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THE HISTORY OF ANESTHESIA 
 
Anesthetic practices date from ancient times, yet the evolution of the specialty 
only began in the mid-nineteenth century and only became firmly established in 
the last 60 years.  Ancient civilizations had used opium poppy, coca leaves, 
mandrake root, alcohol, and even phlebotomy (to the point of unconsciousness) 
to allow surgeons to operate.  It is interesting that the ancient Egyptians used the 
combination of opium poppy (morphine) and hyoscyamus (hyoscyamine and 
scopolamine); a similar combination, morphine and scopolamine, is still used 
parenterally for premedication.  Regional anesthesia in ancient times consisted of 
compression of nerve trunks (nerve ischemia) or the application of cold 
(cryoanalgesia).  The Incas may have practiced local anesthesia as their 
surgeons chewed coca leaves and spat saliva into the operative wound.  Surgical 
procedures were, for the most part, limited to caring for fractures, traumatic 
wounds, amputations, and the removal of bladder calculi.  Amazingly, some 
civilizations were also able to perform trephination of the skull.  The mark of a 
successful surgeon was his ability to work quickly.   
The evolution of modern surgery was hampered not only by a poor 
understanding of disease processes, anatomy, and surgical asepsis but also by 
the lack of reliable and safe anesthetic techniques.  These techniques evolved 
first with inhalation anesthesia, followed by local and regional anesthesia, and 
finally intravenous anesthesia.   
 
Inhalational Anesthesia History 
The first general anesthetics were inhalational agents:  ether, nitrous oxide, and 
chloroform.  Ether (really, diethyl ether) was originally prepared by Valerius 
Cordus in 1540 but was not used as an anesthetic agent in humans until 1842, 
when Crawford W. Long and William E. Clark used it independently on patients.  
A short four years later, Boston’s William T.G. Morton conducted the first public 
demonstration of general anesthesia using ether.  Joseph Priestley produced 
nitrous oxide in 1772, but Humphrey Davy first noted its analgesic properties in 
1800.  Gardner Colton and Horace Wells are credited for having first used nitrous 
oxide as an anesthetic in humans in 1844.  Von Leibig, Guthrie, and Soubeiran 
independently prepared chloroform in 1831.  Although Holmes Coote first used it 
clinically as a general anesthetic in 1847, it wasn’t used in clinical practice until 
obstetrician James Simpson administered it to his patients to relieve labor pain.  
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Local & Regional Anesthesia History 
Carl Killer, an ophthalmologist, is credited with the origin of modern local 
anesthesia by demonstrating the use of topical cocaine for surgical anesthesia of 
the eye in 1884.  Cocaine had been isolated from the coca plant in 1855 by 
Gaedicke and later purified in 1860 by Albert Neimann.  Surgeon William Halsted 
demonstrated in 1884 that cocaine could be used for intradermal infiltration and 
nerve blocks.  He also included the facial nerves, the brachial plexus, and the 
pudendal and posterior tibial nerves.  August Bier administered the first spinal 
anesthetic in 1898 using 3 mL of 0.5% cocaine intrathecally.  He was also the 
first to describe intravenous regional anesthesia in 1908.  This procedure was 
later named the Bier Block.  Procaine synthesis performed in 1904 by Alfred 
Einhorn, and within a year found clinical use as a local anesthetic by Heinrich 
Braun.  Braun was also the first to discover tat by adding epinephrine he could 
prolong the efficacy of local anesthetics.  Ferdinand Cathelin and Jean Sicard 
introduced caudal epidural anesthesia in 1901.  In 1921 Fidel Pages first 
described Lumbar epidural anesthesia.  Achille Dogliotti again discussed this in 
1931.  In time, additional local anesthetics were introduced clinically.  This 
included dibucaine (1930), tetracaine (1932), lidocaine (1947), chloroprocaine 
(1955), mepivacine (1957), prilocaine (1960), bupivacaine (1963), and eitdocaine 
(1972).  Ropivacaine, with the same duration of action as bupivacaine but 
perhaps less toxicity, is also available for clinical use.   
 
Intravenous Anesthesia History 
1855 - Invention of the hypodermic syringe and needle by Alexander Wood 
1855 - IV anesthesia discovered.  Early attempts included the use of chloral 
hydrate, chloroform and ether, and the combination of morphine and 
scopolamine 
1903 - Fisher and von Mering synthesize barbiturates and Diethylbarbituric acid 
(barbital) was the first barbiturate used for induction of anesthesia  
1927 - Introduction of hexobarbital  Barbiturate induction becomes a popular 
technique 
1932 - Volwiler and Tabern synthesized Thiopental   
1934 - Thiopental first used clinically by John Lundy and Ralph Waters 
Thiopental remains the most common induction agent for anesthesia   
1957 - V.K. Stoelting made first clinical use of Methohexital  
Methohexital is the only other barbiturate currently used for induction 
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1957 - Synthesis of chlordiazepoxide allows the benzodiazepines to be used 
extensively for: Premedication, Induction, Supplementation of anesthesia, 
Intravenous sedation.  Benzodiazepines include: 

• Diazepam (1959) 
• Lorazepam (1971) 
• Midazolam (1976) 

1962 - Stevens synthesizes Ketamine  
1964 - Etomidate synthesized   
1965 - Corssen and Domino first use Ketamine clinically 
1970 - Ketamine released to the market First intravenous agent associated with 
minimal cardiac and respiratory depression   
1972 - Etomidate released to market 
Enthusiasm over its relative lack of circulatory and respiratory effects has been 
tempered by reports of adrenal suppression after even a single dose 
1989 - Propofol released to market 
1989 - Diisopropylphenol released to market.  Major advance in outpatient 
anesthesia because of its short duration of action 
 
Opioid History 
1805 - Morphine was isolated from opium by Sertürner and subsequently tried as 
an intravenous anesthetic.  The morbidity and mortality initially associated with 
high doses of opioids in early reports caused many anesthetists to avoid opioids 
and favor pure inhalational anesthesia.   
1939 - Interest in opioids in anesthesia returned following the synthesis of 
meperidine.  The concept of balanced anesthesia was introduced by Lundy and 
others and evolved to consist of thiopental for induction, nitrous oxide for 
amnesia, meperidine (or any narcotic) for analgesia, and curare for muscle 
relaxation.   
1969 - Lowenstein rekindled interest in opioid anesthesia by reintroducing the 
concept of high doses of narcotics as complete anesthetics.  Morphine was 
initially employed, but fentanyl, Sufentanil, and Alfentanil were all subsequently 
used as sole agents.  As experience grew with this technique, its limitations in 
reliably preventing patient awareness and suppressing autonomic responses 
during surgery were realized.  Remifentanil is a new rapidly metabolized opioid 
that is broken down by nonspecific plasma and tissue esterases. 
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Continuum	  of	  Depth	  of	  Sedation	  
	   Minimal	  

Sedation/	  
Anxiolysis	  

Moderate	  
Sedation/	  
Analgesia	  
“Conscious	  
Sedation”	  

Deep	  
Sedation/	  
Analgesia	  

General	  
Anesthesia	  	  

Responsiveness	   Normal	  
response	  
to	  verbal	  
stimulation	  

Purposeful**	  
response	  to	  verbal	  
or	  tactile	  
stimulation	  

Purposeful**	  	  
response	  
following	  
repeated	  or	  
painful	  
stimulation	  

Un-‐arousable:	  
even	  with	  painful	  
stimulus	  

Airway	   Unaffected	   No	  intervention	  
required	  

Intervention	  
may	  be	  
required	  

Intervention	  often	  
required	  

Spontaneous	  
Ventilation	  

Unaffected	   Adequate	   May	  be	  
inadequate	  

Frequently	  
inadequate	  

Cardiovascular	  
Function	  

Unaffected	   Usually	  
maintained	  

Usually	  
maintained	  

May	  be	  impaired	  

Committee	  of	  Origin:	  Quality	  Management	  and	  Departmental	  Administration	  ASA	  
House	  of	  Delegates	  
	  
 
Minimal Sedation (Anxiolysis) 
• Drug-induced state during which patients respond normally to verbal 

commands. Although cognitive function and physical coordination may be 
impaired, airway reflexes, and ventilatory and cardiovascular functions are 
unaffected. 

