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ABSTRACT

Measuring anaesthetic depth in the veterinary clinical setting is based on reflexes, 

which can be affected during anaesthesia and in addition do not provide exact information 

about the level of consciousness. This study investigates whether the values calculated by the 

bispectral index monitor (BIS monitor), designed to measure anaesthetic depth based on 

calculations of the electroencephalogram (EEG), correspond with the clinical evaluation of 

the current clinical parameters used to obtain information about anaesthetic depth in dogs.

Seventy-two dog-patients were selected and assigned to either one of three different 

anaesthesia protocols. A three step scale to determine the clinical depth of anaesthesia 

(CDA) was introduced in which the clinical parameters of anaesthetic depth were 

summarized. During anaesthesia, parallel assessments of the BIS values index and the CDA 

were performed. Predictive values of the BIS index, the correlation between the BIS values 

and the clinical depth scores and the correlation between the BIS values and end tidal (ET) 

isoflurane concentrations were considered.

Significant differences of BIS values assigned to a light level of anaesthesia and a 

surgical level were found in two protocols, although overlap of BIS values between those 

levels was present. No correlation was found between ET isoflurane and BIS values, a 

significant difference between ET isoflurane concentrations and CRI propofol assigned to 

the different clinical levels was found. The calculated predictive values of the BIS index and 

accompanying sensitivities were considerably low.

Although the BIS values showed a tendency to follow the CDA scores performed by 

the anaesthesiologists in two different anaesthesia protocols, the considerable overlap 

became apparent in the predictive values and sensitivities, and therefore the clinical use of 

the BIS monitor in individual dog-patients proved not to be reliable. 



Introduction

Measuring anaesthetic depth during surgery is a difficult process. The parameters used in 

veterinary practice are subjective and anaesthesiologists have to rely on their experience 

when interpreting anaesthetic depth/level of hypnosis. It is known that in humans, awareness 

can occur in case of insufficient anaesthetic depth. So far, it has not been documented 

whether this phenomenon of awareness occurs in dogs during anaesthesia. In veterinary 

practice determining anaesthetic depth in dogs is commonly based on a combination of the 

evaluation of physiological parameters, doses and knowledge of the drugs, muscle relaxation 

and a subjective assessment of general reflexes (i.e. palpebral reflexes, cornea reflexes, pedal 

withdrawal reflexes and jaw muscle tone). Unfortunately, these reflexes inform the 

anaesthesiologist primarily about the influence of anaesthetics on spinal cord and subcortical 

nerve systems and therefore do not necessarily provide information on conscious perception 

(March & Muir, 2005). Physiological parameters, including heart rate (HR), respiration rate 

(RR) and (mean arterial) blood pressure (BP), during patient monitoring are autonomic 

responses originating from (para)sympathic nerve activity. These responses are directly 

influenced by the anaesthetics, surgery and duration of anaesthesia as well; however, their 

changes do not reflect conscious perception of external (e.g. nociceptive) stimuli.  Despite 

the fact that the abovementioned indicators do not precisely measure the level of hypnosis, in 

veterinary practice these parameters are currently the best approach since no other facilities 

are available. 

Measuring corticocerebral activation by means of an electroencephalogram (EEG) is a more 

direct and objective way. The bispectral index (BIS) monitor has been developed to asses the 

level of hypnosis in humans by means of the bispectral index, a measure incorporating 

bispectral and time-domain parameters derived from the EEG (Sigl & Chamoun 1994, 

Rampil 1998). A number ranging from 0 to 100 is calculated, inversely related to the depth 

of anaesthesia and in which 40-60 is supposed to represent the preferred level of anaesthesia. 

It has been developed to limit the incidence of awareness during surgery, besides that it can 

also be useful in guiding the amounts of anaesthetics and analgesics required. Although the 

BIS monitor has been designed for humans, studies have been performed in several animal 

species, including dogs and cats. Results of those studies are not consistent, which might be 

in part attributable to the different measuring methods and positioning of the electrodes. 

Ambiguous results were found if the manufacturer-designed sensor including the adhesive 



patches were applied on dogs (Campagnol et al 2007, Carrasco-Jiménez et al 2004, 

Hatschbach et al 2008), although decreasing BIS values have been found in dogs during 

increasing doses of propofol infusion using the same patches (Ferro Lopes et al 2008). The 

use of subdermal needle electrodes showed BIS recordings inversely related to the ET gas 

concentration in cats (Lamont et al 2004, March & Muir 2003) and dogs (Greene et al 2003, 

Muir et al 2003). Another study found no differences using either patch or subdermal needle 

electrodes (Greene et al 2002).

