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The Effects of High-dose Barbiturates on the Acoustic Reflex 
and Auditory Evoked Responses 
Two Case Reports 

JAMES W .  HALL I11 
From the Department of Otolaryngology-Head and Neck Surgery, University of Texas Medical 
School and Audiology Service, Hermann Hospital, Houston, Texas, USA 

Hall J W 111. The effects of high-dose barbiturates on the acoustic reflex and auditory 
evoked responses: two case reports. Acta Otolaryngol (Stockh) 1985; 100: 387-398. 
The effects of high-dose barbiturates (pentobarbital) on the acoustic reflex, and the 
auditory brainstem (ABR) and middle-latency (AMR) responses, are illustrated with two 
case reports. Auditory electrophysiologic data were recorded serially during recovery from 
therapeutic barbiturate coma. ABR latency remained within normal limits in barbiturate 
coma, but amplitude of the wave I component was abnormally augmented. Contralateral 
and ipsilateral acoustic reflex activity, and the Pa component of the AMR, were not 
observed in barbiturate coma, and reappeared with the emergence of brainstem neurologic 
signs. These findings suggest a fundamental difference in the neurophysiologic substrate of 
the ABR vs. acoustic reflex and AMR. Possible mechanisms for the differential influence 
of barbiturates on these three auditory electrophysiologic measures are offered. Key 
words: auditory brainstem response, auditory evoked potentials, auditory middle-latency 
response, brain iqjury, coma, head iqjury, intracranial pressure, reticular formation. 
J. W Hall, Department of Otolaryngology-Head and Neck Surgery, University of Texas 
Medical School, Houston, Texas 77030, USA. 

There is experimental evidence that anesthetic doses of pentobarbital (Nembutal) reduce 
acoustic middle ear reflex activity (1-3) and suppress or abolish auditory evoked responses 
(AERs) in the middle-latency (20 to 100 msec) region (4-8). In contrast, the auditory 
brainstem response (ABR) in animal, at least cat and rat, is extremely resistant to the 
effect of barbiturates (9-13). 

Clinical investigations of the influence of barbiturates on the acoustic reflex and AER's 
are scarce and with few exceptions limited to light anesthetic doses of the drug. Pentobar- 
bital is a short-acting anesthetic agent that appears to effect the central nervous system 
(CNS) by depressing the ascending reticular activating system (RAS) in the brainstem (14). 
Large doses of pentobarbital lead to coma and, by depressing brainstem respiratory 
centers and reducing CNS responsiveness to blood gas alterations, can be lethal. Barbitu- 
rates in doses of up to 4 mgkg decrease sensitivity of the acoustic reflex in man (15-17). 
That is, increased stimulus intensity levels are required to elicit the aoustic reflex. The 
effect of barbiturates appears to be more pronounced on the contralateral, or crossed, 
acoustic reflex pathways and may be greater in humans than animal models (2, 16). 

Starr & Achor (18) reported normal ABR findings for four patients in coma following an 
overdose of barbiturates. Clinical neurologic signs were suppressed. In a recent clinical 
study, Newlon and colleagues (19) compared ABR latency values for a group of 15 head- 
injured patients in therapeutic barbiturate coma and a control group of 12 patients with 
equivalent neurologic status, but not receiving barbiturates. These investigators concluded 
that the ABR was not significantly altered by barbiturates. The study, however, was 
characterized by at least four methodologic limitations that appear virtually unavoidable 
when a group experimental design is used to clinically assess the influence of barbiturates 
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on evoked responses. First, serum barbiturate levels were relatively low (1 1 to 35 pglml 
range, with a mean level of 19 pglml). Second, 95% of the treatment group and 94% of the 
control group initially yielded abnormal findings in a multimodality evoked response 
battery, which included the ABR. Third, 60% of the treatment group was hypothermic at 
the time of the study, yet all patients in the control group were normothermic. There is an 
established relationship between body temperature and the ABR (20, 21). Finally, ABR 
latency data were highly variable within each group. Amplitude data were not analyzed. 
The outcome of the study by Newlon and colleagues does not, therefore, conclusively 
confirm clinically the influence of barbiturates on the ABR. And, to our knowledge, there 
are no published clinical reports describing the relationship between barbiturates and the 
auditory middle-latency response (AMR). 

