of each nociceptive monitor predicts the stimuli 

transmission.   

Some examples of nociceptive stimuli are the introduction and the extraction of the LMA, 

the Tetanus stimuli produced by Algiscan, sutures, significant skin incisions, and external 

stimuli, among others. After each stimulus, an observation whether the patient has reacted 

to them with a movement or not is annotated and recorded. If the patient moves after a 

stimulus, it means that she or he is processing and transmitting the nociception. The only 

nociceptive response annotated is the motor one.  

 

Nevertheless, this study is only focused in two of the aforementioned stimuli; the Tetanus 

and the LMA, which will be analyzed separately.  

The Tetanus stimulus is applied by the Algiscan monitor. It is a constant stimulus with a 

duration of 317 ms and 60 mA of intensity. As Algiscan is not a continuous monitor, the 

Tetanus stimulus is not present in all surgeries in the same way. Therefore, to reduce the 

variability of this project, the health personnel applied two Tetanus stimulus at the same 

moments in all the patients: before and after the Remifentanil administration, as seen in 

Figure 6. Only these stimuli are taken into account in this study. Nevertheless, more 
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Tetanus stimuli were applied during the surgery to make sure that the level of analgesia 

was correct.  

 

On the other hand, LMA may be considered the most painful stimulus since it is 

introduced at the beginning of the anesthesia. It is not a constant nociceptive stimulus and 

its intensity depends on different factors; the experience of the anesthetist to introduce it, 

the size of the LMA, the mouth size and teeth location. Consequently, the analysis based 

on this nociceptive stimulus will have more variability than the Tetanus stimuli. However, 

as it is always present in all surgeries under GA, it is really important to analyze it.   

 

 

Figure 6. Tetanus and LMA stimuli along surgery. Ce PROPO is the effect site concentration of 

Propofol, the hypnotic and the Ce REMI is the effect site concentration of Remifentanil, the analgesic.  

 

3.1.2. Surgeries 

In this study, the duration and the intensity of the surgeries were more or less equivalent 

between them. They were all ambulatory major surgeries, a section where low risk 

surgeries are performed, and had a duration of 1.30h approximately, as seen in Table 4. 

Some examples of the undergone surgeries were laparoscopy, urethra-vaginal and 

suprapubic suspension, introduction of prosthesis with synthetic material and 

hysteroscopy. 

 

To have a reliable analytic study, all surgeries follow the same procedure:  

1. Write in a .txt all the relevant information of the clinical history of the patient (Age, 

height, weight, diseases, allergies, previous surgeries…).  

2. Stick the sensors of each nociceptive monitor in the correct site. As seen in the 

figures of each of nociception monitors.  
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3. If Algiscan device is used, record the baseline of the patient’s eye. That way, we 

will have the real pupil’s diameter without any sedation or nociceptive stimuli.  

4. Propofol (hypnotic) administration through the Target-Controlled Infusion (TCI) 

(Orchestra® Base Primea; Fresenius-Kabi; Germany). The patient will then be 

unconscious.  

5. If Algiscan device is used, Tetanus stimulus is applied when the Concentration Site-

effect (Ce) of Propofol is stable, as seen in Figure 6. 

6. Remifentanil (analgesic) administration through the TCI. The nociception pathway 

will be affected by the drug, relieving the pain.  

7. If Algiscan device is used, Tetanus stimulus is applied when the Ce Remifentanil is 

stable, as seen in Figure 6. 

8. Introduction of LMA 

9. Surgery  

10. Propofol and Remifentanil decrease. Extraction of LMA  

11. Patient’s recovery and sensors removal.   

 

3.1.3. Patient population  

The clinical data used in this project was obtained in a gynecology surgical room during 

approximately 3 months. As a consequence, all the clinical data comes from a female 

population. All the patients’ information is shown in Table 4.  

 A total of 56 recordings was considered in this study. However, in some of them it was 

not possible to have all the available devices; hence, the resulted number of recordings 

for each monitor are: 20 with ANI, 46 with Algiscan, 54 with qCO and 56 with Conox.  

 

As seen in Figure 7, two different groups were generated: group 1 with 18 surgeries, 

which contains recordings with all four monitors, and group 2 with 43 surgeries, with 

three of these monitoring devices. Group 2 was created in order to perform a reliable 

statistical analysis as the number of surgeries in group 2 is 18.  
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Table 4. Patient’s information (Mean (Standard Deviation)).  

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Amount of surgeries recorded with the Nociception monitors.  

 

3.1.4. Rugloop program  

Rugloop is a TCI infusion and a general data management program. In all the surgeries 

performed at the Hospital Clínic de Barcelona, this program is used in order to register 

the infusion rates of Propofol and Remifentanil, the Bispectral index (control of the depth 

of the anesthesia), respiratory values, the patient’s hemodynamics, all the notes that are 

made during the surgery (i.e. the nociception stimuli and the reaction of them) and other 

parameters of interest. Additionally, Rugloop synchronizes all the real-time capturing 

data while saving them into an output file. 

 

3.1.5. Algiscan parameters 

The Algiscan monitor, with the mode Tetanus, assesses the patient state with the PDR 

parameter, computed by the following equation:  

𝑃𝐷𝑅 =  
𝑎𝑏𝑠 (max 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚) − min 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚))

min 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 (𝑚𝑚)
∗ 100 

 Patients (N=43) 

Female / Male 43 / 0 

Age, yr 52.45  (16.77) 

Height, cm 160.93  (6.46) 

Weight, kg 67.18  (11.38) 

BSA 1.70  (0.15) 

LBA 45.48  (4.90) 

ASA 1 / 2 / 3 23 / 18 / 2 

Duration of GA, h 1.15  (0.43) 

20

46

56

54

0

43

43

43

18

18

18

18

0 20 40 60

ANI

Algiscan

CONOX

qCO
Group 1: ANI, Algsican,
CONOX, qCO

Group 2: Algiscan,
CONOX, qCO

nº of surgeries for each
monitor



 
 

15 

As the data of the pupil diameter evolution for each Tetanus stimulus was extracted by 

the Algiscan monitor, it was possible to define 4 new parameters for the analgesia 

assessment: PDR2, PDR3, PDR4 and PDR5, which are not provided by IDMS device. 

Appendices III, contains information of how these parameters were extracted from the 

pupil evolution.  

 

3.1.6. Data synchronization and processing 

Each recorded case is contained into a folder with the ID number assigned to the patient. 

Each folder contains the data recorded by each device: Conox, ANI, Algiscan, qCO, and 

Rugloop data (TCI infusion, hemodynamics, notes made in the surgery, and others). As 

we are comparing data that come from different devices, this data had to be synchronized 

in time. Before starting each surgery, the monitors were checked to see if all of them had 

the same time set. Once it was verified, when the surgery begun, each device saved the 

time when the recording started.  

The temporal mismatches between index signals of the different devices were 

compensated, deleting data or adding ”not a number” values, taking into account the 

known time where the different monitors started recording.  

The indexes values were filtered in their respective range in order to eliminate the artefact 

code. Synchronization was done by developing MATLAB scripts. The first step was to 

extract all the data from the files of the different devices. Then, an Excel document was 

created for each patient containing their identification case, and all the indices 

synchronized, as seen in Figure 8, and the notes (with the motor response after each 

stimulus) in real time. 

Figure 8. Time evolution of ANI, qNOX, Algiscan and qCO parameters after synchronization. Example 

of the patient 1404.  
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3.2. Statistical Analysis  

Once all the data has been extracted and processed and the synchronization has been done, 

several statistical tests have been performed to achieve the different objectives proposed.  

Table 5 shows a resume of the statistical analysis tool and data that was used for each 

objective. 

 

3.2.1. Correlation between indices time evolutions.   

The first objective of the project consists on finding out how similar the nociception 

monitors are. To fulfill this objective, a simple correlation technique was used to compare 

the relationship between two indices throughout the operation. 

Correlation has been done by developing a MATLAB script. A matrix was created in 

order to have the indices temporal evolution of each of the patient’s surgery. So, the 

comparison was made with the data collected throughout the whole surgery, not with the 

behavior of the indices during nociceptive stimuli. The Pearson correlation coefficient 

was computed for each pair of them.  

This matrix contains 43 surgeries with Conox, qCO, and Algiscan and 13 surgeries with 

ANI. The correlation was computed by taking into account the maximum number of 

samples available in each of the pair of indexes. 

 

3.2.2.  Data classification  

In order to achieve the second objective, to identify the best nociception monitor 

predictor, and the third objective, to find the parameters that severely affect the 

nociception indices, LMA and Tetanus stimuli have been identified throughout each 

surgery and have been classified by their reaction. 

Once the identification of the mentioned nociceptive stimuli was done, the averaged value 

of each index was calculated from the time the stimulus was applied up to 30 seconds 

before. The classification of the two nociceptive stimuli was based on their reaction: 

movement (MOV) or no movement (NMOV). The patient’s reaction was looked for in 

the synchronization Excel, where the notes can be found.  Thus, the nociception monitors 

indices could be evaluated to see if they were able to predict the reaction of the stimuli. 
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It is important to remind that the analysis done in this thesis always takes into account the 

LMA and Tetanus stimulus separately.  

In the second objective, which consists on evaluating the capability to predict the 

nociception response of each monitor, all the data has been separated into two subset 

(Group 1 and Group 2), as seen in Figure 7, to perform two statistical analyses for each 

group (with the LMA and Tetanus stimuli). These subsets were created since the amount 

of ANI data, compared with the other monitors, was poor. So, it was thought that one 

subset could include all the monitors and the other could be more realistic since the 

number of Algiscan, qNOX and qCO data was greater than 40. In total, 4 subsets were 

created: two for the LMA stimulus analysis and two more for the Tetanus stimulus 

analysis.  

With respect to the third objective, in order to assess which parameters negatively 

interfered the monitors, the statistical analyses were performed in 4 different subgroups 

for each monitor: (1) MOV and index in the range that indicates no response, (2) MOV 

and index in the correct range to predict nociception, control group, (3) No MOV and 

index in the range that indicates response and (4) No MOV and index in the correct range, 

control group. Thus, 24 subgroups were created: 8 subgroups for the qNOX, for the ANI 

and for the Algiscan since the LMA and the Tetanus was analyzed separately. The qCO 

was not include in this objective as it is not commercialize as a nociception monitor and 

the ranges to indicate response or not response are not available at the moment.  

