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Abstract

Background—Triphasic waves (TW) arising in patients with Toxic Metabolic Encephalopathy 

(TME), are often considered different from generalized periodic discharges (GPDs) in patients 

with Generalized Non-Convulsive Status Epilepticus (GNCSE).

Objectives—The primary objective of this study is to investigate whether a common mechanism 

can explain key aspects of both TWs in TME and GPDs in GNCSE.

Method—We used a neural mass model for the simulation of EEG patterns in patients with Acute 

Hepatic Encephalopathy (AHE), a common etiology of TME. Increased neuronal excitability and 

impaired synaptic transmission due to elevated ammonia levels in AHE patients were used to 

explain how TWs and GNCSE arise. We also studied the effect of gamma-aminobutyric acid 

(GABA)-ergic drugs on epileptiform activity, simulated with a prolonged duration of the inhibitory 

postsynaptic potential.

Main results—The simulations show that a model which includes increased neuronal excitability 

and impaired synaptic transmission can account for both the emergence of GPDs and GNCSE and 

their suppression by GABA-ergic drugs.

Conclusion—Our results add to evidence from other studies calling into question the dichotomy 

between TWs in TME and GPDs in GNCSE, and support the hypothesis that all GPDs, including 

those arising in TME patients, occur via a common mechanism.
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1 Introduction

Toxic Metabolic Encephalopathy (TME) is an acute condition of generalized depression 

of cerebral function, induced by an exogenous or endogenous disturbance of the central 

nervous system’s normal chemical milieu (1; 2). TME is common among patients with 

critical illness who are admitted to an Intensive Care Unit (ICU) (3). The clinical 

presentation of TME varies from mild confusion and cognitive slowing (‘delirium’) to stupor 

or coma (4).

The electroencephalogram (EEG) of patients with TME can be characterized by the 

appearance of generalized periodic discharges (GPDs). These discharges are often referred 

to as ‘triphasic waves’ (TWs), but more recently have been formalized in the newer 

nomenclature of the ACNS as Generalized Periodic Discharges with Triphasic morphology. 

Features that have been proposed for GPDs to qualify as TWs include an amplitude between 

100 and 300 μV, a frequency of 1.0 – 2.0 Hz, a negative-positive-negative phase polarity, an 

anterior-to-posterior phase lag, and responsiveness to state changes or stimulation (6; 7).

A distinction is often made between the TWs in TME and GPDs occurring in patients 

with Generalized Non-Convulsive Status Epilepticus (GNCSE). While TWs are generally 

not regarded as a type of seizure activity, GPDs arising in GNCSE are (8; 9). In 2006, 

Boulanger et al. described morphological features which they claimed can distinguish the 

two types of discharges, and reported that TWs were more responsive than GPDs to noxious 

or auditory stimulation (9). Furthermore, it is common to administer anti-seizure drugs 

(ASDs) to patients diagnosed with GNCSE consisting of GPD patterns, but to withhold 

ASDs from patients diagnosed with TME who exhibit TWs.

Recent studies and a careful reading of prior literature suggest that the above mentioned 

differences may not robustly distinguish TWs from other GPDs. First, in the study 

of Boulanger et al., there is overlap in the etiologies they assigned to the TW group 

and the GPD group; and it is now well established that medical conditions leading to 

encephalopathy (e.g. renal failure, liver failure, drug toxicity, etc) can produce unequivocal 

clinical and electrographic seizures [REF]. Furthermore, in Boulanger et al., classification 

of periodic discharges as TWs vs GPDs was based on review by only two EEG reviewers, 

whereas a recent study of Foreman et al. showed that the inter-rater agreement for making 

this distinction is only 33%. The study of Foreman et al. also showed that some TWs 

were associated with development of seizures (10). Finally, recent evidence suggests that 

a proportion (~40%) of patients with TWs show clinical improvement after treatment with 

ASDs (6; 10).

The conceptual division between GPDs in TME and GNCSE is important, because treatment 

recommendations depend on whether this distinction is artificial vs fundamental. Herein we 

propose a theory to unify several recent observations. We propose that GPDs in the setting 

of TME are a (usually) mild form of seizure activity that occur via the same underlying 

mechanisms as GPDs in GNCSE. In our theory, mild TME leads to the GPDs conventionally 

described as TWs, while severe TME leads to GPDs seen in NCSE. We investigate this 
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theory using a computational model for simulating GPDs arising in one of the best described 

forms of TME, Acute Hepatic Encephalopathy (AHE).