Moderate Sedation/Analgesia ("Conscious Sedation") 
• Drug-induced depression of consciousness during which patients respond 

purposefully** to verbal commands, either alone or accompanied by light 
tactile stimulation. No interventions are required to maintain a patent airway, 
and spontaneous ventilation is adequate. Cardiovascular function is usually 
maintained. 
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Deep Sedation/Analgesia 
• Drug-induced depression of consciousness during which patients cannot be 

easily aroused but respond purposefully** following repeated or painful 
stimulation. The ability to independently maintain ventilatory function may be 
impaired. Patients may require assistance in maintaining a patent airway, and 
spontaneous ventilation may be inadequate. Cardiovascular function is 
usually maintained. 

 
General Anesthesia 
• Drug-induced loss of consciousness during which patients are not arousable, 

even by painful stimulation. The ability to independently maintain ventilatory 
function is often impaired. Patients often require assistance in maintaining a 
patent airway, and positive pressure ventilation may be required because of 
depressed spontaneous ventilation or drug-induced depression of 
neuromuscular function. Cardiovascular function may be impaired. 

 
 
Because sedation is a continuum, it is not always possible to predict how an 
individual patient will respond.   Hence, practitioners intending to produce a given 
level of sedation should be able to rescue patients whose level of sedation 
becomes deeper than initially intended.  Individuals administering Moderate 
Sedation/Analgesia ("Conscious Sedation") should be able to rescue patients 
who enter a state of Deep Sedation/Analgesia, while those administering Deep 
Sedation/Analgesia should be able to rescue patients who enter a state of 
General Anesthesia.  
 
*** Rescue of a patient from a deeper level of sedation than intended is an 
intervention by a practitioner proficient in airway management and advanced life 
support. The qualified practitioner corrects adverse physiologic consequences of 
the deeper-than-intended level of sedation (such as hypoventilation, hypoxia and 
hypotension) and returns the patient to the originally intended level of sedation. It 
is not appropriate to continue the procedure at an unintended level of sedation. 
 
** Reflex withdrawal from a painful stimulus is NOT considered a purposeful 
response. 
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SEDATIVES AND ANALGESICS 
 

Benzodiazepines 
	  
Clinical Effect: 
 
Cerebral:	  

• Antianxiety	  
• Amnesia	  –	  ante	  grade	  	  +/-‐	  retrograde	  
• Sedation	  
• Centrally	  medicated	  muscle	  relaxation	  
• Antiseizure	  effect	  
• No	  analgesia	  

Respiratory:	  
• Depress	  ventilation	  through	  blunting	  the	  brainstem	  CO2	  respiratory	  

drive	  center.	  	  Shallow	  breathing	  with	  an	  increased	  respirator	  rate	  is	  
observed	  clinically.	  

	  
Benzodiazepines	  are	  used	  as	  sedatives,	  hypnotics,	  anxiolytics,	  anticonvulsants	  and	  
muscle	  relaxants.	  	  Benzodiazepines	  are	  similar	  in	  pharmacological	  action	  but	  have	  
different	  potencies.	  	  Some	  benzodiazepines	  work	  better	  in	  the	  treatment	  of	  
particular	  conditions.	  	  The	  useful	  clinical	  effects	  of	  benzodiazepines	  are	  sedation,	  
hypnosis,	  anti-‐anxiety,	  amnesia,	  muscle	  relaxation,	  and	  a	  potent	  anti-‐seizure	  
effect.	  	  Their	  detrimental	  clinical	  effects	  are	  respiratory	  depression,	  rapid	  physical	  
dependence,	  and	  an	  absence	  of	  analgesia.	  
 
Mechanisms	  of	  Action:	  
Benzodiazepines	  are	  a	  class	  of	  agents	  that	  work	  on	  the	  central	  nervous	  system,	  
acting	  selectively	  on	  gamma-‐aminobutyric	  acid-‐A	  (GABA-‐A)	  receptors	  in	  the	  brain.	  It	  
enhances	  response	  to	  the	  inhibitory	  neurotransmitter	  GABA,	  by	  opening	  GABA-‐
activated	  chloride	  channels	  and	  allowing	  chloride	  ions	  to	  enter	  the	  neuron,	  making	  
the	  neuron	  negatively	  charged	  and	  resistant	  to	  excitation.	  
	  
The	  GABA(A)	  receptors	  are	  membrane	  protein	  complexes	  that	  are	  composed	  of	  α,	  β,	  
and	  γ	  subunits.	  The	  membrane	  receptors	  are	  mainly	  expressed	  in	  the	  brain	  but	  can	  
also	  be	  found	  in	  different	  tissue	  such	  as	  muscle	  and	  immune	  cells.	  γ-‐aminobutyric	  
acid	  (GABA)	  is	  the	  endogenous	  ligand	  for	  the	  GABA(A)	  receptors	  inhibiting	  the	  
signaling	  transduction	  mediated	  by	  these	  receptors	  by	  hyper-‐polarization	  (increase	  
of	  chloride	  ion	  efflux).	  Other	  molecules	  are	  known	  to	  modulate	  GABA(A)	  receptor	  
actions	  such	  as	  alcohol,	  steroids	  and	  barbiturates.	  
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Receptor	  Discussion:	  	  
The	  GABA	  receptor	  is	  the	  major	  molecular	  target	  for	  the	  action	  of	  many	  drugs	  in	  the	  
brain.	  	  Among	  these	  are	  benzodiazepines,	  intravenous	  anesthetics	  (barbiturates	  and	  
propofol)	  volatile	  anesthetics,	  and	  ethanol.	  	  GABA	  receptors	  have	  been	  identified	  
electrophysiologically	  and	  pharmacologically	  in	  all	  regions	  of	  the	  brain.	  	  The	  
complex	  includes	  five	  major	  binding	  domains	  with	  binding	  sites	  localized	  in	  or	  near	  
the	  Cl−	  channel.	  	  Benzodiazepines,	  barbiturates	  as	  well	  as	  anesthetic	  steroids	  
(propofol)	  bind	  to	  sites	  on	  the	  GABA	  receptor.	  	  The	  domains	  modulate	  the	  receptor	  
response	  to	  GABA	  stimulation.	  In	  addition,	  other	  drugs,	  including	  volatile	  
anesthetics	  and	  ethanol	  have	  been	  reported	  to	  have	  an	  effect	  on	  this	  receptor.	  	  An	  
integral	  part	  of	  this	  complex	  is	  the	  Cl−	  channel.	  The	  GABA	  specific	  binding	  site	  is	  
directly	  responsible	  for	  opening	  the	  Cl−	  channel.	  
	  
Benzodiazepine	  agonists	  represent	  the	  largest	  group	  of	  agents	  in	  this	  general	  class	  
of	  depressant	  drugs.	  	  They	  show	  anticonvulsant,	  anxiolytic	  and	  sedative—hypnotic	  
activity.	  Well	  known	  examples	  include	  diazepam	  and	  Xanax,	  which	  often	  are	  
prescribed	  for	  their	  anti-‐anxiety	  effects.	  Halcion	  is	  known	  for	  its	  sedative	  and	  
anxiolytic	  properties.	  	  The	  mechanism	  of	  action	  of	  benzodiazepine	  agonists	  is	  to	  
enhance	  GABAergic	  transmission.	  	  The	  advantage	  of	  benzodiazepines	  is	  that	  they	  do	  
not	  open	  the	  Cl-‐	  channels	  directly.	  	  Instead	  they	  act	  more	  subtly	  by	  potentiating	  the	  
effect	  of	  GABA.	  
	  
