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Background:
Preliminary data suggests that administration of isoproterenol increases the Bispectral index (BIS), implicating the CNS stimulatory 

KeyWords: 

interfering with a stable neurological state during ablation procedures. 

Methods: We administered increasing doses of isoproterenol to twenty patients who were anesthetized with propofol-remifentanil 

or elicited movement, the ability to follow commands, and recall of words repeated to them while under general anesthesia. 

Results:
average BIS increase was 24.6 ± 12.2 (P < 0.00001).

were able to recall words repeated to them or events which occurred while under general anesthesia. 
Conclusions:

ablation procedures under general anesthesia with an isoproterenol challenge.
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general anesthesia improves the success of ablation procedures compared with conscious sedation.

Introduction 

injured, but electrically viable myocardium, thus revealing aberrant conduction pathways where additional ablation may be 

better predictor of clinical outcome than rapid atrial pacing [3,4]. 

lead to non-adrenergic signaling and stimulation of myocardial contractility, bronchodilation, tachycardia, and changes in blood 

as nervousness, headache, dizziness, restlessness, insomnia, anxiety, tension, blurring of vision, fear, and excitement. 

A pilot study (N=7) by our research group, showed that the bispectral index (BIS) increased dramatically with isoproterenol 
administration to patients under anesthesia, although no patient had any recall of events [6]. A single patient case report also 
reported that isoproterenol administration increased the BIS index [7]. In this expanded study, we asked whether patients’ level 
of consciousness was increased, if the subjects moved spontaneously, and whether they could follow commands and recall events 
following the administration of isoproterenol.

Materials and Methods

and was conducted under a Federal Wide Assurance, and in compliance with all relevant OHRP regulations. We enrolled twenty 

ablation under total intravenous anesthesia (TIVA-ET). Patients with altered levels of consciousness pre-intervention, or with 

care were responsible for the placement of the intravenous line, ASA monitors, and general total intravenous anesthesia (TIVA-
ET). All patients received general anesthesia which is standard of care at NYULMC. All patients were positioned supine and 
monitored according to the ASA monitoring guidelines. Monitoring included measurements of oxygen saturation using pulse 
oximetry, noninvasive blood pressure, electrocardiogram, capnometry and invasive blood pressure monitoring. General total 
intravenous anesthesia (TIVA) was induced with propofol, and neuromuscular blocker (succinylcholine or rocuronium). Patients 
were maintained on infusions of propofol ranging from 25 to 200 mcg/kg/min titrated to a BIS target of 50 ± 5 and an infusion of 
remifentanil ranging from 30 to 100 ng/kg/min with no further use of muscle relaxants. Controlled ventilation with an endotracheal 
tube (ET) was maintained with an ETCO2 = 33 ± 3 and respiratory rate (RR) [8-12]. 

Webster, Diamond Bar, California) combined with the Ensite Velocity Cardiac Mapping System (St. Jude Medical, Saint Paul, 

pulmonary vein. Upon completion of the initial ablation lesions for the procedure and return to sinus rhythm, isoproterenol (4 mcg/
mL) was infused using a stepped protocol with 5 min intervals at 5, 10, 15, and 20 mcg/min, similarly to other published studies 
[13]. Isoproterenol was discontinued in case of induction of a tachycardia with a non-sinus mechanism, hemodynamic instability, 
ECG changes suggesting ischemia (T wave inversions or ST depressions), BIS increase, or patient movements (spontaneous or 

Propofol and remifentanil infusion levels were kept constant unless spontaneous movement occurred, in which case a rescue bolus 
of propofol was given to deepen the anesthesia unless extubation was indicated. No catheter manipulation was performed during 
isoproterenol infusion to minimize any mechanical stimuli to the patient. 

dose) including the ability to follow commands was used to assess the patient’s awareness. To assess the patient’s ability to follow 
commands, the anesthesiologist would instruct them to “Squeeze my hand.” For assessing the patient’s recall, they were asked 
postoperatively (one hour later) to repeat words spoken while under anesthesia. 

At the time words were spoken under anesthesia, spontaneous movements were also tabulated as either present or absent. 
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Statistics

presented with ± one standard deviation. Binomial distribution was used for power analysis. Chi-squared was used to test for 

isoproterenol infusion. To assess the patient’s recall, the anesthesiologist repeated three sets of words three times each, i.e. at 0 

categories to help retrieval or recall. Patients were asked such questions previously described in the literature [14]. While in the 

of the words I told you? 