AHE is a common etiology for TME and can occur as a result of acute liver failure or an 

acute exacerbation of chronic liver failure (11). The syndrome is potentially reversible and 

its clinical presentation depends on the severity of the disease as shown in Table 1 (7; 12; 13; 

14; 15). TWs arise in more severe grades of AHE.

We use a recently-proposed mean field model of GPDs arising in AHE to gain insight into 

the pathophysiological mechanisms leading to the emergence of TWs and their response to 

ASDs (16). This prior work shows how a biologically plausible mathematical model that 

incorporates elevated neuronal excitability and impaired synaptic transmission, key features 

of AHE arising from known pathophysiological mechanisms, can give rise to GPDs/TWs. 

We review the model here, and study in depth the responsiveness of the model to gamma 

aminobutyric acid (GABA)-ergic ASDs, comparing the model responses with known effects 

of ASDs on GPDs/TWs. The primary objective of this study is to investigate the output of 

the neural mass model and the potential corresponding clinical implications, in support of 

the view that the distinction between TWs in TME and GPDs in GNCSE is ultimately an 

artificial one.

2 Methods

2.1 Background of neural mass model

We use a previously published neural mass model of GPDs arising in AHE (16). 

Mathematical details are provided in the Supplemental Material. Our model is based on 

a modified Liley model developed by Ruijter et al. to explain the appearance of GPDs in 

patients with hypoxic-ischemic encephalopathy (HIE) (17). In (16), the model was adapted 

to study AHE by mapping the mechanisms included in the model onto pathophysiological 

mechanisms described in the literature on AHE. Figure 1 shows an overview of the 

computational model, consisting of one excitatory population, the pyramidal neurons, and 

one inhibitory population, the inter-neurons. The brain involves both cortical and subcortical 

sources. In the model, cortical sources are represented by sigmoid activation functions as 

shown in Figure 2A. The figure shows how the membrane potential influences the rate 

of neuronal firing. Subcortical (thalamic) sources are both excitatory. We model pei as a 

constant and pee as a constant plus whitenoise.

Calculation of the postsynaptic potential (PSP) is as follows. The presynaptic potential is 

transformed into a mean firing rate using the sigmoid activation function. Filtering of this 

firing rate by the synaptic response function results in the PSP, displayed in Figures 2B 

and 2C. The output of the model is a simulated EEG signal, based on the inverse of the 

mean excitatory soma membrane potential Ve(t). All model computations were executed 

with Matlab (Matlab R2018a, Mathworks Inc., Natick, Massachusetts, USA). The model 

equations and parameters are further explained in Appendix A.
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2.2 AHE-specific adaptions to model

Increased neuronal excitability in patients with AHE is thought to result from multiple 

causes. One key cause is an up to ten-fold increased level of NH3, which can result in 

excessive activation of N-methyl-D-asparate (NMDA) type glutamate receptors leading to 

elevated neuronal excitability (18; 19). This can be modeled by increasing the resting value 

of the maximum excitatory postsynaptic potential (EPSP) amplitude (Γrest
e). We implement 

this in the model by changing the amplification factor Fam. An increased Fam corresponds to 

an increased excitatory postsynaptic potential, as shown in Figure 2B.

Alterations in NH3 levels can also lead to reduction in brain concentrations of adenosine 

triphosphate (ATP) (18). ATP levels are also decreased due to elevated consumption 

resulting from increased activity of the Na+-K+-ATPase in patients with AHE (20). 

Decreased levels of ATP eventually lead to impaired synaptic transmission. This is modeled 

by adjusting postsynaptic peak amplitudes Γe and Γi, which correspond to the maximum 

values of the synaptic response functions shown in Figures 2B and 2C. These amplitudes are 

considered as variables dependent on the presynaptic firing rate and recovery time constant 

τe
rec and τi

rec, respectively. Simulations were performed with varying values of the two time 

constants.

2.3 Effect of GABA-ergic drugs

Figure 2C shows how we model the effect of administration of GABA-ergic drugs, leading 

to prolongation of the inhibitory postsynaptic potential (IPSP). This can result in suppression 

of GPDs and seizures (6). We modeled this effect by adjusting the decay rate constants γi 

and γ˜i. These constants can be adapted by changing parameter c, which will be referred to 

as GABA in this paper.

