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Pharmacological Treatments

 � Acetaminophen
CATEGORY: NSAID; Over-the-Counter
ALSO KNOWN AS: Paracetamol and commercially 

as Tylenol and Panadol
ANATOMY OR SYSTEM AFFECTED: Musculoskeletal 

system, nervous system

KEY TERMS
•	 analgesic: a substance that reduces pain
•	 antipyretic: a substance that lowers body 

temperature
•	 cyclooxygenase (COX): an enzyme in 

the synthesis of prostaglandins and 
thromboxanes

•	 methemoglobinemia: a condition where there is 
an elevated blood level of methhemoglobin 
where the iron is in a state which cannot 
carry oxygen

•	 non-steroidal anti-inflammatory drugs: drugs 
that do not have the steroid structure and 
reduce inflammation

•	 thromboxane: substance made by platelets that 
causes blood clotting and constriction of 
blood vessels

Structure and Functions
Acetaminophen is a non-steroidal anti-inflamma-
tory drug (NSAID) that is a mild analgesic and anti-
pyretic used to alleviate pain and reduce fever. It is 
the most widely used non-prescription drug in the 
general treatment of minor to moderate pain and 
fever reduction and is increasingly used to reduce 
osteoarthritic pain. For severe pain, acetamino-
phen is often used in combination with an opiate 
such as codeine.

Although the mechanism of action of acetamino-
phen is unclear, it may reduce the cyclooxygenase 
(COX) enzymes, COX-1 and COX-2, enzymes that 
synthesize prostaglandins and thromboxanes, 
within the central nervous system but not outside 
the central nervous system explaining its analgesic 
and antipyretic effect and non-effect on inflamma-
tion. Prostaglandins and thromboxanes have many 

physiological effects. Acetaminophen is not a direct 
inhibitor of either COX-1 or COX-2 but seems to 
reduce their amounts by inhibiting their oxidation 
to the active forms. Whether acetaminophen 
inhibits COX-3 is the subject of debate.

The therapeutic and inhibitory effect of acet-
aminophen toward the prevention of cataracts is 
currently under investigation.

Acetaminophen is increasingly used as treatment 
for osteoarthritis and has managed to maintain low 
gastrointestinal toxicity effects even at over-the-counter 
(OTC) doses. The widespread availability of the drug 
increased reports of self-overdosing and reports of 
severe liver damage and skin reactions. These compli-
cations are often seen when acetaminophen is used 
with alcohol, fasting, other drugs, and diet. The con-
cerns of overdosing have continued to increase. The 
Food and Drug Administration has attempted to 
strengthen its messaging about the dangers of over-
dosing and limit the dose/tablet or capsule. Label 
warnings concerning liver damage and rare skin reac-
tions were required in 2011, and further refinement 
was suggested in 2017. Acetaminophen is currently the 
leading NSAID with no significant contradictory 
reports to hinder consumers from continuing its use.

Tylenol 500 mg rapid-release capsules. (Katy Warner via Wiki-
media Commons)
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Perspective and Prospects
During the Middle Ages, typical antipyretic 
agents were derived from cinchona bark 
and white willow bark, more commonly 
known as the chemical family of salicins. 
The scarcity of the cinchona tree fueled 
the need for an alternative source for anti-
pyretic agents. Harmon Northrop Morse 
first acetaminophen in 1877 at the Johns 
Hopkins University through the reduction 
of p-nitrophenol with tin in the presence 
of glacial acetic acid. Joseph von Mering 
first used acetaminophen in humans in 
1887 and reported in 1893 that acetamino-
phen caused methemoglobinemia stimu-
lating its discontinuation as a drug in 
humans. By 1948, scientists had demon-
strated that acetaminophen is not toxic in 
humans and is an effective analgesic. The 
rediscovery of acetaminophen sparked 
public interest in the United States and 
was subsequently introduced to the market 
in 1950 as Triogesic, a combination with 
aspirin and caffeine. However, fears of agranulocy-
tosis side effects, where the deficiency of white blood 
cells increases the vulnerability to infections, led to 
withdrawal of the drug from the market until it was 
reintroduced as a prescription drug in 1953 and as a 
single non-prescription analgesic in 1959. By the 
1960s, acetaminophen proved its safety and  
reliability among its predecessors, particularly  
acetanilide and phenacetin, whose side effects 
included gastrointestinal ulceration and hemor-
rhage, among others.

