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The aim of this study was to evaluate the electrophysiological relationship 

between blink parameters R1, R2, R3 and RC and general anaesthesia in dogs. 

The study included 16 dogs that were brought for castration or 

ovariohysterectomy, did not show any cranial neurological signs, no signs of 

ocular disease, and had not recently used analgesic or sedative drugs. The end 

tidal minimal alveolar concentration (ETMAC) value was kept constant at 2.9 

in dogs that were anaesthetically maintained with sevoflurane for the surgical 

procedure. After the procedure, supramaximal electrical stimulation was 

applied to the supraorbital nerve at each 0.1 ETMAC decrease starting from 

2.9 ETMAC and blink parameters (R1, R2, R3, RC) were recorded and evaluated 

from both orbicularis oculi muscles. In the evaluation, R1 parameter was 

obtained at 1.1-1.4 ETMAC values in all cases, R2 parameter was most 

commonly obtained at 1.0-1.1 ETMAC values in 14 cases, R3 parameter was 

most commonly obtained at 1.1 ETMAC value in 14 cases, RC parameter was 

most commonly obtained at 0.9 ETMAC value in 7 cases. As a result, it was 

revealed at which ETMAC values the blink parameters were obtained under 

sevoflurane anaesthesia. 
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Introduction  

The blink reflex is an eyelid closure in response to an 

exteroceptive-nociceptive stimulus (5). The blink reflex is 

generally considered a trigemino-facial reflex (9). In 

clinical practice, the blink reflex is usually elicited by 

mechanical stimulation of the cornea or eyelashes, 

electrical stimulation of the supraorbital branch of the 

trigeminal nerve, or touching the glabellar region (16). 

Recording the electromyographic (EMG) activity from the 

orbicularis oculi, however, provides quantitative 

information about the refex circuit. The most commonly 

used sensory stimulus for eliciting the blink reflex is a 

brief electrical stimulation applied to the supraorbital 

nerve (8). Stimulation of the supraorbital nerve (6) elicits 

one ipsilateral early response (R1) and two late responses, 

one ipsilateral (R2) and one contralateral (RC) (1). The R1 

is seen only on the side of stimulation and is a simple 

pontine reflex. The R2 and RC are observed on both sides 

after a unilateral stimulus, and the responses occur 

synchronously. The R2 and RC are relayed through a more 

complex pathway that involves the pons and lateral 

medulla oblongata (3). The R3 response was not noticed 

until 20 years after the first electrical stimulation study 

(16). The neuronal synapses of the R3 response are less 

well known, but they are believed to be mediated by a 

polysynaptic neuronal circuit in the medulla oblongata or 

rostral portions of the cervical spinal cord (15). 

General anesthesia provides a reversible loss of 

consciousness, immobility, muscle relaxation, and loss of 

sensation in the whole body with the administration of one 

or more anesthetic agents (17). It provides controlled 

elimination of sensation by reversibly depressing the 

central nervous system. Motor responses and sensitivity of 

animals under general anesthesia to external harmful 

stimuli are reduced (18). The concept of the minimum 

alveolar concentration (MAC), which is defined as the 

volumetric concentration of an inhaled anesthetic that 

prevents movement in response to a noxious stimulus in 
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50% of subjects, remains the most used parameter to guide 

anesthetic depth during inhalational anesthesia (14). In 

practice, it is a measure of anesthetic effect that determines 

the level of inhibition of all painful stimuli and muscle 

movements (2). 

Animal and human studies have shown that an 

electrically evoked blink reflex is suppressed during 

sedation and anesthesia (12, 13). Therefore, measuring the 

blink reflex may reflect the depression of reflex arcs 

induced by anaesthetics (13). 

The aim of this study was to evaluate the 

electrophysiological relationship between blink 

parameters R1, R2, R3 and RC and general anesthesia in 

dogs and to evaluate the relationship between ETMAC 

and responses affected by the level of consciousness. 

 

Materials and Methods 

Animals: This study was conducted with the approval of 

Burdur Mehmet Akif Ersoy University Experimental 

Animals Ethics Committee (Decision no: 401). Sixteen 

dogs of various breeds, ages, sex and body weights 

brought to Burdur Mehmet Akif Ersoy University Animal 

Hospital were included in this study. Cranial nerve 

examinations were conducted, and the animals brought in 

were found to have no neurologic clinical problems. They 

also showed no signs of eye disease and reported no use 

of analgesics or sedatives. These dogs underwent 

castration or ovariohysterectomy procedures and were 

classified as ASA (American Society of 

Anesthesiologists) status I. 