In this paper, we present two case reports to illustrate the differential effect of high dose 
barbiturates on serial measures of the acoustic reflex, auditory brainstem response and 
middle-latency (AMR) response in man. 

METHODS 
Acoustic reflex data were collected with a commercially-available instrument (Amplaid 
702). An immittance test battery was administered according to standard clinical protocol 
(22),:and included tympanometry and measurement of static compliance and the acoustic 
reflei for each ear. Contralateral and ipsilateral acoustic reflexes were activated by pure- 
tone stimuli (octave frequencies of 500 through 4000 Hz) and broad-band noise, presented 
via a TDH-49 earphone coupled to a MX-41/AR cushion (contralateral) or a miniature 
transducer seated within the immittance probe assembly (ipsilateral). Acoustic reflex 
thresholds, approximated in 5 dB increments, were defined as the lowest stimulus intensi- 
ty level producing a reliable change in immittance as detected visually on a graphic 
display. Maximum signal intensity level for acoustic reflex thresholds measurement was 
110 dB (HL). 

Auditory evoked responses were stimulated, measured and analyzed at bedside in a 
surgical intensive care unit (SICU) with a clinical evoked potential system (Nicolet CA- 
1000/DC-2000). The stimuli were clicks of 0.1 msec duration presented with standard 
audiometric earphones (TDH-39) at an intensity level of 85 dB (Re: normal click hearing 
level, NHL) and at a rate of 2l.l/sec (ABR) or ll.l/sec (AMR). The neural signal was 
detected with gold, disc-type electrodes (forehead positive, earlobe negative), amplified 
(X100000) and then filtered (150 to 3000 Hz, ABR; 30 to 100 Hz, AMR). Interelectrode 
resistance was always less than 5000 Hz. Response latency and amplitude values were 
determined for the sum of two waveforms, each averaged for a total of 2000 stimuli (ABR) 
or 1 000 stimuli (AMR). Acoustic reflex and auditory evoked response data were obtained 
and analyzed without prior knowledge of barbiturate blood levels. 

RESULTS 
Case I 
The patient was a 38-year-old male sustaining a severe cerebrovascular insult secondary to 
heart-lung machine complications encountered during a double coronary artery bypass 
operation at an outlying hospital. He was immediately transferred to the Hospital of the 
University of Pennsylvania. Upon arrival, pupils were pinpoint and appeared unreactive 
bilaterally. Painful stimulation produced eye opening and a localizing motor response on 
the left, but no movement of extremities on the right. Computerized tomography (CT) 
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revealed left hemisphere brain swelling and a mild left-to-right shift. The patient was taken 
to the SICU. An intracranial pressure (ICP) monitor (Richmond bolt) was placed, with an 
opening pressure of 65 cmH20. Following a 50 g bolus of a hyperosmolar drug (Mannitol), 
ICP decreased to 20 mmHg. High-dose barbiturate therapy was then initiated with a 200 
mg bolus of Nembutal, and maintained by infusion. 

Acoustic reflex and AER measurements were initially made on the first post injury day. 
Serial physiologic, neurologic and AER data are summarized in Table I. Barbiturate blood 
level reached a maximum of 36 &ml, and was then gradually tapered over a period of 104 
hours. Physiologic parameters (body temperature, blood gases, ICP, mean arterial pres- 
sure, cerebral perfusion pressure) were stable throughout barbiturate coma. Clinical 
neurologic signs were initially not observed, and then emerged as the barbiturate blood 
level decreased. The ABR was consistently recorded in barbiturate coma (see Fig. 1). 
Latency and amplitude values remained well within our normative region. The AMR and 
acoustic reflex, in contrast, were not observed in deep barbiturate coma (see Figs. 1 and 
2). The Pa component of the AMR was first recorded at the test session coinciding with the 
finding of pupillary reactivity and a corneal reflex. With decreasing barbiturate blood 
levels, Pa component latency remained constant (30 to 31 ms), while amplitude systemati- 
cally increased from less than 0.19 uv to 1.00 uv. There was no detectable crossed or 
uncrossed acoustic reflex activity until barbiturate blood levels were less than 15 pg/ml 
(refer again to Fig. 2). Consistently normal reflex threshold levels (85 to 95 dB HL) were 
only observed following total clearance of detectable barbiturates in the blood. Through- 
out barbiturate coma, tympanograms were type A (22) and static compliance values were 
normal (0.30-0.35 cm3) bilaterally. Statistical correlations among auditory and physiologic 
data are summarized in Table 11. 