In order to mimic the clinical situation, the BIS monitor was evaluated during standardized 

surgical procedures in dogs (Carrasco-Jiménez et al 2004) and horses (Haga et al 2002). 

Evaluation of the BIS values has been performed by different means, including the 

comparison to analogue scales based on reflexes, muscle relaxation and physiological 

parameters. In goats a significant difference in BIS values based on those reflexes was found 

(Antognini et al 2000), and a correlation of BIS values with a visual analogue scale was 

found in pigs (Martín-Cancho et al 2003). In contrast, another study scoring pigs on a visual 

analogue scale showed no correlation with accompanying BIS values (Haga et al 1999). 

However, the aforementioned studies were all performed in an experimental setting; in the 

present study we were interested in the applicability of the BIS monitor to measure 

anaesthetic depth in dogs in the clinical setting. An analogue three step scale to determine 

depth of anaesthesia based on the parameters currently used in our clinic was introduced in 

order to compare the clinical depth of anaesthesia (CDA) with the BIS values. Patients were 

subjected to one of three different anaesthesia protocols while CDA and BIS values were 

determined throughout regularly performed surgeries. The judgement of the 

anaesthesiologists incorporated in the three step scale was set as a standard, and the BIS 

values were compared with this clinical depth of anaesthesia at different time points. 

The purpose of this study is to investigate whether the use of the BIS monitor in a clinical 

setting can give reliable information about the depth of anaesthesia of dog-patients during 

surgery. The BIS values were compared with the clinical parameters and ET isoflurane 

concentration. In addition, the predictive values were calculated. It was hypothesized that the 

measured BIS values would correlate with the clinical depth of anaesthesia determined by 

the anaesthesiologists. 



Materials & Method

Animals

Animal care and experimentation were performed in full accordance with the protocols 

approved by the Science Committee and the institutional Animal Experimentation 

Committee (Utrecht University, Utrecht, The Netherlands).

Seventy-two dogs in total undergoing different kinds of surgery were selected after they 

were scheduled for operation; all patient owners gave their informed consent after receiving 

an informative/exploratory letter. No restrictions were made with respect to age, breed, sex 

or weight, though patients classified into ASA class I or II were preferred. Only patients 

being eligible for one of the three predefined anaesthesia protocols were incorporated. 

Patients undergoing surgery concerning the head or neck were excluded, in order to prevent 

interference with subdermal needles and surgical manipulations. The owners of the dogs 

were asked to withhold the animals from food but not water for at least 12 hours prior to 

surgery.

BIS monitor and anaesthesia protocols

BIS values were recorded using the BIS-VIEW monitor, application 1.01 (Aspect Medical 

systems), the adhesive patch recording electrodes were replaced by needle EEG recording 

electrodes (stainless steel needle electrodes 15.0 x 0.7 mm, 13L60, Dantec Medical, 

Skovlunde, Denmark). The electrodes were cleaned mechanically and prepared 

electrolytically before each session according to the manufacturer’s instructions.

An update of the calculated BIS value was given every second in the display and the 

smoothing frequency was set on 15 seconds. High and low frequency filters were set on 

respectively 70 and 2 Hz for artefact detection (descending from electromyographic activity) 

(EMG). Signal Quality Index (SQI), indicating the degree of artefact signal, was determined 

and BIS-values were generally rejected when SQI < 50. The impedance of the electrodes was 

checked by the BIS monitor and recordings were stopped if the impedance would exceed 7.5 

kΩ. Suppression ratio (SR), the percentage of time over the last 63-second period that the 

signal is considered to be isoelectric, was recorded as well. 

In accordance with the results of a preceding pilot study the electrodes were placed on the 

following positions; the reference electrode (1) was placed subcutaneously on the dorsal 

aspect of the earflap, the ground electrode (2) was placed in the median of the dorsal neck, 

the active electrode (3) was placed on the midline of the dorsal head, two third caudal on the 



imaginary line between median eye corners and the occipital bone and the artefact electrode 

(4) was inserted in the imaginary line between the caudal eye corner and rostral ear base. BIS 

numbers and related parameters (e.g. SQI, EMG) were recorded every second. The BIS 

values were determined in parallel with an assessment of Clinical Depth of Anaesthesia 

(CDA) performed by either one of four experienced anaesthesiologists. A three step scale 

(table 1) was introduced in where the results of the CDA judged by the anaesthesiologists 

could be classified. The parameters used currently in our clinic were incorporated in this 

scale. A ‘light’ level of anaesthesia was evaluated by a CDA score 1, the preferred surgical 

level was indicated by a CDA score 2 and a (too) deep level of anaesthesia CDA score 3. 