 

3.2.3. Descriptive Statistics 

In the second and third objective a descriptive statistical analysis was done in order to 

compare the different indices and parameters. This statistical analysis was based on the 

mean and the SD of the index averaged in the 30 s before the LMA and Tetanus stimuli.  

In the second objective the averaged values were used to: represent boxplots for each 

index with the two reactions and to apply a statistical test. On the other hand, the third 

objective, as the identification of the parameters that were affecting the indices were done 

with 4 subgroups, it was decided to compare it with the mean and the SD.  
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3.2.4. Hypothesis testing 

For the second objective, in order to test statistical differences between the defined 

groups (MOV or NMOV), a statistical test was applied with the following null hypothesis: 

the index values of each group are from distributions with the same mean or median value.  

The P-value and the prediction probability (Pk) were calculated to see if the indices 

predict the LMA and Tetanus stimulus reaction during the surgeries. Both of them were 

calculated as they uses and focus in difference techniques and aspects.   

 

3.2.4.1. P-value  

The P-value is a number between 0 and 1 and it is interpreted in the following way: 

- P-value < 0.05 indicates strong evidence against the null hypothesis  

- P-value > 0.05 indicates weak evidence against the null hypothesis 

To calculate the p-value for the different statistical analysis performed, the following 

steps were followed:  

1. Identify which type of distribution each nociception index has: Gaussian or non-

parametric with the One-Sample Kolmogorov-Smirnov (K-S) Test. [16] 

a. If the test K-S is equal to 1, it means that the index follows a non-

parametric distribution. In this case, to calculate the P-Value, the 

Wilcoxon rank sum test was performed. [17] 

b. If the test K-S is equal to 0, it means that the index follows a Gaussian 

distribution. In this case, to calculate the P-Value, the T-test was 

performed. [17] 

P-values less than 0.05 were considered statistically significant.  

 

3.2.4.2. Prediction Probability  

The anesthesia indices are often described with the prediction probability (Pk) in order to 

assess their performance against each other’s or against a categorical indicator. The Pk 

has a value of 1 when the nociception index perfectly predicts the observed response, and 

a value of 0.5 when the prediction is ½ (the probability to predicts the response is in the 
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hands of lack). [17] In addition, Pk value of 0 represents a perfect prediction too, however 

indicates that the two indicators are correlated reversely.  

In this study, Pk expresses the correlation between the index value and the observed 

nociception response (MOV or NMOV). This value was calculated with a MATLAB 

function provided by QM. [18] 

Table 5. Resume of the methodology followed to fulfil all the objectives.   

 

4. RESULTS 

In this chapter the final results obtained from the study are presented, following the 

methodology previously explained. 

 

4.1.  Correlation between indices time evolution 

The results obtained by the Correlation show how similar the nociception monitors are 

between them and fulfill the first objective. This analysis compares the temporal 

evolution of the indexes. In this study, the correlation was done with: 46.55h of surgery 

with the qCO, 0.07h with the Algiscan, 18.79h with the ANI, 50.72 h with qNOX, and 

25.41h with Ce Remifentanil, the analgesia.  

Most of the values are below 0.5 and the greater ones are those that come from the same 

monitor, as shown in Table 6 between qCO parameters (CO, HR, HFn, LFHF and others) 

and Algiscan parameters (PDR, PDR4, PDR5 and others). The qNOX index has the best 

correlation with PDR (0.36) and CeRemi (-0.27). The two monitors that use the ECG to 

OBJECTIVES 
STATISTICAL 

ANALYSIS 
DATA 

First Objective  Pearson Correlation  Temporal evolution of all the surgeries. 

Second Objective 
P-Value, Pk values, Mean, 

SD and Boxplots.  

For the LMA and the Tetanus Stimuli  

Group 1: ANI, Algiscan, qNOX & qCO 

Group 2: Algiscan, qNOX  & qCO 

Third Objective Mean and SD 

For the LMA and the Tetanus stimuli  

1st Subgroup: MOV and Index predicts nociception.  

2nd Subgroup: MOV and Index predicts nociception. 

3rd Subgroup: NMOV and Index not predicts nociception.  

4th Subgroup: NMOV and Index not predicts nociception. 
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predict the nociception, ANI and qCO, have a good correlation between them, specifically 

between ANI index and HFn index with 0.41. The Algiscan indices has a good correlation 

with the Ce Remifentanil with values of -0.49, 0.60 and -0.30 (PDR, PDR4 and PDR5, 

respectively). All the results obtained in the correlation are shown in the Appendices IV, 

Table 6 shows the most significant values. 

 

Table 6. Correlation between the Nociception Monitors. Dark orange: r > 0.5; Orange: 0.3 < r < 0.5; 

Light Orange: r < 0.3.  

  CeRemi qNOX CO HR  HFn LFHF ANI PDR PDR4 PDR5 

CeRemi 1.00 -0.27 -0.10 -0.18 0.07 -0.04 0.14 -0.49 0.60 -0.30 

qNOX -0.27 1.00 0.29 0.18 -0.16 0.06 0.01 0.36 -0.29 0.24 

CO -0.10 0.29 1.00 0.57 -0.29 0.17 -0.32 0.08 -0.17 0.03 

HR -0.18 0.18 0.57 1.00 -0.30 0.23 -0.33 0.07 -0.27 0.05 

HFn 0.07 -0.16 -0.29 -0.30 1.00 -0.42 0.41 -0.32 0.24 -0.18 

LFHF -0.04 0.06 0.17 0.23 -0.42 1.00 -0.39 0.19 -0.26 0.19 

ANI 0.14 0.01 -0.32 -0.33 0.41 -0.39 1.00 -0.10 0.45 -0.21 

PDR -0.49 0.36 0.08 0.07 -0.32 0.19 -0.10 1.00 -0.34 0.21 

PDR4 0.60 -0.29 -0.17 -0.27 0.24 -0.26 0.45 -0.34 1.00 -0.32 

PDR5 -0.30 0.24 0.03 0.05 -0.18 0.19 -0.21 0.21 -0.32 1.00 

 

4.2. Statistical analysis of nociception prediction 

In order to fulfill the second objective, the P-Values and the Pk of each index were 

calculated in reference on the movement reaction to the Tetanus and the LMA stimulus. 

Hence two statistical analysis based on the nociceptive stimuli were performed. In the 

Tetanus analysis, 74 stimuli were analyzed for the Group 2 and 24 stimuli for the Group 

1. On the other hand, the LMA analysis had less stimuli: 33 for the Group 2 and 13 for 

the Group 1.  

The Pk values of Tetanus analysis, as seen in Table 7, showed that qNOX, in both 

groups, was the best predictor index compared with the devices that are already in the 

market. As the P-Value is below 0.05, there is a significance difference between the two 

reactions: MOV and NMOV.  Moreover, as seen in the qNOX boxplots of both groups 

(Figure 9), the qNOX index in each reaction is in according to the one established by QM. 

Nevertheless, if the Algiscan indices defined in this work were used by the Algiscan 

monitor, the PDR5 will be the one that best predicts the nociception response. The best 
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qCO indices predictors were the HFn, which decreases when the patient reacts with a 

movement (Figure 9), for group 1 and the HR for group 2. The ANI did not adequately 

predict the nociception as the Pk value was above 0.5 and its range had to be between 0 

and 0.5 according to Table 2. Regarding the P-Values, few of them were significant.  

The LMA analysis showed a completely different index behavior comparing to the 

Tetanus analysis. The qNOX did not have the ability to predict the LMA stimulus since 

the Pk in group 1 was 0.5 and in group 2 was 0.306 (outside the normal range). Moreover, 

the qNOX index mean, as shown in Figure 10, it is below 60 with a MOV reaction and it 

would have to be above 60. So, in the LMA does not show a significant difference 

between the two reactions. The Algiscan parameters still predicting nociception response 

well with the better results in the new parameters (PDR4 and PDR5), since the P-values 

are below 0.05. In this statistical analysis, some of the qCO monitor indices have a 

significance difference, as shown in the P-values row of group 2 in Table 8. 

 

Table 7. Pk and P-value of the Tetanus statistical analysis.  Yellow: indices out of the range; Light 

Orange: indices with a low prediction; Normal Orange: indices with a high prediction; Dark Orange: 

indices with the best prediction; NS: No significant  

 

 

 

 
Group 1 

ANI/Algiscan/CONOX/qCO 

Group 2 

Algiscan/CONOX/qCO 

 Pk Values P-value Pk Values P-value 

qNOX  0.785 0.019 0.770 0.000 

ANI 0.569 NS - - 

CO qCO  0.576 NS 0.570 NS 

SV qCO  0.479 NS 0.463 NS 

HR qCO  0.576 NS 0.646 0.031 

HFn qCO  0.347 NS 0.409 NS 

LFHF qCO  0.604 NS 0.564 NS 

PDR 0.660 NS 0.652 0.025 

PDR3 0.306 NS 0.235 0.000 

PDR5 0.840 0.005 0.921 0.000 

Ce REMI  0.080 0.000 0.078 0.000 
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Table 8. Pk and P-value of the LMA statistical analysis. Yellow: indices out of the range; Light Orange: 

indices with a low prediction; Normal Orange: indices with a high prediction; Dark Orange: indices with 

the best prediction; NS: No significant 

 
Group 1 

ANI/Algiscan/CONOX/qCO 

Group 2 

Algiscan/CONOX/qCO 

 Pk Values P-value Pk Values P-value 

qNOX  0.500 NS 0.306 NS 

ANI 0.667 NS -  -  

CO qCO  0.595 NS 0.588 NS 

SV qCO  0.333 NS 0.381 NS 

HR qCO  0.714 NS 0.758 0.014 

HFn qCO  0.381 NS 0.242 0.014 

LFHF qCO  0.643 NS 0.842 0.001 

PDR 0.619 NS 0.638 NS 

PDR3 0.143 0.035 0.229 0.010 

PDR5 0.833 0.051 0.763 0.012 

Ce REMI  0.476 NS 0.358 NS 

 

Figure 9. Boxplots indices example of the Tetanus Statistical Analysis in Group 1.  
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Figure 10. Boxplots indices example of the LMA Statistical Analysis in Group 1.  