—Pamela Rose V. Samonte
—Rhea U. Vallente, PhD
—Charles L. Vigue, PhD
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 � Alpha-2 adrenergic agonists
CATEGORY: Class of Drug
ANATOMY OR SYSTEM AFFECTED: Cardiovascular 

system, Nervous system

KEY TERMS
•	 adjuvant analgesic: drugs with a primary 

indication other than pain that have 
analgesic properties in some painful 
conditions and are usually given in 
combination with other analgesics

•	 analgesic: a drug that relieves pain

Julius Axelrod (pictured) and Bernard Brodie demonstrated that acetanilide 
and phenacetin are both metabolized to paracetamol, which is a better tolerated 
analgesic. (National Institutes of Health)
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•	 hypertension: high blood pressure; above  
130 mm Hg (systolic) / 90 mmHg (diastolic)

•	 hypotension: low blood pressure; below 120 
mm Hg (systolic) / 80 mm Hg (diastolic)

•	 ion: an atom or molecule with a net electric 
charge that results from the loss or gain of 
one or more electrons

•	 ligand-gated ion channels: transmembrane 
protein complexes that conduct ion flow 
through a channel pore in response to the 
binding of a neurotransmitter

•	 locus coeruleus: a cluster of neurons in 
the pons of the brainstem involved with 
physiological responses to stress and panic

•	 nerve impulse: signals transmitted along 
nerve fibers that consist of a wave of 
electrical depolarization that reverses the 
charge differential across the nerve cell 
membranes

•	 neurotransmitters: chemical substances 
released at the axon terminus, when a nerve 
impulse arrives there, and diffuses across 
the synapse and initiates a response in the 
target cell

•	 synaptic cleft: the space between neurons at a 
nerve synapse across which a nerve impulse 
is transmitted by a neurotransmitter; also 
called the synaptic gap

Alpha-2 adrenergic agonists have been in clinical 
use for decades to treat high blood pressure 
(hypertension), attention-deficit/hyperactivity 
disorder, various pain and panic disorders, the 
symptoms of alcohol, opiate, or benzodiazepine 
withdrawal, and cigarette craving. More recently, 
alpha-2 adrenergic agonists have been used in 
combination with sedatives to reduce the dosage 
of anesthetics. 

Activation of alpha-2 adrenergic receptors 
inhibits the release of the neurotransmitter nor-
epinephrine from presynaptic neurons. Because 
these receptors are found mainly on the surfaces 
of neurons in the central nervous system, their 
activation tends to result in system-wide effects, 
such as centrally-induced sedation, hypotension, 
and centrally-mediated pain modification.

How Alpha-2 Adrenergic Agonists Work
Nerve cells (neurons) communicate with each 
other by releasing neurotransmitters that bind 

to receptors on the cell surface of the neigh-
boring neuron. These neurotransmitter-
binding receptors also double as ion channels 
that allow ions to enter or leave the cell. 
Because these nerve cell-specific receptors 
open or close when bound by small molecules 
(ligands), they are referred to as “ligand-gated 
ion channels.” 

Neurons consist of a cell body that houses the 
nucleus, multiple extensions of the cell body 
known as dendrites, and a long extension that 
projects away from the cell body called an axon. 
The dendrites conduct nerve impulses toward the 
cell body and the axon conducts nerve impulses 
away from the cell body. 

Ligand-gated channels are found on the cell 
body and dendrites of neurons. When the nerve 
impulse reaches the end of the axon, or axon 
terminus, the neuron releases its neurotrans-
mitter. The neurons connect other neurons by 
means of a specialized cell-cell junction called a 
“synapse.” The neurotransmitter released by the 
neuron floods the space between the two con-
nected neurons (this space is called the  
“synaptic cleft”) and binds to ligand-gated ion 
channels on the dendrites and cell body of the 
neighboring neuron. This neurotransmitter 
may activate or inhibit the adjacent neuron, 
depending on the receptor it binds, and the 
identity of the neurotransmitter.

