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Chapter 5
Sedative Agents (Benzodiazepines)

Whitney Moore, Olutola Adu, and Sherika Haire-Kendall

 Overview of Benzodiazepines and Mechanism of Action

Benzodiazepines are the most commonly used sedatives in the pediatric intensive 
care units [1]. In the pediatric and adult intensive care units, benzodiazepines are 
used for variety of indications such as anxiolysis, sedation, anterograde amnestic 
effects, seizures, and to treat alcohol withdrawal syndrome.

Benzodiazepines have specific action at gamma-aminobutyric acid (GABA) 
receptors. The mechanism of action of this sedative agonist is to improve GABAergic 
transmission. To better understand the mechanism of action of benzodiazepine, it 
helps to understand gamma-aminobutyric acid (GABA) neurotransmitter.

GABA is the most widely distributed inhibitory neurotransmitters in the central 
nervous system (CNS) and limits the excitability of neuronal activity in all areas of 
the brain. Increasing GABAergic activity results in sedation, amnesia, and ataxia, 
whereas a decrease in the GABAergic signal results in arousal, anxiety, restlessness, 
and insomnia [2]. The GABA receptors are widely distributed and utilized through-
out the central nervous system and have two subtypes, GABAA and GABAB. GABA 
functions as the major inhibitory neurotransmitter and controls the excitability of 
neurons by binding to the GABAA receptor. The GABAA receptor is the major 
molecular target for the action of many drugs in the brain including the benzodiaz-
epines. The binding promotes an increased influx of chloride ions hyperpolarizing 
the cell membrane and preventing the generation of an action potential. This effect 
leads to a minor communication between neurons and, therefore, has a calming 
effect on many of the functions of the brain [3]. Figure 5.1 shows the GABAA recep-
tor, which is further broken down into several subtypes two α1 subunits, two β2 
subunits, and one γ2 subunit. The receptor also had a single binding site for the 
benzodiazepines.
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Benzodiazepines are allosteric modulators that require GABA to be bound to its 
receptor. When benzodiazepines bind to the benzodiazepine receptor on a GABA 
receptor, they do not stimulate it directly. Instead, it increases the frequency with 
which the chlorine channel opens when GABA binds its receptor resulting in an 
increase amount of chloride ions in the postsynaptic neuron that immediately hyper-
polarizes this neuron and decreases the excitability. Benzodiazepine’s advantage 
compared to other drugs, i.e., barbiturates, is it acts in the same receptor and 
decreases the activity of neurons [2–8]. Benzodiazepines are the only drugs that 
give GABA more affinity for its receptor and act as an allosteric modulator. They do 
not provide a higher activation of GABA itself. This results in less toxicity with the 
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Fig. 5.1 Gamma-aminobutyric acid (GABA) receptor. (Source: Bertram G, Katzung, Anthony 
J. Trevor: Basic & clinical pharmacology, 14th ed. www.academia.edu. Copyright © McGraw- 
Hill Education. All rights reserved)
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benzodiazepines. Sedation, anterograde amnesia, and anticonvulsant activity are 
promoted through α1 receptors, whereas anxiolytic and muscle relaxation are pro-
moted by the α2 GABAA receptor (Table  5.1). In addition to their action on the 
central nervous system, benzodiazepines have a dose-dependent ventilatory depres-
sant effect, and they also cause a modest reduction in arterial blood pressure and an 
increase in pulse rate as a result of a decrease of systemic peripheral resistance [1]. 
It is through this mechanism that sedation, hypnosis, muscle relaxation, anxiolytic, 
anterograde amnesia, and anticonvulsant effects occur. The most commonly used 
benzodiazepines for sedation in the pediatric intensive care are midazolam, loraze-
pam, and diazepam [4].

 Pharmacokinetic and Pharmacodynamic Considerations

All benzodiazepines enhance the binding of gamma-aminobutyric acid (GABA), 
the major inhibitory neurotransmitter, to the GABA-A subtype of GABA receptors, 
resulting in GABAergic neurotransmission. All the agents in the benzodiazepine 
drug class have similar clinical effects. However, they differ in their pharmacoki-
netic profiles, such as rate of absorption, elimination half-life, and onset and dura-
tion of action. Details of benzodiazepine pharmacodynamics and pharmacokinetics 
are provided in Tables 5.2 and 5.3. [18].