2.4 Categorization of simulated EEG signals

Simulated EEG signals are categorized into one of the nine categories using an automated 

method, following criteria outlined in Figure 3. The nine categories are: no discharges, 

burst-suppression, irregular discharges, periodic discharges (< 1 Hz), periodic discharges 

(1 – 1.5 Hz), periodic discharges (1.5 – 2 Hz), periodic discharges (2 – 2.5 Hz), periodic 

discharges (2.5 – 3 Hz) and seizures (> 3 Hz) (21). An example of each pattern category, 

generated by the model, is shown in Figure 4. It should be kept in mind that the voltages of 

the simulated EEG signals do not correspond to those of real EEG signals.

2.5 Simulations

We conducted 16 simulations, in groups of 4. In these simulations we varied four 

parameters which govern model behavior: Fam, representing the degree of increased 

neuronal excitability; τi
rec and τe

rec, the inhibitory interneuron and excitatory neuron 

synaptic recovery times, representing the degree of impairment of synaptic transmission; 

and GABA, the level of GABA-ergic drug in the CNS (e.g. due to administration of 

benzodiazepine drugs). In each of the 4 groups of 4 simulations, we choose two of the 

4 parameters to vary continuously along the x and y axis of a subfigure. We generate 4 

subfigures by selecting two levels for the other two parameters, and using one of these levels 

for the figures in the top row, and the other value for the figures in the bottom row. We repeat 
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this for the other parameter, using one value for the figures in the left column and the other 

for figures in the right column. In this way, each group of experiments generates 4 figures in 

a 2×2 configuration.

In each subfigure the type of activity generated by the model is indicated by the colors 

shown in Figure 3. The colors are organized such that increasingly deeper shades of red 

indicate periodic discharges of increasing frequencies, with seizures (periodic discharges at 

> 3Hz) indicated by the darkest shade of red. Burst suppression is indicated by orange, 

irregular or sporadic discharges by yellow, and patterns without burst suppression or 

discharges, by green.

In all plots, we only show regions of the parameter space where excitatory synaptic 

transmission is more severely impaired than inhibitory synaptic transmission; that is, we 

show only regions where the recovery time for excitatory EPSPs τe
rec is elevated to a greater 

degree than the recovery time for inhibitory EPSPs τi
rec (i.e. τe

rec > τi
rec. Regions where this 

is not true were considered physiologically implausible (17) and are therefore shaded out in 

the figures.

Clinically relevant values for GABA, Fam, τe
rec and τi

rec were estimated in a prior study 

(16). An overview of the values is given in Table 2.

3 Results

3.1 Simulations

The results of simulations are presented in Figures 5, 6, 7 and 8. Each plot focuses on how 

model behavior changes depending on a different combination of model parameters that 

govern neuronal excitability and synaptic neurotransmission. Figure 4 provides examples of 

the nine pattern types that we defined to categorize simulated EEG activity, along with a key 

to the colors used in the figures.

Figure 5 shows how EEG activity produced by the model varies depending on the major 

factors that are impaired in AHE. Each of the four panels shows the type of neuronal activity 

produced by the model, depending on the degree of impaired synaptic transmission (i.e. 

the degree to which excitatory and inhibitory EPSP recovery time constants, τe
rec, τi

rec, are 

elevated, e.g. due to reduced ATP levels). The panels differ by the degree of increased 

neuronal excitability (i.e. the degree to which Fam is increased, e.g. due to increased 

activation of NMDA type glutamate receptors), with models in the left column set to a low 

value (0.75), and those in the right column set to a high value (1.5). The effects of GABA­

ergic medication are also shown, with upper panels indicating no treatment (GABA = 0), 

and lower panels indicating treatment (GABA = 0.1). We make three observations. First, the 

propensity for high frequency periodic discharges (PDs) and seizures increases as neuronal 

excitability increases, as indicated by the increased proportion of the figures occupied by 

darker reds when Fam is increased (compare right hand panels with left hand panels). 