One of the neurotransmitters released by 
specific neurons is norepinephrine. Neurons 
that primarily release norepinephrine are 
called “noradrenergic neurons.” Although 
there are relatively few noradrenergic neurons 
in the brain, they project to multiple different 
areas of the brain and exert powerful effects on 
their targets. The most important cluster of 
noradrenergic neurons in the brain is the 
“locus coeruleus,” which lies in the brainstem, 
and forms the lateral walls of the fourth ven-
tricle, just in front of the cerebellum. Pain and 
other unpleasant stimuli stimulate the locus 
coeruleus. Additionally, the locus coeruleus 
sends projections to every significant part of 
the brain. Its activity regulates alertness, 
memory formation, and response to sensory 
inputs. Consequently, drug-induced suppres-
sion of the locus coeruleus has a powerful 
sedating effect on the body. 
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To properly regulate the release of this pow-
erful neurotransmitter, noradrenergic neurons 
have norepinephrine receptors on their axon 
termini called alpha-2 adrenergic receptors. 
When activated, alpha-2 receptors decrease the 
release of norepinephrine from noradrenergic 
neurons, and act as an internal control to pre-
vent overactivation of the targets of noradren-
ergic neurons. 

Agonists are molecules that bind to receptors 
and activate them. Norepinephrine is an agonist 
for alpha-2 receptors, but other, synthetic mole-
cules can also bind alpha-2 receptors and activate 
them. Alpha-2 receptor agonists are a class of 
drugs that bind to alpha-2 receptors and decrease 
norepinephrine neurotransmission. The three 
alpha-2 receptor agonists that have been used in 
pain relief include clonidine (Catapres and 
generics), tizanidine (Zanaflex), and dexmedeto-
midine (Precedex). 

Clinical Uses of Alpha-2 Adrenergic Receptor 
Agonists
Cancer patients often have pain resulting from 
tissue damage or erosion by the tumor (e.g., 
cancer-induced fractures in patients with breast, 
lung, or prostate cancer and in patients with mul-
tiple myeloma), obstruction or perforation of 
internal organs (e.g., gastric cancers), bleeding 
within the tumor (e.g., hepatocellular carcinoma), 
or organ stretching (e.g., liver cancer). Oral tizani-
dine is used as an adjuvant analgesic for cancer 
patients whose pain is not entirely controlled by 
opioids. Adjuvant analgesics, or “coanalgesics,” 
are drugs initially marketed for indications other 
than pain but successfully treat pain in patients 
when given in combination with other pain-
relieving medications.

Tizanidine also treats painful spasms of the neck 
and shoulder. It not only relieves myofascial pain, 
but it also inhibits activation of motor neurons in 
the brain and spinal cord to prevent spasms of the 
head and neck. 

Pain in postsurgical patients (perioperative 
pain) results from inflammation caused by tissue 
trauma, as in the case of surgical incision, dissec-
tion, or burns, or direct nerve injury (e.g., nerve 
transection, stretching or compression). 

In surgical patients, clonidine, administered 
orally, intraspinally, or by means of a 

transdermal patch, or dexmedetomidine, 
administered by intravenous infusion reduce 
pain, especially if given in combination with 
opioid drugs. Clonidine is also an effective  
preoperative treatment that decreases postoper-
ative pain and reduces the need for opioids. 
Dexmedetomidine is an anesthetic and a seda-
tive for critically ill patients who require pro-
longed sedation and mechanical ventilation. It 
has two distinct advantages in that it does not 
produce respiratory depression and reduces the 
occurrence of delirium following outpatient 
anesthesia. Intranasal dexmedetomidine also 
sedates children who cannot tolerate intrave-
nous medications for CT scans. 

An additional benefit of clonidine is that it can 
manage the symptoms of opioid withdrawal. Dis-
continuing opioids after several months of daily 
use leads to a constellation of symptoms called 
abstinence syndrome elaborated in the table 
below. 

Clinical Features of Opioid Withdrawal

Changes in vital 
signs 

Probable increases  
in blood pressure, 
respiratory rate, and 
heart rate

Gastrointestinal 
changes

Nausea, vomiting, and 
diarrhea

Neurological 
changes

Restlessness, seizures (in 
infants), tremor, yawning, 
irritability

Ophthalmologic 
changes

Lacrimation (eyes 
watering), mydriasis 
(dilation of the pupil)

Skin changes Piloerection, sweating 
(diaphoresis)

Miscellaneous Runny nose (rhinorrhea)