 

 

 

4.3. Parameters that negatively affect the nociception 

For the third objective, the identification of parameters or variables that affect the 

prediction of the nociception indices was done with the mean and SD comparison. The 

parameters analyzed were the ones collected in the Hospital Clínic de Barcelona with the 

Rugloop program (e.g. ASA, Age, Ratio of HR, Respiratory Rate and blood pressure, 

among others). In this section, the most significant results are presented, the rest of them 

can be found in Appendices VI).  

In Table 9, the most interesting statistical analysis is shown: the different qNOX 

subgroups of the LMA stimulus analysis. This was the analysis which has shown the most 

significant results where it was possible to identify two parameters that might affect the 

index performances.  

The first one was the BS, where the 40 % of the 1st subgroup, MOV and qNOX<50, 

showed a BS higher than 10. Nevertheless, regarding to the same subgroup, this was the 

one with the higher ratio of HR max.  
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The second parameter identify was the age in the 3rd subgroup, NMOV and qNOX >50. 

This is the elderly subgroup with a mean of 69.29 years. The qNOX in this subgroup was 

57.35, quite close to the limit.  

Table 9. Mean and SD values of all the parameters that could be related with the bad detection of the 

qNOX monitor with the LMA stimuli. In dark orange the more significant values.  

 

 

MOV &  

qNOX < 50 

n = 15 

MOV &  

qNOX >50 

n = 0 

No MOV &  

qNOX > 50 

n = 7 

No MOV &  

qNOX < 50 

n = 14 

 Mean SD Mean SD Mean SD Mean SD 

qNOX  30.14  11.26 - - 57.35 11.99 28.63 12.51 

EMG qCON 14.31 14.99 - - 33.94 7.77 11.16 14.12 

ANI 51.16 20.25 - - 27.03 0.00 41.79 14.60 

CO qCO 5.26 0.78 - - 5.73 1.30 4.69 0.88 

HR qCO 69.53 11.23 - - 64.37 6.64 58.27 10.41 

HFn qCO 15.68 20.10 - - 23.80 12.90 27.40 16.27 

LFHF qCO 17.00 15.04 - - 5.97 6.82 6.10 6.23 

Rat HR qCO (*) 0.93 8.44 - - 2.14 6.63 2.20 9.95 

Ratio HRmax 

qCO (*) 
5.69 10.07 - - 6.13 7.88 6.95 11.54 

% BS > 10 (*) 40 - - - 0 - 50 - 

PDR 27.20 13.66 - - 24.97 16.66 19.41 12.88 

PDR3 29.54 23.42 - - 51.22 25.47 57.64 32.32 

PDR5 5.69 18.85 - - 0.27 0.22 0.24 0.19 

Ce REMI  2.12 0.70 - - 2.60 0.63 2.46 1.09 

Rat HR max (*) 23.32 11.72 - - 15.38 13.38 15.24 10.23 

Respi Rate (*) 22.91 15.99 - - 28.87 22.68 25.31 17.96 

Age 47.33 12.96 - - 69.29 5.28 54.50 14.44 

BSA (*) 1.67 0.14 - - 1.75 0.13 1.70 0.12 

ASA (*) 1.27 0.59 - - 1.71 0.49 1.50 0.65 

 

(*) Rat HR qCO (bmp): difference of the HR mean before and after the stimuli.  Ratio HRmax qCO 

(bmp): difference of the HR mean before and the HR maximum after the stimuli with the qCO data. %BS 

> 10: number of stimuli with a BS index higher than 10. Rat HR max (bmp): difference of the HR mean 

before and the HR maximum after the stimuli with the hemodynamics device of the Hospital. Respi Rate: 

number of breath cycles in a minute. BSA: Body Surface Area. ASA (American Society of 

Anesthesiologists): a system for assessing the fitness of patients before surgery.  
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Regarding the others results, found in the Table 16 of the Appendices VI, in the qNOX 

Tetanus analysis it was not possible to extract any significant result. The same occurred 

with the statistical analysis of the ANI and Algiscan with Tetanus and LMA stimuli. In 

the ANI analysis case, the number of stimuli was poor and assumptions could not be done.  

 

5. DISCUSSION 

This study was designed to compare: the behavior of the four nociception monitors during 

gynecology surgeries, the ability to predict nociception with two different types of 

stimulus, Tetanus and LMA, and the variables that could be affecting the nociception 

prediction. It can be noted from the obtained results that the compared monitors show 

some differences between them and that they can be improved in order to predict the 

nociception in all types of nociceptive stimuli.   

 

First Objective 

Nociceptive stimulation triggers multiple physiological and behavioral responses. Some 

examples of these responses are the withdrawal of reflexes, increase in HR and blood 

pressure and lacrimation, among others related with SNS. [8] So, nociception monitors 

may predict nociception in different ways.  Consequently, most of the monitors compared 

in this project process and analyze the information of the patient’s nociception pathway 

with different variables (EEG, ECG and pupil) and techniques. These variety was seen in 

the correlation in Table 6, which reflects the various behave among surgeries.  

 

Two monitors of this study predict nociception by analyzing the ECG data, which has 

been widely used as a noninvasive assessment tool for autonomic nervous system (ANS) 

function, which is affected by the nociception process. [19] The qCO monitor extracts all 

the indices related with the HRV during the surgery, but the most relevant indices to 

predict the nociception, as seen in section 4.3, were the HFn, the LFHF ratio and the HR. 

The ANI was derived from the HF component of HRV modulated by the influence of 

Respiratory Sinus Arrhythmia on the RR series. Therefore, ANI and HFn of the qCO 

monitor were two indices with a strong correlation (0.41), although the placement and 

type of sensors for each monitor are not the same and the different techniques used might 

affect the correlation value.  
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Another important thing to discuss in this objective is the opposite sign of the LFHF and 

HR with the HFn. This fact is related with ANS: The HF is associated with PNS activity, 

the LF reflects the balance between SNS and PNS activity and the HR is related with the 

SNS. Thus, when the patient is in a state of response (MOV) to a nociceptive stimuli, the 

HF decreases, since the PNS is not directly related with the nociception. However, the 

LF, LFHF and HR increase due to the nociception is related with the SNS tone. 

 

To sum up the discussion of the first objective, the ANI monitor and the HFn index of the 

qCO monitor had the best similar behave during the surgeries. So, the qCO monitor could 

be in the market as a nociception monitor since the ANI is a popular one. On the other 

hands, the qNOX shows more correlation with the Algiscan index. 

 

Second Objective 

For the second objective, 4 different statistical analysis were done: 2 with the Tetanus 

stimuli and 2 more with the LMA stimuli. In the following lines, the different studies 

based on the stimuli will be discuss. 

 

In the Tetanus statistical analysis, in both group 1 and group 2, the most reliable 

prediction of the Tetanus reaction, among the indices available in the market, was carried 

out with the qNOX index (Pk value of 0.785 in group 1 and 0.770 in group 2). This 

monitor is the only one that does not measure the physiological responses of the SNS and 

PNS. The qNOX is computed with the pattern of the patient’s EEG to identify the 

nociception process, a previous step of the ANS responses. As it is known, the nociception 

pathway starts in the pain location, travels to the cortex and from there some pathways of 

the SNS or PNS are activated to generate a response.  Hence, the qNOX monitor analyzes 

the nociception at an earlier step compared with the other monitors and, for that reason, 

the reaction’s prediction is detected more easily.  

If we do not get focus only in the indices available in the market, the results in Table 7 

(Section 4.2) shows that the best index to predict nociception was the PDR5, one of the 

new index calculated in this study with the Algiscan data. The fact that the PDR5, PDR4 

and PDR3 had more suitable capacity to predict the nociception was due to the baseline, 

which was included in the indices equation, calculated before the surgery starts. Human 
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beings have common features as: the body shape, the organs, the cells and others, 

although these features might show large differences between subjects. Therefore, to 

consider the variability of each patient it is quite important, as it is shown in the new 

indices based on pupil size and in previous studies. [19, 20]  

 

The HFn of the qCO monitor, in the Tetanus analysis, had the best Pk value in group 1 

(0.347) among qCO indices, since this index can behave as an early indicator of 

inadequate analgesia as some studies indicate. [19] The ANI, which had a close relation 

with the HF, did not have the ability to predict nociception, as the Pk, shown in tables 6 

and 7, has a value between 0.5 – 1, and would have to be between 0 - 0.5 since represents 

the tone of the parasympathetic system. The lack of surgeries with ANI could be affecting 

these results, so it is quite important to have in mind this fact to avoid creating fake and 

poor reliable assumptions. Although, after this study, the hypothesis extracted was that 

ANI it is not a good nociceptive predictor. 

 

The LMA statistical analysis was so different from the aforementioned one. The best 

monitor was the Algiscan and the qCO. The ANI and the qNOX were placed on a wrong 

range (Pk values between 0.5 – 1 and 0 – 0.5, respectively). These changes in Pk values 

and P-values can be explained for the following reasons. Firstly, the LMA stimulus is 

quite different from the rest of surgical stimuli and the Tetanus one. The Tetanus stimuli 

is more similar to the ones that occur during surgery and it is less painful comparing to 

the LMA stimulus. Secondly, before the LMA stimulus is applied, in patients with high 

risk, the anesthesiologist performs a preoxygenation on the patient, as a technique that 

prevents hypoxia during intubation attempts. [21] Moreover, the introduction of the LMA 

in the patient leads to a change in the oxygen concentration in blood. Hence, an 

uncommon concentration of oxygen could be affecting the data (ECG and EEG) used to 

calculate the nociception. Thirdly, the uncontrollable variables of the LMA stimulus as: 

the size, the collocation by the HP and the type of mouth it could be another explanation. 

To conclude with more contrasted and firmer hypothesis, for this study it was decided to 

analyse and discuss if there were other parameters/variables that were affecting this Pk 

and P-values change. 
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To sum up the discussion of the second objective, it is seen that the indices behave quite 

different when they have to predict the two types of stimuli analysed. So, as the qNOX 

index predicts the Tetanus stimuli and the qCO HFn index better predicts the LMA stimuli 

it will be interesting to join them as a single monitor to predict both stimuli.  