 

Anesthesia: Latency, amplitude, duration and differential 

latency data of R1, R2, R3 and Rc parameters were 

collected while the patient was under general anesthesia. 

For antibiotherapy, cefazolin (20 mg/kg, IV) was 

administered intravenously to each anesthetized patient. 

Propofol was administered intravenously for induction 

until the jaw tone disappeared. The animal was then 

orotracheally intubated and connected to an anesthesia 

device (Dräger, Primus, Lübeck, Germany). After 

connection, the ETMAC value was adjusted to allow the 

patient to enter a sufficient depth of anesthesia until the 

end of surgery, and anesthesia was maintained with 

sevoflurane. A balanced electrolytic solution infusion at a 

dose of 5 ml/kg/h was started in all patients. Immediately 

afterwards, meloxicam (0.2 mg/kg, SC) was administered 

as an analgesic. 

 

Electromyography: Electromyographic stimulations and 

recordings were performed with a five-channel EMG 

System (Medelec Synergy, Oxford Instruments, UK) with 

a total scan time of 100 ms, a sensitivity of 500 mV, and a 

sampling rate of 10 kHz. The blink reflex test was 

performed by stimulating the supraorbital nerve with 

silver needle electrodes (2-2.5 mm). To stimulate the eye, 

the cathode was placed along the supraorbita of the frontal 

bone, 1 cm dorsally to the medial canthus of the eye, 

where the supraorbital nerve exits the orbital space, and 

the anode was used as a reference electrode. Needle 

electrodes were placed on the lateral parts of the right and 

left ventral eyelids to obtain recordings from the 

orbicularis oculi muscle. The needle electrode placed on 

the nose was used as a ground (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Placement of needle electrodes during 

electromyography recording includes 1) cathode stimulating 

electrode, 2) ipsilateral recording electrode, 3) contralateral 

recording electrode, 4) ground electrode. 

 

 

After the vaporizer was turned off at the end of the 

operation, supramaximal stimuli in the form of 0.1 

millisecond square waves were given for each 0.1 

ETMAC value decrease, starting from 2.9 ETMAC, while 

the patient was under deep anesthesia. Each stimulus was 

applied three times, depending on the changing ETMAC 

value, and the stimuli were administered at 15-second 

intervals to prevent habituation of the response. In each 

patient, the stimulus was given only from the right 

supraorbital nerve and recordings were taken from the 

right and left orbicularis oculi. Recordings were taken 

until the RC value was revealed. In addition, the ETMAC 

values at which the blink parameters appeared were also 

recorded.  
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Figure 2. Blink reflex recording of case 9, in which parameters with a MAC value of 0.9 were obtained. 

 

 

Latency, amplitude, duration and differential latency 

values of R1, R2, R3, RC parameters were measured (Figure 

2). Latency values were measured from the stimulus 

artefact to the onset of the reflex components. Amplitude 

was measured as the distance between parallel lines drawn 

at the base and the peak of the trace. To measure the 

duration, the vertical lines drawn at the beginning and end 

of the tracing were measured. The differential latency 

value was calculated by taking the difference of the R2 and 

Rc values.  

 

Statistical analysis: Descriptive statistics were made on 

the data, and "Arithmetic Mean + Standart Deviation" for 

continuous variables and "n, %n" for categorical variables. 

The correlations between the variables obtained and 

ETMAC values were analyzed by Spearman’s correlation 

analysis. In all statistical evaluations, values with p<0.05 

were considered statistically significant. The SPSS 14.01 

package programme was used for statistical analysis.  

 

Results 

Among cases, all mixed breed, 11 were female (68.80%) 

and 5 were male (31.30%). The body weights of the cases 

ranged from 13-22 kg (21.31±1.41), while their ages fell 

within the 2-3 years range (3.13±0.24). 