Barbiturates	  comprise	  another	  class	  of	  drugs	  commonly	  used	  therapeutically	  for	  
anesthesia	  and	  control	  of	  epilepsy.	  	  Barbiturates	  bind	  to	  another	  site	  on	  the	  GABA	  
receptor.	  	  This	  opens	  the	  Cl-‐	  channels	  directly	  and	  causes	  similar	  clinical	  
effects.	  	  Phenobarbital	  and	  pentobarbital	  are	  two	  of	  the	  most	  commonly	  used	  
barbiturates.	  Phenobarbital	  was	  used	  to	  treat	  patients	  with	  epilepsy	  since	  1912.	  
Pentobarbital	  is	  also	  an	  anticonvulsant	  and	  has	  useful	  sedative	  properties.	  
A	  variety	  of	  agonists	  bind	  to	  this	  site	  and	  elicit	  GABA-‐like	  responses.	  One	  of	  the	  most	  
useful	  agonists	  is	  the	  compound	  muscimol,	  a	  naturally	  occurring	  GABA	  analog	  
isolated	  from	  the	  psychoactive	  mushroom	  Amanita	  muscaria.	  It	  is	  a	  potent	  and	  
specific	  agonist	  at	  GABA	  receptors	  and	  has	  been	  a	  valuable	  tool	  for	  pharmacological	  
and	  radioligand	  binding	  studies.	  
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Biotransformation:	  
The	  benzodiazepines	  rely	  upon	  the	  liver	  for	  biotransformation	  into	  water-‐soluble	  
glucuronide	  end	  products.	  	  The	  phase	  I	  metabolites	  of	  diazepam	  are	  
pharmacologically	  active.	  	  Slow	  hepatic	  extraction	  and	  a	  large	  volume	  of	  distribution	  
result	  in	  a	  long	  elimination	  half-‐life	  for	  diazepam	  (30	  hours).	  	  Although	  lorazepam	  
also	  has	  a	  low	  hepatic	  extraction	  ratio,	  its	  lower	  lipid	  solubility	  limits	  its	  volume	  of	  
distribution,	  resulting	  in	  a	  shorter	  elimination	  half-‐life	  (15	  hours).	  	  Nonetheless,	  the	  
clinical	  duration	  of	  lorazepam	  is	  often	  quite	  prolonged	  owing	  to	  a	  very	  high	  receptor	  
affinity.	  	  In	  contrast,	  midazolam	  shares	  diazepam’s	  volume	  of	  distribution,	  but	  its	  
elimination	  half-‐life	  (2	  hours)	  is	  the	  shortest	  of	  the	  group	  because	  of	  its	  high	  hepatic	  
extraction	  ratio.	  
	  
Excretion:	  
The	  metabolites	  of	  benzodiazepine	  biotransformation	  are	  excreted	  chiefly	  in	  the	  
urine.	  	  Enterohepatic	  circulation	  produces	  a	  secondary	  peak	  in	  diazepam	  plasma	  
concentration	  6	  –	  12	  hours	  following	  administration.	  	  
	  
Effects	  on	  Organ	  Systems:	  
Cardiovascular:	  
The	  benzodiazepines	  display	  minimal	  cardiovascular	  depressant	  effects	  even	  at	  
induction	  doses.	  	  Arterial	  blood	  pressure,	  cardiac	  output,	  and	  peripheral	  vascular	  
resistance	  usually	  decline	  slightly,	  while	  heart	  rate	  sometimes	  rises.	  	  Midazolam	  
tends	  to	  reduce	  blood	  pressure	  and	  peripheral	  vascular	  resistance	  more	  than	  does	  
diazepam.	  
	  
Respiratory:	  
• Depresses	  the	  ventilatory	  response	  to	  CO2	  
• Intravenous	  doses	  may	  cause	  apnea	  
• Potent	  synergistic	  apnea	  effect	  with	  all	  opiates	  
• Discussion:	  	  	  

Benzodiazepines	  depress	  the	  ventilator	  response	  to	  CO2.	  	  This	  depression	  is	  
usually	  insignificant	  unless	  the	  drugs	  are	  administered	  intravenously	  or	  in	  
association	  with	  other	  respiratory	  depressants.	  	  Although	  apnea	  may	  be	  less	  
common	  than	  following	  barbiturate	  induction,	  even	  small	  intravenous	  doses	  of	  
diazepam	  and	  midazolam	  have	  resulted	  in	  respiratory	  arrest.	  	  The	  steep	  dose-‐
response	  curve,	  slightly	  prolonged	  onset	  (compared	  to	  thiopental	  or	  diazepam),	  
and	  high	  potency	  of	  midazolam	  necessitate	  careful	  titration	  to	  avoid	  over	  dosage	  
and	  apnea.	  	  Ventilation	  must	  be	  monitored	  in	  all	  patients	  receiving	  intravenous	  
benzodiazepines,	  and	  resuscitating	  equipment	  must	  be	  immediately	  available.	  
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Cerebral:	  
Benzodiazepines	  reduce	  cerebral	  oxygen	  consumption,	  cerebral	  blood	  flow,	  and	  
intracranial	  pressure	  but	  not	  to	  the	  extent	  the	  barbiturates	  do.	  	  They	  are	  very	  
effective	  in	  preventing	  and	  controlling	  grand	  mal	  seizures.	  	  Oral	  sedative	  doses	  often	  
produce	  antegrade	  amnesia,	  a	  useful	  premedication	  property.	  	  The	  mild	  muscle-‐
relaxant	  properties	  of	  these	  drugs	  is	  mediated	  at	  the	  spinal	  cord	  level,	  not	  at	  the	  
neuromuscular	  junction.	  	  The	  antianxiety,	  amnesic,	  and	  sedative	  effects	  seen	  at	  low	  
doses	  progress	  to	  stupor	  and	  unconsciousness	  at	  induction	  doses.	  	  Compared	  to	  
thiopental,	  induction	  with	  benzodiazepines	  is	  associated	  with	  a	  slower	  loss	  of	  
consciousness	  and	  a	  longer	  recovery.	  	  Benzodiazepines	  have	  no	  direct	  analgesic	  
properties.	  	  	  
	  
Adverse	  Reactions:	  
In	  general,	  benzodiazepines	  are	  safe	  and	  effective	  in	  the	  short	  term,	  although	  
cognitive	  impairments	  and	  paradoxical	  effects	  such	  as	  aggression	  or	  behavioral	  
disinhibition	  occasionally	  occur.	  A	  minority	  react	  reverse	  and	  contrary	  to	  what	  
would	  normally	  be	  expected.	  For	  example,	  a	  state	  of	  panic	  may	  worsen	  considerably	  
following	  intake	  of	  a	  benzodiazepine.	  	  Long-‐term	  use	  is	  controversial	  due	  to	  
concerns	  about	  adverse	  psychological	  and	  physical	  effects,	  increased	  questioning	  of	  
effectiveness,	  and,	  because	  benzodiazepines	  are	  prone	  to	  cause	  tolerance,	  physical	  
dependence,	  and,	  upon	  cessation	  of	  use	  after	  long-‐term	  use,	  a	  withdrawal	  syndrome.	  	  
Due	  to	  adverse	  effects	  associated	  with	  the	  long-‐term	  use	  of	  benzodiazepines,	  
withdrawal	  from	  benzodiazepines,	  in	  general,	  leads	  to	  improved	  physical	  and	  
mental	  health.	  	  The	  elderly	  are	  at	  an	  increased	  risk	  of	  suffering	  from	  both	  short-‐	  and	  
long-‐term	  adverse	  effects,	  including	  an	  associated	  roughly	  50%	  increase	  in	  the	  risk	  
of	  dementia.	  
	  
Drug	  Interactions:	  	  	  
• Cimetidine	  binds	  to	  cytochrome	  P-‐450	  and	  reduces	  the	  metabolism	  of	  diazepam.	  	  	  
• Erythromycin	  inhibits	  midazolam	  metabolism.	  
• Benzodiazepines	  reduce	  the	  minimum	  alveolar	  concentration	  of	  volatile	  

anesthetics	  as	  much	  as	  30%.	  	  	  
• Ethanol	  potentiates	  the	  sedative	  effects	  of	  the	  benzodiazepines.	  
• Opiates:	  Synergistic	  respiratory	  depressant	  effect	  
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THE PHARMACOKINETIC PROFILE OF IV BENZODIAZEPINES 
 

AGENT PEAK ONSET ELIMINATION - t1/2 
Midazolam (Versed) 2 - 5 min 6 hours (average) 
Lorazepam (Ativan) 15 min 20 hours (average) 
Diazepam (Valium) 15 - 20 min 80 hours average 
 
 
 
 
 
 
 
 
 
 

Benzodiazepine Oral Agents 
BENZODIAZEPINE COMMON 

NAME 
PEAK 

ONSET 

(hours) 

ELIMINATION 

t 1/2 

INDICATED USE TYPICAL 

DOSE 

Alprazolam  

 

Xanax 1-2 9–20 hours Anxiolytic 0.5 mg 

Chlordiazepoxide 

 

Librium 1.5-4 5–30 hours Anxiolytic 25 mg 

Clonazepam 
Klonopin 1-4 18–50 hours Anxiolytic 

Anticonvulsant 

0.5 mg 

Diazepam Valium 1-1.5 20–100 Anxiolytic 

Anticonvulsant 

Muscle relaxant 

10 mg 

Lorazepam Ativan 2-4 10–20 hours Anxiolytic 

Anticonvulsant 

1 mg 

Midazolam Versed 0.25-0.5 3 hours Hypnotic 

Anticonvulsant 

7.5 mg 

Triazolam Halcion 0.25 2 hours Hypnotic 0.25 mg 

!
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Reversal:	  	  	  
 
Flumazenil:  Flumazenil is a benzodiazepine antagonist. It works by blocking 
receptors in the brain and central nervous system that benzodiazepines need to 
reach to be active, which helps reduce drowsiness and sedation. 
 
