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Perioperative Management of Severe Head Injury in a Patient with
Arrhythmogenic Right Ventricular Dysplasia

Francine Bonnet, M.D.,* Emmanuel Samain, M.D., Ph.D.,† Rémy Bocquet, M.D.,* Frédérique Le Corre, M.D.,*
Jean Marty, M.D.‡

ARRHYTHMOGENIC right ventricular dysplasia
(ARVD) is a recently described form of cardiomyopathy
characterized by the occurrence of ventricular tachycar-
dia of right ventricular origin.1,2 ARVD is characterized
by fibrofatty replacement of the right myocardium,
linked in part to both apoptotic cell death and patchy
myocarditis.3,4 ARVD is an important cause of sudden
arrhythmic death in young patients, especially during
physical exercise, and severe forms of the disease may
also lead to congestive heart failure. Diagnosis is based
on clinical criteria and results from specialized test-
ing—in particular, contrast ventriculography.5 Antiar-
rhythmic drug therapy is the first step of treatment, but
the severity of ventricular tachycardia (VT) may necessi-
tate surgical or catheter ablative techniques or an im-
plantable defibrillator.6,7 Specific problems that may be
encountered during the perioperative period have not
been described. We report the specific management of
severe head trauma in a patient with known ARVD.

Case Report

A 19-yr-old man was admitted to the intensive care unit after multi-
ple traumas in a motorcycle accident. Two years earlier, a family
screening had been performed after the sudden cardiac death of his
father at the age of 39 yr, which was related to one of the most severe
form of ARVD, Uhl disease. At this time, the patient was asymptomatic,
but diagnosis of ARVD was performed according to the guidelines of
the ARVD Task Force5 on the presence of two major criteria: (1)
familial disease, confirmed by histological findings, and (2) fibrofatty
replacement of right ventricular myocardium on endomyocardial bi-
opsy. The patient also had three minor criteria of the disease: (1) mild
segmental right ventricular dilatation with normal left ventricle, (2)
inverted T waves in leads V2 and V3 on the electrocardiogram, and (3)
frequent premature ventricular complexes (PVCs) detected by Holter
monitoring. Antiarrhythmic treatment with sotalol was started, and its
efficacy was confirmed by a decrease in the number of PVCs.

The first examination of lesions, performed by the physician of the
prehospital critical care team a few minutes later, revealed a severe
closed head injury with a Glasgow Coma Scale score of 3, requiring

immediate tracheal intubation and mechanical ventilation. Hemody-
namic parameters at this time were stable, with a regular sinus rhythm
at a rate of 55 beats/min with no PVCs detected by electrocardio-
graphic recording and an arterial blood pressure of 150/80 mmHg.
Therapeutic measures to control intracranial pressure, including me-
chanical ventilation and sedation with 10 mg/h midazolam and
200 mg/h fentanyl and maintenance of systolic arterial blood pressure
above 90 mmHg with fluid loading when necessary were started by the
physician before the patient was taken to the hospital. After hospital
admission, blood glucose and hemoglobin concentrations and arterial
oxygen tension (PaO2) were maintained within normal range, and a
mild hypocapnia was induced to prevent secondary cerebral ischemia.
Computed tomography of the body and radiography performed at the
time of arrival at the hospital revealed right temporal extradural hema-
toma and severe brain injury with multiple areas of focal hemorrhage
disseminated in the brain, facial trauma with maxillary sinus fracture,
right wrist fracture, and sprained right ankle.

Surgical evacuation of the extradural hematoma was planned. Heart
rate and arterial blood pressure (by radial artery catheter) were con-
tinuously monitored. Anesthesia was deepened with isoflurane and
fentanyl. Intraoperative electrocardiographic monitoring showed a si-
nus rhythm with rare PVC. Arterial blood pressure remained stable
throughout the procedure. At the end of surgery, an intraparenchyma-
tous pressure catheter was inserted, and intracranial pressure monitor-
ing was started.

During the 6 h after surgery, intracranial pressure increased progres-
sively to 25 mmHg, despite conventional therapy to control intracra-
nial hypertension. Thus, the problem of increasing arterial blood pres-
sure to reach a cerebral perfusion pressure of at least 60 mmHg arose.
At this step, according to the protocol at our institution, invasive
hemodynamic monitoring would have been indicated. In our patient,
it was decided not to insert a Swan Ganz catheter to reduce the risk of
severe ventricular arrhythmia during insertion of the catheter in the
right ventricle. Fluid loading with 300 ml gelatin, repeated three times
over 4 h, was not sufficient to reach the desired value of arterial blood
pressure. Echocardiographic assessment of ventricular load was
planned. Transthoracic rather than transesophageal echocardiography
was performed because it was more rapidly available. Underlying
hypovolemia could be eliminated, and vasopressor therapy was
therefore indicated. To reduce the risk of ventricular arrhythmia,
0.25 mg · kg21 · min21 norepinephrine, instead of dopamine, which is
usually tried first in this condition, was administered via a central line
placed through the right jugular vein. Norepinephrine was effective in
restoring cerebral perfusion pressure, but despite maintenance of
enteral sotalol therapy, which kept the heart rate at approximately 60
beats/min, frequent ventricular PVC (5–25 per minute) with a pro-
longed period of bigeminy were observed. A short period of VT, lasting
less than 10 s, occurred only once and did not require specific treat-
ment. During the 8 following days, several prolonged periods of ven-
tricular bigeminy and a short period of VT, lasting less than 10 s,
occurred. This was not related to reflex bradycardia induced by the
increase in intracranial pressure but may have been promoted by the
brain injury–induced sympathetic stimulation. Potassium serum con-
centration remained within normal range, and a mild hypomagnesemia
observed 3 days after admission was treated with intravenous magne-
sium sulfate. The arrhythmias were hemodynamically well-tolerated,
and the treatment was not modified. Neurologic status deteriorated
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progressively, with the aggravation of intracerebral edema and intra-
cranial hypertension. Despite a ventriculostomy drainage, intracranial
hypertension led to brain death on the ninth postoperative day.

Discussion

Arrhythmogenic right ventricular dysplasia is a rare but
severe familial disease, with autosomal dominant inher-
itance and polymorphic phenotype expression. Diagno-
sis usually occurs in adolescents or young adults after
exercise-induced ventricular arrhythmias, which range
from frequent PVC to sustained poorly tolerated VT,
characterized by an unusual pattern of left bundle
branch block.5,8 Ventricular fibrillation and sudden
death have been observed during strenuous exercise.9 A
definitive diagnosis of ARVD is based on histologic dem-
onstration of transmural fibrofatty changes of the right
ventricle. Recently, the ARVD Task Force has proposed
diagnosis criteria, including the presence of encompass-
ing structural, histologic, electrocardiographic, arrhyth-
mic, and genetic factors.5

Perioperative reduction of the risk for ventricular ar-
rhythmia must rely on the understanding of arrhythmo-
genesis mechanisms in ARVD. Frequent provocation of
arrhythmias during exercise, efficacy of antiarrhythmic
agents with antiadrenergic properties, and sensitivity
toward catecholamines have suggested the involvement
of the adrenergic system. In this regard, localized sym-
pathetic denervation of the right ventricle has been
demonstrated in 83% of patients with ARVD.10 This in-
homogeneity may increase dispersion of refractory peri-
ods and conduction times among cardiomyocytes during
adrenergic stimulation. Furthermore, the increase in
heart rate and the shortening of the coupling intervals
observed during adrenergic stimulation were suggested
to be the main determinants of VT in ARVD.8 Therefore,
the anesthetic protocol should aim at reducing adrener-
gic stimulation. On the other hand, class I antiarrhythmic
agents or sotalol, a b-blocker agent with class III prop-
erties, are widely used to prevent ventricular arrhyth-
mias when left ventricular function is preserved. Amio-
darone was reported to be better tolerated in left
ventricular dysfunction. However, concern about the
efficacy of drug treatment to prevent sudden death has
emerged recently.6

At the time cerebral perfusion pressure decreased,
despite a fluid challenge, we had to administer a vaso-

pressor. Among the catecholamines available, norepi-
nephrine was chosen because it exerts a potent a-adre-
noceptor and moderate b-adrenoceptors agonist action.
However, its effect on b adrenoceptors was sufficient to
favor ventricular arrhythmias. Reinforcement of b-adren-
ergic blockade, possibly by intravenous infusion of a b
blocker, could have been discussed at this step. Alter-
nately, an agent with prominent a-adrenergic and weak
b-adrenergic agonist properties, such as phenylephrine,
may have a lower potential for ventricular arrhythmia.
However, the lack of significant inotropic effect of this
agent at clinically relevant doses may induce a decreased
cardiac index, which is difficult to evaluate in the ab-
sence of hemodynamic monitoring.