The anaesthesiologists were blind to the BIS values. 

Three different anaesthesia protocols were used, chosen because of their general use. 

Patients in protocol 1 and 2 were premedicated with medetomidinea (0.03 mg kg -1 average) 

and received an induction bolus of propofolb. During surgery anaesthesia was maintained 

with either isofluranec (protocol 1) or a continuous rate infusion (CRI) of propofol (protocol 

2). Dogs were randomly assigned to one of these two protocols. Protocol 3 included a 

premedication of methadoned (0.4 mg kg -1 average), followed by a bolus of propofol and 

maintained by isoflurane in combination with an infusion of fentanyle. Patients were 

assigned to protocol 3 in case of: (1) exceeding 9 years of age; (2) showing signs of 

cardiovascular instability (ASA III); (3) patients with an indication of surgery requiring 

analgesia which could not be sufficiently covered by medetomidine; or (4) an expected 

surgery time exceeding 60 minutes, a period after which analgesic properties of 

medetomidine decline subsequently (Vainio et al 1989). Premedication was dosed depending 

on the type of surgery, since analgesia resulting from medetomidine is dose-dependent. 

Doses of anaesthesia concerning induction and maintenance were administered on effect, 

determined by the anaesthesiologists and thereby reflecting the clinical situation and 

resulting in the clinical variation. Other medications (not directly effecting anaesthesia, e.g. 

antibiotics, corticosteroids and NSAIDs) were administered when indicated. 

Procedures

Premedication and induction were started in a preparation room, followed by intubation and 

attachment of adhesive ECG electrodes on the footpads to monitor heart rate by means of a 

lead II ECG. After shaving the site of incision dogs were transported to the operation room 

(OR) and placed in lateral recumbency on the operation table. The needle electrodes were 



then attached and subsequently the patient was placed in the position instructed by the 

surgeon and thus depending on the surgery involved. 

All patients were supervised during surgery by an experienced anaesthesiologist, monitoring 

vital signs of the patient. Inspiratory concentrations of isoflurane or CRI propofol were 

adjusted when anaesthetic depth was judged to be inadequate by the anaesthesiologist. All 

dogs received an O2-suppletion, a continuous infusion of fluid (Sterofundinf) and were 

placed on a warming blanket. A Bair Hugger was placed on top when temperature declined; 

mechanically ventilation was used when necessary.

The parallel assessment of CDA and the accompanying BIS values were determined on fixed 

clinical set points at the beginning and ending of the surgery, and determined on fixed time 

points during surgery (table 2). Moreover, other parameters were manually registered, 

including End Tidal concentration of isoflurane (ET isoflurane), CRI propofol/ fentanyl 

(depending on the anaesthesia protocol applied), heart rate (HR), oesophageal temperature 

(T) and position of the head. Physiological parameters recorded by the anaesthesia machine 

(e.g. respiration rate, oxygen saturation and inspiratory/ expiratory O2/CO2 values) were 

printed in order to be able to retrieve extra information. 

Data and Statistical analysis

Data were manually registered and imported into Excel (Microsoft Office 2003). In addition, 

all BIS values and accompanying SQI, EMG, impedance and SR/ Burst Suppression were 

digitally recorded every second (Live data). The predictive values of the BIS recordings 

were calculated to test the discriminating ability of the BIS monitor between a light level of 

anaesthesia, scored as CDA1, and a surgical level, CDA2. The cut off point for the BIS 

recordings was arbitrarily chosen at 65 (i.e. ≤ 65 was considered a surgical level of 

anaesthesia whereas >65 was considered a light level of anaesthesia), based on previous 

findings in literature (March & Muir 2003). All statistical calculations were performed using 

SPSS 16.0 for Windows. Significance was set at P < 0.05 (two-tailed). Data was assessed for 

normality by means of descriptive statistics (QQ-plots and examination of residuals). A 

Mixed Model analysis, controlling for the different lengths of assessments and repeated 

measures, was performed to test BIS recordings linked to their CDA scores. The model was 

executed where BIS values were imported as a dependent variable, and fixed effects 

consisted of  CDA, ET iso (or CRI propofol), Time, CDA*ET iso, CDA*Time, ET iso*Time 

and CDA*ET iso*Time. ET isoflurane and CRI propofol were tested via a Mixed Model 

analysis with CDA as a fixed effect as well, in order to gain some extra information 



concerning the CDA scores. No random effects were entered in both analyses according to 

the results of the restricted maximum likelihood (REML) analysis. In addition, a partial 

correlation test (controlling for repeated measures) was performed between ET isoflurane 

and the BIS values. 