EMERGENCY	  
REVERSAL	  AGENT	  

INCREMENTAL	  DOSES	   MAXIMUM	  OFFICE	  
BASED	  DOSE	  

Flumazenil	   .2	  mg	  every	  minute	  until	  reaching	  
the	  desired	  degree	  of	  reversal	  

1.0	  mg	  
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MIDAZOLAM Intravenous FDA Guidelines 
 

Intermittent	  dosing	  technique	  for	  sedation	  /	  anxiolysis	  /	  amnesia.	  	  
	  
NOTE:	  Concurrent	  but	  safe	  dosing	  of	  an	  opioid	  results	  in	  less	  variability	  in	  patient	  
response	  and	  a	  reduction	  in	  dosage	  of	  midazolam.	  
	  
When	  used	  for	  sedation	  /anxiolysis/amnesia	  for	  a	  procedure,	  dosage	  must	  be	  
individualized	  and	  titrated.	  Midazolam	  should	  always	  be	  titrated	  slowly;	  administer	  
over	  at	  least	  2	  minutes	  and	  allow	  an	  additional	  2	  or	  more	  minutes	  to	  fully	  evaluate	  
the	  sedative	  effect.	  Individual	  response	  will	  vary	  with	  age,	  physical	  status	  and	  
concomitant	  medications,	  but	  may	  also	  vary	  independent	  of	  these	  factors.	  	  
	  
Healthy	  Adults	  Below	  the	  Age	  of	  60:	  Titrate	  slowly	  to	  the	  desired	  effect,	  (eg,	  the	  
initiation	  of	  slurred	  speech).	  Some	  patients	  may	  respond	  to	  as	  little	  as	  1	  mg.	  No	  
more	  than	  2.5	  mg	  should	  be	  given	  over	  a	  period	  of	  at	  least	  2	  minutes.	  Wait	  an	  
additional	  2	  or	  more	  minutes	  to	  fully	  evaluate	  the	  sedative	  effect.	  
	  
If	  further	  titration	  is	  necessary,	  continue	  to	  titrate,	  using	  small	  increments,	  to	  the	  
appropriate	  level	  of	  sedation.	  Wait	  an	  additional	  2	  or	  more	  minutes	  after	  each	  
increment	  to	  fully	  evaluate	  the	  sedative	  effect.	  A	  total	  dose	  greater	  than	  5	  mg	  is	  not	  
usually	  necessary	  to	  reach	  the	  desired	  endpoint.	  	  If	  narcotic	  premedication	  or	  other	  
CNS	  depressants	  are	  used,	  patients	  will	  require	  approximately	  30%	  less	  midazolam	  
than	  unpremedicated	  patients.	  	  
	  
Usual	  Adult	  Dose:	  	  
	  

• If	  a	  loading	  dose	  is	  necessary	  to	  rapidly	  initiate	  sedation,	  0.01	  to	  0.05	  
mg/kg	  (approximately	  0.5	  to	  4	  mg	  for	  a	  typical	  adult)	  may	  be	  given	  slowly	  or	  
infused	  over	  several	  minutes.	  This	  dose	  may	  be	  repeated	  at	  10	  to	  15	  minute	  
intervals	  until	  adequate	  sedation	  is	  achieved.	  	  

	  
• For	  maintenance	  of	  sedation,	  the	  usual	  initial	  infusion	  rate	  is	  0.02	  to	  0.1	  

mg/kg/hr	  (1	  to	  7	  mg/hr).	  Higher	  loading	  or	  maintenance	  infusion	  rates	  may	  
occasionally	  be	  required	  in	  some	  patients.	  The	  lowest	  recommended	  doses	  
should	  be	  used	  in	  patients	  with	  residual	  effects	  from	  anesthetic	  drugs,	  or	  in	  
those	  concurrently	  receiving	  other	  sedatives	  or	  opioids.	  

	  
• Individual	  response	  to	  midazolam	  is	  variable.	  The	  infusion	  rate	  should	  be	  

titrated	  to	  the	  desired	  level	  of	  sedation,	  taking	  into	  account	  the	  patient's	  age,	  
clinical	  status	  and	  current	  medications.	  	  
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• In	  general,	  midazolam	  should	  be	  infused	  at	  the	  lowest	  rate	  that	  produces	  the	  
desired	  level	  of	  sedation.	  	  

	  
• Assessment	  of	  sedation	  should	  be	  performed	  at	  regular	  intervals	  and	  the	  

midazolam	  infusion	  rate	  adjusted	  up	  or	  down	  by	  25%	  to	  50%	  of	  the	  initial	  
infusion	  rate	  so	  as	  to	  assure	  adequate	  titration	  of	  sedation	  level.	  	  

	  
• Small	  incremental	  doses	  may	  be	  necessary	  if	  rapid	  changes	  in	  the	  level	  of	  

sedation	  are	  indicated.	  	  
	  
• The	  infusion	  rate	  should	  be	  decreased	  by	  10%	  to	  25%	  every	  few	  hours	  

to	  find	  the	  minimum	  effective	  infusion	  rate.	  Finding	  the	  minimum	  effective	  
infusion	  rate	  decreases	  the	  potential	  accumulation	  of	  midazolam	  and	  
provides	  for	  the	  most	  rapid	  recovery	  once	  the	  infusion	  is	  terminated.	  	  

	  
• Patients	  who	  exhibit	  agitation,	  hypertension,	  or	  tachycardia	  in	  

response	  to	  noxious	  stimulation,	  but	  who	  are	  otherwise	  adequately	  
sedated,	  may	  benefit	  from	  concurrent	  administration	  of	  
an	  opioid	  analgesic.	  Addition	  of	  an	  opioid	  will	  generally	  reduce	  the	  
minimum	  effective	  midazolam	  infusion	  rate.	  

	  
• For	  continuous	  infusion,	  midazolam	  5	  mg/mL	  formulation	  is	  recommended	  

diluted	  to	  a	  concentration	  of	  0.5	  mg/mL	  with	  0.9%	  sodium	  chloride	  or	  5%	  
dextrose	  in	  water.	  
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Opioids 
 
Clinical Effects:  
 
Cerebral:	  

• Opiates	  produce	  a	  potent	  analgesic	  effect.	  	  Intravenous	  opioids	  have	  been	  the	  
mainstay	  of	  pain	  control	  for	  more	  than	  a	  century.	  

• Opiates	  are	  very	  predictable	  when	  used	  as	  a	  primary	  or	  secondary	  
sedative.	  	  Mild	  to	  moderate	  dose	  dependent	  sedation	  occurs	  with	  all	  opiates	  .	  
Unlike	  barbiturates	  or	  benzodiazepines,	  relatively	  large	  doses	  of	  opioids	  are	  
required	  to	  render	  patients	  unconscious.	  

• Regardless	  of	  the	  dose,	  opioids	  do	  not	  reliably	  produce	  amnesia.	  
	  
Respiratory:	  

• Opioids	  depress	  ventilation,	  particularly	  respiratory	  rate.	  	  Resting	  PaCO2	  
increases	  and	  the	  response	  to	  a	  CO2	  challenge	  is	  blunted,	  resulting	  in	  a	  shift	  
of	  the	  CO2	  response	  curve	  downward	  and	  to	  the	  right.	  	  These	  effects	  are	  
mediated	  through	  the	  respiratory	  centers	  in	  the	  brainstem.	  	  The	  apneic	  
threshold,	  the	  highest	  PaCO2	  at	  which	  a	  patient	  remains	  apneic,	  is	  elevated,	  
and	  hypoxic	  drive	  is	  decreased.	  