Adrenergic stimulation is the main precipitating factor
of severe ventricular arrhythmia in ARVD. Perioperative
management should include close monitoring of heart
rhythm, maintenance of antiarrhythmic drugs, and limi-
tation of sympathetic stimulation.
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Postoperative Sudden Death in Two Adolescents with
Myelomeningocele and Unrecognized Arrhythmogenic Right

Ventricular Dysplasia
Brigitte Houfani, M.D.,* Philippe Meyer, M.D.,* Jacques Merckx, M.D.,* Pascal Roure, M.D.,* Jean Paul Padovani, M.D.,†

Guy Fontaine, M.D.,‡ Pierre Carli, M.D.§

POSTOPERATIVE sudden death is a dramatic event oc-
curring in 1.1 per 1,000 anesthetic procedures.1 A dis-
crepancy between the clinical impression regarding the
cause of death and the anatomic findings at autopsy
were found in 23–39% of cases studied.2 In some cases,
unsuspected preexisting disease contributing directly to
death could be only found at autopsy. Arrhythmogenic
right ventricular dysplasia (ARVD) is a rarely diagnosed
autosomal dominant disease described by Fontaine et
al.3 in 1979. It mainly occurs in otherwise healthy ado-
lescents and young adults with complex ventricular ar-
rhythmia and effort-related sudden deaths.3 Only one
case of ventricular tachycardia related to ARVD has been
described after general anesthesia.4 We report the cases
of two adolescents who had previously undergone mul-
tiple anesthetic procedures and died after anesthesia for
major orthopedic surgery. In these cases, the diagnosis
of ARVD was only made at autopsy.

Case Report

These two cases were observed during a 5-yr period in Hopital
Necker-Enfants Malades of Paris, France, which performed 50–60
complex vertebral fusions each year. The two patients were classified
as American Society of Anesthesiologists III and were adolescents with
a previous history of severe myelomeningocele and Chiari II malfor-
mation. Severe muscular scoliosis developed, and anterior thoracic
vertebral fusion was required. Both patients had undergone multiple
previous neurosurgical, orthopedic, and urological procedures with-
out noticeable complications. Their preoperative cardiac examinations
were unremarkable, and electrocardiographic data were considered to
be normal. However, in retrospect, the electrocardiogram in the sec-
ond case depicted T-wave inversion in V1–V2 precordial leads. Induc-
tion of anesthesia with thiopental, sufentanil, and vecuronium and
maintenance with 1 minimum alveolar concentration (MAC) isoflurane

and continuous infusion of sufentanil were uneventful. The procedures
lasted 9 h. Total blood loss was estimated at 1,300–1,700 ml and was
replaced by total perioperative autotransfusion. Final hematocrits were
29 and 28%. After the procedure, the patients regained consciousness
rapidly and were transferred to the postoperative intensive care unit,
where assisted ventilation was maintained for the first postoperative
hours.

Case 1

A 13-yr-old, 44-kg girl underwent tracheal extubation without diffi-
culties 12 h after the end of the orthopedic procedure. The patient was
then discharged to the surgical ward, alert and pain-free. Thirty hours
after the end of the surgical procedure, she experienced, without
preceding symptoms or increased blood loss through surgical drain-
age, abrupt hypotension (arterial blood pressure, 70/40 mmHg) that
did not respond to immediate vascular loading. Continuous electrocar-
diographic monitoring at this time showed what was considered to be
a sinusal tachycardia (heart rate, 140 beats/min). Within minutes, car-
diac arrest with asystole occurred without preceding recognized arrhyth-
mia. Despite immediate resuscitation initiated with external chest com-
pression, endotracheal intubation, multiple attempts to cardioversion, and
epinephrine and lidocaine infusion, the patient did not regain spontane-
ous cardiac activity and was pronounced dead 2 h later.

Case 2

While still undergoing mechanical ventilation in the postoperative
intensive care unit 4 h after discharge from the operating room, a
16-yr-old, 50-kg girl experienced abrupt hypotension (arterial blood
pressure, 65/35 mmHg) with tachycardia that was considered to be
sinusal with sporadic polymorphic premature ventricular beats (heart
rate, 160 beats/min). Shortly thereafter, monomorphic ventricular
tachycardia occurred, followed by a short-lasting episode of ventricular
fibrillation and resulting asystole. Despite classic resuscitation that was
initiated immediately, she did not regained spontaneous cardiac activ-
ity, and resuscitation was discontinued after 2 h.

In both cases, pathologic examination of the heart at autopsy de-
picted typical features of ARVD with massive replacement of myocytes
of the right myocardium by fibroadipose tissue predominating in the
mediomural layers. In some places, endocardium was reduced to a thin
rim of myocardial tissue. These features of ARVD were associated with
a myocardial infiltration with lymphocytes and plasmocytes, suggest-
ing an acute inflammatory reaction associated with chronic degenera-
tive pathology.

Discussion

Sporadic cases of ARVD have been described in young
adults and children with no clinically apparent cardiac
disorders who experienced exercise-induced sudden
deaths and complex ventricular arrhythmias.4,6–8 Typi-
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cal histologic findings are nonhomogenous replacement
of more than 20% of the myocytes by a fibroadipose
tissue predominantly in the subepicardial and myocar-
dial layers.9 The hereditary autosomal dominant trans-
mission of ARVD has been related to the localization of
genes on chromosome 14q23-q24 and a locus at chro-
mosome 3p23 with variable expression and incomplete
penetrance.10,11 Its prevalence is estimated to be ap-
proximately 1 in 5,000, with a 50% penetrance in some
families. Recessive forms with more severe expression,
as in the Naxos disease, in which dysplasia is associated
with palmoplantar keratosis, have been described.4 The
risk of sudden death has been estimated to be 2.5% per
year.11 Severity of ventricular dysplasia does not corre-
late with long-term outcome or arrhythmic events, but
the risk of sudden death seems to be higher in patients
without previous episodes of ventricular tachycardia
(VT), in those who have dilated right ventricle, and in
those who have experienced syncope.

The implications of ARVD for anesthetists are impor-
tant because patients with ARVD are particularly at risk
for development of VT or sudden death in the perioper-
ative period. There are no previously described cases of
the association between myelomeningocele and sudden
postoperative death, and there is only one previously
described case of ARVD causing abrupt ventricular ar-
rhythmia during general anesthesia.5 These two consec-
utive cases are probably coincidental, and family genetic
screening results were negative. Interestingly, both
these patients had multiple previous procedures without
complications. These severely disabled children proba-
bly had progressing ARVD but remained asymptomatic.
The mechanism of sudden death could be exercise-in-
duced stress related to a major surgical procedure result-
ing in abrupt tachyarrhythmia. In retrospect, hypoten-
sion, which was the first reported symptom, probably
resulted from an episode of tachyarrhythmia that was
falsely interpreted as sinusal tachycardia. Histologic find-
ings suggested some form of associated acute myocardi-
tis of unknown origin that could play a secondary role in
the abrupt development of tachyarrhythmia. A careful
and oriented cardiac evaluation is mandatory in patients
with personal or familial history of sudden death or VT in
young individuals, exercise-induced palpitations, or syn-
cope. Symptoms are induced by exercise, and physical
examination results are normal at rest in 50% of the
patients.4 Giant waves observed by jugular inspection,
murmur, or tricuspid regurgitation related to dilated
right cavities are only observed in older patients with
diffuse myocardial involvement. Common electrocardio-
graphic anomalies include T-wave inversion in anterior
precordial leads, ventricular premature complexes, and
monomorphic VT with left bundle branch block induced
by exercise. Surface electrocardiography shows longer
QRS duration and late potential duration over the dys-
plastic areas. Young patients presenting with T-wave

inversion on anterior precordial leads should have echo-
cardiography that is suggestive of severe ARVD with
major dilatation when apical dyskinesia, right ventricular
dilatation, structural abnormality, diastolic bulge, or sys-
tolic dyskinesia of the infero-basal wall are noted.4 When
present, these anomalies should lead to noninvasive ex-
plorations with spiral computed tomography and mag-
netic resonance imaging to define morphology of the
right cavities and to identify early stages, extent of the
disease, and the site of the dominant fatty cardiac in-
volvement with spin echo magnetic resonance imag-
ing.12 This should be completed by ventricular angiog-
raphy, which is the gold standard for clinical diagnosis.9