Results

Two dogs were excluded during the assessment, due to excessive artefact signal resulting in 

a low SQI during the first four fixed assessment points. Five other dogs were excluded due 

to deviations from the anaesthesia protocols during surgery, one dog received a ketamineg 

injection to resolve interrupting muscle contractions (myoclonia), one dog received N2O gas 

administration and three dogs received either a morphine-lidocaine-ketamineh,i (MLK) 

infusion or injections with morphine or bupivacainej in order to ensure sufficient pain 

management. As a result, sixty-five dogs completed the assessments. CDA 3 was scored 

rarely during all anaesthesias (4 times in total over the three protocols) and due to this 

finding CDA 3 was grouped together with CDA 2. Therefore, CDA 2 accounts for surgical 

anaesthesia levels, including 4 scorings of a deep level of anaesthesia. 

Protocol 1 (P1)

Twenty-four dogs enrolled into protocol 1 and mean BIS values (± SD) of 59.5 ± 11.9 (CDA 

1) and 53.7 ± 16.0 (CDA 2) were found (table 3). A boxplot (figure 1a) representing the BIS 

values grouped on either CDA 1 or 2 showed a substantial amount of overlap and some 

outliers, descending from two patients. The Mixed Model analysis showed no significant 

difference between the BIS values linked to either CDA 1 or 2. A significant P value was 

found between the dependent BIS values and ET isoflurane (F1,268=10.842, P=0.001). 

However, according to the partial correlation test (correlation-coefficient =0.137, P=0.024), 

only 2 % of the relationship can be explained by the variables involved. ET isoflurane tested 

in a Mixed model analysis as a dependent variable and the CDA scores as fixed effect 

showed a significant difference between ET isoflurane linked to either CDA1 or 2 

(F1,269=5.475, P=0.020). The calculated positive predictive value was 0.10, meaning 10% of 

the BIS values over 65 were linked to a score CDA1, and thus 10 % of BIS values above 65 

were actually in a light level of anaesthesia. The negative predictive value was found to be 

0.96, resulting in 96% of the assessments with BIS values ≤ 65 were actually in a surgical 

level of anaesthesia (true negatives). Sensitivity was found to be 29%, specificity 87%.

Protocol 2 (P2)

Twenty dogs enrolled into protocol 2, mean BIS values (± SD) found were 74.1 ± 8.3 (CDA 

1) and 64.5 ± 13.2 (CDA 2) (table 3). A boxplot (figure 1b) showed considerable overlap 

between the groups as well, although the Mixed Model analysis resulted in a significant 



difference between the two groups (F1,212=18.347, p>0.0005). CRI propofol was tested as a 

dependent variable and showed a significant difference linked to the CDA score 

(F1,221=5.470, P=0.020). 

The positive predictive value was 0.30, resulting in 30% true positives, and the negative 

predictive value 0.95. Sensitivity was found to be 86%, specificity 57%. 

Protocol 3 (P3)

Twenty-one dogs were assigned to protocol 3, in which ASA III patients were included. 

Mean BIS values found (± SD) were 73.6 ± 10.7 (CDA 1) and 62.1 ± 16.5 (CDA 2) (table 

3). The Mixed Model showed a significant difference between the BIS values in those 

groups (F1,265=5.192, P=0.023), although overlap is shown in the box plot as well (figure 1c). 

Outliers are shown in the box plot, resulting from one patient. No effect was found between 

the BIS values and accompanying ET isoflurane concentrations, in accordance to the partial 

correlation test (correlation coefficient=0.18, P=0.003), only 3% of the relationship can be 

explained by the variables. A significant difference was shown by the Mixed Model where 

ET isoflurane was entered as dependent variable against the CDA score (F1,267=7.519, 

P=0.007). No interaction effects over time in BIS values, CDA and ET isoflurane were 

found in any of the protocols. 