Benzodiazepines undergo Phase I and Phase II metabolic pathways: hepatic oxi-
dation and reduction by cytochrome P450 and glucuronide conjugation. Alprazolam, 
midazolam, and diazepam undergo hydroxylation, while clonazepam undergoes 
nitroreduction [5].

Lorazepam displays low hepatic metabolism and does not have active metabo-
lites. Diazepam is rapidly absorbed and has the most rapid onset of action but also 
the greatest abuse/dependence potential. Diazepam is considered a long-acting ben-
zodiazepine and associated with accumulation, which may result in sedation, cogni-
tive impairment, and psychomotor retardation. Lorazepam and midazolam are 
considered short-acting benzodiazepine agents. The search for a water-soluble ben-
zodiazepine with clinical properties similar to diazepam but without its potential for 
venous irritation led to the development of midazolam [6].

Table 5.1 GABAA receptor subtypes with alpha subunit

Alpha subunit % of CNS GABAA receptors Know action medicated

α1 60 Sedative, amnestic, partial anticonvulsant
α2 15–20 Anxiolytic, myorelaxation
α3 10–15 Myorelaxation (only at high doses)
α4 <5 Insensitive to benzodiazepines
α5 <5 Partial myorelaxation
α6 <5 Insensitive to benzodiazepines

5 Sedative Agents (Benzodiazepines)
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Midazolam is the most commonly used benzodiazepine in pediatric anesthesia. 
It is administered orally, nasally, and rectally as well as intravenously and intramus-
cularly. When administered midazolam causes anterograde amnesia, sedation, and 
anxiolysis. Midazolam is a water-soluble benzodiazepine that has various clinical 
advantages over diazepam. It is not painful when administered intravenously or 
intramuscularly. Midazolam is FDA approved as premedication in children and is 
the only benzodiazepine approved by the FDA for use in neonates. Its clearance in 
adults (1.8–6.4  hours) is reduced compared with children (1.4–4.0  hours). 
Midazolam clearance is reduced even more in neonates and preterm infants com-
pared to toddlers and older children (6–12 hours). The elimination half-life is less 
in preterm infants less than 32 weeks’ gestational age [7, 8]. Any factor that impairs 
hepatic blood flow (e.g., cardiac surgery with bypass compared with cardiac sur-
gery without bypass) may decrease elimination including hypovolemic states and 
patients receiving vasopressors. Midazolam has the best pharmacokinetic profile 
for neonates compared to other benzodiazepines because the active metabolite 
exhibits minimal clinical activity and has a half-life similar to the parent com-
pound. Midazolam has been administered as a continuous infusion both in the oper-
ating room and in the intensive care unit. The depth of sedation correlates with 
plasma concentrations of midazolam. Prolonged use does lead to tolerance, depen-
dency, and benzodiazepine withdrawal [9]. Long-term infusions (i.e., ≥5  days) 
should be tapered over days while carefully monitoring for signs of withdrawal 
[10]. Benzyl alcohol toxicity is a theoretical concern associated with midazolam 
that can cause metabolic acidosis and gasping syndrome in neonates and infants. 
Toxicity should not occur when midazolam is given according to the recommended 
dosing guidelines. Cytochrome P450 3A4 metabolizes midazolam into an active 
metabolite. Therefore, midazolam will interact with those drugs/foods that are CYP 
3A4 inhibitors like grapefruit juice, erythromycin, calcium channel blockers, and 
protease inhibitors. The interaction causes prolonged duration of action of mid-
azolam [11].