The key to histologic diagnosis is endocardial biopsy.
More than 90% of asymptomatic patients with high clin-
ical risks and positive echocardiography have positive
myocardial biopsy and are at risk for experiencing seri-
ous ventricular arrhythmia and sudden death. However,
in some cases, the patchy nature of the myocardial infil-
tration makes endocardial biopsy an unreliable diagnos-
tic technique. Patients at high risk should benefit from
treatment before scheduled surgical procedures. Phar-
macologic treatment is aimed at controlling emergence
or recurrence of VT, but the suppression of VT has not
shown a direct survival benefit.4 The most useful antiar-
rhythmic drug is sotalol, which prevents severe arrhyth-
mia in 60–70% of patients.13 In patients with drug re-
fractoriness, endocardial fulguration and encircling
ventriculotomy have been proposed.14 The progress in
technology of implantable cardioverter defibrillators
with nonthoracotomy leads has made this technique the
most safe and efficient for preventing VT.15 During an-
esthesia and recovery, special attention should be made
to avoid noxious stimuli during light anesthesia, uncom-
pensated blood losses, hypercarbia, hypoxia, and acido-
sis capable of inducing cardiac arrhythmia.16 Halothane
should not be used. Finally, unexplained perioperative
sudden death in young patients should command au-
topsy with careful cardiac examination for possible fatty
cardiac involvement featuring ARVD.2 Familial screening
is necessary when ARVD has been diagnosed.
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Drug-induced Liver Disease during Continuous Epidural Block
with Bupivacaine
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BUPIVACAINE is a widely used and generally safe local
anesthetic. Although adverse reactions to bupivacaine
have been reported, most of them are caused by acci-
dental intravascular injection or overdosage. Other cases
include anaphylactoid reactions1 and delayed cutaneous
reactions.2 We present four cases of liver injury that
occurred during management of postherpetic neuralgia
(PHN) and lumbar disc hernia by continuous epidural
block with bupivacaine.

Case Reports

Case 1

A 62-yr-old man with a 4-month history of T4–T5 PHN was admitted
to the hospital for pain relief. He had taken 5 mg amlodipine daily for
5 yr. At the time of admission, laboratory tests, including complete
blood count, liver function and enzymes, C-reactive protein (CRP),
blood urea nitrogen, creatinine, electrolytes, and bleeding and coagu-
lation times were unremarkable. After admission, an epidural injection
of 0.25% bupivacaine, 4 ml, was administered four times daily, and a
continuous epidural infusion of 0.25% bupivacaine was administered at
a rate of 2 ml/h using a disposable continuous infusion device. The
patient rested in a bed for 1 h after every bolus injection. Blood
pressure and heart rate recorded every 10 min and oxygen saturation
monitored continuously by pulse oximetry (SpO2) did not change at
any time during treatment. Continuous infusion was performed for 12
days, and the frequency of bolus injection was decreased gradually.
Also, 25 mg amitriptyline was administered daily. On the 18th day after
admission to the hospital, the patient developed erythema on the
trunk, a fever of 38–39°C, and general malaise. The total dose of
infused bupivacaine was 1,980 mg. There was no sign of epidural

catheter infection. However, blood tests showed increases in aspartate
aminotransferase (AST) to 221 (normal range, 11–32) IU/l, alanine
aminotransferase (ALT) to 220 (11–32) IU/l, alkaline phosphatase
(ALP) to 214 (6–39) IU/l, g-glutamyl transpeptidase (g-GTP) to 268
(3–40) IU/l, and CRP to 1.9 (, 0.3) mg/dl. These values increased over
the next week, reaching peaks of 512 IU/l AST, 976 IU/l ALT, 630 IU/l
ALP, 673 IU/l g-GTP, and 8.0 mg/dl CRP. Total bilirubin concentration
increased to 2.1 (0.3–1.2) mg/dl, and the percentage of eosinophilic
cells was 9 (0–7)%. Abdominal computed tomography and echography
showed nothing abnormal. Tests for serologic markers of acute hepa-
titis A (immunoglobulin M anti–hepatitis A virus), B (immunoglobulin
M anti–hepatitis B core antigen and –hepatitis B surface antigen), and
C (immunoglobulin M anti–hepatitis C virus) were negative. Tests for
immunoglobulin M anti–cytomegalo virus (CMV), anti–Epstein Barr
virus (EBV), and anti–herpes zoster virus (HZV) were negative, as well.
Although lymphocyte cell stimulation tests (LSTs) with amlodipine,
amitriptyline, and bupivacaine were negative, the increase in liver
enzymes was most suggestive of drug-induced liver disease. The epi-
dural block and other medications were discontinued. Skin eruption
and fever resolved within a week. The patient received laser therapy
for control of pain. The increased liver enzymes returned gradually to
normal within the next 21 days. Administration of amitriptyline and
amlodipine was restarted, and the patient was discharged from the
hospital without incident. However, 2 months later, he was readmitted
for severe pain. An epidural injection of 4 ml lidocaine, 1%, was
administered 4 times daily for 2 weeks and twice daily for 1 week.
There was no increased transaminase or eosinophilia during the treat-
ment. Since this time, the patient has been taking amitriptyline for 2 yr,
and his liver function has been normal.

Case 2

A 72-yr-old woman had left lower extremity pain caused by an L4–L5
herniated disc. The patient had not been taking any medication. At the
time of her admission to the hospital, her blood test results were
normal. After admission, an epidural injection of 6 ml bupivacaine,
0.125%, was administered to the patient 4 times daily for 2 weeks and
twice daily for 5 days. Blood pressure and SpO2 were stable during
epidural infusion. On the 20th day after admission, she reported head-
ache and nausea and had erythema on the trunk and a fever of
38–39°C. The total dose of epidural infused bupivacaine was 495 mg.
There was no sign of epidural catheter infection. However, blood tests
showed increases in AST to 305 IU/l, ALT to 221 IU/l, ALP to 140 IU/l,
g-GTP to 100 IU/l, and CRP to 1.4 mg/dl. These values increased over
the next week, reaching peaks of 891 IU/l AST, 779 IU/l ALT, 496 IU/l
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ALP, 450 IU/l g-GTP, and 4.2 mg/dl CRP. Total bilirubin concentration
increased to 9.6 mg/dl, and the percentage of eosinophilic cells in-
creased to 12%. Abdominal computed tomography and echography
showed nothing abnormal. Acute hepatitis A, B, and C and hepatitis
CMV, EBV, and HZV were ruled out after serologic testing. Although an
LST with bupivacaine was negative, epidural block was discontinued.
Skin eruption and fever resolved within a week. An L5 root block with
lidocaine and steroids for control of pain was administered to the
patient. The increased liver enzymes returned gradually to normal
within the next 32 days.

Case 3

A 67-yr-old woman had experienced T5–T6 PHN for 3 months and
had been taking 50 mg diclofenac daily. In addition, she had trigeminal
neuralgia and had taken 300 mg carbamazepine daily for more than 5
yr. At the time of her admission to the hospital, administration of a 5-ml
epidural injection of 0.25% bupivacaine 4 times daily, continuous
infusion of 0.25% bupivacaine at 2 ml/h, and 20 mg amitriptyline daily
were begun. Dicrofenac, 25 mg, was administered occasionally. There
was no decrease in blood pressure during epidural infusion. Blood tests
on the 14th day after admission showed increases in AST to 44 IU/l,
ALT to 99 IU/l, ALP to 233 IU/l, and g-GTP to 94 IU/l. The total dose
of epidural infused bupivacaine was 2,210 mg. She was asymptomatic,
but her liver function deteriorated over the next 20 days, showing peak
values of 93 IU/l AST, 282 IU/l ALT, 391 IU/l ALP, and 322 IU/l g-GTP.
The percentage of eosinophilic cells was 9%. Abdominal computed
tomography and echography showed nothing abnormal. Acute hepa-
titis A, B, and C and hepatitis CMV, EBV, and HZV were ruled out by
serologic testing. LSTs with amitriptyline, bupivacaine, dicrofenac, and
carbamazepine were negative; however, we discontinued continuous
epidural block and medications. The patient received laser therapy,
and the increased concentrations of liver enzymes gradually returned
to normal within 48 days. Amitriptyline administration was restarted
without incident, and the patient was discharged from the hospital. Six
months later, she had T10–T11 herpes zoster and was readmitted for
pain control. This time, an epidural injection of 4 ml lidocaine, 1%, was
administered 4 times daily for 10 days and twice daily for 5 days, in
addition to 20 mg amitriptyline daily. There was no increased transam-
inase or eosinophilia during or after her second hospital stay.

