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Dexmedetomidine as a Total Intravenous Anesthetic Agent
Michael A. E. Ramsay, M.D., F.R.C.A.,* David L. Luterman, M.D.†

DEXMEDETOMIDINE is a highly selective �2 adrenocep-
tor agonist that has sedative and analgesic properties
with associated reduction in opioid and anesthetic re-
quirements.1–11 One significant advantage of dexme-
detomidine is that in the clinical dose range there is no
respiratory depression.12–14 The agonistic action on the
�2 adrenoceptors in the sympathetic ganglia modulates
the release of catecholamines, resulting in a sympatho-
lytic effect and reports of bradycardia and hypoten-
sion.15–19 As the dose of dexmedetomidine is increased,
there is a direct action on the blood vessels causing
vasoconstriction and a possible increase in blood pres-
sure.3,18 This report describes three patients who pre-
sented for surgery with potential airway management
challenges. Dexmedetomidine was administered to
these patients in increasing doses until general anesthe-
sia was attained. The effects of these high doses of
dexmedetomidine on respiratory function and hemody-
namics are described. The rate of dexmedetomidine in-
fusion was administered based on actual patient body
weights.

Case Reports

Case 1

A 66-yr-old, 85-kg woman presented with inspiratory stridor and was
found to have a severe subglottic stenosis of her trachea. The stenosis
was measured to be 1.5 cm below the vocal cords and to have a lumen
diameter of 4 mm. Neodymium:yttrium-aluminum-garnet laser destruc-
tion of the tracheal stenosis was scheduled emergently. The patient
was brought to the operating room and peripheral intravenous and
arterial cannulae were inserted and electrocardiogram electrodes and
pulse oximetry sensor were applied. A loading dose of dexmedetomi-
dine 1 �g/kg was infused over 10 min and then an infusion of 0.7
�g·kg�1·h�1 was delivered but rapidly increased over 10 min to 10

�g·kg�1·h�1 to attain an acceptable level of anesthesia that would
allow the airway to be instrumented by direct laryngoscopy. Topical
lidocaine was applied to the nasal mucosa, the back of the pharynx,
and the upper surface of the glottis. A fiberoptic bronchoscope was
passed through the nose and the tracheal stenosis was visualized. No
supplemental oxygen was supplied. When the patient was completely
unresponsive approximately 20 min after induction the laser was
powered and the tracheal stenosis was ablated. The procedure took 30
min and during that time the airway had to be supported with a chin
lift. The blood pressure declined from 150/80 mm Hg to 110/60 mm
Hg and pulse rate was maintained between 70 and 75 beats/min. (figs.
1 and 2) After 20 min the infusion of dexmedetomidine was reduced to
5 �g·kg�1·h�1, but the patient began to exhibit signs of lightening
from anesthesia and so the infusion was increased back to 10
�g·kg�1·h�1. The oxygen saturations were maintained at greater than
90% except when the upper airway was obstructed and a chin lift was
necessary. (fig. 3) Once the chin lift was applied the saturations
quickly returned to normal concentrations, and no supplementary
oxygen was delivered. An arterial blood gas analysis performed in the
middle of the procedure revealed an arterial partial pressure of carbon
dioxide (PaCO2) of 43 mm Hg and a partial pressure of oxygen (PaO2)
of 82 mm Hg.

The patient was taken to the recovery room and became immedi-
ately responsive to a loud audible stimulus or light glabellar tap (Ram-
say Sedation Score of 4). She remained at this level of sedation for an
hour and then reached a Ramsay Sedation Score of 3. When aroused
the patient exhibited signs of good cognition, but quickly fell back to
sleep when the stimulation ceased. She remained hemodynamically
stable and at an Ramsay Sedation Score of 3 for another hour before
fully recovering and being ready for discharge from the recovery room
after a total time of 2 h.

Case 2

A 65-yr-old, 50-kg man was admitted with acute exacerbation of
chronic respiratory failure secondary to emphysema. He required me-
chanical ventilation for 5 days and was then weaned to spontaneous
ventilation and the endotracheal tube was removed. While breathing
room air, his arterial PaO2 was 55 mm Hg and PaCO2 was 60 mm Hg. He
was then scheduled to have extensive resections of facial skin cancers
with full-thickness skin graft reconstruction. The patient arrived in the
operating room tachycardic and hypertensive and vigorously refused
local anesthesia. Sedation with dexmedetomidine was attempted with
a loading dose of 1 �g/kg followed by an infusion of 0.7 �g·kg�1·h�1.
This did not provide adequate anesthesia so the infusion was increased
to 5 �g·kg�1·h�1, and after a further 10 min the patient was anesthe-
tized deeply enough to allow the surgery to take place. No supplemen-
tal oxygen was administered because of the close proximity of the
electrical cautery.