Lorazepam was approved by the FDA in September 1977 and is a benzodiaze-
pine with sedative and antianxiety effects. It is administered orally, intramuscularly, 
or intravenously. Lorazepam, like diazepam, is virtually insoluble in water. Peak 
plasma levels of lorazepam are seen in 60–90 minutes. Lorazepam has a slower 

Table 5.4 Uses and indications for benzodiazepines

Drug name Pediatric uses/indications

Clonazepam Neuro-irritability, agitation, seizure disorders, panic disorder
Clorazepate Anxiety disorders, seizures
Diazepam Seizures (acute), status epilepticus, febrile seizure, prophylaxis, spasticity/muscle 

spasms, sedation, anxiolysis, and amnesia prior to procedure
Midazolam Sedation, status epilepticus, anxiolysis, acute seizures
Alprazolam Anxiety, panic disorder, premenstrual dysphoric disorder
Lorazepam Sedation, status epilepticus, chemotherapy-induced nausea and vomiting 

(anticipatory and breakthrough), insomnia due to anxiety or stress

W. Moore et al.
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onset of action and longer duration of action compared to the other benzodiaze-
pines. When administered IV, lorazepam produces little or no clinical effect for 
about 5 minutes, with its maximum effect occurring approximately 20 minutes after 
administration. The duration of action of lorazepam following IM administration is 
approximately 6–8 hours. The major side effect is excessive sleepiness and a pro-
longed amnesic period. Because lorazepam is dissolved in propylene glycol, it can 
accumulate to produce metabolic acidosis and renal dysfunction [11]. The amnesic 
properties of lorazepam are impressive and include both anterograde and a degree 
of retrograde amnesia. Lack of recall is maximal approximately 15–20 minutes after 
IV administration and may include events occurring throughout the treatment day 
[6, 12].

Diazepam has been used extensively as a premedication, adjunct to anesthesia, 
for sedation, amnesia, and control of seizures. It can be administered orally, intrave-
nously, and rectally to children. Diazepam is rapidly absorbed after oral administra-
tion, with peak plasma concentrations at 30–90 minutes. In children, the absorption 
rate is more rapid compared to adults. IM administration is painful and results in 
irregular absorption and should be avoided. Rectal diazepam is used for prehospital 
treatment of pediatric status epilepticus [5]. IV diazepam is associated with extrava-
sation and tissue necrosis. Administering IV lidocaine before the diazepam and 
administering diazepam slowly through a rapidly flowing IV catheter minimizes 
this pain and risk. Diazepam is highly plasma bound, with a serum half-life ranging 
from 20 to 80  hours. Its half-life is reduced in younger adults and children to 
~18 hours. Hepatic disease may decrease the elimination of diazepam. Diazepam 
undergoes oxidative metabolism by demethylation (CYP 2C19) to its active metab-
olite, desmethyldiazepam. The active metabolite has potency similar to the parent 
compound and a half-life greater than the parent compound. Therefore, caution is 
required when using diazepam in neonates [5].

The preservative benzyl alcohol is present in many formulations of diazepam. 
This preservative should not be used in neonates because it is difficult to metabo-
lize, can cause metabolic acidosis, and is associated with kernicterus. The amount 
of benzyl alcohol contained in a standard dose of diazepam would likely be insuf-
ficient to cause harm to a neonate [6].

 Adverse Reactions, Drug-Drug Interactions, 
and Monitoring Parameters

Adverse reactions to benzodiazepines are usually dose dependent with more severe 
adverse effects occurring when doses are increased. Dose-dependent adverse reac-
tions to benzodiazepines include CNS effects and respiratory depression. 
Benzodiazepine exposure has also been associated with the development and longer 
duration of delirium and lower likelihood of ICU discharge in critically ill infants 
and young children [13, 14, 17].
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The most frequent adverse reactions reported when using benzodiazepines 
include sedation, dizziness, weakness, fatigue, muscle weakness, ataxia, and iatro-
genic withdrawal symptoms on abrupt discontinuation or weaning [15, 17].