• Morphine	  and	  meperidine	  can	  cause	  histamine-‐induced	  bronchospasm	  in	  
susceptible	  patients.	  

• Opioids	  (particularly	  fentanyl,	  Sufentanil,	  and	  Alfentanil)	  can	  induce	  chest	  
wall	  rigidity	  severe	  enough	  to	  prevent	  adequate	  ventilation.	  	  This	  centrally	  
mediated	  muscle	  contraction	  is	  most	  frequent	  after	  large	  drug	  boluses	  and	  is	  
effectively	  treated	  with	  muscle	  relaxants.	  

• Opioids	  can	  effectively	  blunt	  the	  broncho-‐constrictive	  response	  to	  airway	  
stimulation	  such	  as	  that	  occurring	  during	  intubation.	  

	  
Opioids	  are	  among	  the	  world’s	  oldest	  known	  drugs;	  the	  therapeutic	  use	  of	  the	  
opium	  poppy	  predates	  recorded	  history.	  	  The	  analgesic	  (painkiller)	  effects	  of	  
opioids	  are	  due	  to	  decreased	  perception	  of	  pain,	  decreased	  reaction	  to	  pain	  as	  well	  
as	  increased	  pain	  tolerance.	  The	  human	  body	  naturally	  produces	  its	  own	  opiate-‐like	  
substances	  and	  uses	  them	  as	  neurotransmitters.	  These	  substances	  include	  
endorphins,	  enkephalins,	  and	  dynorphin,	  often	  collectively	  known	  as	  endogenous	  
opioids.	  Endogenous	  opioids	  modulate	  our	  reactions	  to	  painful	  stimuli.	  They	  also	  
regulate	  vital	  functions	  such	  as	  hunger	  and	  thirst	  and	  are	  involved	  in	  mood	  control,	  
immune	  response,	  and	  other	  processes.	  The	  reason	  that	  medicine	  based	  opiates	  
affect	  us	  so	  powerfully	  is	  that	  these	  exogenous	  substances	  bind	  to	  the	  same	  
receptors	  as	  our	  endogenous	  opioids.	  
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Medicine	  based	  opioids	  bind	  to	  specific	  receptors	  located	  throughout	  the	  central	  
nervous	  system	  and	  other	  tissues.	  	  Four	  major	  types	  of	  opioid	  receptor	  have	  been	  
identified:	  mu,	  kappa,	  delta,	  and	  sigma.	  	  While	  opioids	  provide	  some	  degree	  of	  
sedation,	  they	  are	  most	  effective	  at	  producing	  analgesia.	  	  The	  pharmacodynamic	  
properties	  of	  specific	  opioids	  depend	  upon	  which	  receptor	  is	  bound,	  the	  binding	  
affinity,	  and	  whether	  the	  receptor	  is	  activated.	  
	  

Opioid Receptors 
RECEPTOR CLINICAL EFFECT OPIATE 
Mu Respiratory Depression Morphine 

Fentanyl 
Hydrocodone 
Oxycodone 

Kappa Sedation Morphine 
Fentanyl 
Hydrocodone 
Oxycodone 

Delta Analgesia Morphine 
Fentanyl 
Hydrocodone 
Oxycodone 

Sigma Dysphoria Fentanyl 
Hydromorphine 
Oxycodone 
Hydrocodone 
Sufentanyal 

 
Mechanisms of Action: 
Opioids bind to specific receptors located throughout the central nervous system 
and other tissues.  Four major types of opioid receptor have been identified: mu, 
kappa, delta, and sigma.  While opioids provide some degree of sedation, they 
are most effective at producing analgesia.  The pharmacodynamic properties of 
specific opioids depend upon which receptor is bound, the binding affinity, and 
whether the receptor is activated. See Table below. Although both opioid 
agonists and antagonists bind to opioid receptors, only agonists are capable of 
receptor activation.  Agonist-antagonists (eg. nalbuphine, nalorphine, 
butorphanol, and pentazocine) are drugs that have opposite actions at different 
receptor types. 
 
Opioid-receptor activation inhibits the presynaptic release and postsynaptic 
response to excitatory neurotransmitters (eg, acetylcholine, substance P) from 
nociceptive neurons.  The cellular mechanism for this neuromodulation may 
involve alterations in potassium and calcium ion conductance.  Transmission of 
pain impulses can be interrupted at the level of the dorsal horn of the spinal cord 
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with intrathecal or epidural administration of opioids.  Modulation of a descending 
inhibitory pathway from the periaqueductal gray through the nucleus raphe 
magnus to the dorsal horn of the spinal cord may also play a role in opioid 
analgesia.  Although opioids exert their greatest effect within the central nervous 
system, opioid receptors have also been isolated from somatic and sympathetic 
peripheral nerves.   
 
Effects on Organ Systems: 
Cardiovascular: 
In general, opioids do not seriously impair cardiovascular function. 
Meperidine tends to increase heart rate (it is structurally similar to atropine), while 
high doses of morphine, fentanyl, Sufentanil, and Alfentanil are associates with a 
vagusmediated bradycardia.  With the exception of Meperidine, the opioids do 
not depress cardiac contractility.  Meperidine and morphine evoke histamine 
release in some individuals that can lead to profound drops in arterial blood 
pressure and systemic vascular resistance.  The effects of histamine release can 
be minimized in susceptible patients by slow opioid infusion, adequate 
intravascular volume, or pretreatment with H1 and H2 histamine antagonists.  

 
Respiratory: 
Opioids depress ventilation, particularly respiratory rate.  Resting PaCO2 
increases and the response to a CO2 challenge is blunted, resulting in a shift of 
the CO2 response curve downward and to the right.  These effects are mediated 
through the respiratory centers in the brainstem.  The apneic threshold – the 
highest PaCO2 at which a patient remains apneic – is elevated, and hypoxic 
drive is decreased.  Morphine and meperidine can cause histamine-induced 
bronchospasm in susceptible patients.  Opioids (particularly fentanyl, Sufentanil, 
and Alfentanil) can induce chest wall rigidity severe enough to prevent adequate 
ventilation.  This centrally mediated muscle contraction is most frequent after 
large drug boluses and is effectively treated with muscle relaxants.  Opioids can 
effectively blunt the bronchoconstrictive response to airway stimulation such as 
that occurring during intubation.  
 
Cerebral: 
Potent analgesia:  Intravenous opioids have been the mainstay of pain control for 
more than a century.  Mild to moderate dose dependent sedation occurs with all 
opiates . Unlike barbiturates or benzodiazepines, relatively large doses of opioids 
are required to render patients unconscious.  Stimulation of the medullary 
chemoreceptor trigger zone is responsible for a high incidence of nausea and 
vomiting.  Regardless of  the dose,  opioids do not  rel iably  produce amnesia.   
Physical dependence is a significant problem associated with repeated opioid 
administration.  
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Adverse reactions/ Side effects:  
• Sedation - can also be an indication 
• Respiratory depression 
• Constipation 
• Strong sense of euphoria.  
• Opioids can cause cough suppression, which can be both an indication for 

opioid administration or an unintended side effect.  
• Opioid dependence can develop with ongoing administration, leading to a 

withdrawal syndrome with abrupt discontinuation. 
 
Drug Interactions:  

• The combination of opioids – particularly meperidine – and monoamie 
oxidase inhibitory may result in respiratory arrest, hypertension or 
hypotension, coma, and hyperpyrexia.  The cause of this dramatic 
interaction is not understood. 

• Barbiturates, benzodiazepines, and other central nervous system 
depressants can have synergistic cardiovascular, respiratory, and 
sedative effects with opioids. 

• The biotransformation of Alfentanil, but not Sufentanil, may be impaired 
following a 7-day course of erythromycin, leading to prolonged sedation 
and respiratory depression.   