Hemodynamically he became stable with heart rate slowing from
120 beats/minute to 65 beats/minute and blood pressure declining
from 220/120 mm Hg to 120/65 mm Hg. Oxygen saturation, measured
by a pulse oximeter, was maintained above 90% and respiratory rate
declined from 30 breaths/min to 16 breaths/min. At the conclusion of
the procedure local anesthesia was infiltrated into the surgical sites.
The patient required no analgesia in the postanesthesia recovery unit
and remained hemodynamically stable. He was discharged from the
unit 2 h postoperatively.

This article is accompanied by an Editorial View. Please see:
Ebert T, Maze M: Dexmedetomidine: Another arrow for the
clinician’s quiver. ANESTHESIOLOGY 2004; 101:568–70.
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Case 3

A 50-yr-old, 80-kg man presented for an evaluation of an upper
airway obstruction. He had an artificial upper trachea in the form of a
silastic Montgomery tracheal stent. This was placed 10 yr ago, after he
had sustained multiple traumas that included a severe tracheal injury.
The stent had been replaced approximately every year since then, and
the tracheal stoma débrided at the same time. He required treatment
for chronic pain and was receiving long-term opioid therapy. Previous
anesthetics had been complicated by difficulties with airway manage-
ment, as the upper airway was severely distorted by scar tissue.
Postoperative pain management also was challenging because of his
chronic opioid use.

The patient was brought to the operating room, routine monitors
were applied, and peripheral venous and arterial cannulae were in-

serted. Dexmedetomidine was administered with a loading dose of 1
�g/kg followed by an infusion of 0.7 �g·kg�1·h�1. The infusion was
increased over 5 min to 5 �g·kg�1·h�1 and maintained at this rate for
a further 5 min before the patient would tolerate the surgery. The
patient then underwent rigid and fiberoptic bronchoscopy together
with a laryngoscopy. The tracheal prosthesis was removed and the
trachea was débrided. The patient breathed room air spontaneously
throughout this part of the procedure and oxygen saturations were
maintained above 92%. A new tracheal stent was inserted without
difficulty. The patient then underwent bronchopulmonary lavage with
saline to irrigate profuse purulent material present in the bronchi.
Supplemental oxygen was required during this part of the procedure.
The patient recovered comfortably, without requiring any opioid ther-
apy and with hemodynamic stability. He was discharged home 3 h later
from the recovery room.

Fig. 1. Blood pressure changes during an-
esthesia in patient in Case 1.

Fig. 2. Pulse rate changes during anesthe-
sia in patient in Case 1.
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Discussion

These case reports demonstrate that dexmedetomi-
dine may be used as a total intravenous anesthetic agent
in certain patients if doses are increased to a high
enough level. Previous studies on assessing dexmedeto-
midine as a general anesthetic found that supplementary
agents were necessary, but the doses of dexmedetomi-
dine had not reached the high levels of administration
reported here.20 In the first case reported here, the
dexmedetomidine was supplemented with topical anes-
thesia before surgical intervention. In the second pa-
tient, postoperative analgesia was supplemented with
infiltration of local anesthesia. The attributes of dexme-
detomidine of sedation, analgesia, and no respiratory
depression demonstrated at lower doses appear to be
sustained at anesthetic doses. However, control of the
airway was lost in the first patient, requiring manual
support in the form of a chin lift, although respiratory
drive was maintained. The level of sedation at which
airway control is lost has not been well studied; this may
occur at lower doses of dexmedetomidine. The advan-
tage in these patients was that the airway was main-
tained easily together with adequate respiratory drive
such that supplemental oxygen was not required. There
was no demonstrable respiratory depression as mea-
sured by pulse oximetry in the patients breathing room
air; however, airway support was required in the first
patient. The lack of respiratory depression was con-
firmed in patient 1 by an arterial blood gas analysis that
recorded a normal PaCO2 in the middle of the procedure.
The blunting of the sympathetic nervous system in these
patients produced satisfactory hemodynamics. No pa-
tient experienced hypotension or severe bradycardia, as