Table I. Chronological summary of physiologic, neurologic and auditory evoked response data for a 
38-year-old male sustaining an acute, severe cerebrovascular insult (case 1)  
Data were initially obtained on the first day post insult. MAP = mean arterial pressure; ICP = intracranial pressure; 
CPP = cerebral perfusion pressure. + = normal; - = abnormal; 0 = no response; NA = data not available 

Time in hours re: tapering of barbiturates 

Parameter -34 0 4 8 20 32 56 80 104 

Physiologic 
Barbiturate blood level (Mml) 
Body temperature (“F) 
MAP, mmHg 
ICP, mmHg 
CPP, mmHg 
~ O Z ,  m H g  
PaCOz, mmHg 

34 36 NA 31 NA 15 5.7 0.2 0 
99 100 99 98.6 99 99.8 100 102 100 
84 92 95 % 94 99 100 97 93 
0 1 2  0 0 0 O N A N A  

84 91 93 % 94 99 100 NA NA 
117 NA NA 116 159 154 166 136 124 
24 NA NA 27 35 32 34 34 36 

Neurologic 
Pupillary response (size, mmlreactivity) 310 310 410 310 41- 3/+ 5l+ 4l+ 4l+ 
Corneal reflex 0 0 0 0 -  - - + +  
Purposeful motor response to pain 0 0 0 0 0 0 0 - +  

Auditory evoked response 
Acoustic reflex 
Brainstem (latency) 
Middle-latency (amplitude) 

0 0 0 0 0 0 -  - +  
+ + + + + + + + +  
0 0 0 0 -  - - + +  
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showed reduced edema, and the development of bilateral subdural hygromas and cerebral 
atrophy, also illustrated in Fig. 3. There were no other CT changes. After the initial CT, 
the patient was taken to the operating room for a ventriculostomy (ICP monitor) and then 
to the SICU. Barbiturate therapy was started on the thud post injury day after repeatedly 
elevated ICP that failed to respond to hyperventilation and maximum Mannitol therapy. 

AER data were collected before, during and after barbiturate coma. The first assessment 
was done within 6 hours of the injury, and repeated measures were made through 22 days 
post injury. Serial physiologic, neurologic and AER data are summarized in Table 111. 
Barbiturate blood level reached a maximum of 66 pg/ml. Normal body temperature was 
maintained throughout coma. Blood oxygen values were always adequate. ICP was less 
than 20 mmHg during barbiturate therapy, although it increased slightly (to 21 mmHg) 
immediately following barbiturate tapering. Mean arterial pressure, however, was reduced 
during coma resulting in a substantial decrease in cerebral perfusion pressure. Neurologic 
responsiveness was decreased in deep barbiturate coma. 

As illustrated in Fig. 4, a well-formed ABR was reliably recorded before, during and 
after barbiturate therapy. Absolute and interwave (1-111 and 111-V) latency values were 
consistently within normal limits. Amplitude was never abnormally reduced. On post 
injury days 4 through 12, amplitude of the wave I component (0.65 uv) exceeded the upper 
limits of our normative data. The AMR was initially poorly-formed and of small amplitude, 
as shown in Fig. 5 ,  with a bi-peaked Pa complex. By post injury day two, however, there 
was a reliable and well-formed AMR. During barbiturate therapy, the AMR Pa component 
was not observed. A positive-voltage deflection immediately following the Na wave 
appeared to be related to fdter artifact. It was not recorded with a wider filter bandpass 
setting (5 to 1500 Hz vs. 30 to 100 Hz). On the first test day that barbiturates were not 