Dosing Profile 
OPIOID	   ROUTE	   DOSE	  
Morphine	   IM	   .2	  mg/Kg	  
Morphine	   IV	   .05	  mg/Kg	  

Fentanyl	  
Intranasal	   .25	  mcg/Kg	  
IM	   1	  mcg/Kg	  
IV	   .25	  mcg/Kg	  increments	  

Hydrocodone	   Oral	   5-‐10	  mg	  PO	  	  
Oxycodone	   Oral	   5-‐10	  mg	  PO	  	  
Morphine	   Oral	   3-‐5	  mg	  PO	  	  
Hydromorphone	   Oral	   2-‐4	  mg	  PO	  	  
 
Narcan (naloxone) is indicated for the complete or partial reversal of opioid depression. Narcan 
(naloxone) prevents or reverses the effects of opioids including respiratory depression and 
sedation. Narcan is essentially a pure opioid antagonist. It blocks the action of opioids at the 
receptor - opioid interface through binding. 

Emergency	  Reversal	  
REVERSAL	  AGENT	   INCREMENTAL	  DOSES	   MAX	  DOSE	  

Naloxone	   IV:	  .04	  mg	  every	  3	  minutes	  until	  adequate	  
ventilation	  and	  alertness	  are	  achieved	  
IM:	  2x	  the	  above	  dose	  

.4	  mg	  
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Dosing Guidelines:  Remifentanil (Ultiva) 
Class	  
Synthetic,	  Opioids;	  Opioid	  Analgesics	  
	  
Opioid	  agonist;	  inhibits	  ascending	  pain	  pathways,	  which	  causes	  alteration	  in	  
response	  to	  pain;	  produces	  analgesia,	  respiratory	  depression,	  and	  sedation,	  
increases	  pain	  threshold	  	  	  
	  
Mechanism	  of	  Action	  
Receptor	  activity	  -‐	  specific	  μ	  receptor	  agonist	  that	  produces:	  

• analgesia	  
• sedation	  
• respiratory	  depression	  
• miosis	  
• euphoria	  
• vasodilation	  	  
• physical	  dependence	  	  
• nausea	  and	  vomiting	  	  

	  
Pharmacokinetics	  

• Half-‐Life:	  3-‐10	  min	  
• Onset:	  1-‐3	  min	  (IV)	  

	  
Interactions	  

• All	  sedative	  hypnotics	  and	  opioids:	  Narrow	  margin	  for	  apnea	  
• suvorexant	  -‐	  sleep	  aide:	  	  Potential	  for	  increased	  CNS	  depressant	  effects	  when	  

used	  concurrently;	  monitor	  for	  increased	  adverse	  effects.	  
• lurasidone	  -‐	  antiphsycotic:	  	  Potential	  for	  increased	  CNS	  depressant	  effects	  

when	  used	  concurrently;	  monitor	  for	  increased	  adverse	  effects.	  
	  
Warnings	  

• May	  be	  associated	  with	  apnea	  and	  respiratory	  depression,	  skeletal	  muscle	  
rigidity	  

• May	  cause	  bradycardia,	  hypotension	  
• Intraoperative	  awareness	  in	  some	  pts	  under	  55	  yo	  when	  admin.	  with	  

propofol	  infusion	  <	  75	  mcg/kg/min	  
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Remifentanil	  
 

AGENT	   DOSES	   OFFICE	  BASED	  SAFETY	  

Remifentanil 
Pre infusion bolus 

1 mcg/kg IV bolus	  
Give 1/2 bolus while monitoring, followed 
by 2nd 1/2 after 1-2 min 
 
Never exceed 1 mcg/kg IV bolus 

Remifentanil 
Infusion rate	   0.05-0.25 mcg/kg/min IV 

Caution when exceeding .15 mcg/kg/min 
infusion rate 
 
Clear IV tubing after discontinuation  

Continuous infusions should be 
administered only by an infusion device  

Should not be administered in same IV 
tubing as blood 

 

 

 

	  
(+)Propofol 

 Propofol: 25-75 mcg/kg/min 

When an infusion rate is changed, observe 
patient stability for 10 minutes prior to 
changing the other infusion agent's rate. 
 

Clear IV tubing after discontinuation  

Continuous infusions should be 
administered only by an infusion device  

 

Combining 
(+)Midazolam 

Midazolam: 0.02 to 0.05 mg/kg/hr  
(1 to 3 mg/hr) 

When an infusion rate is changed, observe 
patient stability for 10 minutes prior to 
changing the other infusion agent's rate. 
 

Clear IV tubing after discontinuation  

Continuous infusions should be 
administered only by an infusion device  

Titration of small bolus doses waiting 5 
minutes minimum between midazolam 
doses is appropriate  
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Remifentanil plus low-dose midazolam for outpatient sedation in 
transesophageal echocardiography 

Abstract 
Background 
The search for optimal sedation for transesophageal echocardiography (TEE) continues. We 
hypothesized that the ultra-short acting opioid remifentanil combined with very low-dose 
midazolam would provide a better sedation and recovery profile compared to midazolam alone. 

Methods 
41 consecutive outpatients scheduled for TEE received either IV midazolam (group M, 2.5 mg 
bolus plus 1 mg increments repeated as needed, n = 18) or a combination of a low-dose IV bolus 
of midazolam (0.5 mg) plus an infusion of remifentanil (group RM, 0.1 mcg/kg/min, reduced to 
0.08 mcg/kg/min after probe insertion, n = 23). All patients received topical pharyngeal anesthesia 
with 2 puffs of lidocaine 4% spray. We recorded BP, SpO2, HR, time-to-discharge (modified 
Aldrete score of 13), duration of procedure, resource utilization, complications, ease of probe 
introduction, ease and quality of the procedure. Patients' satisfaction with sedation was assessed 
using the Iowa Satisfaction with Anesthesia Scale (ISAS). 

Results 
Mean dose of midazolam in group M was 3.7 ± 1.3 mg. Median time-to-discharge was 
significantly reduced in the RM group compared with the M group (5 (5–10) vs. 30 (5–240) 
min, p < 0.0001), with 22 of the 23 group RM patients ready for “street discharge” within 5 min of 
removal of the TEE probe. Ease of probe insertion (p = 0.001), resource utilization (p = 0.0001), 
patient satisfaction (p = 0.03) and overall ease and quality of the procedure (p = 0.0001) were 
significantly better in the RM group than in the M group. No episodes of desaturation were 
observed. 

Conclusions 
This is the first report of the use of an ultra-short acting opioid, remifentanil, combined with a low-
dose of midazolam, as a sedative technique for outpatient TEE. In this pilot, non-randomized 
prospective study, remifentanil plus low-dose midazolam provided better sedation than our 
current practice of higher bolus doses of midazolam alone. This novel approach is associated 
with improved procedure tolerance, faster recovery and minimal resource utilization. A 
randomized, controlled study is under way to verify our preliminary results. 
First published as an abstract at the American Society of Echocardiography Seattle 2007 
Conference. 
 
Renna	  M,	  Chung	  R,	  Maguire	  C,	  Li	  W,	  Mullen	  MJ,	  Henein	  MY.	  “A	  pilot	  study	  of	  remifentanil	  plus	  low-‐dose	  
midazolam	  for	  sedation	  in	  outpatient	  transesophageal	  echocardiography”	  J Am Soc Echo	  2007	  May;	  20(5)	  
623.	  	  Corresponding	  author.	  Royal	  Brompton	  Hospital,	  Sydney	  Street,	  London	  SW3	  6NP,	  UK	  
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A Comparison of Equisedative Infusions of Propofol and 
Midazolam for Conscious Sedation During Spinal Anesthesia - A 

Prospective Randomized Study 
Abstract 

Background 
Supplemental sedation with an intravenous agent is often required to allay fear 
and anxiety in patients subjected to spinal anesthesia .We studied and compared 
the properties of propofol and midazolam as equisedative continuous infusions. 
 
Patients & Methods: 
100, ASA grade 1 and 2 patients, 18 to 60 years of age, undergoing spinal 
anesthesia, were randomly allocated to receive either propofol 1mg/ml or 
midazolam 0.1mg/ml in 50ml syringes through syringe pump. The infusion rates 
were titrated in order to maintain a desired sedation score of 4 on the Observer's 
assessment of alertness/ sedation scale. Anxiety score was assessed at regular 
intervals by a single observer in all cases, using a 100mm visual analog scale. 
Intraoperative and postoperative amnesia was assessed using visual task of 
recall of pictures and verbal task of recall of words. 
 