has been reported.19 This may have been that all three
patients were extremely anxious initially and exhibited
tachycardia and hypertension before induction of anes-
thesia. There was also no evidence of vasoconstriction
and hypertension as the dose of dexmedetomidine was
increased to high levels, as has also been reported.3 The
dexmedetomidine infusion was increased rapidly over 5
to 10 min to gain faster control of the patients. The plan
was to titrate the dose back down once good anesthesia
had been obtained. However, it was not possible to
achieve this in any of the patients, and patient 1 had to
have the infusion increased back up to 10 �g·kg�1·h�1

to allow the procedure to be completed.
The preservation of respiratory drive offers the oppor-

tunity that this anesthetic technique may present an-
other method for providing anesthesia for the patient
with a difficult airway. This needs to be studied more
thoroughly, as the data available on dexmedetomidine
mainly relates to its use as an anesthetic and opioid-
sparing agent at much lower doses and when used in
combination with other anesthetic, sedative, and analge-
sic agents. At these high doses there were no airway
concerns other than one patient requiring a chin-lift, and
no opioids were required even in the patient who was a
chronic opioid user. The recovery period required for
these patients was not significantly prolonged when
compared to many conventional anesthetic techniques;
it was between 2 and 3 h. All three patients were hemo-
dynamically stable in the recovery unit. The cost of this
technique is also potentially higher than that of conven-
tional anesthetics, but the advantage of no loss of respi-
ratory drive and good analgesia without the need for
opioids may well justify this expense.

Fig. 3. Oxygen saturation changes during
anesthesia in patient in Case 1.
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Reactivation of Phantom Limb Pain Immediately after Cervical
Spinal Decompression

Ryoji Iida, M.D., Ph.D.,* Kazuhiko Munakata, M.D.,* Takahiro Suzuki, M.D., Ph.D.,† Shigeru Saeki, M.D., Ph.D.,‡
Setsuro Ogawa, M.D., Ph.D.§

IT is well known that phantom limb pain can reappear or
be exacerbated transiently during spinal anesthesia in
amputees.1 However, to the best of our knowledge, the
reappearance of phantom limb pain immediately after
nonamputation surgery in an amputee has not been
reported. We herein present a patient with chief com-
plaint of reactivation of phantom limb pain the day
immediately after cervical myelopathy surgery.

Case Report

A 65-yr-old man was scheduled to undergo surgery for cervical
myelopathy resulting from spondylotic canal stenosis. Past medical
history revealed four previous surgeries under general anesthesia, one
of which required amputation as a result of a railway accident at the
age of 49 yr. The injuries sustained from his fall from the railway
platform required amputation below the left shoulder, below the right
knee and at the midmetacarpal bones of the right first, second, and

third fingers. Approximately 1 month after the amputation he began to
suffer from severe and painful phantom limb sensations localized to the
right below-knee and the left below-shoulder regions. The sensations
were described as cramped pain and were greater in the right below-
knee region than in the left below-shoulder region. The patient had
complained of intractable cramp pain for approximately 6 months, but
the treatments administered during this period are not known. As a
result of gradual decrease of phantom limb pain, the sensation changed
from pain to numbness. The painless phantom limb sensation from the
left below-shoulder and the right below-knee regions described as
numbness gradually decreased in intensity and area of involvement
during the past 15 yr but still persisted up to the present time. The
patient had also complained of telescoping phenomenon of his left
hand (a gradual transposition towards the stump) and that the location
of his left hand gradually moved superiorly from his left waist region
towards the thoracic region, whereas he did not experience telescop-
ing of his right lower limb.

The patient was hospitalized in our hospital to undergo surgery for
cervical degenerative myelopathy because of spondylotic canal steno-
sis with calcification of the posterior longitudinal ligament that was not
directly attributed to the railway accident. The preoperative symptom
was neck and back pain untreatable with medications accompanied by
nausea and chest discomfort. Preoperative magnetic resonance imag-
ing revealed flattening of the cervical spinal cord at the level of C5–6
and C6–7, where the herniated disc extruded towards the left anterior
side of the cord. The operation was performed with a left anterior
approach by subtotal corporectomy of C5/C6 and discectomy of C4/
C5/C6/C7 with iliac strut graft fusion. The symptoms of cervical my-
elopathy improved postoperatively. Postoperative magnetic resonance
imaging revealed improvement of the cord flattening.