The positive predictive value was 0.09, resulting in 9% of the BIS values above 65 was 

actually scored CDA 1, the negative predictive value was found to be 0.98, meaning 98% of 

the patients scored CDA 2 had a BIS value ≤ 65. Sensitivity was found to be 75%, specificity 

59%. 



 Discussion

Sixty-five dog-patients in total finished the assessments during surgery in the OR whereby 

anaesthetic depth was measured with the BIS monitor and compared with a CDA score 

allocated by the anaesthesiologist. The mean BIS value linked to CDA 1 was significantly 

higher compared to the mean BIS value linked to CDA 2 in protocol 2 and 3, thus on 

average the BIS monitor seems to be able to discriminate a light level of anaesthesia from a 

more advanced level. Surprisingly, no significant difference was found in protocol 1. In 

addition, a Mixed Model analysis showed significant differences in ET isoflurane as grouped 

in either CDA 1 or CDA 2 concerning protocol 1 and 3, and CRI propofol linked to the CDA 

scores was significant different as well, indicating a relation of CDA scores and anaesthetics 

administered. The ET isoflurane concentrations and the accompanying BIS values did not 

reveal a significant amount of correlation; the Mixed Model analysis did not reveal any 

interaction effects and no effect of time was shown. 

The results of the BIS monitor have been analysed to see if the monitor was able to function 

as a diagnostic test by discriminating a light level of anaesthesia from a surgical level. This 

was accomplished by means of calculating the predictive values of BIS readings in each 

protocol. Although no correction for repeated measures was incorporated, the ultimate goal 

was to see if the BIS values were able to distinguish those two levels. The threshold which 

should be discriminating sufficient hypnosis from possible awareness was chosen at 65 

(based on findings in literature) although a considerable amount of overlap in BIS values 

between groups CDA 1 and 2 was shown. The calculated positive predictive values, 0.10 

(P1), 0.30 (P2) and 0.09 (P3) showed in all three protocols a considerable low percentage of 

true positives (resp. 10%, 30%, and 9 %, i.e. percentage BIS values above 65 linked with 

CDA 1). Therefore many BIS values appeared to be relatively high, although the patients 

were assumed to be in a surgical level of anaesthesia. To prevent the occurrence of ‘false-

negatives’, which represents awareness during anaesthesia, a sensitivity of 100 % should be 

reached, which is not shown in the three protocols. The BIS values included in this analysis 

should be reliable since BIS values were rejected if SQI, EMG artefact and impedance 

exceeded the determined limits.  The outcome of these predictive values show that BIS 

values should be carefully interpreted in individual patients. 



Significant differences in BIS values linked to either CDA 1 or 2 were found in protocol 2 

and 3; unexpectedly, no such difference was found in BIS values recorded in protocol 1. This 

lacking significant difference of BIS values in P1 might have been caused by the delay in 

time over which the BIS value is calculated (and subsequently represented) and the recovery 

time which can be expected to be fastest in this protocol (Kuusela et al 2001, Thurman et al 

1994). During the last fixed assessment points, the clinical depth of anaesthesia was allowed 

to increase slightly (particularly at fixed set point E4), resulting in a more frequent score of 

CDA 1 and a concurrent expected increase of BIS. The BIS values represented are slightly in 

delay in comparison with the actual situation, resulting from a smoothing frequency of 15 

seconds, and because recovery from isoflurane-medetomidine is most fast, this protocol 

might have failed to show a significant difference between the transitions from a light 

surgical level (CDA 2) to CDA 1 in the BIS values. The BIS value represented on the front 

panel is an average from the previous 60 seconds in the A-1050 (Rampil 1998), for the BIS-

VIEW type the exact delay is not known, though it should be in between 15 (smoothing 

effect) and 63 seconds (time over which SR is calculated). This delay in represented BIS 

values from the actual situation therefore can result in a risk of misinterpreting the actual 

situation, especially in anaesthesia protocols where recovery from a surgical level is 

expected to be fast.

No correlation was found between the BIS values and ET isoflurane in Protocol 1 and 3. 

Other studies did find an inverse relationship between ET isoflurane concentrations and BIS 

in dogs (Greene et al 2002), pigs (Martín-Cancho et al 2003) and sevoflurane concentrations 

in cats (Lamont 2004) and puppies (Morgaz et al 2008), although they were performed in a 

more standardized setting measuring minimal alveolar concentration (MAC) and multiples. 