Case 4

An 84-yr-old woman had a 3-month history of T2–T3 PHN. She had
taken 25 mg dicrofenac occasionally before admission to the hospital.
At the time of admission, her blood test results were normal. For
continuous epidural block, 0.25% bupivacaine, 4 ml, was injected 4
times daily, in addition to continuous 0.125% bupivacaine at a rate of
2 ml/h. She did not take other medications after admission. Her blood
pressure and SpO2 were stable during epidural infusion. On the 13th
day after admission, she reported general malaise and loss of appetite
and had a fever of 38–39°C. The total dose of epidural infused bupiv-
acaine was 1,200 mg. Blood tests showed increases in AST to 381 IU/l,
ALT to 709 IU/l, ALP to 926 IU/l, g-GTP to 147 IU/l, and CRP to 2.3
mg/dl and an increased amount of eosinophilic cells (12%). No sign of
epidural catheter infection was observed. Abdominal computed to-
mography and echography did not determine the cause of the symp-
toms. Tests for serologic markers of acute hepatitis A, B, and C were
negative; hepatitis CMV, EBV, and HZV also were ruled out. The fever
resolved within 5 days. Although the results of LSTs with bupivacaine
and dicrofenac were negative, we decided that bupivacaine-induced
liver disease was the most likely cause of the symptoms. We changed
from bupivacaine to lidocaine. After this change, the increased amount
of liver enzymes normalized gradually over the next 25 days.

Discussion

The patients’ histories, clinical courses, symptoms, and
signs were all consistent with drug-induced liver disease.
No evidence indicated that the patients had visceral
herpes zoster. Other possible causes of liver disease,
such as a biliary disorder or ongoing viral hepatitis, were
ruled out. Although extended epidural block may cause
a decrease in hepatic blood flow, limited epidural block
does not change blood flow.3 Limited epidural blocks
with a small dose of bupivacaine were administered to
the patients, and their blood pressure and SpO2 did not
decrease during block.

Drug-induced liver injury can be a direct toxic injury,
an allergic reaction, or a metabolic aberration. Direct
toxic injury is predictable, dose-related, reproducible in
animal models, and associated with a relatively short
latency period. With the allergic reaction, the exposure
period is usually 1–5 weeks, and skin rash, fever, and
eosinophilia are common. The response to challenge
test is usually prompt. With the metabolic aberration,
metabolic idiosyncratic abnormalities are implicated, the
exposure period varies from weeks to months, and fea-
tures of hypersensitivity, such as eosinophilia, are ab-
sent.4 Because direct toxic drugs were not administered,
these patients’ responses should be classified as allergic
reaction or metabolic aberration. Patient 1 had fever and
skin rash, and patient 2 had fever, skin rash, and eosin-
ophilia. Fever and eosinophilia were observed in patient
4. These patients’ responses seem to fall into the cate-
gory of allergic reaction, whereas the response of patient
3 seems to be a metabolic aberration because she was
asymptomatic.

Although the sensitivity of the LST is low, several
reports show successful use of the test to detect hyper-
sensitivity reactions in the liver.5,6 The belief is that the
test often gives false-negative results but only rarely gives
false-positive results in cases of drug hypersensitivity, so
a positive result should establish the presence of drug
hypersensitivity.5 We believed that drug-induced liver
disorder was very likely in these patients despite the
negative tests with all drugs used.

Other drugs may cause liver dysfunction. However,
amlopidine (case 1), carbamazine (case 3), and diclofe-
nace (cases 3 and 4) had been taken for several months
or years before admission and in some cases were un-
eventfully reintroduced after resolution of the lever dis-
order. Amitryptyline was administerd to two patients
after admission (cases 1 and 3), but in both, the drug was
readministered without difficulty after discontinuation
of bupivacaine and normalization of liver enzyme con-
centrations. These factors make it unlikely that these
other drugs were the cause of the changes seen in these
patients.
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We consider bupivacaine to be the most possible
cause of liver injury in these patients. First, changing
from bupivacaine to lidocaine with readministration of
other medications normalized liver function. Further-
more, bupivacaine was the only drug being used when
liver injury was observed in patients 2 and 4. Second, we
had long-term experience in the use of lidocaine for
control of pain in PHN patients before we began using
bupivacaine. Despite having used lidocaine for the past
10 yr in PHN patients, we did not observe drug-induced
liver disease as in these patients. We did not administer
a challenge test to readminister bupivacaine because
drug readministration is inappropriate and unethical.
Because local anesthetics often contain preservative
agents, clinical manifestations might be elicited by sen-
sitization to such substances. That circumstance is un-
likely in these patients because bupivacaine and lido-
caine have the same preservative agent, and lidocaine
did not elicit clinical manifestations.

Three of our four patients had PHN. Varicella-zoster
viral infection is known to involve the CD41 population
of lymphocytes and to result in suppression of immuni-
ty.7 However, none of these patients were in the acute
stage of herpes zoster, and one patient had lumbar disc
hernia. There are several reports that the necessary du-
ration of continuous epidural block for the treatment of
PHN is approximately 4 weeks.8,9 In Japan, it is common
to perform continuous epidural infusion for pain relief in

PHN patients for long periods, and bupivacaine use is
increasing. It is possible that this practice may result in
an increase in drug-induced liver disease. Because such
liver injury occurs with low frequency, liver function
test screening of all patients to whom this drug is admin-
istered may not be practical. However, symptoms of
liver disease or abnormalities in liver function warrant
immediate discontinuation of the drug.

The authors thank Wasa Ueda, M.D., Department of Anesthesiology and Re-
suscitology, Kochi Medical School, Nankoku City, Kochi, Japan, for reviewing
the manuscript.
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Regional Pericarditis Mimicking Myocardial Infarction
George Youssef, M.D.,* Sameh Khouzam, M.D.,† Juraj Sprung, M.D., Ph.D.,‡ Denis L. Bourke, M.D.§

ACUTE pericarditis is generally considered simple to
diagnose because of its characteristic diffuse ST-segment
elevation. In contrast, acute myocardial infarction typi-
cally presents with more localized ST-segment changes.1

We describe a patient who presented for emergency
surgery with marked ST-segment elevation in the infero-
lateral leads, suggestive of acute myocardial ischemia

and infarction. However, a thorough diagnostic workup
ruled out myocardial injury, and further evaluation sug-
gested that the patient’s electrocardiographic pattern
was caused by a regional or localized pericarditis. Re-
gional pericarditis has only been described in the postin-
farction setting2–4 and in a case in which the ST-segment
elevation was initially more pronounced in the anterior
leads but later evolved to generalized ST-segment eleva-
tion with a mild enzyme increase.5

Case Report

A 46-yr-old man with abdominal free air shown by computed tomog-
raphy scan was scheduled to undergo emergency exploratory laparot-
omy. One month previously, he had undergone kidney and pancreas
transplantations as a result of insulin-dependent diabetes and end-stage
renal disease.

In the operating room, after applying standard monitoring, the
electrocardiograph showed ST-segment elevation in leads II, III, and
aVF. There was no dysrhythmia. The patient denied chest pain and was
hemodynamically stable (blood pressure, 125/90 mmHg; heart rate, 89

* Resident in Anesthesiology, Division of Anesthesiology and Critical Care
Medicine, † Resident in Internal Medicine, Department of Internal Medicine, The
Cleveland Clinic Foundation. ‡ Associate Professor of Anesthesiology, Depart-
ment of Anesthesiology, Mayo Foundation. § Professor of Anesthesiology, De-
partment of Anesthesiology, University of Maryland School of Medicine.

Received from the Division of Anesthesiology and Critical Care Medicine and
the Department of Internal Medicine, The Cleveland Clinic Foundation, Cleve-
land, Ohio; the Department of Anesthesiology, Mayo Foundation, Rochester,
Minnesota; and the Department of Anesthesiology, University of Maryland School
of Medicine, Baltimore, Maryland. Submitted for publication October 13, 2000.
Accepted for publication February 7, 2001. Support was provided solely from
institutional and/or departmental sources.

Address reprint requests to Dr. Bourke: 13004 Gent Road, Reisterstown,
Maryland 21136-5717. Address electronic mail to: squashwiz@aol.com. Individual
article reprints may be purchased through the Journal Web site,
www.anesthesiology.org.

261CASE REPORTS

Anesthesiology, V 95, No 1, Jul 2001

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/95/1/264/652373/0000542-200107000-00036.pdf by guest on 18 April 2024



beats/min). A twelve-lead electrocardiograph showed ST-segment ele-
vation in leads II, III, aVF, and V4–V6 in addition to tall, peaked T waves
in V2–V4 (fig. 1). The laboratory report showed a serum potassium
concentration of 7.2 mEq/l, a hematocrit of 25%, a creatinine concen-
tration of 1.4 mg/dl, a bicarbonate concentration of 24 mEq/l, and a
serum glucose concentration of 103 mg/dl. Other laboratory results
were unremarkable.