Results: 
Propofol infusion was found to be superior to that of midazolam as it showed a 
statistically significant faster onset in achieving the desired sedation score, 
significantly lower mean anxiety scores, a clear headed, rapid recovery and 
significantly lesser postoperative impairment of recall, but midazolam infusion 
was seen to be associated with deeper intraoperative amnesia over the former 
which was beneficial. 
 
Conclusion: 
Equisedatine infusion of propofol & midazolam as an adjunct & spinal anesthesia 
offer good anxiolysis and cardio respiratory stability. Propofol her faster onset & 
recovery while midazolam provides better intraoperative annesia. 
 

J	  Anaesthesiol	  Clin	  Pharmacol.	  2011	  Jan-‐Mar;	  27(1):	  47–53.	  
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Emergency)Reversal)For)Midazolam)
EMERGENCY(

REVERSAL(AGENT(
INCREMENTAL(DOSES! MAXIMUM(OFFICE(

BASED(DOSE!

Flumazenil! .2!mg!every!minute!until!reaching!
the!desired!degree!of!reversal!

1.0!mg!

!

Dosing'Guidelines'For'Fentanyl'

AGENT& INCREMENTAL&DOSES& MAXIMUM&OFFICE&BASED&
DOSE&

Fentanyl(
CASE(

1(.(3(hours(
(

(

25(mcg(every(10(minutes(titrated(to(
clinical(effect(with(a(maximum(dose(of(

250(mcg(

250(mcg(

Fentanyl(
CASE(

2(.(4(hours(
(

25(mcg(every(10(minutes(titrated(to(
clinical(effect(with(a(maximum(dose(of(

500(mcg(

500(mcg(

(
Emergency)Reversal)For)Fentanyl)

EMERGENCY(REVERSAL(
AGENT( INCREMENTAL(DOSES! MAXIMUM(OFFICE(

BASED(DOSE!

Naloxone! IV:!.04!mg!every!3!minutes!
until!adequate!ventilation!
and!alertness!are!achieved!

.4!mg!

!

Utilize Midazolam primarily for amnesia and Fentanyl primarily for sedation and analgesia.
This technique creates a safer clinical patient profile prior to discharge.

Dosing'Guidelines'For'Midazolam'

AGENT& MIDAZOLAM&-&INCREMENTAL&DOSES& MAXIMUM&OFFICE&
BASED&DOSE&

Midazolam)
(Versed))

112.5)mg)every)10)minutes)titrated)to)clinical)
effect)with)a)maximum)dose)of)7.5)mg)

7.5)mg)total)
Midazolam)dose)

Midazolam)+)
Opiates)

5)minute)monitored)clinical)observation)
between)midazolam1opiate)dosing)

7.5)mg)total)
Midazolam)dose))

)

Fentanyl is an opioid that is approved for IV sedation. Use this agent as your sedation base.
Midazolam is a benzodiazepine with metabolites that impair judgement, coordination, and

depress ventilation. Limit Midazolam to 7.5 mg total for any case.

ROCKY MOUNTAIN SEDATION DOSING PROTOCOLS
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Ketamine 
	  
Mechanisms of Action: 
Ketamine has multiple effects throughout the central nervous system, including 
blocking polysynaptic reflexes in the spinal cord and inhibiting excitatory 
neurotransmitter effects in selected areas of the brain.  In contract to the 
depression of the reticular activating system induced by the barbiturates, 
ketamine functionally “dissociates” the thalamus (which relays sensory impulses 
from the reticular activating system to the cerebral cortex) from the limbic cortex 
(which is involved with the awareness of sensation).  While some brain neurons 
are inhibited, others are tonically excited.  Clinically, this state of dissociative 
anesthesia causes the patient to appear conscious (eg, eye opening, 
swallowing, muscle contracture) but unable to process or respond to sensory 
input.  The existence of specific ketamine receptors and interactions with opioid 
receptors has been postulated.   
 
Effects on Organ Systems: 
Cardiovascular: 
In sharp contrast to other anesthetic agents, ketamine increases arterial blood 
pressure, heart rate, and cardiac output.  These indirect cardiovascular effects 
are due to central stimulation of the sympathetic nervous system.  Accompanying 
these changes are increases in pulmonary artery pressure and myocardial work.  
For these reasons, ketamine should be avoided in patients with coronary artery 
disease, uncontrolled hypertension, congestive heart failure, and arterial 
aneurysms.  The direct myocardial depressant effects of large doses of ketamine 
are unmasked by sympathetic blockade (eg, spinal cord transection) or 
exhaustion of catecholamine stores (eg, severe end-stage shock).  On the other 
hand, ketamine’s indirect stimulatory effects are often beneficial to patients with 
acute hypovolemic shock.   
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Respiratory: 
Ventilatory drive is minimally affected by the customary induction doses of 
ketamine, although rapid intravenous bolus administration or pretreatment with 
opioids occasionally produces apnea.  Ketamine is a potent bronchodilator, 
making it a good induction agent for asthmatic patients.  Although upper airway 
reflexes remain largely intact, patients at increased risk for aspiration pneumonia 
should be intubated.  The increased salivation associated with ketamine can be 
attenuated by premedication with an anticholinergic agent. 

 
Cerebral: 
Consistent with its cardiovascular effects, ketamine increases cerebral oxygen 
consumption, cerebral blood flow, and intracranial pressure.  These effects 
preclude its use in patients with space occupying intracranial lesions.  Myoclonic 
activity is associated with increased subcortical electrical activity, which is not 
apparent on surface electroencephalography.  Undesirable psychotomimetic side 
effects (eg, illusions, disturbing dreams, and delirium) during emergence and 
recovery are less common in children and in patients premedicated with 
benzodiazepines.  Of the nonvolatile agents, ketamine may be the closes to 
being a “complete” anesthetic since it induces analgesia, amnesia, and 
unconsciousness. 
 
Drug Interactions:   

a. Diazepam attenuates ketamine’s cardiostimulatory effects and prolongs its 
elimination half-life.   

b. Propranolol, phenoxybenzamine, and other sympathetic antagonists 
unmask the direct myocardial depressant effects of ketamine. 

c. Ketamine produces myocardial depression when given to patients 
anesthetized with halothane or, to a lesser extent, other volatile 
anesthetics.   

d. Lithium may prolong the duration of action of ketamine.   
 
Dosing:  
To prevent dysphoria, pre-medicate with 2.5 mg of midazolam 

Dosing 
Agent Use Route Dose 
Ketamine Sedation IV 

IM 
5-10 mg every 20 minutes with a maximum 
total of 50 mg 
.5 mg/kg X 1 
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Propofol 
	  
Mechanisms of Action: 
The mechanism by which propofol induces a state of general anesthesia may 
involve facilitation of inhibitory neurotransmission mediated by aminobutyric acid. 

 
Effects on Organ Systems: 
Cardiovascular: 
The major cardiovascular effect of propofol is a decrease in arterial blood 
pressure owing to a drop in systemic vascular resistance, cardiac contractility, 
and preload.  Hypotension is more pronounced than with thiopental but is usually 
reversed by the stimulation accompanying laryngoscopy and intubation.  Factors 
exacerbating the hypotension include large doses, rapid injection, and old age.  
Propofol markedly impairs the normal arterial baroreflex response to 
hypotension.   

 
Respiratory: 
Propofol is a profound respiratory depressant that usually causes apnea following 
an induction dose.  Even when used for conscious sedation, propofol infusion 
inhibits hypoxic ventilatory drive and depresses the normal response to 
hypercarbia.  Propofol-induced depression of upper airway reflexes exceeds that 
of thiopental and can prove helpful during intubation or laryngeal mask placement 
in the absence of paralysis.   

 
Cerebral: 
Propofol decreases cerebral blood flow and intracranial pressure.  In patients 
with elevated intracranial pressure, propofol can cause a critical reduction in 
cerebral perfusion pressure (<50 mm Hg) unless steps are taken to support 
mean arterial blood pressure.  Propofol and thiopental probably provide a similar 
degree of cerebral protection during focal ischemia.  A unique character ist ic  of  
propofol  is  i ts  ant iemetic  and ant iprurit ic  propert ies.   Propofol does not have 
anticonvulsant properties.   
IV administration is occasionally accompanied by excitatory phenomena such as 
muscle twitching, spontaneous movement, or hiccupping.  
 