The latency of the R1 parameter displayed a 

polyphasic waveform and demonstrated remarkable 

stability. In contrast, the latency of the R2 parameter also 

exhibited a polyphasic waveform but with greater 

variability and less stability compared to R1. The RC 

parameter exhibited a polyphasic waveform and appeared 

after R2. The R3 parameter exhibited a polyphasic 

waveform with a highly variable delay time (Table 1). 

The R1 component exhibited a higher amplitude 

value compared to the other parameters. The mean 

amplitude values of the R2 and RC components were found 

to be lower than the mean amplitude value of the R1 

component. The R3 component had a small amplitude 

value (Table 2). Rc had the longest duration, R1 and R2 

times were close to each other (Table 3).  
 

 

Table 1. Average latency values and differential latency values 

of parameters R1, R2, R3 and Rc in milliseconds (msec). 

Variables (msec)  n Arithmetic 

mean 

Standard 

deviation 

Latency R1  303 10.98 0.16 

Latency R2  92 32.68 0.88 

Latency Rc   17 48.96 3.12 

Latency R3  71 64.86 0.91 

Differential Latency  15 12.56 3.11 

n: Number of traces obtained from all cases. 

 

 

Table 2. Average amplitude values of parameters R1, R2, R3 and 

RC in millivolt (mV). 

Variables (mV) n Arithmetic 

mean 

Standard 

deviation 

Amplitude R1  303 523.32 24.02 

Amplitude R2  92 197.99 14.87 

Amplitude Rc  17 353.79 56.52 

Amplitude R3  71 315.26 22.02 

n: Number of traces obtained from all cases. 

 

 

Table 3. Duration values of parameters R1, R2 and Rc in 

milliseconds (msec). 

Variables (msec) n Arithmetic 

mean 
Standard 

deviation 

Duration R1  303 10.40 0.29 

Duration R2   92 10.10 0.52 

Duration RC  17 23.03 4.24 

n: Number of traces obtained from all cases. 
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Figure 3. MAC values from which blink parameters are obtained. 

 

 

The R1 parameter was obtained in 13 cases at an 

ETMAC concentration of 2.9, which is accepted as an 

indicator of deep anesthesia (surgical anesthesia) for dogs, 

but it was obtained at later ETMAC values in 3 cases. The 

R1 parameter was obtained between 1.5 and 1.7 ETMAC 

in 15 cases (93.80%) and between 1.1 and 1.4 ETMAC in 

all cases (100%). The R2 parameter was initially obtained 

at a ETMAC concentration of 2.5 in only two cases 

(12.50%). It was most common in 14 cases (87.50%) at 

1.0 to 1.1 ETMAC concentrations. The R3 parameter was 

initially obtained at a ETMAC concentration of 1.6 in only 

one case (6.30%). The R3 parameter was obtained at 1.1 

ETMAC concentration in 14 cases (87.50%) at most. The 

RC parameter was initially obtained at a ETMAC value of 

1.1 in only one case (6.30%). The RC parameter was 

obtained in 7 cases (43.80%) at 0.9 ETMAC 

concentration. The mean ETMAC value for the RC value 

was 0.88 (Figure 3). 

A significant relationship was found between R1 

latency (p<0.001), R2 latency (p<0.001), and ETMAC. No 

significant relationship was found between RC latency 

(p=0.208), R3 latency (p=0.538), and ETMAC. A 

statistically significant relationship was observed between 

the amplitudes of the R1 (p<0.001), R2 (p<0.001), RC 

(p=0.038), and R3 (p=0.035) parameters and the ETMAC. 

A statistically significant relationship was observed 

between the durations of the R1 (p<0.001) and R2 

(p<0.001) parameters and ETMAC. There was a 

statistically insignificant relationship between the 

durations of the RC (p=0.329) parameters and ETMAC. 

 

Discussion and Conclusion 

R1 is stable and reproducible, usually in a two- or three-

phase form. On the other hand, R2 has a polyphasic shape; 

it tends to change and become habitual after repeated 

stimulation (19). Late reflexes are observed on both sides 

(ipsialteral R2 and contralateral RC) after unilateral 

stimulation and occur synchronously, with a delay of RC 

delay slightly longer than R2. R3 has also been found to 

have a highly variable polyphasic muscle potential but a 

longer latency than R2 (3). In present study, the R1, R2, 

RC and R3 parameters were found to be equivalent to 

previous human studies and the dog study of Anor et al. 