In this study anaesthesia was maintained at a constant and stable level based on the clinical 

and physiological parameters. In order to achieve a sufficient and stable level of anaesthesia, 

necessary ET isoflurane concentrations differ for individuals resulting from individual 

anaesthetic sensitivity (Barter et al 2004). This interindividual variability can cause some 

variation among ET isoflurane concentrations between individuals and therefore interfering 

with a possible correlation with BIS values. In addition, many ET isoflurane values were 

missing at fixed set-point E4, since the tube was in most cases disconnected from the 

anaesthesia machine. This resulted in missing values and therefore less scores of CDA1 

linked to BIS recordings, making it more difficult to find a correlation. Taken this into 

account, it can probably explain some part of the missing correlation. But the distribution of 



BIS values in accordance to ET isoflurane remains extremely wide, both in the in the upper 

and lower range, and therefore the interpretation of BIS values in combination with the ET 

isoflurane does not seem to provide extra or useful information in the clinical setting. 

During the surgical level of anaesthesia (CDA 2), the mean BIS values found were 53.7 (P1), 

64.5 (P2) and 62.1 (P3) combined with considerable amounts of standard deviations. In 

humans a range of 40-60 is preferred, thus in this study overall BIS values tend to be high in 

at least two protocols. In a medetomidine-isoflurane anaesthesia (P1) a 47% reduction of 

MAC isoflurane concentration can be expected (Ewing et al 1993), resulting in an expected 

range of 0.73-0.92 mean ET isoflurane concentration (1.2-1.5*MAC=1.2-1.5*(0.47*1.3), a 

mean of 1.02% ET isoflurane concentration was found during surgical anaesthesia in this 

study (administered to effect). As a result of this finding, BIS values are expected to be 

overall lower than 50, especially as there are two extreme low BIS cases included in this 

protocol. Increasing isoflurane concentration may cause paradoxical increases in the EEG 

bispectral index, caused by a presumed pre-burst pattern (Detsch et al 2000). In addition, an 

increase in BIS can be found resulting from spikes in the EEG occurring due to technical 

recording errors, interfering with the calculation of BIS values (Ogawa et al 1992). Since the 

BIS monitor used in the present study takes burst suppression activity in the EEG into 

account the paradoxical increase in BIS values based on this phenomenon can be ruled out. 

Furthermore, no indications of interfering (noise) signals during the analysed assessments 

were present, therefore technical recording errors as a cause of higher BIS values can be 

ruled out. In conclusion the BIS values found in this study are higher than would be expected 

based on comparison with the situation in humans.

An average of 6.3 mg kg-1 hr-1 CRI propofol in protocol 2 was administered, thus overall 

slightly less than what is usually administered in combination with medetomidine (9.9 mg 

kg-1 hr-1) (Thurman et al 1994). This is in accordance with the mean BIS value found, in 

addition the highest prevalence of CDA 1 was found in this protocol. Other studies have 

found high BIS values in solely propofol anaesthetized dogs as well, although manufactured 

adhesive patches for receiving EEG signals were in use (Hatschbach et al 2008, Ferro Lopes 

et al 2008), which can cause interfering EMG artefact and therefore resulting in higher BIS 

recordings (Campagnol et al 2007). Medetomidine was not standardized in both protocols, 

although on average the same dosages were administered (0.03 mg kg -1). In a few cases, an 

extra bolus (half of the induction dosage) of medetomidine in protocol 1 & 2 was 



administered before the start of incision, in order to ensure sufficient analgesia. A downward 

shift in the BIS values was most often shown after this bolus of medetomidine, representing 

some additional cortical depression, although no unexpected effects were seen and therefore 

the assessments were continued. 

In protocol 3 a mean BIS value of 62.1 was found, slightly above the preferred range, while 

a mean ET isoflurane concentration of 1.24% combined with 13.5 µg kg -1 hr –1 fentanyl was 

administered. A decrease of 53% MAC isoflurane when administering 18 µg kg -1 hr –1 

fentanyl can be expected in this protocol (Hellyer et al 2001), therefore the measured 

concentrations are within the expected range (1.2-1.5*MAC =1.2-1.5*(0.53*1.8)=1.14-1.43) 

when using a MAC value of 1.8 (Hellyer et al 2001). The use of opiates, whose effect is 

primarily analgesic and less hypnotic, might result in a mean BIS value little above the 

expected range, although more isoflurane was administered on average in P3 than in P1 

(1.24% against 1.02%), which is supposed to decrease the BIS recordings. Because patients 

classified ASA III were assigned to protocol 3, no strict randomisation was applied and 

therefore a selection bias was introduced. This protocol contained patients of a larger range 

of ages and more invasive surgeries were included; this might had contributed to an 

increased standard deviation in ET isoflurane concentrations, as MAC values are dependent 

on age and noxious stimuli, though the results did not show an increase in standard 

deviation. Overall, no particular findings were found in the results concerning protocol 3. 