The cornerstone of medical therapy for opioid 
addiction is methadone, a long-acting opioid that 
blocks the euphoric effects of opioids and relieves 
opioid craving. The methadone dose is then grad-
ually tapered to transition from opioid use to a 
drug-free status. Clonidine, or a combination of 
clonidine pluse methadone are alternative treat-
ments to methadone alone for abstinence  
syndrome. 
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Clonidine treats children who suffer from 
sleeping problems due to restless legs syndrome 
(RLS). RLS is characterized by a strong urge to 
move the legs, typically accompanied by uncom-
fortable or unpleasant sensations in the 
legs,described as “itching,” “burning,” “tingling,” 
or “like insects are crawling up their legs.” Cloni-
dine is the most commonly prescribed medica-
tion for sleep in children. It is especially useful 
when there are severe sleep onset problems due 
to RLS. 

Side Effects
Since alpha-2 receptor agonists lower blood pres-
sure, a common side effect of these drugs is hypo-
tension (low blood pressure), and sedation.  
However, abruptly stopping these drugs can cause 
a steep rise in the patient’s blood pressure 
(rebound hypertension). Therefore, patients 
should never stop taking these drugs without first 
consulting their physician. 

The most commonly occurring side effects of 
dexmedetomidine are hypotension and low heart 
rate. However, when the patient stops receiving 
this medication, they may experience high heart 
rates (rebound tachycardia) or rebound hyperten-
sion. Some patients may experience constipation 
or nausea. Dexmedetomidine causes agitation in 
some patients, but dexmedetomidine seems to 
reduce the risk of postoperative delirium. 

The mode of clonidine administration influ-
ences its side effect profile. Transdermally admin-
istered clonidine may cause rashes, blisters, or 
pigment changes in the skin. These side effects 
might be due to the patch itself rather than the 
drug. Oral and transdermal clonidine most fre-
quently cause drowsiness, headache, fatigue, diz-
ziness, dry mouth and abdominal pain. About 5% 
of children treated with clonidine experience 
vivid dreams or nightmares, but these side effects 
are dose-related. 

Tizanidine most commonly causes drowsiness, 
dizziness, dry mouth, hypotension, and a condi-
tion called “asthenia,” which refers to a physical 
weakness and lack of energy. Less frequently, 
patients have reported blurred vision, increased 
urinary frequency and urinary tract infections, 
nervousness, low heart rates, and constipation or 
vomiting. 

—Michael A. Buratovich Ph.D.
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 � Analgesic
CATEGORY: Class of Drug
ANATOMY OR SYSTEM AFFECTED: Peripheral or 

central nervous system

An analgesic is a medication taken to alleviate pain. 
“Painkiller” is the common term for an analgesic. 
The outcome of taking an analgesic is analgesia, 
being without pain. Analgesia is not associated with 
loss of consciousness as in anesthesia. Most analge-
sics provide pain relief rather than reducing inflam-
mation, although some varieties have an  
anti-inflammatory quality. Certain analgesics are 
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available without a prescription and can be pur-
chased over the counter at a pharmacy or local 
store. Others can only be obtained with a prescrip-
tion provided by a doctor. The long-term use of an 
analgesic may result in a detrimental effect on body 
organs. While an analgesic may be safe under cer-
tain circumstances, in other instances it may not be.

Background
There are different types of analgesics, available 
either as over-the-counter or opioid analgesics. Over-
the-counter analgesics do not require a prescription; 
these include brand names such as Tylenol (generic 
name acetaminophen). They may also be termed 
simple analgesics. Aspirin or paracetamol provide 
the generic makeup. An opioid analgesic can only be 
obtained through a licensed professional’s prescrip-
tion (MD, DO, APRN). When pain is severe, certain 
medications are available as a combination of acet-
aminophen and opioid analgesic. An analgesic is 
generally recommended to any person suffering 
from pain, with opioids often prescribed only for 
severe or acute pain. Often, chronic pain may also be 
treated by an opioid analgesic.

An opioid is also called a narcotic analgesic. Opi-
oids contain opium or morphine derivatives. There 
is an increased risk of side effects when talking a 
narcotic. Moreover, the potential toward addiction 
of an opioid needs to be taken into account, partic-
ularly if the patient shows a propensity to addiction. 
Often when pain is severe and warrants an opioid, 
the practitioner has an assessment instrument to 
evaluate the diagnosis, intractability, risk and effi-
cacy (DIRE). By means of a score system including 
what caused the pain, as well as the physical and psy-
chological health of the patient, the adverse effects 
versus the benefits can be determined.