Table 111. Chronologic summary of physiologic, neurologic and auditory evoked response data for a 
17-year-old male with severe closed head injury (case 2) 
Data were initially obtained within 6 hours post injury. MAP = mean arterial pressure; ICP = intracranial pressure; 
CPP = cerebral perfusion pressure + = normal; - = abnormal; 0 = no response; NA = data not available 

Post injury day 

Parameter 0 1 2 4 5 9 11 12 I S  17 22 

Physiologic 
Barbiturate blood level 

Body temperature (OF) 99 100 100 100 102.6 101 102 99 99 101 99 
MAP, mmHg 113 117 113 87 90 70 97 110 77 107 127 
ICP, mmHg 7 22 15 18 17 16 18 21 14 NA NA 
CPP, mmHg 106 95 98 69 73 54 79 89 63 NA NA 
Pa02, mmHg 185 147 121 139 133 NA 122 143 163 205 112 
PaC02, mmHg 32 30 30 35 26 NA 32 30 39 43 44 

Neurologic 
Pupillary response 

(Irg/ml) 0 0 0 3 9 6 6 1 5  3 0 0 0 0 

(size/reactivit y) 2l- 2/+ 11- 2lO 2lO 310 U+ 3/+ 4l+ 4l+ 2l+ 
Best motor response strength - - - 0 0 0 0 0 -  - - 

Brainstem (latency) + + + + + + + + + + +  
Middle-latency (amplitude) - + + o o o o -  - o +  
Auditory evoked response 
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AUOITORV ERAINSTEM RESPONSE 
J.D.: 17 yur-dd male 

l ime Post Injury ~ Earbiturale Blood Levd 

-15 ms - 
4 

Stimulus 

Fig. 4. Serial auditory brainstem response recordings before, during and after barbiturate coma for case 2. 
(Reprinted with permission from Jacobson, JT. The Auditory Brainstern Response. San Diego, CA: College-Hill 
Press, 1985.) 

detected by blood analysis, we consistently measured in a Pa component of abnormally 
large amplitude (greater than 2 uv). Latency was consistent with pre-barbiturate values (24 
msec). The patient was chemically paralyzed at the time of testing. After barbiturate coma 
a normal-appearing AMR was not recorded until the 22nd post injury day. Statistical 
correlations among auditory and physiologic data are summarized in Table 11. 

DISCUSSION 
High-dose barbiturates differentially influence the acoustic reflex, and the auditory brain- 
stem and middle-latency responses. Consistent with previous experimental investigations, 
we found clinically that ABR latency is resistant to the effect of barbiturates. The data 
reported in this paper typify our clinical experiences. We have analyzed serial ABR 
findings for over 25 severely head-injured patients in therapeutic barbiturate-induced 
coma. A reliable, well-formed and clinically normal ABR has been repeatedly recorded 
from patients with barbiturate blood levels in excess of 100 &ml, and with drug- 
suppressed neurologic signs. In contrast, the AMR and acoustic reflex are invariably not 
observed in deep barbiturate coma, and are usually fust recorded coincident with reap- 
pearance of clinical neurologic signs of brainstem functioning. Unexpectedly, an unusually 
large-amplitude AMR Pa component is sometimes recorded with the initial release from 
barbiturates, as illustrated in case 2. 