It appeared that in total three patients had extreme low BIS values during surgery, with two 

of them being assigned to protocol 1 and one in protocol 3. Isoelectric EEG is a continuous 

EEG pattern (uninterrupted by burst suppression) and indicates electrical silence of the brain 

as a result of reduced cerebral oxygen consumption (March & Muir 2003). In one of those 

three cases (Labrador Retriever, 34.8 kg, 7 yrs, P1) a mean ET isoflurane of 0.79% was 

administered (medetomidine=0.02 mg kg -1) and the dog was in a preferred level of surgical 

anaesthesia during the whole assessment. A BIS value of exact 0 was recorded during 

periods of 1-, 2-, 2-, 2-, 8-, 8-, 11-minutes and in total BIS recordings were <14 (defined as 

isoelectric in March & Muir 2003) in a 20- and 61-minute period (1 minute in between BIS 

was slightly >14). Mean values of this case calculated from the recorded Live data 

(descending from the BIS monitor) were SQI=93.5, impedance=4.0, SR=94.1 and EMG 

artefact=25.0 (which is relatively high, although within the range), from which no reason can 

be deduced to exclude such a case. An anaesthesia protocol of solely isoflurane at moderate 



concentrations has been shown to result in an isoelectric EEG in cats (March & Muir 2003). 

It was suggested that the concurrent use of other drugs may reduce the isoflurane 

requirements and thus circumvent this unusual effect, but in this study combinations with 

medetomidine and fentanyl showed isoelectricity as well. All patients enrolled into this study 

were pre-examined and supervised during the procedures and therefore pathophysiological 

and metabolism disorders causing isoelectric EEG patterns could be excluded (e.g. cerebral 

hypoglycaemia, cerebral ischemia, hypothermia) (Dahaba 2005, Sieber 1993, Myles & Cairo 

2004). As a result, no clear explanation could be found in order to explain these extreme 

assessments.

The goal of this study was to represent a clinically relevant scenario and as a result different 

kinds of surgeries were introduced. Other studies have been performed during more 

standardized surgeries (Carrasco-Jiménez et al 2004, Haga et al 2002), although a sufficient 

level of hypnosis should be independent of the nociceptive stimuli if provided analgesia is 

sufficient. During surgery in several patients electrocautery was applied, which in some 

cases led to a decreasing SQI and therefore rejection of BIS values, although this was not a 

consistent finding, in other cases this appeared to be not interfering with the BIS 

assessments. (Electric) Warming blankets and other electric devices have been described as 

interfering as well (Dahaba 2005), however, in this clinical study interference appeared to be 

minimal. 

In conclusion, the BIS monitor in the clinical setting was able to discriminate a light level of 

anaesthesia from a surgical level of anaesthesia in two different anaesthesia protocols, 

despite a considerable amount of overlap in BIS values between the two levels. The 

predictive values and accompanying sensitivity values were very low in all three protocols, 

meaning that the BIS monitor proved not reliable enough in individual veterinary patients. 
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c IsoFlo®, AST Pharma BV, Oudewater, The Netherlands
d Methadone HCl 10 mg/ml, Eurovet BV, Bladel, The Netherlands
e Fentanyl Bifarma, Hameln pharmaceuticals gmbh, Hameln, Germany
f Sterofundin® ISO, B.Braun, Melsungen AG, Melsungen, Germany
g Narketan®, Vétoquinol S.A., Lure Cedex, France
h Morfine HCl CF, Centrafarm



i Lidocaine HCl, B.Braun, Melsungen AG, Melsungen, Germany (or?? Alfacaïne 2%
+adrenaline, Alfaxan, Woerden, The Netherlands)
j Marcaine®, AstraZeneca BV, Zoetermeer, The Netherlands

BIS VIEW (Aspect medical Systems)

Platform 2.01
Application 1.01
Monitor 1.01
Serial number VUO1459
BISx Protocol Revision 1.03
Hardware Revision 3.00

Splash Screen 1.02 (opstartscherm)
Bootscript 2.00 (opstartscript)
Host Protocol Revision 1.08
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Table 3 
Variables concerning patients, anaesthesia doses and BIS values in the three anaesthesia 
protocols, represented in mean values