 

Third Objective  

The last analysis was performed in order to identify the indices that negatively affect the 

nociception prediction and to fulfill the third objective. Many parameters were studied to 

extract some assumptions, but most of them were not significant. There was not enough 

data in the ANI analysis and in the PDR there was no parameter that stood out. The most 

relevant parameters come from the analysis of qNOX monitor, specifically the age and 

the BS. The BS is a specific EEG pattern that indicates brain inactivation since it 

alternates short period of high voltage EEG activity followed by longer flat EEG period. 

 

The age (69.29, 5.28) in the 3rd subgroup of the LMA qNOX analysis, as seen in Table 9, 

was quite different from the others. Nowadays, it is well recognized that ageing is 

associated with slower performance in a wide range of tasks and is correlated with a 

reduction in muscle strength and motor control. Additionally, there is evidence that 

muscle weakness is associated with impairments in the ANS’s ability to activate motor 

neurons. [22] Moreover, other studies suggest that this slowdown is not originated from 

the early processes of stimulus processing, but it is produced by a functional dysregulation 

of motor cortex excitability during sensorimotor processing. [23] Taking into account all 

these studies and the results obtained in this work, it can be concluded that the prediction 

performance of the qNOX of an elderly group could be affected by the age.  

 

The Conox monitor takes into account the BS as an important parameter to establish the 

qNOX index. Thus, when the patient is under a BS state, the qNOX index drastically 

decreases as the cortex activity is zero. When a patient is under a BS pattern, the motor 

reaction to any stimulus is predicted to be null. Nevertheless, in the 1st subgroup (MOV 

and qNOX < 50) the 40 % of LMA stimuli had a BS index higher than 10. So, how could 

the patient react with a motor movement while the cerebral activity was temporally 

inactivated? The first hypothesis done with these results was that the detected movement 



 
 

29 

during a BS pattern was not related to the nociception process but it was a muscle reflex.  

However, the HR ratio (before and after the stimuli) mean of this subgroup was 23.32 

bpm, showing a difference of 8 bpm with the 3rd and 4th subgroup. This fact brings to the 

second hypothesis, the nociception process was occurring and the BS detected by the 

Conox was negatively affecting the qNOX index. The local cortical dynamics are not 

homogeneous and the BS pattern has different behaviors in the whole brain [24]. 

Therefore, the Conox sensors as only analyze the forehead could be rejecting important 

data from other parts.  

 

In conclusion, after the discussion of the third objective, it was shown that it would be 

interesting to modify some parameters of the qNOX monitor before the surgery starts to 

include some personal data such as the age. Regarding the BS, this might suggest that the 

qNOX computation need to be independent from BS, however a more detailed analysis it 

is needed with more information and patients in order to extract a reliable hypothesis.  

 

The limitations of the current study should be discussed. Firstly, our classification of 

inadequate and adequate analgesia was quite poor as it was only based on movement and 

no movement. In other studies, the signs of inadequate analgesia were: HR greater than 

90 bmp, autonomic signs such as sweating, flushing, or lacrimation and increase in 

systolic blood pressure of more than 15 mmHg. [20] These huge number of signs makes 

a statistical analysis more complex but more reliable. Furthermore, the study was only 

carried out with the administration of a combination of Remifentanil and Propofol drugs, 

no more drugs were used to test the nociception monitor comparison. Hence, the results 

of this study are directly related with the Remifentanil drug and general assumptions 

cannot be made for other drugs. Some studies proved that depending on the analgesic 

administrated, the EEG pattern changes [25] or the pupil diameter does not change in an 

anti-nociception state [26]. Another limitation is that population gender is the same in all 

the study and the previous medications of each patient are not taken into account. It was 

also observed that the Ce Remifentanil in the MOV group, in the Tetanus statistical 

analysis in the second objective, was always zero excepting for four stimuli, which could 

be affecting the results. It would be more interesting to analyze stimuli with a Movement 

reaction and with high Remifentanil concentrations. In addition, the Algiscan data used 
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in the LMA statistical analysis was the same as the one recorded with the Tetanus stimulus 

when the Ce Remifentanil was stable. This issue could be benefiting the Algiscan results 

in the LMA analysis. The last limitation identified in this project was the lack of ANI 

surgeries in the statistical analysis. It was planned to record more surgeries with this 

nociception monitor but due to the COVID-19 pandemic, the data collection had to stop.  

 

After discussing and analyzing all the obtained results, for future studies it is 

recommendable to increase the number of surgeries with the ANI monitor to make sure 

that the data presented in this study is reliable. Moreover, it would be quite important to 

consider other signs of inadequate anesthesia in the statistical analysis as there is not a 

clear scientific explanation that relates movement with nociception. Finally, for future 

studies the creation of a baseline for each nociception index before the surgery starts and 

the patient is under GA to reflect the individual variability it will be interesting.  

 

6. CONCLUSION 

The Algiscan and the Conox were the two monitors with the best capability to predict 

nociception in the Tetanus stimuli with expected results. The HFn and LFHF, from the 

qCO monitor, were promising indices since the Pk and P-values obtained in LMA and 

Tetanus stimuli were quite good. The ANI was the worst one, but had a good correlation 

with HFn of the qCO as they use the same data of the ECG. The age of the patient and 

the BS could be affecting the nociception indices based on EEG signals in a negative way, 

as seen in the LMA stimuli example with the qNOX monitor. Nevertheless, all the 

nociception monitors need to be improved in order to better predict the response to 

different surgical stimuli. In this way, the regulation of the analgesic administration would 

be controlled and the lack and overdose of analgesia will be cut down.  

 

In order to confirm the findings of this study with more statistical significance, the number 

of surgeries with all the monitors need to be increased, especially the number of LMA 

stimuli in the different statistical analysis and the ANI data.  
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One of the most promising things seen in this study was the importance of calculating the 

variability of each patient before the surgery starts, as done for the pupil size. Most of the 

monitors are generics since they do not have in tale: the age, the previous illnesses and 

medications, the gender and the prior surgeries, among others. Therefore, analyzing the 

patient before surgery, to obtain more information, might improve the performances of 

the nociception index. 
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10. LIST OF ABREVATIONS 

GA – General Anesthesia 

EEG – Electroencephalogram 

HR – Heart Rate 

CNS – Central nervous system  

PAG – Periaqueductal gray  

RMV – Rostral ventromedial medulla 

LMA – Laryngeal mask airway 

SNS – Sympathetic nervous system  

QM – Quantium Medical  

ECG – Electrocardiogram 

CO – Cardiac Output 

SV – Stroke Volume 

HRV – Heart Rate Variability 

HF – High Frequency  

HFn – High Frequency normalized 

RMSSD – Root mean Square of the Successive Differences 

SDSD – Standard Deviation of Successive Differences 

LF – Low Frequency  

LFHF – Ratio between LF and HF  

ANI – Analgesia Nociception Index 

PDR – Pupillary dilation réflex 

TCI – Target-Controlled Infusion  

Ce – Concentration Site-effect 

SD – Standard Deviation  

 Pk – Prediction Probability  

PNS – Parasympathetic Nervous System 

ANS – Autonomic Nervous System  

BS – Burst Suppression 
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11. APPENDICES 

11.1 Appendices I: qCO parameters, Quantium Medical  

The qCO parameters calculated by the monitor in real time during the surgery:  

Cardiac output (CO) 
Amount of blood pumped by the heart through the circulatory system in one 

minute. 

Stroke volume (SV) Amount of blood ejected by the left ventricle of the heart in one contraction. 

Heart rate (HR) Heart rate is the number of heart rate beats per minute. 

Energy in the High Frequency 

(HF) band 

Energy in the 0.15-0.4 Hz frequency band is related with the 

Parasympathetic Nervous System (PNS) activity. Therefore, HF 

components increase when the heartrate increases. 

RMSSD 
Reports the short-term variations of RR intervals and is used to observe the 

influence of the PNS on the cardiovascular system. 

SDSD Standard deviation of successive differences of the RR intervals. 

Impedance curve Graphic representation of the impedance 

Signal Quality Index (SQI) It represents the quality of the collected signal. 

 

Nevertheless, with the HRV recorded with the qCO monitor during surgeries, there is the 

possibility to calculate more parameters one the analysis of the qCO parameters is done:  

Energy in the Low Frequency 

(LF) band 

Energy in the 0.04-0.15Hz frequency band is related with the Sympathetic 

Nervous System (SNS) activity. Therefore, LF components decrease when the 

heartrate decreases. 

Energy in the High Frequency 

(HFn) band normalize 

This parameter follows this equation:   

HFn = HF / ( HF + LF ) 

 

LFHF 

Some consider this indicative of Sympathetic to Parasympathetic Autonomic 

Balance, but that is controversial. LFHF = LF / HF 
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11.2 Appendices II: Pupilometer technology  

The pupil is a black hole in the center of the iris that allows light to hit in the retina. Pupil 

size is determined by the interaction of the parasympathetic and sympathetic nervous 

system.  

The parasympathetic nervous system is in charge of the pupil’s contraction. Begins in the 

Edinger-Westphal Nucleus, where a preganglionic nerve fibers innervate the ciliary 

ganglion and supplies the constrictor muscle (sphincter pupillae). Whereas, the 

sympathetic nervous system leads to pupillary dilation. Preganglionic nerve fibers from 

the spinal cord innervate the cervical ganglion, which supplies dilation muscle (radial 

muscle). [13] All this process is shown in figure 12.  

The opioid administration, provokes a change in the nervous system. The sympathetic 

tone decrease and consequently, the parasympathetic tone increase.  

The PDR measures the pupil dilation in front of a photomotor or electric stimulus.  Due 

to the nervous system change, if the patient is well anesthetized, the PDR will be quite 

low as the Ciliary Ganglion is innervating the sphincter pupillae.  

Therefore, if the Algiscan detects a high PDR under a GA, the HP will have to 

administrate more opioids.  