Surgery was postponed to correct hyperkalemia and to investigate
the electrocardiographic results. After treatment, when the serum
potassium concentration decreased to 5.5 mEq/l, the T waves returned
to normal, but the ST-segment elevation persisted. A bedside two-
dimensional transthoracic echocardiogram that evaluated all the six-
teen segments of the left ventricle showed hyperdynamic ventricles
with no segmental wall motion abnormality and no signs of pericardial
effusion. The serum troponin T concentration was 0.02 ng/ml (normal,
0.00–0.10 ng/ml), and three sets of creatine phosphokinase enzymes
drawn at 8-h intervals were all within normal limits. The electrocar-
diographic pattern (fig. 1) was analyzed more closely. Despite the local
nature of the ST-segment changes, the pattern was otherwise consis-
tent with pericarditis. The ST-segment elevation was concave and was
accompanied by upright T waves, PR depression, and reciprocal
changes in aVR and V1. The patient’s clinical course and the electro-
cardiographic analysis suggested that the electrocardiographic changes
in this patient were caused by regional pericarditis.

Exploratory laparotomy for intestinal perforation was performed the
next day, with an uneventful perioperative course. ST-segment eleva-
tion gradually resolved during the subsequent week (fig. 2).

Discussion

The classic diagnostic triad of acute pericarditis in-
cludes specific electrocardiographic abnormalities, chest
pain, and pericardial friction rub.1 Chest pain, when

present, can be confused with that of myocardial infarc-
tion. The chest pain of pericarditis, however, is usually
constant and can be relieved by sitting up and leaning
forward. Further, pericardial friction rub, when present, is
often evanescent and can be overlooked. Therefore, the
frequency of pericarditis is thought to be underestimated.6

The electrocardiographic changes of acute pericarditis
typically evolve through four stages.1,7,8 Stage 1 lasts
several days to 2 weeks and is characterized by wide-
spread concave ST-segment elevation, usually less than
5 mm, with reciprocal depression in leads over the areas
not bounded by the pericardial–myocardial interface,
aVR and V1.4 The ST-segment elevation is believed to
reflect the abnormal repolarization caused by injury of
the superficial myocardium or a superficial myocarditis.
Except for leads aVR and V1, the PR segment is usually
depressed, likely reflecting abnormal atrial repolarization
caused by inflammation.7 PR depression is nearly as
sensitive and specific for acute pericarditis as the more
familiar ST-segment changes.9 During stage 2, lasting
several days to weeks, the ST and PR segments both
return toward isoelectric status. Stage 3 usually begins
around the third week and may last for several weeks,
during which T waves may become inverted. Finally,
during stage 4, there is a gradual resolution of any T-
wave changes.

Distinguishing acute pericarditis from myocardial in-
farction can be problematic. In acute pericarditis, ST-
segment elevation is usually seen in most of the leads. If

Fig. 1. Electrocardiogram showing marked ST-segment elevation predominantly in inferior leads (II, III, aVF) and lateral leads
(V4–V6). Also, peaked, tall, symmetric T waves are present in V2–V4. PR-segment depression is present in several leads and lateral
leads (I, aVL).
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ST-segment elevation is localized to a few leads, pericar-
ditis can be confused with acute myocardial infarc-
tion.9,10 However, ST-segment elevation observed during
the acute injury stage of myocardial infarction is convex,
whereas ST-segment elevation during acute pericarditis
is usually concave. In addition, myocardial infarction is
usually distinguished by the presence of Q waves and
T-wave inversion associated with ST-segment elevation.
In acute pericarditis, Q waves are absent and T-wave
inversion occurs days to weeks later, after the ST seg-
ments have returned to normal.1

In the current patient, ST-segment elevation was reg-
istered predominantly in the inferolateral leads, mimick-
ing an inferolateral wall myocardial infarction. More de-
tailed electrocardiographic analysis in the patient
showed that although the changes were regional, they
were typical of pericarditis—that is, absence of Q waves,
concave ST-segment elevation with reciprocal changes
in aVR and V1, upright T waves, and typical PR depres-
sion. Further, myocardial infarction was ruled out by
normal serum cardiac enzymes and by a two-dimensional
transthoracic echocardiogram that showed no signs of
regional wall motion abnormality. Although ST-segment
elevation can be associated with hyperkalemia, it is un-
likely in this patient because ST-segment elevation per-
sisted after the potassium concentration decreased to
the normal range and the peaked T waves returned to
normal morphology.

This is a rare instance of regional pericarditis mimick-
ing inferolateral myocardial infarction with no evidence

of an underlying myocardial infarction. Regional pericar-
ditis has been described in several previous instances;
however, these cases are somewhat different from the
current case.2–5

In one case of atypical pericarditis, marked (greater
than 5 mm), localized ST-segment elevation in the ante-
rior precordial leads mimicked acute myocardial infarc-
tion.5 Myocardial infarction was considered unlikely on
the basis of lack of symptoms, a two-dimensional echo-
cardiogram showing no significant localized wall motion
abnormalities, and only a slight increase in the peak
creatine phosphokinase MB. However, the following
day, the ST-segment elevation became more generalized,
and a new pericardial friction rub became audible. Fur-
ther, subsequent studies ruled out acute myocardial in-
farction. In this case of pericarditis, the initial presenta-
tion was that of an atypical regional pericarditis.

Regional pericarditis has also been described in the
post–myocardial infarction setting.2–4 Further, acute ab-
dominal disorders (e.g., pancreatitis, cholecystitis, hepa-
titis, and peritonitis) have been reported to cause elec-
trocardiographic patterns mimicking pericarditis. ST-
segment elevation observed in patients with gastrointestinal
emergencies can be difficult to distinguish from acute myo-
cardial infarction.11 Additionally, similar electrocardiographic
findings are not uncommon after cardiac surgery. Finally,
vasospastic angina may present with localized ST-segment
changes similar to those we describe; however, they are typ-
ically accompanied with clinical symptoms (chest pain) or
signs (dysrhythmias).12

Fig. 2. Electrocardiogram showing nonspecific ST-segment changes in inferior leads (II, III, aVF).
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In the current patient, pericarditis mimicked inferolat-
eral wall myocardial infarction. This case shows that
localized ST-segment changes in the absence of symp-
toms and signs of myocardial infarction can be consis-
tent with a diagnosis of pericarditis and that a two-
dimensional echocardiogram is an invaluable aid to rapid
diagnosis.
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Severe, Refractory Hypotension during Anesthesia in a Patient
on Chronic Clomipramine Therapy

T. Philip Malan, Jr., Ph.D., M.D.,* Paul E. Nolan, Jr., Pharm.D.,† Peter R. Lichtenthal, M.D.,* J. Scott Polson, M.D.,*
Susan L. Tebich, M.D.,‡ Raj K. Bose, M.B.B.S.,§ Jack G. Copeland III, M.D.i

HYPOTENSION is a risk when therapy with tricyclic
antidepressants (TCAs) is administered.1 Severe hypo-
tension is rare with therapeutic doses of TCAs; however,
severe hypotension may occur during overdose.2 The
risk of hypotension in patients to whom therapeutic
doses of TCAs are administered and who undergo gen-
eral anesthesia seems to be low. A literature search
yielded only a single case report in the English language,
describing significant hypotension after induction of
general anesthesia in a patient undergoing TCA therapy
who also had a functioning epidural in place.3 A second
case report, in the Spanish-language literature, described
a patient to whom TCAs were administered and in
whom significant hypotension developed after dosing of
an epidural catheter during combined general–epidural
anesthesia.4 We report herein a case of vasodilation and
hypotension during general anesthesia that we believe
was caused by long-term clomipramine therapy. Our
case differs from previous cases in that this patient un-
derwent general anesthesia alone, without epidural
blockade.

Case Report

A 57-yr-old man (101 kg, 193 cm) was scheduled to undergo repair
of the mitral valve. An echocardiogram revealed severe mitral regurgi-
tation with left ventricular dilation (diastolic dimension of 6.4 cm).
Cardiac catheterization revealed a left ventricular ejection fraction
of 60%, cardiac output of 6.2 l/min, pulmonary artery pressure of
26/12 mmHg, and pulmonary capillary wedge pressure of 12 mmHg,
with a V wave to 18 mmHg. Preoperative blood pressure was
108/70 mmHg, with a pulse of 68 beats/min. The preoperative elec-
trocardiogram was normal. The patient’s medical history included
prurigo nodularis, a skin condition, on the lower extremities. He had
been treated for 2 yr with clomipramine, 150 mg at bedtime, for
pruritus, and he continued this treatment the night before surgery. He
was also taking finasteride.