The morning immediately after surgery the patient was aware of the
presence of pain in his left upper arm, which gradually extended to the
left elbow, wrist, and fingers during the day. He felt as if his left hand
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had moved away from his left thoracic region inferiorly towards his left
waist region. Pain intensity gradually increased during the day, and by
night the patient recognized it to be the same as the phantom limb pain
that he had previously experienced. The reactivated pain was of the
same quality and in the same location. It was an intractable, continu-
ous, spontaneous cramp pain localized to the whole region of the left
below-shoulder and was exacerbated with mobilization of the shoulder
or application of pressure to the stump. The pain resulted in daily sleep
disturbance while the pain intensity fluctuated. His initial treatment for
the pain was with oral lornoxicam, a nonsteroidal antiinflammatory
drug that brought no pain relief. He was first consulted by our pain
clinic staff at day 6 after surgery. Sensory examination of the well-
healed scar of the stump revealed the presence of hypoesthesia and
hypoalgesia. No palpable neuromas could be detected in the stump. He
was treated with oral amitriptyline (20 mg per day) and dextrometho-
rphan (45 mg per day) by our pain clinic staff. The phantom limb pain
gradually subsided with this combination of drugs and completely
subsided by the 15th day after surgery. At the same time the patient felt
that his left hand had gradually returned from the thoracic region to
the original location, the left waist region, as before surgery. The
nonpainful phantom limb sensation of the left below-shoulder and the
right below-knee regions persisted as numbness, described in text. The
drugs were discontinued by the patient’s own judgment 1 month after
the operation. Follow-up evaluation revealed that the patient has been
free of phantom limb pain for 6 consecutive months without any
analgesics.

Discussion

The phantom limb pain that had once been completely
relieved and remained asymptomatic for approximately
15 yr was reactivated after surgery for cervical myelop-
athy. The mechanisms involved in the reactivation are
postulated to be associated with surgery. The surgical
site of the cervical spine in this patient was close to the
left dorsal horn neurons of the cervical spinal cord
where the primary afferent nerves of the left upper limbs
terminate in and where the secondary afferent nerves
originate. Phantom limb pain of this patient was reacti-
vated and limited only to the left upper limb. It is prob-
able that mechanical stimuli or inflammatory responses
resulting from the surgical stress to the cervical spine
resulted in functional changes in the afferent pathway of
the left upper limb. Several animal studies have revealed
that injury-producing tissue damage increases excitabil-
ity of the central nervous system2,3 and reduces inhibi-
tory pain modulation.4 Moreover, it was demonstrated
that electrical stimulation to the region of the thalamus
in amputees that originally represented the missing limb
could evoke phantom sensations including pain, in
which it was indicated that the thalamic representation
of the amputated limb remains functional in amputees
with phantoms.5 Therefore, it is a possible explanation
that functional changes in the central nervous system
caused by surgical noxious stimuli to the cervical spine
resulted in the reactivation of the phantom limb pain.

Electrophysiological improvement in the decom-
pressed cervical spinal cord might have contributed to
the reappearance of pain. Several studies revealed that
evoked potentials in the spinal cord suppressed by cer-

vical cord compression recovered promptly after surgi-
cal decompression.6–8 Although we did not investigate
this patient electrophysiologically, we could hypothe-
size the normalization of neural activities by marked
improvement of the symptoms and findings in the post-
operative magnetic resonance imaging. A similar case
was described by Brihaye in 1958, in which painless
phantom phenomenon from a right lower limb extin-
guished itself progressively, paralleling the aggravation
of cervical radiculopathy because of a herniated disc and
reappeared upon slow recovery from radiculopathy 6
months after excision of the herniated disc.9 For our
patient, the electrophysiological improvement after cer-
vical decompression probably influenced the neural ac-
tivities of the central nervous system that might have
contributed to the reappearance of phantom limb pain.

The phantom limb pain was relieved with oral amitrip-
tyline and dextromethorphan. Both amitriptyline and
dextromethorphan have antagonistic potencies for N-
methyl-D-aspartate receptors in the central nervous sys-
tem.10–12 Oral dextromethorphan was reported to effec-
tively attenuate postamputation phantom limb pain, in
which it was discussed that dextromethorphan inter-
rupted sensitization in the central nervous system by
antagonizing N-methyl-D-aspartate receptors.12 This is in-
cluded as a possible explanation for our patient: that
central sensitization induced by surgical stimuli was in-
terrupted by the combined administration of these two
drugs and remained suppressed even after discontinua-
tion of these drugs.