 

 

 

 

 

 

 

Figure 12. Pupil innervation. Source. Stanford medicine. 
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11.3  Appendices III: Algiscan parameters 

In this section, the new Algiscan parameters calculated from the pupil evolution are 

shown.  It is important to remember that these parameters are personal compilation. The 

main difference between the personal parameters and the one proportionate by the 

monitor is that in this project we take into account the pupil diameter before the Propofol 

is administrated. In this way, the difference between each patient is include in the 

equation.  

In figure 14 there is an example of the pupil’s reaction under a Tetanus stimulus. The 

beginning and the end of electrical stimulation are indicated.   

These are the personal equations calculated:  

  

 

 

 

 

 

 

 

The Baseline of each patient was calculated with 4 measurements of the pupil diameter 

(without applying any stimulus) that were made before starting the GA. Hence, the 

baseline variable, is the mean of these initial measures. The data of these measures can 

be seen in figure 13.  

The Before variable is the pupil diameter mean from the time where the data collection 

starts up to the stimulus is applied.  

The After variable is the pupil diameter mean from 10 seconds before the stimulus ends 

up to 10 seconds after the stimulus ends.  

The extraction of these variables can be seen in figure 14 in a visual way.  

𝑃𝐷𝑅2 =
𝑎𝑏𝑠(𝐴𝑓𝑡𝑒𝑟 − 𝐵𝑒𝑓𝑜𝑟𝑒)

𝐵𝑒𝑓𝑜𝑟𝑒
 ∗ 100 

𝑃𝐷𝑅3 =
𝑎𝑏𝑠(𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 − 𝐴𝑓𝑡𝑒𝑟)

𝐴𝑓𝑡𝑒𝑟
 ∗ 100 

𝑃𝐷𝑅4 =
𝑎𝑏𝑠(𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 − 𝐵𝑒𝑓𝑜𝑟𝑒)

𝐵𝑒𝑓𝑜𝑟𝑒
 ∗ 100 

𝑃𝐷𝑅5 =
𝑃𝐷𝑅2

𝑃𝐷𝑅4
=

𝑎𝑏𝑠(𝐴𝑓𝑡𝑒𝑟 − 𝐵𝑒𝑓𝑜𝑟𝑒)

𝑎𝑏𝑠 (𝐵𝑎𝑠𝑒𝑙𝑖𝑛𝑒 − 𝐵𝑒𝑓𝑜𝑟𝑒)
  



 
 

42 

For this project, it could not be possible to stablish a range for the PDR2, PDR3 ,PDR4 

and PDR5 parameters. Therefore, were not included in the statistical analysis of the 

objective 3.  

 

 

 

 

 

 

 

 

 

Figure 13. Initial measurements example of the pupil diameter to calculate the baseline of the patient 

1403.  

 

 

 

 

 

 

 

 

Figure 14. Explanation of the different variables used to calculate the personal Algiscan parameters.  
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11.4. Appendices IV: Correlation 

Table 10. Correlation results with all the indices.  

 

The lightest orange colour represents the values between 0.2 and 0.3. The darkest orange values bigger than 0.5, including the 0.5. The last colour, values between 

0.3 and 0.5, including the 0.3.  

  CeRemi CePropo qCON qNOX CO SV HR  RMSSD SDSD HF HFn LF LFHF ANI PDR PDR2 PDR3 PDR4 PDR5 

CeRemi 1.00 -0.04 -0.29 -0.27 -0.10 0.08 -0.18 0.09 0.09 0.06 0.07 0.06 -0.04 0.14 -0.49 -0.52 0.52 0.60 -0.30 

CePropo -0.04 1.00 -0.44 -0.36 0.14 -0.07 0.25 -0.21 -0.21 -0.13 -0.17 -0.08 0.28 -0.32 0.05 0.08 -0.38 -0.45 0.13 

qCON -0.29 -0.44 1.00 0.90 0.30 0.12 0.20 -0.11 -0.11 -0.12 -0.17 -0.05 0.04 -0.01 0.38 0.35 -0.17 -0.20 0.23 

qNOX -0.27 -0.36 0.90 1.00 0.29 0.12 0.18 -0.08 -0.08 -0.10 -0.16 -0.04 0.06 0.01 0.36 0.36 -0.23 -0.29 0.24 

CO -0.10 0.14 0.30 0.29 1.00 0.55 0.57 -0.34 -0.34 -0.20 -0.29 -0.14 0.17 -0.32 0.08 0.11 -0.12 -0.17 0.03 

SV 0.08 -0.07 0.12 0.12 0.55 1.00 -0.34 -0.07 -0.07 -0.11 0.00 -0.07 -0.06 -0.04 -0.02 -0.02 0.14 0.14 0.00 

HR -0.18 0.25 0.20 0.18 0.57 -0.34 1.00 -0.32 -0.32 -0.14 -0.30 -0.10 0.23 -0.33 0.07 0.11 -0.22 -0.27 0.05 

RMSSD 0.09 -0.21 -0.11 -0.08 -0.34 -0.07 -0.32 1.00 1.00 0.77 0.27 0.59 -0.17 0.25 -0.03 -0.04 0.06 0.10 -0.07 

SDSD 0.09 -0.21 -0.11 -0.08 -0.34 -0.07 -0.32 1.00 1.00 0.77 0.27 0.59 -0.17 0.25 -0.03 -0.05 0.06 0.10 -0.07 

HF 0.06 -0.13 -0.12 -0.10 -0.20 -0.11 -0.14 0.77 0.77 1.00 0.17 0.57 -0.09 0.14 -0.03 -0.06 -0.02 -0.01 -0.04 

HFn 0.07 -0.17 -0.17 -0.16 -0.29 0.00 -0.30 0.27 0.27 0.17 1.00 0.00 -0.42 0.41 -0.32 -0.30 0.23 0.24 -0.18 

LF 0.06 -0.08 -0.05 -0.04 -0.14 -0.07 -0.10 0.59 0.59 0.57 0.00 1.00 0.01 0.01 0.07 0.07 0.03 0.03 0.01 

LFHF -0.04 0.28 0.04 0.06 0.17 -0.06 0.23 -0.17 -0.17 -0.09 -0.42 0.01 1.00 -0.39 0.19 0.18 -0.18 -0.26 0.19 

ANI 0.14 -0.32 -0.01 0.01 -0.32 -0.04 -0.33 0.25 0.25 0.14 0.41 0.01 -0.39 1.00 -0.10 -0.11 0.38 0.45 -0.21 

PDR -0.49 0.05 0.38 0.36 0.08 -0.02 0.07 -0.03 -0.03 -0.03 -0.32 0.07 0.19 -0.10 1.00 0.95 -0.41 -0.34 0.21 

PDR2 -0.52 0.08 0.35 0.36 0.11 -0.02 0.11 -0.04 -0.05 -0.06 -0.30 0.07 0.18 -0.11 0.95 1.00 -0.42 -0.36 0.24 

PDR3 0.52 -0.38 -0.17 -0.23 -0.12 0.14 -0.22 0.06 0.06 -0.02 0.23 0.03 -0.18 0.38 -0.41 -0.42 1.00 0.91 -0.17 

PDR4 0.60 -0.45 -0.20 -0.29 -0.17 0.14 -0.27 0.10 0.10 -0.01 0.24 0.03 -0.26 0.45 -0.34 -0.36 0.91 1.00 -0.32 

PDR5 -0.30 0.13 0.23 0.24 0.03 0.00 0.05 -0.07 -0.07 -0.04 -0.18 0.01 0.19 -0.21 0.21 0.24 -0.17 -0.32 1.00 
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11.5. Appendices V: Results of the LMA and Tetanus Statistical 

analysis of the Group 1 and 2.   

 

Table 11. Mean and SD of the Tetanus Statistical analysis.  

 

(*) CO qCO (L/min); SV qCO (mL); HR qCO (bmp); HF, HFn, LF and LFHF qCO (Hz); Ce REMI 

(ng/mL); Ce PROPO (mg/mL) 

 

 Group 1 
ANI/Algiscan/CONOX/qCO 

Group 2 

Algiscan/CONOX/qCO 

 MOV  No MOV MOV  No MOV 

 Mean  SD Mean  SD Mean SD Mean SD 

qNOX 47.27 17.70 29.43 15.44 54.95 17.82 38.09 16.53 

ANI 41.81 12.76 41.44 17.18 - - - - 

CO qCO (*) 5.60 1.66 5.21 1.27 5.80 1.76 5.29 1.11 

SV qCO (*) 77.35 14.87 76.48 14.17 80.72 20.79 81.27 17.04 

HR qCO (*) 71.92 10.91 68.90 13.03 71.95 11.71 65.87 11.96 

RMSSD qCO 

(*) 
21.74 14.29 21.17 12.43 24.69 31.82 28.45 36.60 

SDSD qCO (*) 21.83 14.39 21.29 12.53 24.83 32.08 28.65 36.99 

HF qCO (*) 159.5 246.2 132.8 142.6 326.4 900.3 321.4 1173.8 

HFn qCO (*) 13.08 10.53 20.47 14.45 17.45 15.39 23.44 18.72 

LF qCO (*) 916.3 849.6 591.9 624.8 720.9 938.0 638.9 1328.2 

LFHF qCO (*) 17.05 15.00 14.20 18.83 12.10 11.48 12.63 18.21 

PDR 35.85 23.00 23.52 12.55 39.55 31.27 23.04 13.04 

PDR2 33.45 22.88 21.25 12.37 37.80 30.44 19.53 11.74 

PDR3 20.15 12.87 33.97 23.83 22.25 11.34 48.49 29.23 

PDR4 19.37 16.87 56.18 25.30 17.41 16.33 70.70 31.00 

PDR5 4.97 7.90 1.35 3.37 11.46 24.65 0.74 2.01 

Ce REMI (*) 0.14 0.49 1.89 0.93 0.19 0.64 2.29 1.14 

CE PROPO (*) 6.99 1.78 7.22 1.67 6.06 1.33 6.32 1.32 

Movement 1.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
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Table 12. Mean and SD of the LMA Statistical analysis.  