Variables P1 P2 P3
n 24 20 21

Age 
(min-max)

4 yrs 
(12 months-8.5 yrs)

3.5 yrs 
(12 months-8.5 yrs)

7 yrs 
(7 months-14 yrs)

Weight in kg 
(min-max)

24.9 
(4.8-44.9)

23.7 
(6.8-46.3)

19.7 
(3.6-49.8)

Time in OR in 
minutes (min-

max)

111 
(40-205)

111 
(70-195)

143
(60-240)

Premedication 
± SD mg kg -1 

(min-max)

Medetomidine: 
0.03 ± 0.01 
(0.01-0.04) 

Medetomidine:
0.03 ± 0.01 
(0.01-0.07)

Methadone:
0.4 ± 0.11 
(0.2-0.6)

Induction 
± SD mg kg -1 

(min-max)

Propofol:
1.9 ± 1.01
(0.7-5.7)

Propofol:
2.2 ± 1.05
(1.0-4.8)

Propofol:
4.9 ± 2.16
(2.0-10.0)

Maintenance 
± SD (CDA1)

ET isoflurane:
0.76 ± 0.49 % a

CRI propofol:
5.0 ± 3.8 mg kg-1 hr-1 a

ET isoflurane:
1.04 ± 0.31 % * a

Maintenance 
± SD (CDA2)

ET isoflurane:
1.02 ± 0.33 % a

CRI propofol:
6.3 ± 3.4 mg kg-1 hr-1 a

ET isoflurane:
1.24 ± 0.25 % ** a

BIS values ± SD 
(CDA1)

59.5 ± 11.9 74.1 ± 8.3 a 73.6 ± 10.7 a

BIS values ± SD 
(CDA2)

53.7 ± 16.0 64.5 ± 13.2 a 62.1 ± 16.5 a

a significant different between CDA1 and CDA2 
* combined with mean CRI fentanyl 12.0 µg kg -1 hr –1

** combined with mean CRI fentanyl 13.5 µg kg -1 hr –1



Figuur 1a

Figuur 1b

Figuur 1c



Table 2
Description of (fixed) assessment points

S1 Patient has been placed on the operation table, electrodes are 
positioned and a stable signal has been received

S2 Site of incision has been prepared and sprayed with alcohol
S3 At first skin incision
S4 10 minutes after skin incision
M1 20 minutes after skin incision
M2 30 minutes after skin incision
Etc… Etc…
E1 At first suture (fascia)
E2 At first subdermal suture
E3 Last suture of the skin
E4 Prior to leaving OR

Table 1
Score Clinical Depth of Anaesthesia (CDA)
1 (Light) 

Sedation
• Stage 1: Apprehension   

o Animal displays some signs of analgesia but is responsive to 
environment 

o Capable of resisting restraint to avoid induction of anaesthesia 
o Rapid breathing or breath holding may occur 
o Voiding of feces or urine may occur 

• Stage 2: Involuntary Excitement   
o Consciousness is lost but reflex response to stimuli is 

exaggerated 
o Respiration irregular 
o Breath holding and struggling may be observed 
o Jaw muscles are not relaxed and intubation at this stage can 

result in violent struggling, chewing and coughing 
2 Surgical 

Anaesthesia
• Stage 3: Surgical Anaesthesia   

o Plane 1: palpebral and corneal reflexes present; breathing 
regular; muscle relaxation poor. Minor surgery can be 
performed. 

o Plane 2: preferred level of surgical anaesthesia; palpebral 
reflexes are sluggish or have disappeared; corneal reflex 
present; respiration stable; muscle relaxation is adequate for 
most surgical procedures. 

o Jaw muscle tone is relaxed.
o Eyeball rotates rostroventrally (propofol and isoflurane)

3 Deep (surgical) 
Anaesthesia

o Plane 3: deep anesthesia; respiration uneven; increased 
respiratory rate with reduced tidal volume; muscle relaxation 
profound; corneal reflex weak or absent; eye centrally fixed 
between eyelid. Close observation critical at this stage since 
next stage precariously close to death. 

• Stage 4: Medullary Depression   
o Animal approaching anesthetic death 
o Pupil widely dilated with absence of all eye reflex 
o Respiration is diaphragmatic, resulting in excessive abdominal 

movement 
o Cardiac function fails rapidly 
o Feces and urine is passively voided 
o If respiration and cardiac function are not rapidly supported, 

death is inevitable
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