Second, treatment generally decreases the burden of high frequency PDs and seizures, 

as indicated by the decreased proportion of the figures occupied by darker reds when 

GABA is increased (compare bottom panels with top panels). Third, impaired inhibitory 
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synaptic transmission (increased τi
rec; y-axis) leads to increased frequency of discharges, 

and ultimately to seizures, whereas impaired excitatory synaptic transmission (increased 

τi
rec; xaxis) has the opposite effect. The balance between τi

rec and τe
rec determines model 

behavior.

Figure 6 explores in more detail the effects of treatment with GABA-ergic drugs. In each 

subfigure, GABA-ergic drug levels vary along the x-axis, and the degree of impaired 

inhibitory synaptic neurotransmission (τi
rec) varies along the y-axis. The columns again 

show conditions of lower (left two figures) vs higher (right two figures) levels of neuronal 

excitability (Fam). The rows show conditions of higher (bottom two figures) vs lower (upper 

two figures) levels of impaired excitatory neuronal synaptic transmission (τe
rec). Note that 

large values of τe
rec indicate more profound dysfunction. We make three observations: 

First and second, as we saw in the previous figure, increased neuronal excitability (right 

panels) and increasing impairment of inhibitory neurotransmission (increased values along 

the yaxis) lead to high frequency PDs and seizures. Third, for any given levels of the other 

parameters, administration of a GABA-ergic drug is able to abolish seizures, decrease the 

frequency PDs, and ultimately abolish PDs. However, with more severe pathology (higher 

values of Fam, τi
rec, or both), higher doses of GABA-ergic drug are required to abolish 

epileptiform activity.

Figure 7 explores in more detail the effects of increased neuronal excitability, Fam. In each 

subfigure, excitability Fam increases along the x-axis, and the degree of impaired inhibitory 

synaptic neurotransmission τi
rec varies along the y-axis. The columns again show conditions 

of lower (left two figures) vs higher (right two figures) levels of GABA-ergic drug. The 

rows show conditions of higher (bottom two figures) vs lower (upper two figures) levels 

of impaired excitatory neuronal synaptic transmission (τe
rec; large values of τe

rec indicate 

more profound impairment). We make three observations: First and second, as before we 

see that the burden of high frequency PDs and seizures is increased by increasing neuronal 

excitability Fam, and by increasingly impaired inhibitory synaptic neurotransmission τi
rec 

relative to the degree of impairment of excitatory neurotransmission. Third, for any given 

values of the other parameters, administration of GABA-ergic drug is able to reduce the 

frequency of and ultimately abolish epileptiform activity. As before, more severe pathology 

(higher values of Fam, τi
rec, or both), requires higher doses of GABA-ergic drug to abolish 

epileptiform activity.

Figure 8 provides more detail about the effects of GABA-ergic drug treatment in relation 

to increased neuronal excitability. In each subfigure, GABA-ergic drug levels increase along 

the x-axis, and the degree of increased excitability Fam increases along the y-axis. The 

columns show conditions of lower (left two figures) vs higher (right two figures) levels of 

impairment of inhibitory neurotransmission (τi
rec), and the rows show conditions of higher 

(bottom two figures) vs lower (upper two figures) levels of impaired excitatory neuronal 

synaptic transmission (τe
rec), where large values indicate more profound impairment. 

We make three observations: First and second, as before we see that the burden of 

high frequency PDs and seizures is increased by increasing neuronal excitability Fam, 

decreased by the level of GABA-ergic drug. Third, increasingly impaired inhibitory synaptic 

neurotransmission τi
rec increases the burden of epileptiform activity. Fourth, the burden 
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of epileptiform activity is higher when the excitatory neurotransmission is less impaired 

relative to inhibitory neurotransmission.

Finally, in Figure 9 we compare the qualitative response of the model administration of a 

GABA-ergic drug with the response of a typical patient with GPDs in the setting of TME. 

We see that, following a bolus administration of lorazepam, as CNS levels of the drug rise, 

the frequency of GPDs decreases, and finally they resolve. The model exhibits the same 

qualitative behavior.

4 Discussion

Our results show that a biologically plausible neural computational model of toxic metabolic 

encephalopathy is able to simulate TWs and nonconvulsive status epilepticus EEG patterns, 

and the effects of GABA-ergic drugs. These results support the view that TW and NCSE 

EEG patterns in patients with toxic metabolic encephalopathy are produced by similar 

mechanisms, differing in severity but not in kind.