(3). 

The amplitude of R1 and R2 is metrically low due to 

variability and signal noise (4). Other researchers have 

reported that amplitude and duration have no value due to 

the large standard deviation and large variability (19). In 

the study, the R1 component had a larger amplitude value 

than the other parameters. The R3 component had a small 

amplitude value. The mean amplitude values of the R2 and 

RC components were found to be lower than the mean 

amplitude value of the R1 component. Amplitude values 

were found to be close to the study of Anor et al. (3) in 

beagle dogs, but it did not indicate an intersubject value 

since it had a high standard deviation.  

In a study, it was revealed that the most resistant 

component to propofol was R1, the first component of the 

blink reflex, R2, the second component of the blink reflex, 

was suppressed more than R1, and R3 was deeply 

suppressed. It was found that the R3 component was more 

sensitive than the R2 component and the most resistant 
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component was R1 (13). Late responses (R2 and RC) are 

highly affected by the level of consciousness, and RC 

disappears under general anaesthesia due to suppression 

of the polysynaptic reflex pathway to the contralateral 

facial motor nucleus (3). In the study, it was observed that 

blink parameters were suppressed during anesthesia. 

Anesthetic agents suppress reflex pathways by acting on 

GABA and glycine receptors, which is thought to be the 

cause of the suppression of the parameters with the depth 

of anesthesia. Obtaining the R1 parameter at a 

concentration of 2.9 MAC in 13 cases showed that R1 was 

the most resistant parameter to anesthesia. The R2 

parameter obtained at a concentration of 2.5 MAC showed 

that R2 was less resistant than R1, but more resistant than 

R3, which was initially obtained at a concentration of 1.6 

MAC. The least resistant parameter was recorded as the 

RC parameter, which occurs when the animal regains 

consciousness. At the same time, the MAC value at which 

the RC value was obtained was 0.88, which can be 

considered the average MAC value for dogs at which the 

effect of general anesthesia disappears. The dogs could not 

tolerate any other stimulus once the RC value appeared. 

The R2 value was most commonly obtained between 1.1 

and 1.0 MAC, but the dogs were not responding to any 

stimulus when R2 was obtained. But since prior research 

has shown that consciousness level influences R2 values, 

it was assumed that surgical anesthesia might have 

vanished in the MAC ranges where this value was 

measured. 

Marelli and Hillel (10), stated that no parameters 

would appear during surgical anaesthesia in patients 

anesthetized with isoflurane and halothane inhalation 

anaesthetics. At the same time, Moller and Jannetta (11) 

stated that blink reflex parameters cannot be revealed 

during surgical anaesthesia using modern inhalation 

anesthetics in humans. Once a short train of stimuli was 

used, it became the standard for eliciting motor evoked 

potentials (MEPs) under general anesthesia. The 

discovery that a short train of stimuli can elicit an R1 

component of the blink reflex in a patient under general 

anesthesia, when a single stimulus cannot in most patients, 

is very similar to the history of MEPs. The efficacy of a 

short train of stimuli to overcome the inhibitory action of 

anesthetics is very likely due to temporal summation and 

building-up of excitatory postsynaptic potentials in the 

interneuronal chain involved in the blink reflex in the 

brainstem (7). In the study obtained, the R1 value at the 

end tidal MAC concentration was 2.9, which is accepted 

as an indicator of deep anaesthesia (surgical anaesthesia) 

for dogs, in 13 cases, and was obtained later in 3 cases. 

This suggests that the R1 parameter may occur during 

surgical anesthesia in dogs anesthetized with sevoflurane. 

The values of R2, RC, and R3 could not be obtained at first, 

but were obtained later. This suggests that blink 

parameters can be obtained during sevoflurane anesthesia 

with a short train stimulus. 

As a result, the mean latency, amplitude, duration 

and differential latency values of the blink parameters R1, 

R2, R3 and RC obtained under sevoflurane anesthesia were 

presented in the study. At the same time, the suppressive 

effect of anesthesia on the blink reflex, at which MAC 

values it disappears and at which MAC value which blink 

parameter is obtained were revealed. The study was 

conducted on mixed breeds and it is thought that species-

specific studies can also be conducted. 
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