Blood pressure before induction was 105/65 mmHg, and heart rate
was 70 beats/min (fig. 1). After placement of a radial artery catheter,
general anesthesia was induced with sodium thiopental (250 mg) and
fentanyl (250 mg). Intubation of the trachea was facilitated with suc-
cinylcholine (100 mg), and anesthesia was maintained with isoflurane.
After induction, blood pressure was 105/65 mmHg, and heart rate was
75 beats/min. A pulmonary artery catheter and transesophageal echo-
cardiography probe were inserted. Cardiac output was 5.5 l/min,
pulmonary artery pressure was 35/20 mmHg, blood pressure remained
at 105/65 mmHg, heart rate was 70 beats/min, and systemic vascular
resistance was 1,020 dyne · s · cm25. Forty-five minutes after induction
of anesthesia, systolic blood pressure decreased to 90 mmHg, heart
rate was 75 beats/min, cardiac output was 6.5 l/min, and systemic
vascular resistance was 680 dyne · s · cm25. Attempts to increase blood
pressure with ephedrine (30 mg total) and phenylephrine (500 mg
total) were unsuccessful. Isoflurane was decreased to 0.2% inhaled
concentration. A dopamine infusion (10 mg · kg21 · min21) was
initiated without effect. After skin incision and sternotomy, systolic
blood pressure decreased precipitously to 55 mmHg, and heart rate
decreased from 75 to 60 beats/min. An allergic reaction was consid-
ered as the cause of hypotension, although there were no other
characteristics of an allergic reaction, such as bronchospasm, flushing,
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or rash. Multiple boluses of ephedrine (100 mg total), phenylephrine
(5 mg total), and epinephrine (1.5 mg total) were administered without
significant effects on blood pressure or heart rate. Approximately 4 l
crystalloid solution was administered during this period. Cardiac out-
put was noted to be 9.5 l/min, and systemic vascular resistance was
310 dyne · s · cm25. Heart rate remained at 60 mmHg, and pulmonary
artery pressure remained at 35/20 mmHg. Transesophageal echocardi-
ography revealed a hyperdynamic left ventricle with good filling during
diastole. A norepinephrine infusion (0.1 mg · kg21 · min21) was begun
with minimal effect on blood pressure or heart rate. Suddenly, third-
degree atrioventricular block developed in the patient. At this sign of
potential myocardial ischemia, cardiopulmonary bypass was begun.

The mitral valve was repaired. During cardiopulmonary bypass,
norepinephrine infusion was continued (0.2 mg · kg21 · min21) to
maintain mean arterial pressure at 30 mmHg. Fentanyl (2 mg) and
midazolam (5 mg) were administered, and isoflurane was discontin-
ued. A high-dose opioid-based anesthetic regimen was selected at this
point to minimize myocardial depression. No change in blood pressure
was noted with these changes in anesthetic management. Before ter-
mination of cardiopulmonary bypass, norepinephrine was increased to
0.4 mg · kg21 · min21, and the patient was successfully weaned from
bypass. After bypass, norepinephrine was maintained between 0.2 and
0.8 mg · kg21 · min21, resulting in a systolic blood pressure of
90–100 mmHg, a heart rate of 115, a cardiac output of 9.2 l/min, and
a systemic vascular resistance of 540 dyne · s · cm25. Surgery was
completed, and the patient was transferred to the intensive care unit.

The trachea was extubated the following morning. Further history
revealed that before surgery, the patient had experienced noticeable
dizziness when standing, which had been attributed by his primary
care physician to clomipramine. This, together with a relatively low
preoperative blood pressure, led to the presumptive diagnosis of TCA-
induced hypotension precipitated by anesthesia. Clomipramine was
withheld, and the patient was gradually weaned from norepinephrine.
Norepinephrine was discontinued on the third postoperative day.
During the first three postoperative days, the patient displayed signif-
icant postural hypotension.

Discussion

Significant hypotension is common in TCA overdose.
Although it is rare when TCAs are taken in routine doses,
it has been reported at therapeutic serum concentra-

tions.5 TCAs have a adrenoreceptor–blocking proper-
ties.6 Clomipramine, the drug used in this case, binds to
and blocks a1 receptors.7 Although clomipramine also
functions as an a2-receptor antagonist,7 a role for a2-
receptor activation in clomipramine-induced hypoten-
sion was suggested by the finding that yohimbine, an
a2-receptor–selective antagonist, increased blood pres-
sure in patients with depression and clomipramine-in-
duced orthostatic hypotension.8 Chronic TCA adminis-
tration may also lead to hypotension by blocking
norepinephrine reuptake into presynaptic nerve termi-
nals. Desmethylclomipramine, the principal metabolite
of clomipramine, blocks norepinephrine and serotonin
reuptake.9 This may lead to depleted catecholamine re-
serves in nerve terminals, thereby limiting compensatory
hemodynamic responses. In addition, chronic exposure
of postsynaptic adrenergic receptors to the high concen-
trations of norepinephrine produced by reuptake inhibi-
tion may cause down-regulation of these receptors, lead-
ing to decreased responsiveness to catecholamines.10

These pharmacologic actions of clomipramine may
have led to the features observed in this case. Myocardial
depression and vasodilation produced by the general
anesthetic agents may have led to compensatory activa-
tion of the sympathetic nervous system. When the de-
pleted catecholamine reserves of the sympathetic termi-
nals were exhausted, hypotension may have ensued. The
lack of responsiveness of blood pressure to normally
effective doses of phenylephrine and epinephrine may
have resulted from adrenergic receptor down-regulation
and from blockade of the a adrenoreceptor by clomipra-
mine. The lack of significant responses of heart rate to
epinephrine may have been because of ß-adrenergic-
receptor down-regulation.

This patient’s hypotension was ultimately treated with
high doses of norepinephrine. Other treatments, stan-
dard in TCA overdose, were not used because the diag-
nosis of TCA toxicity was not immediately apparent. In
this case, cardiopulmonary bypass was a planned event,
although early initiation of bypass was precipitated by
third-degree atrioventricular block. When cardiopulmo-
nary bypass had been started, it was decided that there
was no advantage to be gained by aborting the surgery.

Of note in this case was the lack of dysrhythmias or
conduction abnormalities until the patient had signifi-
cant hypotension. The third-degree atrioventricular
block experienced by this patient seemed to be related
in part to hypotension because it transiently resolved
during an increase in blood pressure. Conduction abnor-
malities are a key feature of many cases of TCA toxici-
ty,11 and were observed after dosing of the epidural
catheter in the patient described by Sprung et al.4

Finasteride, the other long-term medication used by
this patient, encourages hair growth by inhibiting type II
5-a reductase, thereby blocking the conversion of tes-

Fig. 1. Selected hemodynamic parameters and treatment with
cardiovascular drugs. PE 5 phenylephrine (see text for doses);
Eph 5 ephedrine (see text for doses); Epi 5 epinephrine (see
text for doses); DA 5 dopamine (mg · kg21 · min21); NE 5
norepinephrine (mg · kg21 · min21); CO 5 cardiac output.
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tosterone to 5-a testosterone.12 It is not associated with
hypotension.

Long-term TCA use seems to be an infrequent and
perhaps underrecognized cause of hypotension during
anesthesia. We hypothesize that preoperative postural
hypotension may be a risk factor for TCA-related hypo-
tension during anesthesia. It was present in the current
patient and in the patient described by Sprung et al.4
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Spinal Anesthesia at the Cervicothoracic Level
Roupen Hatzakorzian, M.D.,* Ross Robbins, M.D.,† Gilles Plourde, M.D., M.Sc.†

WE report a case in which spinal anesthesia at the
cervico-thoracic level (C7–T1 intervertebral space) was
performed successfully for a urologic procedure in a
patient with muscular dystrophy and thoracolumbar
kyphoscoliosis.

Case Report

A 59-yr-old bed-ridden man with advanced Becker muscular dystro-
phy1 and severe thoracolumbar scoliosis was scheduled to undergo
urgent laser lithotripsy of right renal pelvic and bladder stones. The
patient had been admitted to the hospital 15 days previously for an
upper urinary tract infection, which was treated with ampicillin and
gentamycin. His left kidney had been nonfunctional for several years
secondary to postrenal obstruction.

The patient had several general anesthetics in the past, often com-
plicated by postoperative pneumonia requiring tracheal intubation and
mechanical ventilation. Intubation of the trachea had required many
attempts and had been performed either blindly via the nose or via the
mouth with direct laryngoscopy, which revealed a very limited view of
the larynx. Ventilation with face mask had been satisfactory.

