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Sudden Bispectral Index Reduction and Suppression Ratio Increase 
Associated with Bradycardia in a Patient Undergoing Breast 
Conserving Surgery
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Background: The bispectral index (BIS) is a valuable indicator for measuring sedation levels 
and patient consciousness. Recent reports have highlighted its clinical value as an indicator 
for anesthesia-related cerebral hypoperfusion and ischemic brain damage.

Case Report: A 55-year-old female patient underwent right breast conservation surgery 
during general anesthesia. During surgery, the patient experienced abrupt bradycardia (heart 
rate of 36 bpm) without hypotension. During bradycardia, her BIS was severely reduced 
from 45 to 20 along with elvated suppression ratio (50). After injection of 0.5mg of atropine, 
her BIS level was recovered, her heart rate was increased, and her suppression ratio was 
decreased.

Conclusion: The patient recovered from anesthesia without showing any signs of neurological 
sequelae based on BIS level monitoring.
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INTRODUCTION

The bispectral index (BIS) is known to be a measure of 

overall level of sedation and consciousness.1,2 It is also an 

indicator for anesthesia-related cerebral hypoperfusion. 

Moreover, BIS is a useful indicator of ischemic brain dam-

age when it is accompanied by electroencephalogram 

(EEG).3 In this case report, our patient experienced reduced 

BIS correlated with elevated suppression ratio (SR) dur-

ing abrupt bradycardia. This suggests that heart rate (HR) 

and BIS levels might be correlated in patients undergoing 

breast conservatory surgery during anesthesia. Written in-

formed consent has been obtained from the patient.

CASE REPORT

A 55-year-old female patient (body weight, 52 kg; 

height, 157 cm) underwent breast conservatory surgery 

due to ductal carcinoma of the right breast. The patient did 
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not suffer any co-morbidity. Her blood pressure levels were 

137/87 mmHg and her HR was 65 bpm. During operation, 

her blood pressure, electrocardiogram, pulse oximetry, 

and end-tidal carbon dioxide were regularly monitored 

non-invasively. BIS sensor was attached to her forehead to 

monitor the depth of anesthesia during operation. After 

pre-oxygenation, general anesthesia was induced with 

midazolam (2 mg), 1% propofol (50 mL at 2.5-3 mg/mL), 

and remifentanil (2 mg at 10-15 ng/mL target concentra-

tion infusion) using infusion pump. Tracheal intubation 

was facilitated with rocuronium (25 mg). During surgery, 

her blood pressure and HR were maintained at 120-

140/50-60 mmHg and 50-60 bpm, respectively. After 1 

hour since starting the surgery, reduced HR (30-40 bpm) 

was accompanied by a decrease in BIS (from 40 to 25) and 

an increase in SR (from 0 to 40-45). After administration of 

atropine at 0.5 mg, we observed an increase in HR (40 to 

70 bpm) and normalization of BIS and SR levels within less 

than 10 minutes. After completion of surgery, glucopyrro-

late (0.4 mg) and neostigmine (1.5 mg) were administered 

for neuromuscular reverse. The patient did not experience 

any neurological sequelae after the surgery. No ischemic 

damage was found in the patient’s postoperative magnetic 

resonance images. Data were plotted using Python 3.6.0 

(Python Software Foundation, https://www.python.org/). 

Minimal processing was performed prior to analysis.

DISCUSSION

BIS monitor was developed to evaluate the appropriate-

ness of surgical environment by assessing neurophysi-

ological response to noxious stimuli. BIS score associated 

with an appropriate level of sedation was set at 60-80 

and moderate hypnosis for surgery was set at 40-60. Our 

patient showed reduced BIS accompanied by severe bra-

dycardia. Her BIS levels recovered following an increase 

in HR after administration of atropine (Fig. 1). Reduction 

in BIS level is known to suggest deepened sedation. Previ-

ous reports have suggested that cerebral hypoperfusion 

decreases BIS. Mérat et al.1 have reported that monitoring 

BIS may facilitate the detection of severe cerebral ischemia. 

They observed two cases in which BIS levels were decreased 

in parallel with somatosensory evoked potential during ca-

rotid clamping in patients during carotid endarterectomy. 

Hayashida et al.4 have examined cerebral hypoperfusion 

using BIS levels during pediatric cardiac surgery. In five chil-

dren, they reported 14 cases of simultaneous decrease in 

regional cerebral hemoglobin oxygen saturation (rSO2) and 

BIS levels during acute hypotension. Hemmerling et al.5 

have also described cerebral hypoperfusion causing abrupt 

decreases in BIS from 45-50 to 0 during distal grafting.

Hashimoto et al.6 have also reported a marked reduction 

in BIS accompanied by severe bradycardia without hypo-

tension. They described that a diabetic patient undergoing 

ophthalmic surgery showed sudden severe bradycardia 

without hypotension followed by drastic decrease in BIS 

and increase in SR. With isoproterenol infusion, the patient 

Figure 1. A sudden decrease in bispectral index (BIS) and in-
crease in suppression ratio (SR) accompanied by severe brady-
cardia (35 beats per minute). After atropine infusion (double-
headed blue arrow), BIS and heart rate (HR) levels recovered to 
levels prior to surgery. MAP, mean arterial pressure.
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recovered prior states of BIS and HR without any neuro-

logical sequelae post-surgery.

In our report, the result suggests that monitoring BIS 

and SR levels may aid in detecting bradycardia during sur-

gery. SR is one of the sub-parameters incorporated in the 

BIS, which quantifies the percentage of suppression during 

burst suppression. The monitoring of both parameters de-

rived from EEG may improve our insight into the patient’s 

consciousness.

During surgery, implanting a pacemaker can also im-

prove mental performance,7 EEG findings,8 and cerebral 

blood flow (CBF)9 in patients with decreased CBF due to 

bradycardia. However, there have been contradicting re-

ports with different anesthetics10,11 due to device’s electric 

interference12 and patient’s conditions in which BIS values 

do not coincide with clinically judged sedative-hypnotic 

state. Therefore, clinicians must be aware of this and fur-

ther investigate the relationship between BIS levels and 

bradycardia. While normalization of the HR is vital for 

cerebral functioning, Koide et al.13 have suggested that op-

timal range of HRs might be needed to minimize vascular 

resistance and maximize blood flow. They have found a 

significant correlation between changes in HR and cerebral 

vascular resistance or CBF, but not cardiac output, in pa-

tients experiencing severe bradycardia during pacemaker 

implantation. These patients were also found to show im-

proved cognitive function post implantation. In our case, 

cerebral activity might have been reduced in response to 

decreased CBF as BIS was decreased from 40 to 25 after 

bradycardia. It was increased after atropine injection.

Our case of severe bradycardia during anesthesia is un-

common. Particularly, the drop in BIS and peak in SR levels 

followed by short recovery to previous levels with BIS drop-

ping and SR peaking again are not well defined. During our 

patient’s surgery, BIS levels maintained at around 35 to 45. 

They dropped to less than 25 before atropine injection. Al-

though less drastic, atropine infusion caused an increase in 

BIS level, similar to report in a previous study.6 Severe bra-

dycardia during anesthesia may cause cerebral hypoperfu-

sion which may result in cerebral impairments. Therefore, 

monitoring both BIS and SR levels in surgery may aid in the 

detection of bradycardia-induced cerebral hypoperfusion.
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