 

(*) CO qCO (L/min); SV qCO (mL); HR qCO (bmp); HF, HFn, LF and LFHF qCO (Hz); Ce REMI 

(ng/mL); Ce PROPO (mg/mL) 

 

 

 
 

Group 1 

ANI/Algiscan/CONOX/qCO 

 

Group 2 

Algiscan/CONOX/qCO 

 

MOV  No MOV MOV  No MOV 

 

Mean  SD Mean  SD Mean SD Mean SD 

qNOX 23.51 9.00 25.71 17.39 28.75 10.97 38.69 18.70 

ANI 53.01 21.53 40.78 15.44 - - - - 

CO qCO (*) 5.14 0.97 4.93 0.82 5.24 0.80 5.09 1.12 

SV qCO (*) 71.42 18.62 77.24 5.72 75.01 15.28 83.61 13.85 

HR qCO (*) 72.87 10.97 63.18 10.26 70.69 10.16 60.38 9.85 

RMSSD qCO 

(*) 
19.07 11.63 20.34 12.74 17.25 8.72 39.19 48.48 

SDSD qCO (*) 19.17 11.74 20.45 12.83 17.32 8.80 39.61 49.32 

HF qCO (*) 67.5 74.8 135.6 170.7 50.2 57.5 677.6 1927.6 

HFn qCO (*) 21.97 21.60 21.32 11.34 16.80 21.50 26.95 14.98 

LF qCO (*) 655.5 734.5 572.0 717.3 622.9 541.8 860.2 1650.6 

LFHF qCO (*) 11.73 9.71 7.62 6.49 20.60 14.88 5.68 6.18 

PDR 24.63 10.27 21.56 13.93 27.11 13.67 21.36 14.14 

PDR2 22.88 9.58 18.53 13.54 22.42 12.48 17.42 12.46 

PDR3 19.86 16.16 43.97 24.52 29.01 22.41 55.40 29.57 

PDR4 46.45 13.85 68.85 20.67 48.74 24.09 79.97 24.07 

PDR5 0.53 0.21 0.29 0.19 5.68 18.85 0.25 0.19 

Ce REMI (*) 1.79 0.55 1.97 0.61 2.03 0.67 2.54 0.95 

CE PROPO (*) 6.15 0.74 7.39 2.15 5.96 0.81 6.18 1.64 

Movement 1.00 0.00 0.00 0.00 1.00 0.00 0.00 0.00 
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Table 13. All the Pk and P-Values of the Tetanus Statistical analysis.  

 

 

 

 

 

 

Group 1 

ANI/Algiscan/CONOX/qCO 

Group 2 

Algiscan/CONOX/qCO 

 
Pk Values P-value Pk Values P-value 

qNOX  0.785 0.019 0.770 0.000 

ANI 0.569 0.583 - - 

CO qCO  0.576 0.544 0.570 0.302 

SV qCO  0.479 0.885 0.463 0.585 

HR qCO  0.576 0.544 0.646 0.031 

RMSSD qCO  0.542 0.751 0.474 0.701 

SDSD qCO  0.542 0.751 0.473 0.693 

HF qCO  0.465 0.795 0.456 0.520 

HFn qCO  0.347 0.214 0.409 0.178 

LF qCO  0.576 0.544 0.550 0.465 

LFHF qCO  0.604 0.403 0.564 0.344 

PDR 0.660 0.194 0.652 0.025 

PDR2 0.660 0.194 0.707 0.002 

PDR3 0.306 0.112 0.235 0.000 

PDR4 0.118 0.002 0.076 0.000 

PDR5 0.840 0.005 0.921 0.000 

Ce REMI  0.080 0.000 0.078 0.000 

Ce PROPO 0.431 0.583 0.395 0.123 

Movement 1.000 0.000 1.000 0.000 
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Table 14. All the Pk and P-Values of the LMA Statistical analysis.  

 

 

 

 

 

Group 1 

ANI/Algiscan/CONOX/qCO 

Group 2 

Algiscan/CONOX/qCO 

 
Pk Values P-value Pk Values P-value 

qNOX  0.500 1.000 0.306 0.065 

ANI 0.667 0.366 -  -  

CO qCO  0.595 0.628 0.588 0.407 

SV qCO  0.333 0.366 0.381 0.261 

HR qCO  0.714 0.234 0.758 0.014 

RMSSD qCO  0.476 0.945 0.346 0.146 

SDSD qCO  0.476 0.945 0.342 0.136 

HF qCO  0.429 0.731 0.342 0.136 

HFn qCO  0.381 0.534 0.242 0.014 

LF qCO  0.500 1.000 0.612 0.294 

LFHF qCO  0.643 0.445 0.842 0.001 

PDR 0.619 0.534 0.638 0.191 

PDR2 0.690 0.295 0.652 0.151 

PDR3 0.143 0.035 0.229 0.010 

PDR4 0.190 0.073 0.177 0.002 

PDR5 0.833 0.051 0.763 0.012 

Ce REMI  0.476 0.945 0.358 0.179 

Ce PROPO 0.310 0.295 0.554 0.619 

Movement 1.000 0.001 1.000 0.000 
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In the following pages, the Indices Boxplots of the Tetanus Statistical Analysis are shown. 

 

Group 1 
ANI/Algiscan/CONOX/qCO 

 

Group 2 
Algiscan/CONOX/qCO 
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11.6.  Appendices VI: Results of the LMA and Tetanus 

Statistical analysis for each Nociception Monitor.    

Table 15. All the Mean and SD results of the LMA Statistical Analysis of the qNOX Monitor.        

 

MOV &  

qNOX < 50 

n = 15 

MOV &  

qNOX >50 

n = 0 

No MOV &  

qNOX > 50 

n = 7 

No MOV &  

qNOX < 50 

n = 14 

 Mean SD Mean SD Mean SD Mean SD 

qNOX  30.14  11.26 - - 57.35 11.99 28.63 12.51 

ANI 51.16 20.25 - - 27.03 0.00 41.79 14.60 

CO qCO 5.26 0.78 - - 5.73 1.30 4.69 0.88 

SV qCO 76.17 15.23 - - 88.68 18.65 79.95 10.51 

HR qCO 69.53 11.23 - - 64.37 6.64 58.27 10.41 

RMSSD qCO 18.02 8.83 - - 14.72 6.34 49.29 55.25 

SDSD qCO 18.09 8.93 - - 14.79 6.40 49.87 56.22 

HF qCO  48.93 53.89 - - 124.98 252.17 906.21 2283.62 

HFn qCO 15.68 20.10 - - 23.80 12.90 27.40 16.27 

LF qCO  560.83 532.99 - - 126.90 108.53 1175.17 1902.65 

LFHF qCO 17.00 15.04 - - 5.97 6.82 6.10 6.23 

PDR 27.20 13.66 - - 24.97 16.66 19.41 12.88 

PDR2 23.03 12.12 - - 19.25 13.30 16.43 12.42 

PDR3 29.54 23.42 - - 51.22 25.47 57.64 32.32 

PDR4 50.40 27.38 - - 77.82 16.50 81.13 27.88 

PDR5 5.69 18.85 - - 0.27 0.22 0.24 0.19 

Ce REMI  2.12 0.70 - - 2.60 0.63 2.46 1.09 

Ce PROPO  5.98 0.99 - - 5.16 0.43 6.68 1.73 

Age 47.33 12.96 - - 69.29 5.28 54.50 14.44 

BIS 33.44 13.52 - - 41.94 15.19 28.09 6.26 

EMG BIS 30.27 4.42 - - 32.57 5.67 29.65 4.12 

BS BIS 11.87 15.40 - - 3.00 6.96 14.26 18.36 

Hemo HR 67.33 9.89 - - 62.99 7.05 58.68 10.16 

Rat HR 6.80 10.62 - - 5.25 6.61 1.62 6.10 

Rat HR max 23.32 11.72 - - 15.38 13.38 15.24 10.23 

Hemo NIBPsys 101.18 19.62 - - 115.67 30.82 115.10 24.45 

Rat NIBPsys -0.07 6.97 - - -0.32 5.39 -0.72 7.17 

Hemo NIBPdia 58.55 9.59 - - 66.83 13.12 65.70 7.50 

Rat NIBPdia 1.94 10.12 - - 7.97 13.76 2.15 9.66 

RespiRate 22.91 15.99 - - 28.87 22.68 25.31 17.96 

BS qCON 13.84 18.68 - - 1.44 2.56 21.18 26.53 

EMG qCON 14.31 14.99 - - 33.94 7.77 11.16 14.12 

SDbd3old_m 1.17 0.55 - - 0.88 0.23 1.35 0.50 

Rat HR qCO 0.93 8.44 - - 2.14 6.63 2.20 9.95 
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Ratio HRmax 

qCO 
5.69 10.07 - - 6.13 7.88 6.95 11.54 

Height 159.71 7.22 - - 161.86 6.64 161.36 6.49 

Weight 64.14 9.73 - - 70.71 11.88 66.43 8.64 

BSA 1.67 0.14 - - 1.75 0.13 1.70 0.12 

LBM 44.67 4.31 - - 46.43 4.12 45.58 4.17 

ASA 1.27 0.59 - - 1.71 0.49 1.50 0.65 

 

Table 16. All the Mean and SD results of the Tetanus Statistical Analysis of the qNOX Monitor.      