Lumbar spinal anesthesia had been used for previous urologic pro-
cedures but did not provide adequate analgesia, probably because the
spinal deformity interfered with the distribution of the local anesthetic.
On another occasion, epidural anesthesia had been attempted but
abandoned after multiple attempts.

The patient’s history included congenital cardiomyopathy and coronary
artery disease with previous myocardial infarction. Home medication
included 0.125 mg digoxin daily, 50 mg triamterene daily, 12.5 mg cap-
topril twice daily, 40 mg furosemide daily, 20 mg lovastatin daily, sublin-
gual nitroglycerin as required, and 1 mg lorazepam daily at bedtime.

The patient was alert and cooperative. His height and weight were
135 cm and 40 kg, respectively. Blood pressure was 100/60 mmHg,
heart rate was 75 beats/min, respiratory rate was 14 breaths/min, and
oral temperature was 38.0°C. The patient was unable to move any part
of his body below the neck. He had a Mallampati class 4 airway2 with
an 8-mm opening of the mouth and normal teeth. Extension of the
neck was normal. Examination of the thorax revealed a severe right
convex kyphoscoliosis and reduced breath sounds bilaterally.

Arterial blood gas testing with room air showed a pH of 7.43, an
arterial carbon dioxide tension (PaCO2) of 36 mmHg, and an arterial
oxygen tension (PaO2) of 82 mmHg. The coagulogram and platelet
count were normal. Forced expiratory volume in 1 s and forced vital
capacity were 1.00 and 1.25 l, respectively (both 35% of predicted
value). The chest radiogram (fig. 1) revealed a severe thoracolumbar
scoliosis with normal lung parenchyma.

The patient did not want to have general anesthesia because of his
experience with multiple postoperative pneumoniae. He fully appre-
ciated the seriousness of his physical condition and coherently ex-
pressed his concerns about the distress resulting from prolonged
mechanical ventilation.

We proposed spinal anesthesia at the cervico-thoracic level. We told
the patient that there were two particularly serious risks. The first was
trauma to the spinal cord from the needle with the possibility of
permanent paralysis or of loss of feeling or both in one or more limbs.
The possibility of severe chronic pain syndrome was also discussed.
The second major risk was the development of total spinal anesthesia,
which would require ventilatory support in exactly the same way as
general anesthesia. This complication could also necessitate major
drug support of heart function and blood circulation to prevent cardiac
arrest. The patient understood and accepted the risks.

After placement of the electrocardiographic leads, pulse oximeter,
and noninvasive blood pressure cuff, a right internal jugular catheter
was inserted during local anesthesia. Oxygen was administered by face
mask. The difficult airway cart and fiberoptic bronchoscope were
brought into the room. While the patient was held sitting, an 18-gauge
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needle introducer was inserted in aseptic conditions at the C7–T1
spinal interspace (technically the most appealing space). A 27-gauge
Quincke-Babcock spinal needle was placed in the introducer and
advanced into ligamentous tissue. After removing the stylet obturator,
the Quincke-Babcock needle was advanced slowly until cerebrospinal
fluid appeared. The patient reported no paresthesia. Hyperbaric bupiv-
icaine (0.75%; 15 mg) was injected in the subarachnoid space in 3 min.
At the end of the injection, systolic blood pressure decreased from a
baseline of 100 to 60 mmHg. Infusion of epinephrine was started, and
systolic blood pressure returned to 90–100 mmHg. The patient was
kept sitting for 10 min before being placed in the lithotomy position.
The level of sensory block assessed with pin-prick test was C5 on the
left side and T4 on the right. Heart rate remained between 60 and
80 beats/min.

The patient occasionally reported pain. His statements were some-
times vague (“My back hurts. Could you move me a little?”), sometimes
specific to the site of surgery. If position adjustment failed to relieve
the pain or if the discomfort was at the surgical site, we gave small
(25–50 mg) boluses of fentanyl (total dose of 350 mg over 2 h 45 min).
Systolic blood pressure was maintained between 90–110 mmHg by
titration of the epinephrine drip. Oxygen saturation remained greater
than 98%. The epinephrine drip was tapered down and discontinued at
the end of surgery. The patient was transferred to the surgical ward the
next day after an overnight stay in the surgical intensive care unit.

Five days later, the patient came back for right percutaneous neph-
rolithotomy and removal of the double-J tube. Spinal anesthesia at the
C7–T1 level was performed as described. However, the dose of hyper-
baric bupivicaine was increased to 22.5 mg to establish a more com-
plete block. Epinephrine infusion was started just before spinal injec-
tion to prevent arterial hypotension. The level of sensory block was T4
on both sides. Systolic blood pressure was maintained at 90–100
mmHg, and oxygen saturation was maintained above 98%. Fentanyl
(two 50-mg boluses) was administered to relieve occasional pain.
Propofol (80 mg in 10-mg boluses) was administered for sedation. The
procedure lasted 2.5 h. After spending a night in the surgical intensive
care unit, the patient was transferred to the surgical ward. The patient
went home 4 days later. He subsequently expressed his gratitude for
the quality of intraoperative analgesia.

Discussion

Although spinal anesthesia at the cervico-thoracic level
is, and must remain, an exceptional procedure, we felt
that it was a suitable option for this patient. The surgical
procedure required general or neuraxial anesthesia.
There were two reasons against choosing general anes-
thesia: patient refusal and likelihood of postoperative
pneumonia. Lumbar spinal anesthesia would likely not
have provided sufficient analgesia, based on past expe-
rience. The spinal deformity made placement of an epi-
dural needle in the lumbar or mid-thoracic area very
difficult or impossible. Even with successful placement
of the epidural catheter, the spinal deformity would have
likely interfered with the spread of the anesthetic solu-
tion. A high thoracic (T1 or T2) epidural would have
been easy to perform but would probably not have
provided adequate anesthesia because of the distance
from the dermatomal level of surgical stimulation. Ab-
normal spreading of the anesthetic solution also re-
mained a concern. Furthermore, the large volume of
local anesthetic required with a high thoracic epidural
could have produced an unacceptably high block.

Although this patient had favorable course, this proce-
dure involves serious risks and must not be viewed with
complacency. Damage to the spinal cord from the nee-
dle could have led to severe, permanent sequelae. The
neuroradiologic literature3,4 nevertheless provides some
reassurance. The experience with intentional puncture
of the cervical or thoracic cord for diagnosis or treat-
ment of cystic lesions shows that the appearance of
cerebrospinal fluid reliably precedes contact with the
cord. Furthermore, paresthesia usually occurs when the
needle passes between the posterior columns. We there-
fore expected that free flow of cerebrospinal fluid would
indicate correct needle placement and that paresthesia
would reveal accidental contact with the spinal cord. To
facilitate immediate detection of cerebrospinal fluid, we
advanced the Quincke-Babcock needle through the in-
terspinous ligament without the obturator stylet. We
believed that this would give an earlier and safer indica-
tion of reaching the intrathecal space than would step-
wise advances with intermittent obturator removal.

The risk of total spinal anesthesia was also a serious
concern, mainly because of the requirement for mechan-
ical ventilation. We judged that this risk was acceptable
despite anticipated difficulties with endotracheal intuba-
tion because we were sure that adequate ventilation
could be achieved with a face mask or with a laryngeal
mask airway.

Total spinal anesthesia did not develop, but we never-
theless observed a rapid onset of severe arterial hypo-
tension, which was easily corrected with infusion of
epinephrine. Hypotension likely resulted from the com-
bination of the sitting position and almost immediate
thoracic and lumbar sympathectomy. There was no bra-

Fig. 1. Chest radiograph showing severe thoracolumbar scolio-
sis with normal lung parenchyma.
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dycardia although the cardioaccelerator fibers (T1–T4)
were probably affected.

Spinal anesthesia at the thoracic or cervical level may
offer a solution under exceptional circumstances when
general anesthesia or conventional regional techniques
are contraindicated or impossible to perform. The pa-
tient should be fully informed of the risks and of the
exceptional nature of this procedure. There must be no
doubt about the ability to achieve adequate ventilation of
the lungs in the event of total spinal anesthesia. A hyper-
baric solution of local anesthetic should be used The pa-
tient should be left sitting for at least 10 min to avoid total
spinal anesthesia and to establish an adequate block. An

infusion of epinephrine should be immediately available to
treat arterial hypotension, bradycardia, or both.
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Perioperative Temperature Changes in a Patient with Shapiro
Syndrome

Andrew J. Owen, M.D.,* Steven B. Backman, M.D.C.M., Ph.D., F.R.C.P.C.†

SHAPIRO syndrome, first described in 1969,1 is an ex-
tremely rare condition consisting of the clinical triad of
recurrent hypothermia, sweating, and chills in the pres-
ence of agenesis of the corpus callosum. The periodicity
of the hypothermic episodes ranges from hours to years,
and episodes may last hours to weeks.2 Typically, but
not invariably, there are associated central nervous sys-
tem abnormalities affecting structures, particularly in the
hypothalamus, that are related to thermoregulation.2 Al-
though the effect of anesthesia and surgery on thermo-
regulation are well-known,3 such an effect has never
been described in patients with Shapiro syndrome. In
this report, we describe the clinical course and periop-
erative temperature changes of a patient with Shapiro
syndrome who underwent elective cholecystectomy.
The temperature changes in a group of normal patients
undergoing the same procedure are compared.