4.1 Clinical implications of simulations

These results suggest that a small increase in the severity of the inciting metabolic 

disturbance (NH3 levels in our model of AHE) may result in a moderate elevation of 

neuronal excitability and in moderate synaptic failure, leading to the occurrence of low 

frequency GPDs/TWs. Higher levels of the inciting metabolic disturbance have a more 

severe influence on both the neuronal excitability and synaptic transmission, resulting in 

the onset of high frequency GPDs, consistent with accepted definitions of electrographic 

seizures. We note that the same underlying mathematical model has been succesfully used to 

provide an explanation of GPDs arising in the setting of hypoxic ischemic encephalopathy. 

The primary difference between our model of AHE and the prior model of HIE is the 

account that we propose for how increased neuronal excitability and impaired synaptic 

transmission arise in these two different disease processes. As mentioned above, and as 

argued by others (17), these mechanisms appear quite generic, and are likely involved 

in some form in most or all conditions giving rise to GPD type EEG patterns. Further 

supporting the biological plausibility of our model, comparison of the simulated to real EEG 

responses of GPDs to administration of Lorazepam shows that the model predicts the effect 

of GABA-ergic drugs correctly. These results, coupled with prior empirical data (6), support 

the concept of empirical ‘ASD trials’ in patients with periodic discharges in AHE and 

other forms of TME with ASDs. Nevertheless, ASD trials are not without risk, particularly 

when using GABA-ergic agents like benzodiazepines. Therefore, the optimal way to select 

patients with TME and GPDs for ASD trials, and the optimal agent and dose, are important 

topics for further investigation.

4.2 Limitations

Our model is relatively simple. For example, we did not attempt to model spatial aspects 

of GPDs. Nevertheless, TWs in AHE patients may often possess interesting spatial 

characteristics, e.g. an anterior-posterior phase-lag. Spatiotemporal modeling of GPDs is 

an important topic for future research.
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Our modeling efforts in this work focus on GPDs arising in patients with AHE. Numerous 

other causes of TME are also accompanied by GPDs. We chose to focus on AHE because 

it is a ‘classic’ cause of TWs in TME, and because it’s underlying pathophysiology is 

relatively well understood. Nevertheless, the underlying mechanisms generating epileptiform 

activity in our model (increased neuronal excitability and impaired synaptic transmission) 

are quite general, and seem likely to be common to many or all forms of TME. (16; 17)

5 Conclusion

A biologically plausible neural computational model was used to simulate increased 

neuronal excitability and impaired synaptic transmission arising in the setting of toxic 

metabolic encephalopathy. The model was able to generate periodic discharges and seizures, 

depending on the severity of the underlying metabolic disturbance, and to recapitulate the 

effects of GABA-ergic drugs on the EEG. These modeling results strengthen the growing 

case that triphasic waves arise from similar mechanisms and are thus not fundamentally 

different from other forms of generalized periodic discharges.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Overview of neural mass model. N represents the number of synaptic connections. More 

information about the parameters is provided in Table A1.
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Figure 2: 
A. Sigmoid activation function (excitatory and inhibitory) showing the influence of the 

membrane potential on mean neuronal firing rate (‘spike rate’). The other two figures show 

the synaptic response functions for excitatory and inhibitory synapses. The postsynaptic 

potential as a result of presynaptic input is shown on the y-axis. The baseline values are 

shown in both subplots. The effect of an increased amplification factor Fam on the synaptic 

response function is shown in 2B. The effect of an GABA-ergic drugs on the response 

function is visualized in 2C.
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Figure 3: 
Flowchart to categorize simulated EEG signals.
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Figure 4: 
Legend of Figures 5, 6, 7 and 8 and corresponding simulated EEG signals.
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Figure 5: 
Model behavior (see 4 for explanation of colors) as a function of the degree of elevated 

neuronal excitability (increased Fam), impaired synaptic neurotransmission (increased τi
rec, 

and τe
rec), and treatment (GABA-ergic drug level). Top two figures: GABA-ergic drug 

is absent; bottom two figures, GABA-ergic drug is present. Left two figures: lower level 

of neuronal excitability; right two figures: higher level of neuronal excitability. Each of 

the four figures shows model behavior (colors) as a function of the balance between 

the degree of impaired excitatory synaptic neurotransmission (excitatory EPSP recovery 

time constant (τe
rec; x-axis), and impaired inhibitory synaptic neurotransmission (inhibitory 