 
MOV &  

qNOX < 50 

n = 18 

MOV &  

qNOX >50 

n = 27 

No MOV &  

qNOX > 50 

n = 11 

No MOV &  

qNOX < 50 

n = 31 
 Mean DS Mean DS Mean DS Mean DS 

qNOX  36.89  7.06 65.84 14.55 60.69 11.98 33.12 11.42 

ANI 47.15 15.86 36.50 4.66 32.13 13.00 40.19 17.72 

CO qCO 5.32 0.87 5.98 2.01 6.03 1.60 5.24 1.08 

SV qCO 76.68 14.16 82.97 22.92 89.71 20.65 80.80 17.20 

HR qCO 70.64 11.10 71.85 12.15 67.99 9.28 66.17 12.41 

RMSSD qCO 21.63 11.56 31.59 46.61 33.64 66.24 25.67 20.41 

SDSD qCO 21.71 11.65 31.79 47.01 33.92 66.96 25.83 20.61 

HF qCO  126.48 198.18 532.44 1210.29 812.02 2360.24 159.14 187.75 

HFn qCO 16.72 15.96 20.30 17.96 17.58 14.86 25.42 19.40 

LF qCO  647.24 675.07 774.78 1080.85 1079.18 2459.54 449.27 622.04 

LFHF qCO 13.47 14.11 10.23 8.52 11.65 11.67 12.67 19.11 

PDR 32.18 19.47 43.50 36.08 24.66 15.37 24.03 13.22 

PDR2 27.42 19.41 43.49 34.26 22.19 16.79 20.25 11.83 

PDR3 18.96 10.03 23.51 12.36 51.97 26.60 48.05 29.76 

PDR4 15.49 16.11 18.81 16.35 71.27 30.31 70.42 32.08 

PDR5 10.48 21.39 11.63 26.51 0.53 0.80 0.82 2.16 

Ce REMI  0.53 0.96 0.04 0.18 2.41 1.14 2.17 1.12 

Ce PROPO  6.32 1.59 5.99 1.10 5.26 1.31 6.38 1.31 

Age 47.17 11.55 56.56 14.44 64.82 18.01 51.84 13.67 

BIS 34.94 10.33 55.43 18.72 51.18 19.86 33.43 11.85 

EMG BIS 29.92 3.93 37.13 7.17 35.37 7.61 29.04 4.10 

BS BIS 3.55 6.93 0.82 2.33 3.77 8.47 6.10 12.03 

Hemo HR 71.56 11.22 71.70 10.84 67.18 6.90 64.86 12.24 

Rat HR 2.28 9.75 1.13 4.85 2.80 9.56 3.39 5.99 

Rat HR max 17.15 12.86 9.95 5.69 15.10 18.24 17.01 10.93 

Hemo NIBPsys 123.20 20.85 125.42 23.77 130.33 30.49 107.22 20.13 

Rat NIBPsys 1.11 5.82 -2.05 4.37 -2.58 4.01 -2.59 6.57 

Hemo NIBPdia 75.73 18.88 72.89 12.56 72.89 16.90 63.96 12.40 

Rat NIBPdia 7.91 14.79 -1.47 5.36 -0.66 14.71 -2.83 8.11 

RespiRate 18.87 8.71 26.69 20.08 26.89 19.45 25.45 16.28 

BS qCON 4.27 9.65 0.00 0.00 0.42 1.14 10.70 20.58 



 
 

64 

EMG qCON 19.58 15.86 46.61 28.74 39.68 21.01 19.26 14.01 

SDbd3old_m 0.88 0.36 0.60 0.13 0.77 0.21 1.07 0.51 

Rat HR qCO 1.20 7.81 -1.43 4.18 2.34 6.37 0.46 6.81 

Ratio HRmax 

qCO 
7.06 11.77 2.50 3.55 7.44 9.92 4.79 8.17 

Height 158.56 6.13 161.92 6.49 161.00 5.90 161.67 6.28 

Weight 65.00 9.34 67.35 11.33 68.73 15.34 66.73 10.70 

BSA 1.68 0.14 1.71 0.15 1.72 0.20 1.71 0.14 

LBM 45.40 4.91 45.58 4.91 45.50 6.35 45.97 4.84 

ASA 1.39 0.61 1.67 0.68 2.00 0.45 1.35 0.49 

 

Table 17. All the Mean and SD results of the LMA Statistical Analysis of the ANI Monitor.            

 

 

  

MOV &  

ANI > 50 

n = 3 

MOV &  

ANI <50 

n = 4 

No MOV &  

ANI < 50 

n = 6 

No MOV &  

ANI > 50 

n = 1 

 Mean DS Mean DS Mean DS Mean DS 

qNOX  22.37 11.99 25.00 6.08 26.97 18.69 18.10 0.00 

ANI 69.40 15.52 37.48 8.80 35.26 5.54 73.87 0.00 

CO qCO 4.97 0.63 5.21 1.13 5.05 0.83 4.19 0.00 

SV qCO 71.69 17.86 77.74 23.22 78.25 5.55 71.20 0.00 

HR qCO 69.99 15.18 69.20 14.21 64.58 10.48 54.78 0.00 

RMSSD qCO 24.76 13.59 14.64 6.62 17.18 10.52 39.32 0.00 

SDSD qCO 24.90 13.76 14.72 6.66 17.26 10.59 39.57 0.00 

HF qCO  107.37 90.33 31.78 28.00 107.89 168.78 302.02 0.00 

HFn qCO 15.41 9.36 23.28 27.26 21.76 12.36 18.71 0.00 

LF qCO  891.65 894.41 477.12 517.42 451.31 703.54 1296.30 0.00 

LFHF qCO 13.07 12.55 9.15 7.39 8.25 6.87 3.81 0.00 

PDR 20.63 12.03 28.63 8.41 16.86 6.86 49.78 0.00 

PDR2 20.00 13.35 25.75 5.13 14.01 6.94 45.66 0.00 

PDR3 23.01 23.13 16.72 9.41 46.36 25.95 29.62 0.00 

PDR4 46.35 20.17 46.55 8.53 65.53 20.49 88.81 0.00 

PDR5 0.49 0.29 0.57 0.16 0.25 0.18 0.51 0.00 

Ce REMI  1.82 0.85 1.74 0.17 2.10 0.55 1.19 0.00 

Ce PROPO  6.03 0.72 6.70 1.14 7.75 2.10 5.20 0.00 

Age 49.33 13.32 47.50 11.73 48.83 13.38 76.00 0.00 

BIS 23.18 2.17 24.03 1.70 34.10 16.22 26.89 0.00 

EMG BIS 26.21 0.73 29.23 1.55 29.77 2.37 25.15 0.00 

BS BIS 21.60 15.42 20.97 13.76 15.54 23.29 20.63 0.00 

Hemo HR 71.84 8.18 70.90 13.43 63.98 10.47 54.00 0.00 

Rat HR 4.49 17.96 1.67 3.97 1.88 6.67 6.05 0.00 

Rat HR max 17.59 16.17 22.55 9.42 9.75 10.26 33.33 0.00 

Hemo NIBPsys 96.67 19.14 89.00 0.00 111.40 9.79 179.00 0.00 

Rat NIBPsys -5.49 9.52 0.00 0.00 -3.35 7.30 0.00 0.00 
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Hemo NIBPdia 61.00 14.73 43.00 0.00 65.60 3.85 80.00 0.00 

Rat NIBPdia -3.85 6.66 0.00 0.00 -0.39 0.78 0.00 0.00 

RespiRate 19.52 8.44 20.53 12.85 28.83 14.98 4.40 0.00 

BS qCON 27.26 24.38 20.52 15.72 31.24 35.82 37.87 0.00 

EMG qCON 10.40 17.93 1.32 2.50 10.62 13.43 0.00 0.00 

SDbd3old_m 1.62 0.54 1.37 0.36 1.49 0.64 1.69 0.00 

Rat HR qCO 3.71 10.19 -2.28 5.22 0.15 6.39 5.79 0.00 

Ratio HRmax 

qCO 
9.25 11.99 1.47 3.65 3.49 7.88 14.15 0.00 

Height 161.33 10.12 153.67 1.15 162.33 6.41 162.00 0.00 

Weight 57.00 3.61 62.33 7.02 66.83 9.20 64.00 0.00 

BSA 1.60 0.11 1.63 0.09 1.71 0.11 1.68 0.00 

LBM 42.47 3.58 42.79 2.74 45.84 3.58 45.38 0.00 

ASA 1.33 0.58 1.00 0.00 1.50 0.55 2.00 0.00 

 

Table 18. All the Mean and SD results of the Tetanus Statistical Analysis of the ANI Monitor.            

 
MOV &  

ANI > 50 

n = 4 

MOV &  

ANI <50 

n = 14 

No MOV &  

ANI < 50 

n = 11 

No MOV &  

ANI > 50 

n = 3 
 Mean DS Mean DS Mean DS Mean DS 

qNOX  35.19 8.23 51.28 21.16 33.91 17.60 26.80 8.41 

ANI 64.50 3.71 36.11 5.33 31.56 5.63 66.46 16.54 

CO qCO 5.14 0.56 5.73 1.56 5.39 1.30 4.52 0.63 

SV qCO 75.04 14.39 80.48 14.67 76.86 13.67 75.42 16.16 

HR qCO 69.21 12.68 71.67 10.89 72.55 12.19 59.40 8.52 

RMSSD qCO 23.89 17.76 21.16 12.32 18.63 13.10 33.21 7.90 

SDSD qCO 23.95 17.91 21.24 12.42 18.72 13.19 33.46 8.01 

HF qCO  234.44 381.67 120.49 135.89 133.10 200.82 256.19 139.26 

HFn qCO 11.18 8.97 17.26 16.90 22.68 18.09 23.78 5.88 

LF qCO  809.71 1011.44 720.47 708.59 544.88 672.09 388.22 364.28 

LFHF qCO 5.69 5.52 17.42 13.94 17.66 19.33 2.36 0.46 

PDR 47.65 23.93 32.62 22.36 20.56 9.05 32.51 18.35 

PDR2 31.56 24.47 32.45 23.15 17.61 8.95 30.30 18.30 

PDR3 13.68 3.90 19.78 14.18 39.20 27.46 29.98 19.53 

PDR4 13.09 15.99 20.79 16.68 56.62 28.62 67.70 19.80 

PDR5 5.01 4.25 4.59 8.26 1.50 3.71 0.46 0.28 

Ce REMI  0.72 0.85 0.12 0.45 2.01 0.93 1.81 0.84 

Ce PROPO  6.27 1.29 7.05 1.66 7.34 1.69 5.60 0.69 

Age 48.50 11.27 47.14 12.73 46.82 12.32 59.33 19.43 

BIS 29.70 12.39 43.91 18.74 37.31 15.40 22.80 3.28 

EMG BIS 26.79 2.81 32.51 6.59 30.75 5.27 26.52 1.01 

BS BIS 7.95 8.20 1.73 5.86 10.05 17.56 7.79 7.91 

Hemo HR 69.08 8.77 74.44 10.73 70.74 11.48 62.74 9.31 

Rat HR 3.83 7.22 1.52 9.57 4.08 6.44 5.08 9.18 
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Rat HR max 23.38 12.46 13.80 9.91 15.17 11.42 24.97 13.68 