A non-steroidal anti-inflammatory drug 
(NSAID) is another type of analgesic. These medi-
cines are generically known as ibuprofen, diclof-
enac sodium, or naproxen sodium. An NSAID is an 
analgesic drug that also acts as an anti-inflamma-
tory. Aspirin, while primarily an analgesic, func-
tions to reduce inflammation as well.

It is essential to follow the dosage and instruc-
tions for usage when taking an analgesic. The max-
imum amount for adults should not exceed 3,000 
mg per day. This equals six 500 mg tablets or two 
tablets up to three times in a day. At times up to four 
times a day (4,000 mg) is permitted. The number of 

days one can continue taking the analgesic is clearly 
stated or will be advised by the doctor. Some 
stronger versions contain more than 500 mg, and 
this needs to be checked accordingly. In some 
instances, an analgesic is taken as needed, or at reg-
ular intervals as prescribed to control pain relief. 
With opioid analgesics, there is an added warning 
not to stop taking the medication abruptly to pre-
vent withdrawal effects.

Overview
An analgesic creates pain relief by the medication 
blocking the pain signal on route to the brain. The 
inhibition of an enzyme, or diverting an interpre-
tive message to the brain, may also be factors con-
tributing to the modulation or alleviation of pain.

Simple analgesics and NSAIDs do not usually result 
in a dependency on the drug. Taking an opioid might. 
Over a period of time when taking an opioid, the body 
becomes tolerant to the drug. What transpires as a 
result is that the medication becomes less effective, 
and the person experiencing pain feels that he or she 
requires more medication. There is a cycle that occurs 
whereby the level of tolerance leads to a breakthrough 
withdrawal sensation. In this case, there is an increased 
degree of pain, often greater than when the analgesic 
was first taken. More medication is then consumed, 
and combined with the feeling that additional and 
more frequent use is required, a system of addiction 
sets in. Opioids create a physical dependency when 
used on a long-term basis. Checking that the dosage is 
not raised indiscriminately is crucial to avoid con-
sumption overload. The problem with chronic pain is 
the requirement of regular analgesic use and the tol-
erance that comes about.

Side effects when taking analgesics may be mild 
or extremely severe. These effects depend largely 
on how much and how often the drug is taken. For 
instance, paracetamol may be considered a harm-
less drug, even when taken on a regular long-term 
basis. However, if too much paracetamol is taken, 
damage can occur to the liver and kidneys. Aspirin 
can likewise have an adverse effect on the renal 
system This type of analgesic is not indicated for 
children or during pregnancy. Anyone with asthma 
cannot take aspirin, nor should a person with 
stomach issues such as ulcers. NSAIDs can cause 
potentially serious or life-threatening side effects 
when taken in large doses or for a prolonged time. 
Circulatory or heart problems can occur, with the 
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threat of a cardiac attack or stroke. The gastrointes-
tinal system may be severely compromised. Bleeding 
or perforation may happen. Conditions such as 
these may result in fatalities. The elderly are at a 
higher risk. Damage to the kidneys is particularly 
pertinent regarding the use of analgesics. Over-the-
counter analgesics, especially when medicines are 
mixed, can result in analgesic nephropathy (kidney 
damage). Acetaminophen and NSAIDs like aspirin 
or ibuprofen taken over a long duration can be 
responsible for this type of damage to the inner 
structures of the organ. When self-medicating and 
without following doctor’s guidance, this is more 
likely to occur. An opioid analgesic may cause 
drowsiness or dizziness; other effects can include 
constipation, vomiting, blood pressure changes, or 
confusion, and even hallucinations. Driving when 
taking an opioid is not advised. Serious side effects 
are equivalent to other analgesics, in addition to 
the increased risk of tolerance and addiction.

Severe side effects often come about because of 
the mixture of medicines or taking more than the 
recommended daily dosage for a few years. A med-
ical doctor will take into account the patient’s  
history and other prescriptions in order to best 
ascertain the appropriate medicinal combination, 
where relevant. The reaction to incorrect usage or 
interactions with other medicines may be experi-
enced immediately, or the damage may set in on an 
incremental basis. Interactions with other drugs or 
alcohol can be detrimental or fatal.