Results

were on a beta blocker including two patients on sotolol. Five patients were on dronedarone and one patient was on amiodarone. 
No patient had a diagnosed altered level of consciousness or severe cognitive impairment although one patient had depression and 
another had mild Alzheimer’s disease. 

Consistent with its properties as a beta adrenergic agonist, isoproterenol increased the heart rate in 90% or 18 out of 20 patients 

14.8 BPM prior to isoproterenol, whereas the average heart rate with beta blockers was 82.1 ± 27.4 BPM prior to isoproterenol. 

hypertensive and 25% became hypotensive (Table 2B).

Baseline Characteristics

Range 47 to 78 years   Mean Age 61.9 ± 8.24Age

Male 15 / Female 5Sex

8/20 = 40%Preoperative Beta Blocker

Range25 to 200 mcg/kg/min  
Mean 83.4  ± 32.1 mcg/kg/minPropofol Dose

Range 30 to 100 ng/kg/minRemifentanil Dose

Stepwise Infusion Protocol:  (5 then 10 then 15 
then 20) mcg/min q 5 minute increasesManeuver

Range 16 to 240 mcg   
Mean = 146.8 ± 77.4Isoproterenol Dose

Heart Rate

Responses 
(associated with termination 

of infusion)

Blood Pressure

BIS Change

Movement

Recall

Table 1: Demographics and Design Summary

Also shown in Table 2C, four patients had non-sinus arrhythmias in response to the isoproterenol challenge and two patients had 
ST changes without arrhythmias. Isoproterenol administration was halted for the occurrence of non-sinus arrhythmias (208 mcg, 

mean BIS increase was 24.6 ± 12.1. Figure 1 shows associated spontaneous movement represented by the blue triangles above BIS2 

(P < 0.00001). In all but one of the patients (95%), the BIS increased with isoproterenol administration.
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Figure 1: 

B:  Blood Pressure

Frequency

6/20 = 30%Hypertensive: Increase  > 20%

9/20 = 45%Normotensive: Same

5/20 = 25%Hypotensive: Decrease  > 20 %

C:  Arrhythmia

3/20 = 15%Atrial Fibrillation Requiring Cardioversion

1/20 = 5%Junctional Rhythm

2/20 = 10%ST Segment Changes

Table 2: 

Follows 
Commands

Spontaneous 
Movement

Mean BIS 
Change

BIS Change: 
Frequency

10/20 = 50%12/20 = 60%24.6 ± 12.2*19/20 = 95%Overall

8/12 = 66.7%9/12 = 75%28.012/12 = 100%No Beta Blocker

2/8 = 25.0%3/8 = 37.5%19.57/8 = 87.5%Beta Blocker

*Paired student’s t test. p < 0.00001 
Recall: 0/20 = 0% 
Table 3: 

isoproterenol on the central nervous system by passing the blood brain barrier. 

A: Heart Rate: Tachycardia 18/20 = 90%

P ValuePost-IsoproterenolPre-Isoproterenol

0.00001*+ 49.4120.9 ± 28.271.5 ± 22Overall N = 20

0.00001*+ 57.9122.364.4No Beta Blocker N = 12

0.00078*+ 36.7118.882.1Beta Blocker N = 8
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Figure 2: Approximate Timeline

patients (12/20= 60%) moved spontaneously at the higher BIS levels and ten of the twelve patients who moved also followed 

compared with 37.5% with preoperative beta blockers; with 66.7% vs. 25.0% following commands, respectively. None of the 
patients had any recall of the events or words spoken to them while under anesthesia (Figure 2). 