Hemo NIBPsys 106.00 10.82 128.42 23.78 110.50 15.85 117.00 53.93 

Rat NIBPsys -2.91 5.04 -1.94 4.65 -6.66 8.00 -1.53 2.64 

Hemo NIBPdia 62.00 15.10 77.25 16.64 72.50 12.91 61.67 15.89 

Rat NIBPdia -5.56 9.62 3.24 7.56 -8.54 10.14 -1.07 1.85 

RespiRate 22.69 14.35 18.84 16.37 24.87 18.04 17.65 12.22 

BS qCON 5.85 8.26 3.81 10.25 18.50 28.82 15.29 15.76 

EMG qCON 15.27 17.98 31.73 25.77 19.25 18.85 16.56 15.48 

SDbd3old_m 0.98 0.41 0.79 0.34 1.25 0.60 1.40 0.36 

Rat HR qCO -0.83 6.90 -0.24 5.77 -0.80 5.50 5.64 10.12 

Ratio HRmax 

qCO 
7.26 11.96 3.53 5.14 3.71 7.59 11.71 11.49 

Height 154.25 1.50 160.36 7.10 160.70 6.33 163.67 8.62 

Weight 60.75 6.85 62.07 9.25 63.90 11.68 60.67 3.06 

BSA 1.59 0.09 1.64 0.13 1.66 0.14 1.66 0.08 

LBM 42.28 3.10 44.54 5.11 44.95 5.53 44.46 2.53 

ASA 1.25 0.50 1.43 0.51 1.45 0.52 1.67 0.58 

 

 

Table 19. All the Mean and SD results of the LMA Statistical Analysis of the Algiscan Monitor.            

 
MOV &  

ANI > 50 

n = 1 

MOV &  

ANI <50 

n = 13 

No MOV &  

ANI < 50 

n = 13 

No MOV &  

ANI > 50 

n = 7 
 Mean DS Mean DS Mean DS Mean DS 

qNOX  31.77 0.00 29.33 11.34 42.92 18.58 30.84 17.49 

ANI   53.01 21.53 40.98 18.86 40.28 2.62 

CO qCO 5.65 0.00 5.28 0.83 5.30 1.27 4.70 0.70 

SV qCO 75.06 0.00 74.72 15.31 88.40 14.73 74.70 5.55 

HR qCO 77.10 0.00 70.66 10.14 58.79 8.35 63.33 12.33 

RMSSD qCO 12.76 0.00 17.39 8.65 45.56 59.13 27.35 14.04 

SDSD qCO 12.84 0.00 17.44 8.75 46.10 60.16 27.57 14.21 

HF qCO  34.97 0.00 48.19 58.49 918.26 2383.39 230.67 216.26 

HFn qCO 62.22 0.00 12.46 16.73 26.85 15.16 27.13 15.85 

LF qCO  178.14 0.00 610.37 554.67 1061.53 1997.67 486.22 628.23 

LFHF qCO 45.83 0.00 17.29 13.52 6.17 5.84 4.77 7.15 

PDR 5.08 0.00 28.75 11.98 28.44 12.54 8.20 2.78 

PDR2 4.33 0.00 23.63 11.28 23.41 11.49 6.30 2.26 

PDR3 70.78 0.00 29.17 22.75 41.68 26.34 80.87 14.71 

PDR4 78.19 0.00 51.01 28.13 73.35 25.55 92.26 16.06 

PDR5 0.06 0.00 5.69 18.85 0.35 0.17 0.07 0.03 

Ce REMI  3.38 0.00 1.97 0.55 2.31 0.87 2.98 1.01 

Ce PROPO  5.80 0.00 5.90 0.85 5.92 1.71 6.66 1.50 

Age 35.00 0.00 49.31 13.31 61.62 13.95 52.86 12.17 
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BIS 29.99 0.00 34.59 14.89 35.32 10.84 29.79 15.36 

EMG BIS 34.71 0.00 30.08 4.81 30.13 4.77 32.09 5.16 

BS BIS 0.00 0.00 14.12 16.57 9.94 18.42 9.76 9.73 

Hemo HR 70.27 0.00 68.69 9.07 58.68 7.51 63.21 12.58 

Rat HR 11.59 0.00 5.78 11.79 2.85 6.04 1.60 6.95 

Rat HR max 32.34 0.00 20.79 11.93 14.95 11.80 14.90 10.88 

Hemo NIBPsys 105.00 0.00 104.80 20.89 120.09 29.05 104.80 14.91 

Rat NIBPsys 0.00 0.00 -1.41 8.45 0.49 3.92 -2.73 10.07 

Hemo NIBPdia 62.00 0.00 59.90 10.84 66.09 8.92 66.20 12.01 

Rat NIBPdia 0.00 0.00 1.30 11.15 3.56 10.99 5.16 12.38 

RespiRate 4.91 0.00 24.31 16.40 23.27 16.53 32.64 24.70 

BS qCON 0.00 0.00 14.31 19.64 11.10 21.64 20.51 28.78 

EMG qCON 17.00 0.00 13.92 15.13 20.90 16.43 16.01 18.01 

SDbd3old_m 0.82 0.00 1.18 0.58 1.04 0.41 1.43 0.53 

Rat HR qCO -3.61 0.00 1.22 9.03 2.74 10.28 0.85 6.59 

Ratio HRmax 

qCO 
-1.08 0.00 6.42 10.60 7.16 12.09 5.01 7.11 

Height 155.00 0.00 160.75 7.48 162.38 6.10 160.71 7.32 

Weight 64.00 0.00 65.83 11.84 69.46 8.01 65.86 13.07 

BSA 1.63 0.00 1.71 0.16 1.74 0.10 1.69 0.17 

LBM 43.25 0.00 45.71 5.16 46.71 3.41 44.74 5.21 

ASA 1.00 0.00 1.31 0.63 1.77 0.60 1.29 0.49 

 

Table 20. All the Mean and SD results of the Tetanus Statistical Analysis of the Algiscan Monitor.            

 MOV &  

PDR <12 

n = 7 

MOV &  

PDR > 12 

n = 32 

No MOV &  

PDR >12 

n = 31 

No MOV &  

PDR < 12 

n = 9 
 

Mean DS Mean DS Mean DS Mean DS 

qNOX  48.95 19.17 55.82 17.48 41.70 16.86 32.61 15.80 

ANI 36.11 9.06 42.19 13.01 41.51 18.25 33.50 4.38 

CO qCO 5.22 1.50 5.93 1.81 5.53 1.29 4.86 0.78 

SV qCO 71.85 25.27 82.73 19.57 85.38 19.80 73.47 8.38 

HR qCO 75.44 12.98 71.32 11.33 66.04 11.61 67.40 13.59 

RMSSD qCO 53.29 65.75 18.98 12.78 29.42 40.18 24.75 16.27 

SDSD qCO 53.65 66.31 19.07 12.87 29.63 40.61 24.93 16.42 

HF qCO  1105.3 1855.0 153.4 365.7 365.8 1307.8 177.4 189.0 

HFn qCO 27.87 26.60 16.58 13.61 22.82 18.90 28.52 19.24 

LF qCO  948.7 1061.4 648.6 912.0 621.8 1445.1 556.4 704.2 

LFHF qCO 12.75 18.57 11.95 9.67 13.38 19.88 9.27 10.65 

PDR 8.80 0.96 45.78 30.36 28.82 11.68 8.17 2.83 

PDR2 9.65 1.89 43.36 30.11 24.75 11.75 6.69 2.81 

PDR3 18.88 9.18 22.39 12.10 40.20 26.09 79.03 13.28 

PDR4 11.56 8.73 18.84 17.16 64.70 32.49 90.99 14.74 

PDR5 1.76 2.00 13.25 26.52 0.95 2.16 0.07 0.03 
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Ce REMI  0.05 0.13 0.21 0.70 2.02 1.12 3.02 0.88 

Ce PROPO  7.08 2.19 5.84 0.95 6.11 1.34 6.47 1.36 

Age 54.57 12.14 51.97 14.77 56.23 16.39 51.78 12.57 

BIS 43.20 20.64 51.98 17.80 39.15 15.68 30.52 16.38 

EMG BIS 35.53 6.32 35.49 7.02 30.88 6.24 29.62 4.51 

BS BIS 6.08 7.93 0.05 0.17 5.67 12.36 5.97 6.86 

Hemo HR 75.82 12.24 71.34 10.54 65.43 11.40 64.85 11.58 

Rat HR -3.93 10.37 2.47 6.09 3.72 7.32 3.35 5.57 

Rat HR max 8.89 3.31 12.96 10.54 17.56 13.38 16.07 11.71 

Hemo NIBPsys 126.50 21.25 123.23 24.64 114.85 28.16 106.88 11.57 

Rat NIBPsys 2.47 8.17 -0.08 2.23 -2.36 5.38 -3.99 8.42 

Hemo NIBPdia 84.33 14.26 71.27 15.13 67.04 14.62 66.50 11.16 

Rat NIBPdia 2.69 9.30 4.93 11.60 -2.23 10.35 -3.05 10.55 

RespiRate 22.96 6.19 24.26 19.16 26.16 16.03 26.15 22.21 

BS qCON 7.62 13.91 0.00 0.00 6.66 16.63 14.41 24.29 

EMG qCON 18.11 26.16 41.65 24.58 26.15 19.07 18.05 15.71 

SDbd3old_m 0.98 0.45 0.62 0.14 0.93 0.44 1.26 0.51 

Rat HR qCO -4.48 4.62 0.36 6.15 1.56 7.27 -0.27 4.90 

Ratio HRmax 

qCO 

0.64 3.95 4.86 8.48 6.36 8.92 3.58 7.74 

Height 161.86 4.30 160.97 7.07 161.73 6.20 160.22 6.65 

Weight 65.71 14.01 66.71 10.04 66.87 12.31 67.00 12.06 

BSA 1.69 0.18 1.71 0.13 1.71 0.16 1.70 0.15 

LBM 45.01 6.10 46.07 4.66 45.88 5.48 45.07 4.79 

ASA 2.00 0.82 1.47 0.57 1.55 0.57 1.33 0.50 
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