Other reactions to benzodiazepines include:

• Central Nervous System: confusion, depression, dysarthria, headache, slurred 
speech, tremor, vertigo

• Gastrointestinal System: constipation, nausea, gastrointestinal disturbances, 
change in appetite, jaundice, increase in bilirubin, increase in liver transami-
nases, increase in alkaline phosphatase

• Cardiovascular System: hypotension
• Psychiatric and Paradoxical Reactions: stimulation, restlessness, anxiety, exci-

tation, agitation, hostility, aggression, rage, irritability, rage, hallucinations, 
delusions, increased muscle spasticity, nightmare, sleep disturbances or 
insomnia

• Urogenital System: incontinence, urinary retention, changes in libido
• Dermatological Symptoms: allergic skin reactions, alopecia

Certain medications can influence the pharmacokinetics of benzodiazepines. 
Medications that are known to be inhibitors may result in increased and prolonged 
sedation due to a decrease in plasma clearance of benzodiazepines. Medications that 
are known to be inducers may result in a reduced sedation due to an increase in 
plasma clearance of benzodiazepines. Table 5.5 shows common drug interactions 
with benzodiazepines. Additionally, grapefruit juice may increase serum concentra-
tions of midazolam. It is recommended to avoid concurrent use of grapefruit juice 
with oral midazolam.

Table 5.5 Drug interactions with benzodiazepines

CYP family Substrates Inhibitors Inducers

CYP 3A4 Midazolam Azole antifungals
Macrolides
Amiodarone
Diltiazem
Verapamil
Erythromycin
Protease inhibitor

Carbamazepine
Phenobarbital
Phenytoin
Rifampin

CYP 2C19 Diazepam Omeprazole
Oxcarbazepine
Topiramate
Cimetidine
Fluoxetine
Ketoconazole

Dexamethasone
Phenobarbital
Phenytoin
Rifampin

UGT Lorazepam Probenecid
Valproic acid

Lamotrigine
Phenobarbital
Phenytoin
Rifampin
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Contraindications to the use of benzodiazepine include:

 1. Benzodiazepines are contraindicated in patients with a known hypersensitivity to 
the drug or to any components of the formulation.

 2. Paradoxical reactions such as anxiety, agitation, hostility, aggression, excitation, 
sleep disturbances, insomnia, and hallucinations have been reported during 
 benzodiazepine use. Benzodiazepine should be discontinued if the patient expe-
riences this reaction.

 3. Midazolam is not used for intrathecal or epidural administration due to presence 
of the preservative benzyl alcohol in the dosage form.

 4. Diazepam is contraindicated in patients with severe respiratory insufficiency, 
sleep apnea syndrome, severe hepatic insufficiency, and myasthenia gravis.

 5. Lorazepam should be used with caution with compromised respiratory function 
such as sleep apnea.

 Benzodiazepine and Opioids

Adjuvant use of benzodiazepines and opioids increases the risk of respiratory 
depression due to reactions at different receptor sites in the central nervous system 
that control respiration [16]. Benzodiazepines interact at GABAA sites and opioids 
interact primarily at mu receptors. When benzodiazepines and opioids are com-
bined, the potential for benzodiazepines to significantly increase opioid-related 
respiratory depression exists. Dosage and duration of concurrent use of benzodiaz-
epines and opioids should be limited, and patients should be monitored closely for 
increased respiratory depression and sedation.

Administration of benzodiazepines with other central nervous system depres-
sants such as alcohol, barbiturates, antipsychotics, sedative, hypnotics, anxiolytics, 
antidepressants, narcotic analgesics, sedative antihistamines, and anticonvulsants 
produces CNS-depressant effects.

 Breastfeeding/Pregnancy Considerations

 Pregnancy Considerations

Teratogenic effects have been reported with some benzodiazepines. The incidence 
of premature birth and low birth weights may be increased due to maternal use of 
benzodiazepines. Hypoglycemia and respiratory problems in the neonate may occur 
following exposure late in pregnancy. Neonatal withdrawal symptoms may occur 
within days to weeks after birth in babies exposed to some benzodiazepine in utero.
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 Breastfeeding Considerations

Breastfeeding is not contraindicated in women using benzodiazepines. Sedative 
effects of benzodiazepine exposure through breast milk appear to present minimal 
risk of CNS depression in infants. Infant sedation is also more likely in mothers 
taking a greater number of concomitant CNS depressants [2].

 In Summary

Benzodiazepines are the most commonly used sedatives in the pediatric intensive 
care units. Recent studies have highlighted the strong association between the use 
of benzodiazepines and ICU-acquired delirium. Additionally, abrupt cessation of 
benzodiazepines will result in iatrogenic withdrawal syndrome.
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