Dosing 
Agent Use Route Dose 
Propofol Sedation IV 25-100 mcg/kg/min  
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ANTI-NAUSEA MEDICINE 
	  
Ondansetron & Granisetron 
 
Mechanism of Action: 
Ondansetron and granisetron selectively block serotonin 5-HT3 receptors, with 
little or no effect on dopamine receptors.  The 5-HT3 receptors, which are located 
peripherally (abdominal vagal afferents) and centrally (chemoreceptor trigger 
zone of the area postrami and the nucleus tractus solitaries), appear to play an 
important role in the initiation of the vomiting reflex.  Unlike metoclopramide, 
these agents do not affect gastrointestinal motility or lower esophageal sphincter 
tone.  
 
Clinical Uses: 
Ondansetron has been proven to be an effective antiemetic in the postoperative 
period.  In some studies, it has provided superior prophylaxis compared to 
metoclopramide or droperidol.  Because of its expense, however, it should not be 
used as a routine prophylaxis.  Rather, it should be considered in patients with a 
prior history of postoperative nausea; those who are undergoing procedures at 
high risk for nausea (eg, laparoscopy); those in whom nausea and vomiting must 
be avoided (eg, neurosurgery); and those experiencing nausea and vomiting, to 
prevent further episodes.  At this time, granisetron has been approved only for 
prevention of chemotherapy-induced nausea and vomiting. 
 
Side Effects: 
Ondansetron and granisetron are essentially devoid of serious side effects, even 
I amounts several times the recommended dose.  They do not appear to cause 
sedation, extrapyramidal signs, or respiratory depression.  Transient mild 
changes in blood pressure have been reported with granisetron, but not 
ondansetron.  Intravenous administration can be associated with pain on 
injection. 
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Dosage: 
a. The recommended adult intravenous dose of ondansetron for prevention 

of perioperative nausea and vomiting is 4 mg prior to sedation. 
b. Postoperative nausea and vomiting can also be treated with a 4 mg dose, 

repeated as needed every 4-8 hours.  Ondansetron undergoes extensive 
metabolism in the liver via hydroxylation and conjunction by cytochrome 
O-450 enzymes.   

c. Liver failure impairs clearance severalfold, and the dose should be 
reduced accordingly.  Granisetron is more potent and longer acting than 
ondansetron, but is also dependent on the liver for clearance.   

d. A granisetron dosage for postoperative nausea and vomiting is 10 µg.kg.  
A single daily dose of 10 µg.kg is being recommended 30 minutes before 
initiation of chemotherapy. 

 
Drug Interactions: 
No significant drug interactions with ondansetron or granisetron have been 
reported.   
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NITROUS OXIDE 
 
Physical Properties:   
Nitrous oxide (N2O: Laughing Gas) is the only inorganic anesthetic gas in clinical 
use.  It is colorless and essentially odorless.  Although nonexplosive and 
nonflammable, nitrous oxide is as capable as oxygen of supporting 
combustion.  Unlike the potent volatile agents, nitrous oxide is a gas at room 
temperature and ambient pressure.  It can be kept as a liquid under pressure, 
however, because its critical temperature lies above room temperature.  Nitrous 
oxide is a relatively inexpensive anesthetic. 
 
Effects on Organ Systems: 
Cardiovascular: 
The circulatory effects of nitrous oxide are explained by its tendency to stimulate 
the sympathetic nervous system.  Even though nitrous oxide directly depresses 
myocardial contractility in vitro, arterial blood pressure, cardiac output, and heart 
rate are essentially unchanged or slightly elevated in vivo because of its 
stimulation of catecholamines.  Myocardial depression may be unmasked in 
patients with coronary artery disease or severs hypovolemia.  The resulting drop 
in arterial blood pressure may occasionally lead to myocardial 
ischemia.  Constriction of pulmonary vascular smooth muscle increases 
pulmonary vascular resistance, which results in an elevation of right atrial 
pressure.  Despite vasoconstriction of cutaneous vessels, peripheral vascular 
resistance is not significantly altered.  Because nitrous oxide increases 
endogenous catecholamine levels, it may be associated with a higher incidence 
of epinephrine-induced dysrhythmias. 

 
Respiratory: 
Nitrous oxide increases respiratory rate and decreases tidal volume as a result of 
central nervous system stimulation and, perhaps, activation of pulmonary stretch 
receptors.  The net effect is a minimal change in minute ventilation and resting 
arterial CO2 levels.  Hypoxic drive, the ventilatory response to arterial hypoxia 
that is mediated by peripheral chemoreceptors in the carotid bodies, is markedly 
depressed by even small amounts of nitrous oxide.  This has serious implications 
in the recovery room, where patients with low arterial oxygen tensions may go 
unrecognized.  
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Cerebral: 
By increasing cerebral blood flow, nitrous oxide produces a mild elevation of 
intracranial pressure.  Nitrous oxide also increases cerebral oxygen consumption 
(CMRO2).  Levels of nitrous oxide below MAC provide analgesia in dental surgery 
and other minor procedures.  
  

 
Gastrointestinal: 
Some studies have implicated nitrous oxide as a cause of postoperative nausea 
and vomiting, presumably as a result of activation of chemoreceptor trigger zone 
and the vomiting center in the medulla.  Other studies have failed to demonstrate 
any association between nitrous oxide and emesis. 
 
Biotransformation & Toxicity: 
During emergence, almost all nitrous oxide is eliminated by exhalation.  A small 
amount diffuses out through the skin.  Biotransformation is limited to the less than 
0.01% that undergoes reductive metabolism in the gastrointestinal tract by 
anaerobic bacteria.  
 
By irreversibly oxidizing, the cobalt atom in vitamin B12 nitrous oxide inhibits 
enzymes that are vitamin B12 dependent.  These enzymes include methionine 
synthetase, which is necessary for myelin formation, and thymidylate synthase, 
which is necessary for DNA synthesis.  Prolonged exposure to anesthetic 
concentrations of nitrous oxide can result in bone marrow depression and even 
neurologic deficiencies.  Because of possible teratogenic effects, nitrous oxide is 
often avoided in pregnant patients.  Nitrous oxide may also alter the immunologic 
response to infection by affecting chemotaxis and motility of polymorphonuclear 
leukocytes. 
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Contraindications: 
Although nitrous oxide is insoluble in comparison with other inhalational agents, it 
is 35 times more soluble than nitrogen in blood.  Thus, it tends to diffuse into air-
containing cavities more rapidly than nitrogen is absorbed by the 
bloodstream.  For instance, if a patient with a 100-mL. pneumothorax inhales 
50% nitrous oxide, the gas content of the pneumothorax will tend to approach 
that of the bloodstream.  Since nitrous oxide will diffuse into the cavity more 
rapidly than the air (principally nitrogen) diffuses out, the pneumothorax expands 
until it contains 100 mL. of air and 100mL. of nitrous oxide.  If the walls 
surrounding the cavity are rigid, pressure rises instead of volume.  Examples of 
conditions where nitrous oxide might be hazardous included air embolism, 
pneumothorax, acute intestinal obstruction, intracranial air, pulmonary air cysts, 
intraocular air bubbles, and tympanic membrane grafting.  Nitrous oxide will even 
diffuse into endotracheal tube cuffs, increasing the pressure against the tracheal 
mucosa. 
 
Because of the effect of nitrous oxide on the pulmonary vasculature, it should be 
avoided in patients with pulmonary hypertension. Obviously, nitrous oxide is of 
limited value in patients requiring high inspired oxygen concentrations.   
 
Drug Interactions: 
Because the relatively high MAC of nitrous oxide prevents its use as a complete 
general anesthetic, it is frequently used in combination with the more potent 
volatile agents.  The addition of nitrous oxide decreases the requirements of 
these other agents.  While nitrous oxide should not be considered a benign 
carrier gas, it does attenuate the circulatory and respiratory effects of volatile 
anesthetics in adults.  Nitrous oxide potentiates neuromuscular blockade, but 
less so than the volatile agents.  The concentration of nitrous oxide flowing 
through a vaporizer can influence the concentration of volatile anesthetic 
delivered.  For example, decreasing nitrous oxide concentration increases the 
concentration of volatile agent despite a constant vaporizer setting.  This disparity 
is due to the relative solubility’s of nitrous oxide and oxygen in liquid volatile 
anesthetics. 
 
 