The two patients reported in this paper sustained an acute, severe brain injury. Although 
neurologic and physiologic parameters were carefully documented in each case, we were 
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AUDITORY MIOOLE-LATENCY RESPONSE J.D.: 17 year-old male 

Time Port Injury 
Barbiturate Blood LoveI 

0 pglml 

Fig. 5. Serial auditory middle-latency response recordings before, during and after barbiturate coma for case 2. 

unable to rule out the possibility that dynamic brain pathophysiology influenced auditory 
response outcome. In case 1, important parameters, such as body temperature, ICP and 
blood gases, were stable throughout the study. There was an appropriate temporal 
correspondence among re-appearance of the acoustic reflex, AMR, pupillary response and 
the corneal reflex. In case 2, body temperature, ICP and CT findings were reasonably 
constant and blood gases were adequate, but decreased mean arterial pressure in deep 
barbiturate coma resulted in reduced cerebral perfusion pressure. It is possible that 
cerebral perfhion was a factor in the AMR changes. However, suppression of the AMR 
was noted coincident with absence of pupillary response, and in the presence of a reliably- 
recorded ABR. Furthermore, on the 15th post injury day (see Table 11), there were no 
barbiturates in the blood, and an AMR was observed with very low cerebral perfusion 
pressure (63 mmHg). In any event, this pattern of findings illustrates the importance of 
considering numerous variables in the study of auditory responses and barbiturates. 

Statistical correlation of barbiturate blood levels, physiologic parameters and auditory 
findings was completed, but did not confirm nor clarify the above-noted relationships 
among these factors (refer to Table 11). In studying clinically the influence of barbiturates 
on auditory measures, it is not possible to adhere to the cardinal rule of experimental 
single case research, that is, manipulation of only one variable at a time (23). Nor is it 
clinically feasible to introduce, withdraw and reintroduce the variable of interest (barbitu- 
rates). The appropriateness of clinical vs. statistical criteria for significance of changes in 
serial data is open to question (24). Indeed, the use of statistical analysis of single case 
clinical data, in general, is controversial (25). We elected, therefore, to evaluate the 
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importance of changes in serial auditory findings for the two cases in the context of clinical 
normative data. Experimental and normative data were obtained by the same tester with 
the same instrumentation. 

The neurophysiologic bases for the different effects of barbiturates on these three 
auditory nervous system responses are not known. In classic studies more than 30 years 
ago, Magoun, Moruzzi, French and colleagues provided experimental evidence that 
auditory stimulation may generate neural impulses that are conducted simultaneously 
toward the cortex via two sets of pathways (26-28). One system was direct, characterized 
by “spike-like” potentials with brief latencies recorded in the lateral sensory pathways, 
and not influenced by anesthesia. The other system was diffuse, characterized by poten- 
tials with more sloping, “wave-like” morphology and distinctly larger latency, recorded in 
the medial brainstem, and suppressed by barbiturate anesthesia. Subsequent experiments 
by these investigators, and numerous other eminent auditory neurophysiologists, con- 
firmed the suppression of middle-latency auditory responses (4-8, 29-35) and the acoustic 
reflex (2) by high-dose barbiturates, and implicated the role of the reticular formation. 

The profound influence of barbiturates on the acoustic reflex and AMR, yet not the 
ABR, is probably related to the neurophysiologic substrate of these responses. There is 
general agreement that the acoustic reflex and middle-latency response have multi-synap- 
tic pathways, characteristic of CNS events mediated by the reticular formation (2, 28, 29, 
36). The AMR is probably cortically-generated (37-39) and the acoustic reflex may also be 
cortically influenced (1). Even the rostra1 most component of the ABR (wave V), on the 
other hand, may reflect activity of only third or fourth order neurons and, therefore, may 
be dependent on activity of only two or three synapses in the brainstem (40). Multiple 
bases for the alteration of synaptic activity by barbiturates have been suggested, including 
reduction of pre-synaptic neurotransmitter release, increased postsynaptic chloride ion 
conduction and augmentation of post-synaptic amino acid-mediated inhibition (41-44). The 
differential influence of barbiturates on the three auditory responses may be the result of a 
complex interaction among these synaptic mechanisms, the number of synapses involved 
in the response and differences in the functional types of neurons subserving the response. 