In summary, the phantom limb pain that had once
been completely relieved and remained asymptomatic
for approximately 15 yr was reactivated after cervical
spinal decompression. This case suggests that phantom
limb pain suppressed for some length of time can be
reactivated by surgery that involves aggravating stimu-
lation involving the pain pathway. The possibility of
reactivation of phantom limb pain may be taken into
consideration when the balance of advantages and dis-
advantages of surgery is evaluated.
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Perioperative Hemorrhage and Combined Clopidogrel and
Aspirin Therapy

Michael Moore, M.B., F.R.C.A.R.S.I.,* Michael Power, M.B., F.F.A.R.C.S.I., F.A.C.P.†

CLOPIDOGREL has been introduced as another anti-
platelet drug in combination with aspirin to decrease
thrombotic events in patients with cerebrovascular and
coronary artery disease. Patients are presenting for sur-
gery taking a combination of both aspirin and clopi-
dogrel. We report two cases of surgery and anesthesia
complicated by bleeding associated with the combina-
tion of aspirin and clopidogrel.

Case Reports

Case 1

An 83-yr-old woman with known atherosclerotic cerebrovascular
disease presented with a transient ischemic attack. Her medications
included aspirin 300 mg once daily and bendrofluazide, lisinopril, and
pravastatin for concomitant hypertension and ischemic heart disease.

Twenty-four hours after admission the patient, while receiving in-
travenous heparin, had another transient ischemic attack. Computer-
ized tomography brain scan revealed a small new area of infarction
near her right internal capsule. For this reason clopidogrel 75 mg daily
was added and heparin was stopped. Magnetic resonance imaging of
the brain revealed right parietal/temporal/frontal deep matter changes
consistent with watershed infarction. Over the next 2 days she had
fluctuating neurologic signs with periods of recovery. A carotid duplex
scan showed a 70–80% stenosis of her right internal carotid artery. She
was therefore scheduled for a right carotid endarterectomy. Preoper-
ative platelet count was 258 � 109/L (150–400 � 109/L), activated
partial thromboplastin time 36 s (normal range 23–35 s), and pro-
thrombin time 14 s (normal range10–14 s). Bleeding time was not
performed.

Intraoperatively received 5,000 units of intravenous heparin before
shunt insertion. The neck incision was noted to be “oozy,” and a drain
was inserted before wound closure. A coagulation screen revealed an
activated partial thromboplastin time of �300 s that was corrected to
normal with protamine. Anesthesia was discontinued and the endotra-
cheal tube was removed uneventfully and the patient was transferred
to the recovery room.

Over the next 2 h the patient had persistent bleeding from her neck
wound despite a normal activated partial thromboplastin time. A he-

matoma developed that required evacuation under general anesthesia.
She then returned to the recovery area, where she developed stridor
with cyanosis. She was again transferred to the operating theater and
underwent emergency intubation after inhalation induction. She was
subsequently transferred to the intensive care unit. Wound hemostasis
remained satisfactory.

The patient received ventilatory support for 3 days as a result of
glottic edema. She also received 2 units of erythrocyte concentrate. On
the third day, the endotracheal tube was removed uneventfully with
minimal residual stridor. She made a successful recovery and was
transferred to the ward for further management

Case 2

A 74-yr-old woman presented to the outpatient clinic with a history
of hoarseness for 2–3 yr and dyspnea on exertion. Examination re-
vealed a large multinodular goiter with tracheal compression. The
patient was scheduled for subtotal thyroidectomy.

She had a background history of coronary artery disease with a
myocardial infarction, coronary angioplasty, and stenting and subse-
quent therapy with clopidogrel 75 mg daily. The patient was advised to
discontinue clopidogrel and aspirin for 1 week before surgery. The
date of surgery was changed twice. Ultimately, on the day of surgery
the patient remained on clopidogrel 75 mg once daily, aspirin 75 mg
once daily, atorvastatin, isosorbide mononitrate, and sotalol
hydrochloride.

Preoperative platelet count was 225 � 109/L (150–400 � 109/L),
activated partial thromboplastin time 30 s (normal range 23–35 s),
prothrombin time 12 s (normal range10–14 s). Bleeding time was not
performed.

Anesthesia and surgery were uneventful. The endotracheal tube was
removed uneventfully and the patient was transferred to the recovery
area.