—Leah Jacob, MA

References
“Analgesics.” Arthritis Foundation, www.arthritis.org/

living-with-arthritis/treatments/medication/
drug-guide/drug-class/analgesics.php.

Cazacu, Irina, et al. “Safety Issues of Current Analge-
sics: an Update.” Medicine and Pharmacy Reports, 
vol. 88, no. 2, 15 Apr. 2015, pp. 128–136., 
doi:10.15386/cjmed-413.

Dugdale, David C. “Over-the-Counter Pain 
Relievers.” MedlinePlus, U.S. National Library of 
Medicine, 12 Oct. 2018, medlineplus.gov/ency/
article/002123.htm.

Yaksh, Tony L., et al. “Development of New Analge-
sics: An Answer to Opioid Epidemic.” Trends in 
Pharmacological Sciences, vol. 39, no. 12, 1 Dec. 
2018, pp. 1000–1002., doi:10.1016/j.
tips.2018.10.003.

 � Anesthesia
CATEGORY: Class of Drug
ANATOMY OR SYSTEM AFFECTED: Brain, muscles, 

musculoskeletal system, nerves, nervous system, 
psychic-emotional system, skin, spine

SPECIALTIES AND RELATED FIELDS: Anesthesiology,  
critical care, dentistry, emergency medicine, 
general surgery, neurology, ophthalmology

KEY TERMS
•	 epidural anesthesia: anesthesia caused by 

injecting a local anesthetic between the 
vertebra and beneath the ligamentum 
flavum into the extradural space; also known 
as extradural anesthesia

•	 local anesthesia: anesthesia produced by 
injecting a local anesthetic solution directly 
into the tissues; also known as local block

•	 local anesthetics: drugs that produce a 
reversible blockade of nerve impulse 
conduction

•	 regional anesthesia: insensibility caused by the 
interruption of nerve conduction in a region 
of the body

•	 spinal anesthesia: anesthesia produced by 
injecting a local anesthetic around the spinal 
cord; also known as subarachnoid block

Indications and Procedures
Anesthetics are primarily used to prevent pain 
during surgical operations, though they are also 
used to reduce fear, relax tissues, and prevent a sym-
pathetic nervous system response to surgery. Some 
believe, erroneously, that being “put to sleep” with 
a general anesthetic is the only way an operation 
can be performed pain-free.

General anesthesia is a type of anesthesia that 
causes total unconsciousness and affects the entire 
body. Regional anesthesia, on the other hand, does 
not cause unconsciousness but allows surgery to be 
performed without pain by producing loss of sensa-
tion in a region of the body through the interrup-
tion of nerve-impulse transmission from the area to 
be incised.

General anesthetics produce a neurophysiolog-
ical state characterized by five primary effects: (1) 
unconsciousness, (2) amnesia, (3) analgesia, (4) 
inhibition of autonomic reflexes, and (5) skeletal 
muscle relaxation. No general anesthetic can 
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achieve all five of these primary effects by itself. 
Thus, patients receive a cocktail of general anes-
thetics drugs that are delivered both intravenously 
and by inhalation.

The goal is to induce rapid, smooth loss of con-
sciousness that can be rapidly reversed and is safe. 
The composition of the anesthetic cocktail is deter-
mined by the type of procedure to be performed. 
For example, for minor superficial surgeries or inva-
sive diagnostic procedures, oral or IV sedatives are 

administered in combination with local anesthetics 
(monitored anesthesia care). This technique retains 
the patient’s ability to breathe on his/her own and 
respond to verbal commands. For more invasive sur-
gical procedures, anesthesia can begin with oral or 
parenteral benzodiazepines prior to surgery, fol-
lowed by intravenous anesthetics, such as thiopental 
or propofol to induce unconsciousness, which can 
be maintained during surgery with a combination of 
inhaled or intravenous drugs.