Discussion 
We have demonstrated in this study that isoproterenol increases the BIS and movement (spontaneous and in response to 

anesthesia as demonstrated in our previous study reported in JICE [6]. Movement still poses a risk to the patient and has been 

and recall. During isoproterenol, the level of BIS increased, as well as, chance of spontaneous movement and ability to follow 
commands, but without evidence of recall. No patient had recall of events or words spoken to them while they were under 
anesthesia. Data from Kerssen, et al. suggests that 25% of patients under propofol sedation with BIS of 60 to 70 who had ability to 
follow commands also developed recall. However, most of our subjects had a lower BIS initially during the isoproterenol infusion. 
A power analysis (alpha = 0.05, beta = 0.20) suggests that 58 patients would be needed to show that a 5% or 1 in 20 patients rate 

389 to 1 in 408 at the alpha = 0.05 level based on the binomial distribution. A future study would have to be performed to contrast 
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the risk of recall with isoproterenol vs. without isoproterenol estimated to be one in 1000 or one in 10,000 in the usual general 
anesthesia population [9,15].

Measurement of Arousal 

infusion protocol and controlled mechanical ventilation. In the pilot study [6] the median isoproterenol dose was 25 mcg with 
arbitrary dosing, spontaneous ventilation and mild hypercarbia, this study with the isoproterenol infusion protocol had a mean 
isoproterenol dose of 146.8 mcg with normocarbia. 

TM Monitor is a non-invasive device that measures 
the electrical activity of the brain. Some studies suggest that using the BIS value to guide administration of anesthetic medications 

anesthetic dosing and use of inhalational agent [9]. 

Moreover, BIS values do not change in a linear fashion with increasing anesthetic dose [10]. Some studies suggested that a low 
BIS value during a general anesthetic was associated with a higher morbidity and mortality although this has been called into 
question when co-morbidities are taken into account [11,12]. Alternatively, a high BIS value is associated with spontaneous 
movement, awareness and recall. Despite these uncertainties, our combination of monitoring approaches gives us important 
clinical information as to changes in awareness to avoid undesirable outcomes. 

report, ephedrine, an indirect acting alpha and beta agonist, was shown to increase BIS values although phenylephrine had no 

(alpha-2 agonist sympatholytic) decrease propofol requirements during BIS titrated anesthesia. Esmolol reduces the amount 
of anesthesia required to prevent movement at skin incision [18-21]. In anesthetized rats, propanolol and esmolol cause burst 
suppression and changes in the EEG suggestive of non REM sleep. Studies using radiographically tagged beta blockers in rats 

[22,23]. Beta receptors are found in the pontine reticular formation, the hippocampus, the hypothalamus, the thalamus, the 

preoptic area, both of which receive projections from the locus coeruleus, results in behavioral and EEG measured arousal [26]. 

Evidence for interaction of adrenergics with arousal 

might also expect that the arousal would occur at similar doses of isoproterenol in each patient. We saw patient arousal at a wide 
range of isoproterenol dosages indicating plasma drug concentration variations which may be a function of the level of anesthesia 
or plasma propofol concentration prior to isoproterenol administration. 

inhibition by arousal centers such as the locus coeruleus on the ventrolateral preoptic nucleus (VLPO) nucleus and other sleep 

thalamic nuclei could activate pathways involved in learning, memory and awareness.

shown to occur at BIS levels as low as 40 although the patients had no recall of these events [27]. Another approach to evaluating 
the level of consciousness of anesthetized patients is to assess their ability to form memories or recall events which occurred while 

studies support the lack of conscious recall in the vast majority of patients at a BIS less than 60 [28,29]. We tested for conscious 
recall of words repeated to the patients while under anesthesia and for recall of events occurring while under anesthesia. Although 
there were no episodes of recall, the BIS response especially in combination with the examples of spontaneous movement and 

Conclusions 

procedures as measured by BIS level, movement and the ability to follow commands. Our data suggest that use of additional 
anesthetic agents during the administration of isoproterenol could be helpful in preventing harmful movement and possible 
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recall. BIS may be a useful guide in the optimization of anesthesia when isoproterenol is administered during electrophysiology 
procedures. 

1. Isoproterenol increased BIS values in 19/20 subjects.

Summary

simple commands (10/19 = 52.6%) despite their continued amnesia (recall rate = 0%).
4. Clinically, the isoproterenol infusion to access the quality of AF ablation poses several anesthetic risks including movement 

to possible dosing of neuromuscular blockade at the end of the case.
5. With the understanding that the isoproterenol infusion can increase arousal during the last 20 to 30 minutes of the catheter 
ablation procedure, the anesthesia provider may choose to compensate by carefully increasing the dose of short acting anesthetic 
agents such as proprofol and/or remifentanil and avoid the prolonged action of neuromuscular blockers.
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