In the recovery room, bleeding was noted from her wound, and
approximately 45 mins after surgery she developed respiratory dis-
tress. As clips were being removed she developed cyanosis and asys-
tole. After successful placement of the endotracheal tube with cardio-
pulmonary resuscitation and intravenous adrenaline, circulation was
returned. In the operating theater, on clip removal, fresh blood and
clots were removed from the neck wound. Several bleeding sites
received diathermy. No bleeding vessel was seen. After hemostasis was
secured two drains were inserted and the wound was closed. The
patient was transferred to intensive care.

She required two units of packed cells because of her blood loss. On
the third day the endotracheal tube was successfully removed. Four
days later the drains and clips were removed.

Discussion

Clopidogrel hydrogen sulfate is a platelet aggregation
inhibitor that was introduced as a secondary prevention
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therapy in patients at high risk of thrombotic events as a
result of recent myocardial infarction or stroke or estab-
lished vascular disease. A single daily dose of 75 mg is
effective.1

Platelets are activated by adenosine diphosphate. Clo-
pidogrel selectively and irreversibly inhibits adenosine
diphosphate induced binding of fibrinogen to platelets
by causing a major reduction in the adenosine diphos-
phate induced activation of the membrane glycoprotein
IIb/IIIa complex. It also inhibits platelet aggregation in
response to collagen, thrombin, and shear stress and has
a synergistic effect when combined with aspirin.2 Clo-
pidogrel thus prolongs bleeding time, inhibits platelet
aggregation, and delays clot retraction. Bleeding time is
significantly prolonged with both agents and reaches a
maximum of 1.5-fold to twofold of baseline after 3 to 7
days.3 Platelets are inhibited for their lifespan.

In a recent study Serebruany et al. examined the anti-
platelet properties of clopidogrel and aspirin versus as-
pirin alone in patients with congestive heart failure with
heightened platelet activity. Platelet studies were per-
formed at baseline and after 30 days of therapy. After 30
days of monotherapy with aspirin 325 mg there were no
changes in platelet characteristics as compared to base-
line. However, the addition of clopidogrel 75 mg re-
sulted in significant inhibition of platelet activity.4

The Clopidogrel Versus Aspirin in Patients at Risk of
Ischemic Events trial found that long-term administration
of clopidogrel 75 mg alone in patients with atheroscle-
rotic vascular disease was more effective than aspirin
alone in reducing the combined risk of ischemic stroke,
myocardial infarction, or vascular death. The overall
safety profile of clopidogrel appears to be as least as
good as that of medium-dose aspirin with an added
benefit of fewer gastrointestinal side effects than
aspirin.5

The Clopidogrel in Unstable Angina to Prevent Recur-
rent Events Trial Investigators trial demonstrated an im-
pressive benefit from combined clopidogrel and aspirin
in reduction of mortality and Q wave myocardial infarc-
tion. However, discontinuation of clopidogrel and aspi-
rin for less than 5 days resulted in an increased tendency
of perioperative bleeding in patients undergoing coro-
nary artery bypass graft compared with patients receiv-
ing aspirin alone.6

In reply to correspondence concerning the Clopi-
dogrel in Unstable Angina to Prevent Recurrent Events
trial, the authors state that for elective surgery, com-
bined clopidogrel and aspirin therapy “may be stopped a
few days before surgery to minimize the risks of
bleeding.”7

The increased morbidity associated with combined
aspirin and clopidogrel therapy has also been reported in
a recent study by Yende et al.8 They demonstrated that
the combination of clopidogrel and aspirin before coro-
nary artery bypass graft is associated with increased

frequency of reexploration for bleeding and an increased
need for erythrocyte transfusion. The authors recom-
mend platelet transfusion for bleeding in patients who
have received clopidogrel before coronary artery bypass
graft and that the discontinuation of these agents before
surgery may reduce postoperative bleeding.

Furthermore, Chapman et al. described an elective
abdominal aortic aneurysm repair complicated by diffuse
hemorrhage resulting from combined therapy.9 The ed-
itor of the journal in which this was published replied
with the knowledge of at least two other cases where
combined therapy caused excessive blood loss during
carotid endarterectomy.10

Recently, a study by Payne et al. investigating the
effect of combined clopidogrel and aspirin on bleeding
times in healthy volunteers found after 2 days treatment
with clopidogrel 75 mg and 150 mg aspirin per day there
was a significant 3.4-fold increase in bleeding time rela-
tive to baseline. The authors suggest that combination
clopidogrel and aspirin therapy in major cardiovascular
or general surgical patients may carry a significantly
increased risk of bleeding.11

Surgeons and anesthetists are now increasingly likely
to encounter patients on combined clopidogrel and as-
pirin therapy presenting for elective and emergency sur-
gery. These two cases demonstrate perioperative bleed-
ing associated with continued combined aspirin and
clopidogrel therapy. In both cases the bleeding was
delayed in that it was not obvious until the end of
surgery. As a result both patients required unanticipated
emergency intubation and intensive care admission and
needed unanticipated surgical reexploration and in-
creased blood product transfusion.