General Anesthetics

Anesthetic
Inhaled or  
intravenous (IV)

Comments

Nitrous oxide Inhaled Gaseous anesthetic, incomplete anesthetic, rapid 
onset and recovery

Desflurane Inhaled Volatile anesthetic, low volatility; pungent, rapid 
recovery

Svoflurane Inhaled Volatile anesthetic, rapid onset and  
recovery

Isoflurane Inhaled Volatile anesthetic, medium rate of onset and 
recovery

Enflurane Inhaled Volatile anesthetic, medium rate of onset and 
recovery

Halothane Inhaled Volatile anesthetic, medium rate of onset and 
recovery

Dexmedetomindine IV Used for short-term sedation

Diazepam IV Barbiturate, intermediate-acting, has  
muscle-relaxation effects

Etomidate IV Minimal effects on heart rate and blood pres-
sure, rapid recovery

Ketamine IV Analgesic activity, multiple modes of  
administration are possible

Lorazepam IV Barbiturate, slow onset and prolonged  
duration

Methohexital IV Barbiturate, short-acting and rapid onset of 
action

Midazolam IV Barbiturate, rapid onset but slow recovery

Propofol IV Rapidly turned over, fast recovery, well tolerated

Fospropofol IV

Prodrug, converted to propofol in body, tends 
to cause paresthesias (including burning, 
tingling, stinging) and/or pruritus in the 
perineal region

Thiopental IV Rapid-onset, short-acting barbiturate
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General anesthetics target neurons in the cen-
tral nervous system. These drugs usually affect the 
connection between neurons known as the syn-
apse. When neurons connect, one neuron is down-
stream of the synapse (presynaptic) and the other 
is upstream of the synapse (postsynaptic). In some 
cases, the presynaptic neuron generates stimula-
tory signals that activate the postsynaptic neurons. 
In other cases, the presynaptic neuron provides 
inhibitory signals that disable the postsynaptic 
neuron. General anesthetics seem to increase the 
inhibitory signals from presynaptic neurons to 
postsynaptic neurons or diminish the excitatory 
signals. The primary components of inhibitory sig-
nals include chloride ion channels (bound by the 
neurotransmitters gamma-aminobutyric acid or 
GABA and glycine) and potassium ion channels. 
The primary excitatory ion channels include those 
activated by acetylcholine, excitatory amino acids, 
and serotonin. All these ion channels are potential 
targets of general anesthetics. Benzodiazepines, 
for example, bind to GABA channels and poten-
tiate their activity, inhibiting postsynaptic neu-
rons. See the table below for examples of general 
anesthetics.

In regional anesthesia, the anesthetic agents are 
deposited either on the surface of the area to be 
anesthetized or near a specific nerve or pathway 
that lies between the area and receptors for painful 
stimuli that are part of the central nervous system. 
Thus, transmission of noxious stimuli to the brain is 
effectively blocked, allowing a surgical procedure 
to be performed without the patient feeling pain. 
Regional anesthesia is frequently referred to as 
regional nerve blockade.

Local anesthetics operate in several ways. Those 
injected near the nerves diffuse into the nerves 
and bind to receptors on their membranes. Once 
in the nerve sheath, local anesthetic agents pre-
vent sodium from moving into the nerve interior 
by physically occluding sodium channels. Impulses 
traveling from the surgical area to the central ner-
vous system are blocked so that nerves transmit-
ting touch, temperature, and pain sensation are 
temporarily interrupted. Nerve impulses traveling 
from the central nervous system to the surgical 
area are also blocked, leading to an interruption 
of motor power to the surgical area. The number 
of nerves blocked depends on where the local 
anesthetic is deposited.

The duration of the nerve blockade depends on 
the type and dosage of local anesthetic injected as 
well as on the technique utilized. Diffusion of the 
local anesthetic out of the nerve and its absorption 
into the vascular bed causes the effect of the local 
anesthetic to be terminated. The blood flowing 
around the nerve removes the drug from the area. 
Decreasing the flow of blood to the area by adding 
vasoconstricting agents such as epinephrine to the 
local anesthetic to be injected is a common method 
used to prolong the duration of the nerve block.

Local anesthetics are weak bases whose struc-
ture consists of an aromatic moiety connected to a 
substituted amine through an ester or amide 
linkage. The two major families of local anes-
thetics are the amino amides and the amino esters. 
The clinical differences between the ester and 
amide local anesthetics involve their potential for 
producing adverse side effects and the mecha-
nisms by which they are metabolized. Local anes-
thetics are also classified based on their potency 
and duration of action: a short duration of action 
(thirty to forty-five minutes), an intermediate 
duration of action (one to two hours), or a long 
duration of action (four to eight hours).  
The range in duration of nerve blockade is attrib-
utable primarily to two factors: the concentration 
of the drug used and the addition of vasocon-
stricting agents, such as epinephrine. Local  
anesthetics are listed in the table below.