EPSP recovery time constant (τi
rec; y-axis). The shaded area masks the physiologically 

implausible region. EPSP: excitatory postsynaptic potential.
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Figure 6: 
Model behavior (see 4 for explanation of colors) as a function of the degree of elevated 

neuronal excitability (increased Fam), impaired synaptic neurotransmission (increased 

τi
rec, and τe

rec), and treatment (GABA-ergic drug level). Bottom two figures: higher 

impairment of excitatory neurotransmission; upper two figures: lower impairment of 

excitatory neurotransmission. Left two figures: lower level of neuronal excitability; right two 

figures: higher level of neuronal excitability. Each of the four figures shows model behavior 

(colors) as a function of the balance between the degree of impaired inhibitory synaptic 

neurotransmission (inhibitory EPSP recovery time constant (τi
rec; y-axis), and levels of 

GABA-ergic drug (x-axis). The shaded area masks the physiologically implausible region.
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Figure 7: 
Model behavior (see 4 for explanation of colors) as a function of the degree of elevated 

neuronal excitability (increased Fam), impaired synaptic neurotransmission (increased 

τi
rec, and τe

rec), and treatment (GABA-ergic drug level). Bottom two figures: higher 

impairment of excitatory neurotransmission; upper two figures: lower impairment of 

excitatory neurotransmission. Left two figures: GABA-ergic drug is absent; GABA-ergic 

drug is present. Each of the four figures shows model behavior as a function of the balance 

between the degree of impaired inhibitory synaptic neurotransmission (inhibitory EPSP 

recovery time constant (τi
rec; y-axis), and the degree of increased neuronal excitability (Fam; 

x-axis). The shaded area masks the physiologically implausible region.
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Figure 8: 
Model behavior (see 4 for explanation of colors) as a function of the degree of elevated 

neuronal excitability (increased Fam), impaired synaptic neurotransmission (increased τi
rec, 

and τe
rec), and treatment (GABA-ergic drug level). Left two figures: less severely impaired 

inhibitory neurotransmission; right two figures: more severely impaired inhibitory synaptic 

neurotranmission. Bottom two figures: higher impairment of excitatory neurotransmission; 

upper two figures: lower impairment of excitatory neurotransmission. Each of the four 

figures shows model behavior (colors) as a function of the balance between the degree of 

increased excitability (Fam; y-axis) and the level of GABA-ergic drug (x-axis).
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Figure 9: 
Left: Raw EEG and accompanying spectrogram of a patient TME and GPDs, described in 

the electronic medical record as GPDs constituting NCSE before (1), and at various points 

in time after (2–4) administration of 2 mg of lorazepam. Triangles above the spectrograms 

indicate the time from at which the raw EEG is shown. We see that, following the bolus 

lorazepam, as CNS levels of the drug rise, the frequency of GPDs decreases, and finally they 

resolve. Right: The model exhibits the same qualitative behavior. The diagram shows the 

explanation of the observed changes in the EEG as predicted by the model, as GABA-ergic 

drug levels increase.
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Table 1:

grades of Acute Hepatic Encephalopathy.

Grade Signs Changes on EEG

1 Confusion, reversed sleep-wake cycles, by mood changes, 
shortened attention span

Normal or suppressed alpha rhythm, diffuse beta activity

2 Mild disorientation, lethargy or apathy, inappropriate 
behavior, decreased inhibition

Abnormal. Loss of alpha rhythm, generalized theta slowing

3 Stuporous, obeys simple commands, gross disorientation Abnormal. Generalized theta or delta slowing, GPDs (‘TPWs’) may 
occur

4 Coma, arousal to painful stimuli or not response. Abnormal, very slow, high-amplitude theta-delta activity, GPDs 
(‘TPWs’) are common
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Table 2:

Overview key parameters (default values)

τe
rec, τi

rec 103 – 105 (τe
rec −> τi

rec) Excitatory / inhibitory EPSP recovery time constants. ↑ values reflect impaired synaptic transmission

F am 0–1.5 Amplification factor for peak EPSP amplitude. Increased value reflects increased neuronal excitability

GABA 0–0.3 Level of GABA-ergic drug (e.g. benzodiazepine).
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