The present study yielded two findings that were not anticipated, and deserve special 
mention. First, although ABR latency was not markedly altered in barbiturate coma, there 
was clinically significant amplitude augmentation of the wave I component in case 2. We 
have since recorded an abnormally large wave I component in other patients during deep 
barbiturate coma, and have also observed the phenomenon in patients with gross brain- 
stem and cerebral dysfunction (45, 46). Visual inspection of the serial ABR waveforms 
displayed by Marsh and colleagues (12, 13) revealed an apparent increase in wave I 
amplitude with high-dose barbiturates administration in cats, although the authors did not 
make note of this finding. We can only speculate as to possible explanations. As illustrated 
in case 1, the acoustic reflex is suppressed by barbiturates. The augmentation of wave I 
amplitude may reflect cochlear function without the sound-attenuating influence of the 
stapedius muscle. Holstein et al. (30) found experimental evidence of increased cochlear 
nucleus multiple unit activity with middle ear muscle paralysis. There are three factors, 
however, arguing against this possibility: 1) The ABR occurs within 5 to 6 msec after the 
stimulus, whereas the latency of stapedius muscle contraction in the acoustic reflex is at 
least 10 msec (47); 2) acoustic reflex sound-attenuation is mainly for frequencies below 
1 OOO Hz (48) and the ABR is dependent on cochlear activity in the frequency region above 
lo00 Hz (49); and 3) we have not consistently observed changes in ABR wave I in non- 
barbiturate treated patients who are chemically paralyzed. Therefore, rather than middle 
ear muscle paralysis, we suggest that the barbiturates exert a direct influence on inhibition 
and excitation processes in the auditory nervous system (31). That is, the function of 



3% J .  W. Hall ZZZ Acta Otolaryngol (Stockh) 100 

certain decending efferent and presumably inhibitory auditory centers, particularly olivo- 
cochlea: pathways, may be suppressed (50-52). Whatever the mechanism, wave I ampli- 
tude augmentation is the most pronounced effect of high-dose barbiturates on the ABR, 
and must be taken into account in the clinical interpretation of relative amplitude measures 
(e.g. wave V/I amplitude ratio) in comatose patients. 

A second unexpected finding was the sequence of AMR changes during recovery from 
barbiturate coma. For case 2 the AMR Pa component was excessively large (2 uv) 
bilaterally on the first post-coma test day that no barbiturate blood level was detected. 
Then, there was no observable AMR for approximately four days. We are uncertain as to 
whether the augmented AMR and subsequent apparent suppression is a direct effect of 
barbiturates, perhaps reflecting a synaptic hyperactivity followed by reduced activity, or a 
component of a generalized CNS process, such as post-barbiturate seizure activity, or 
even another neurophysiologic aberration. We consider post-auricular muscle (PAM) 
artifact an unlikely explanation since the patient was chemically paralyzed at the time of 
testing, and the latency of the AMR wave was consistent with our normative data for Pa, 
and well outside of the latency region of the PAM (10 to I5 msec) reported by others (53). 
The post-barbiturate AMR pattern brings to mind observations made by Pradhan & 
Galambos (4) over 20 years ago following a comprehensive experimental investigation with 
cats. Namely, changes in AER’s during recovery from barbiturate anesthesia are not 
necessarily the reverse of events observed during entry into anesthesia. Also, with release 
from barbiturates, portions of the cortical AER’s may be enhanced. And, finally, even 
after a subject (cat) appears to be behaviorally intact, the AER’s may not yet be compara- 
ble to pre-anesthetic recordings. 

In conclusion, the results of the present study have implications for basic investigations 
and clinical applications of the acoustic reflexes and auditory evoked responses. The 
validity of acoustic reflex, AMR, and perhaps 40 Hz response (46) data obtained from 
animal models is compromised by the use of barbiturate anesthesia. Generalization of 
experimental AER findings to man is, therefore, dubious unless measurement conditions 
and subject state are equivalent (54). Clinically, the ABR appears to have value in 
monitoring CNS status of acute brain-injured patients in therapeutic barbiturate coma (45, 
461, when traditional neurologic signs are suppressed. The acoustic reflex and AMR, on 
the other hand, are of little value in barbiturate coma, yet may offer an electrophysiologic 
measure of earlier effects of anesthetics on the CNS. Further study of the interactions 
among barbiturates and these other auditory measures is likely to provide both basic and 
clinical information on auditory neurophysiology . 
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