The increased risk of intraoperative and postoperative
bleeding should be of concern. Timely discontinuation
of these agents before surgery to reduce perioperative
bleeding must be balanced against the benefit of com-
bined antiplatelet therapy in the prevention of throm-
botic events.
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Intravenous Ziprasidone for Treatment of Delirium in the
Intensive Care Unit

Christopher C. Young, M.D., F.C.C.M.,* Eugenio Lujan, M.D.†

PATIENTS in the intensive care unit (ICU) are at high risk
of developing delirium. Delirium is an independent de-
terminant of hospital length of stay and may be associ-
ated with increased morbidity and mortality. Although
estimates of the incidence of delirium in the ICU vary
considerably, it is widely recognized as difficult to diag-
nose and treat. Standard therapy for delirium and agita-
tion in the ICU is intravenous haloperidol. However,
haloperidol is sometimes ineffective in managing deliri-
ous patients and large doses pose an increased risk of
side effects. Newer “atypical” antipsychotic agents are
equivalent to traditional agents in controlling psychomotor
agitation in acutely psychotic patients.1 It is not currently
known whether they have a role in treating delirium in ICU
patients. Ziprasidone (Geodon®; Pfizer Pharmaceuticals,
New York, NY), one of the new atypical agents, is the only
one that is currently available as a parenteral formulation.
In this report, we describe the first successful use of ziprasi-
done via the intravenous route in an ICU patient with
severe, life-threatening delirium that failed to respond to
standard haloperidol therapy.

Case Report

A 47-yr-old, 112-kg man was admitted to the trauma/surgical ICU
after placement of a free fibular graft to the left clavicle. His medical
history was significant for hypertension treated with a �-blocker, ele-
vated cholesterol, anxiety, and depression. Home medications in-
cluded clonazepam, mirtazepine, risperidone, and acetaminophen/
oxycodone. The patient drank alcohol, occasionally heavily, and had a
30-pack/yr cigarette smoking history.

On the first postoperative day, cisatracurium, propofol, and fentanyl
infusions were discontinued, and the patient was extubated. Atenolol,
clonazepam, and transdermal clonidine were prescribed. Several hours

later the patient became confused and agitated. He was unable to
maintain attention and demonstrated disorientation and perceptual
disturbances. Continuous intravenous hydromorphone, up to 2.5 mg/h
and lorazepam 2 mg intravenously every 6 h and every 1 h as needed
were given for pain and agitation. Despite escalating doses of intrave-
nous lorazepam (4 mg bolus � 12 mg/h continuous infusion), the
patient remained delirious and dangerously agitated. Intravenous hal-
operidol 2 mg, 5 mg, 10 mg, and 20 mg had no effect on the agitation.
The viability of the fibular graft was at risk because of his delirium; he
was therefore sedated and reintubated. Dexmedetomidine loading
dose and continuous infusion were initiated while haloperidol and
lorazepam were continued. Despite multiple combinations of sedative
agents, the patient was either well-sedated and hypotensive (further
worsening graft blood flow) or delirious and agitated, risking disrup-
tion of the vascular pedicle of the free fibular graft.

Because of the severity of delirium and absence of response to
haloperidol, ziprasidone therapy was considered. Corrected QT interval
(QTc) was found to be 470 ms; serum potassium and magnesium levels
were determined to be normal. Ziprasidone 20 mg was given intrave-
nously. QTc was 476 ms 5 min later and the patient’s restlessness dramat-
ically improved. Haloperidol, dexmedetomidine, and hydromorphone
were gradually discontinued. QTc 4 h after ziprasidone administration
decreased to 436 ms. The patient was extubated and ziprasidone and
lorazepam were tapered via the oral route. Ziprasidone was discontinued
1 week later. The patient was transferred from the ICU on postoperative
day 8 receiving oral methadone and lorazepam.