Local and regional anesthetics are excellent 
ways of supplying surgical and postoperative anal-
gesia (pain control). Local anesthetics are now 
being given in combination with narcotic 

A child being prepared to go under general anesthesia. (ISAF 
Photo by U.S. Air Force Senior Airman Rylan K. Albright)



Anesthesia Principles of Health: Pain Management

10

analgesics (painkillers). Narcotics are almost 
always given in combination with local anesthetics 
and bind to narcotic receptors in the area and pro-
vide analgesia (pain relief) without interrupting 
nerve transmission. The combination of local 
anesthetic agents with narcotics is gaining popu-
larity in postoperative pain control; the patient 
can experience longer durations of pain relief 
while avoiding the systemic side effects of intrave-
nously administered narcotics.

There are six categories of regional anesthesia: 
topical anesthesia, local block and field block, 
nerve block, intravenous (IV) neural blockade, sub-
arachnoid block (spinal anesthesia), and epidural 
anesthesia, including caudal block. These are pri-
marily differentiated based on the size of the region 
that is anesthetized and the duration of the neural 
blockade.

Topical anesthesia. In this technique, also known 
as surface anesthesia, an anesthetic drug is sprayed 
or spread onto the area to be desensitized. This 
short-acting form of anesthesia blocks nerve end-
ings in the skin as well as mucous membranes, such 
as those of the nasopharynx (nose and throat), 
mouth, rectum, and vagina. Topical anesthesia is 
employed in minor procedures such as eye or rectal 

examinations. The advantages of topical anesthesia 
include quick onset of action, ease of administra-
tion, and general nontoxicity. Disadvantages 
include lack of deeper-tissue anesthesia and lack of 
tissue relaxation. A frequently used topical  
anesthetic is the drug benzocaine, often utilized for 
the treatment of traumatic tissue pain secondary to 
sunburn.

Local blocks and field blocks. In local blocks, the 
local anesthetic is injected with a needle and syringe 
into the skin and tissues of an area to be incised. As 
a result, the nerves around the incision are blocked. 
Local blocks are used in short, minor operations 
and prior to the insertion of intravenous or spinal 
needles. Afield block is another type of local block. 
In a field block, the area surrounding the incision is 
also injected with local anesthetics, preventing 
impulses transmitted from a larger area from 
reaching the central nervous system.

Nerve blocks. Nerve blocks interrupt the transmis-
sion of nerve impulses by nerves or by bundles of 
nerves that are further removed from the surgical 
site. Nerve blocks may be used to anesthetize a 
single finger or toe (digital nerve block), a foot 
(ankle block) or hand, or an entire arm (axillary, 
supraclavicular, and interscalene blocks) or leg (leg 
block). In each type of neural blockade, the physi-
cian or nurse anesthetist injects local anesthetic 
agents around the major nerves that supply the 
area to be incised. The number of injections 
depends on the location of the nerves to be blocked.

Some nerves may be blocked individually. An 
arm block can be accomplished by a single injec-
tion of a larger volume of local anesthetic into the 
axillary sheath or between the middle and anterior 
scalene muscles in the neck. Upper extremity 
blocks can be performed with a single injection 
because the brachial plexus (the nerves innervating 
the arm) is collectively encased in a sheath. Distal to 
the axillary area, the nerves innervating the arm 
are no longer encased in a sheath. Consequently, 
separate injections of the radial, median, and ulnar 
nerves are required to block the arm at the elbow 
or wrist.

Intercostal nerveblocks. Intercostal nerves inner-
vate the outer and inner surfaces of the abdominal 
wall. Intercostal nerve blockade is utilized for post-
operative pain control following thoracic or upper 
abdominal surgeries. A sterile needle is inserted 
into the skin over the lower margin of the rib along 

Local Anesthetics

Drug
Potency relative to 

procaine
Duration

Procaine (Novocain) 1 Short

Prilocaine 2 Short

Chloroprocaine 2 Short

Tetracaine  
(Pontocaine) 8 Long

Benzocaine Surface  
use only

Lidocaine (Xylocaine) 4 Medium

Mepivacaine  
(Carbocaine, 
isocaine)

2 Medium

Bupivacaine  
(Marcaine) & 
Levobupivacaine 
(Charaxine)

8 Long

Ropivacaine 8 Long