Discussion

Delirium is characterized by an acute change in cognition
and disturbance in consciousness, usually resulting from an
underlying medical condition or from medication or drug
withdrawal. Estimates of the incidence of delirium in the
ICU vary from 20–80%.2 Patients suffering from delirium
while hospitalized in the ICU have prolonged lengths of
ICU and overall hospital stay, more frequent medical com-
plications, and increased mortality.3,4

The mainstay of therapy for agitation and delirium in
the ICU is intravenous haloperidol, a potent antipsy-
chotic agent that blocks dopaminergic receptors in the
central nervous system.5,6 A recent clinical practice
guideline published by the American College of Critical
Care Medicine recommends haloperidol for treatment of
agitation and delirium, although the level of recommen-
dation is graded C.5

Haloperidol is associated with antidopaminergic side
effects, including extrapyramidal effects and tardive dys-
kinesia, and can cause prolongation of the QT-interval on
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electrocardiogram. QT-interval prolongation can lead to
an increased risk of ventricular arrhythmias, including tor-
sades de pointes.7,8 Sharma et al. found the incidence of
torsades de pointes associated with intravenous haloperi-
dol was significantly greater in patients receiving 35 mg or
more over 24 h and in those with a QTc of �500 ms.9

Newer “atypical” antipsychotic agents have been re-
cently introduced. Because these agents exert their ef-
fect mainly through modulation of nondopaminergic
pathways, their use may result in diminished incidence
of tardive dyskinesia. Ziprasidone can prolong the QT
interval and thereby increase the risk of ventricular ar-
rhythmias, including torsades de pointes.10 For this rea-
son, ziprasidone is contraindicated in patients with cor-
rected QT interval (QTc) prolongation �500 ms, recent
myocardial infarction, or uncompensated heart failure. It
can produce additive effects with other agents known to
prolong QT interval and therefore, close hemodynamic
monitoring, including five-lead electrocardiogram, is
warranted. Ziprasidone should also be avoided in patients
with congenital long QT syndrome and in patients with a
history of cardiac arrhythmias. Food and Drug Administra-
tion-mandated studies of QT prolongation associated with
neuroleptic administration demonstrated a mean increase
of QTc of 20.3 ms for ziprasidone versus 4.7 ms with
haloperidol.11 In clinical trials of ziprasidone, the electro-
cardiograms of two of 2,988 patients (0.06%) who received
ziprasidone and one of 440 (0.23%) who received placebo
revealed QTc intervals exceeding the potentially clinical
relevant threshold of 500 ms.12

Ziprasidone is the only atypical antipsychotic agent
that is currently formulated for parenteral administra-
tion. Usual adult dosing is 10–20 mg intramuscularly as
required to a maximum dose of 40 mg a day. Doses of
10 mg may be administered every 2 h; doses of 20 mg
may be administered every 4 h. There appear to be no
anticholinergic effects associated with its use. Half-life is
6–7 h.13 Use of the intramuscular preparation for more
than 3 days has not been studied; every effort should be
made to convert to oral dosing as early as possible.
Intramuscular administration of ziprasidone in healthy
volunteers demonstrated time to peak plasma level of 60
min.12 More rapid control of symptoms, however, is
often necessary in the treatment of a patient with severe
agitation necessitating intravenous administration. Phase
I clinical trials of intravenous ziprasidone administered
as a 60-min infusion demonstrated pharmacokinetics
similar to intramuscular administration. Further experi-
ence with intravenous administration is lacking.

Published studies support the use of atypical antipsy-
chotics in the treatment of delirium in hospitalized, med-
ically ill patients. Olanzapine, quetiapine, and risperi-
done have all been reported to improve the symptoms of

delirium in small, uncontrolled trials.14 The only pub-
lished case report describing ziprasidone treatment in
delirium utilized oral dosing in a patient with cryptococ-
cal meningitis as a result of human immunodeficiency
virus.15

This report is the first of the use of intravenous ziprasi-
done to control delirium in an agitated, critically ill
patient in the ICU. Delirium remains a daunting clinical
challenge in the practice of intensive care medicine. It
can be difficult to diagnose and treat and is associated
with worsened patient outcomes. The recent availability
of newer atypical antipsychotic agents offers an alterna-
tive approach to the treatment of delirium. Because this
is only the first report of the use of intravenous ziprasi-
done to treat ICU-related delirium refractory to standard
haloperidol treatment, much further investigation re-
mains. The use of such therapy is anecdotal and the
risks—including QT prolongation and ventricular ar-
rhythmia—must be considered. Only appropriately pow-
ered, prospective, randomized trials will be able to sat-
isfactorily answer questions of safety and efficacy that
this novel therapy raises.
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