Case Report

A 49-yr-old man presented for elective laparoscopic cholecystec-
tomy for treatment of cholelithiasis. He was diagnosed with Shapiro
syndrome approximately 11 yr previously when he experienced at-
tacks of flushing and profuse, drenching diaphoresis that were some-
times followed by the sensation of cold and shivering. The patient was

treated with phenobarbital, and, over several weeks, the attacks dimin-
ished in frequency and finally stopped.

The attacks resumed, without any obvious precipitating event, 13
months before scheduled cholecystectomy and continued for 8
months. The episodes occurred 10–20 times per day and lasted
20–120 min. During the initial phase of the attacks, examination
revealed profuse sweating and vasodilatation. Later, the skin was cold
to touch and body temperature was as low as 31°C. Rigidity in the
extremities was noted, although this may have been secondary to
shivering. In addition, he seemed to be inattentive. Blood analysis
indicated a normal complete blood count and blood chemistry. Corti-
sol (AM), thyroid stimulating hormone, free T4, and prolactin concen-
trations were normal. Imaging studies revealed agenesis of the corpus
callosum. Electroencephalographic recording during an attack indi-
cated generalized disturbances compatible with cortical and subcorti-
cal grey matter dysfunction but no epileptiform activity. Autonomic
testing demonstrated minimal heart rate changes during deep breath-
ing or tilting, although blood pressure changes were within the normal
range during the latter maneuver. A variety of medications (phenobar-
bital, procyclidine, carbidopa–levodopa, clonidine, carbamazepine, di-
valproex, and chlorpromazine) were tried without any obvious benefit.
As with the first series of attacks, they gradually diminished in fre-
quency and then stopped.

At the time of surgery, the patient had not experienced hypothermic
episodes for 5 months and was not taking any medication. General
anesthesia was induced with 2 mg midazolam, 200 mg propofol, and
150 mg fentanyl, and muscle paralysis was achieved with 50 mg
rocuronium. Anesthesia was maintained with desflurane (3.2–6.0%) in
an O2–N2O (40%:60%) mixture, and fentanyl was administered in
50-mg bolus doses as needed (total 250 mg). Cefazolin, 1 g, was
administered shortly after induction, and muscle paralysis was reversed
at the end of surgery with 2.5 mg neostigmine and 0.6 mg glycopyr-
rolate. Monitoring consisted of electrocardiography (leads II and V),
pulse oximetry, capnography, and a nerve stimulator. Oral tempera-
ture was recorded before induction and in the postanesthesia care unit
using an IVAC TEMP.PLUS II thermometer (San Diego, CA). Ambient
operating room and nasopharyngeal temperatures were recorded us-
ing a Datex-Engstrom AS/3 anesthesia monitor and temperature probe
(Helsinki, Finland). Invasive systemic arterial pressure was recorded
via a catheter inserted into a radial artery. Routine thermal care was
used, which consisted of standard surgical draping. Intravenous fluid
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(normal saline) was not heated. After induction, intravenous fluid
was administered throughout the procedure at a maintenance rate
(4 ml · kg21 · h21 [first 10 kg] 1 2 ml · kg21 · h21 [second 10 kg] 1
1 ml · kg21 · h21 [remainder] 5 136 ml · kg21 · h21) via a catheter
inserted into an upper extremity.

In a subsequent series of 10 control patients undergoing elective
laparoscopic cholecystectomy, the perioperative temperature changes
were recorded for comparison. These patients were anesthetized using
the same drugs and received identical thermal care.

The patient with Shapiro syndrome had an uneventful perioperative
course. Blood pressure and heart rate were within limits normally ob-
served. The ambient operating room temperature was 22°C. The naso-
pharyngeal temperature decreased rapidly from a baseline of 37.2 to
36.2°C during the first 10 min and then gradually decreased to a plateau
of 36.0°C at 40 min (fig. 1A) during the operation. For the controls, the
ambient operating room temperature was 21.6°C 6 1.3 (mean 6 SD, n 5
10). They demonstrated a similar rapid initial decrease in temperature,
from a baseline of 36.7 6 0.3 to 36.4 6 0.7°C in the first 10 min, and their
temperatures continued to decrease throughout the procedure (fig. 1A).
In the postanesthesia care unit, the temperature of the Shapiro syndrome
patient gradually increased and reached baseline by 50 min (fig. 1B). The
temperature of the controls also increased gradually in the postanesthesia
care unit but remained lower at any given time period compared with that
of the Shapiro syndrome patient and did not return to baseline by 60 min
(time of discharge). The Shapiro syndrome patient had an uneventful
postoperative course and did not experience subsequent hypothermic
episodes.

Discussion

Shapiro syndrome, or spontaneous periodic hypother-
mia, is an extremely rare neurologic disorder with pre-
viously unreported anesthetic considerations. We
present the case of a patient with this disorder in whom
abnormal thermoregulatory responses were not ob-
served during anesthesia and surgery.

Reduction in temperature observed during anesthesia
and surgery is common and is attributed to increased
heat loss (radiation, convection, evaporation, and con-
duction) and altered thermoregulation. Volatile and in-
travenous anesthetic drugs reduce, in a dose-dependent
manner, the threshold temperature that triggers heat-
conserving mechanisms, such as vasoconstriction and
shivering.3 This results in a predictable pattern of change
in core temperature.

It is thought that the fluctuating body temperature
observed in Shapiro syndrome is produced by an altered
balance between the anterior hypothalamic heat-dissi-
pating and the posterior hypothalamic heat-conserving
centers.2 This results in an abnormal lower core temper-
ature set point; the thermoregulatory mechanisms that
defend this new set point still function normally, with an
intact autonomic nervous system controlling the temper-
ature-regulating effectors. The underlying cause for this
altered balance is unknown. Suggested mechanisms in-
clude central nervous system structural abnormalities,
degenerative processes, neurochemical dysfunction, in-
flammatory processes, and seizure activity.2

With the Shapiro syndrome patient described in this
report, there were no signs of disturbed thermoregula-

tion during the preoperative period, and temperature
fluctuations were similar to those observed in the con-
trols. Importantly, anesthesia did not trigger a hypother-
mic episode typical of Shapiro syndrome. This is consis-
tent with the notion that anesthetics do not alter the
hypothalamic temperature set point but instead change
thermoregulatory threshold values, whereas hypother-
mia in Shapiro syndrome is a result of an abnormal set
point.

It is interesting to consider the approach one should
take had this patient experienced hypothermic attacks at
the time of surgery. Perioperative hypothermia, even
when mild, may be associated with adverse effects.

Fig. 1. Temperature (ordinate) as a function of time (abscissa) is
plotted during the intraoperative (A) and postoperative (B) pe-
riods. Data were obtained from a patient with Shapiro syn-
drome (filled circles) and from normal patients (filled squares)
undergoing laparoscopic cholecystectomy. The temperature re-
corded at time zero during the intraoperative period (A) was
obtained just before induction, whereas that recorded during
the postoperative period (B) was obtained immediately after
arrival in the postanesthesia care unit. Error bars indicate SDs.
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These include impaired wound healing, increased surgi-
cal blood loss, cardiac arrhythmia and ischemia, shiver-
ing, discomfort, and decreased drug metabolism.3 For
elective surgery, delaying the case until the patient is
symptom-free seems prudent. In the event of emergency
surgery during a symptomatic period, profound hypo-
thermia should be treated appropriately to avoid its ad-
verse effects. Because of the abnormally low thermoreg-
ulatory set point, active rewarming could be hindered by
the patient’s normally functioning heat dissipating mech-
anisms, and a temperature value closer to the lowered
set point may have to be accepted. However, because
anesthetics inhibit thermoregulatory control, the ability
to defend the lowered set point may be reduced. Hypo-
thermia should be avoided in patients with Shapiro syn-
drome who are symptom-free, as in any other type of
patient. Evidence from one patient with this disorder
suggests that changes in body temperature per se do not
act as a trigger.4 Obviously, with this type of patient, it is
important that temperature is recorded during the peri-
operative period and that appropriate equipment is avail-
able for active rewarming.

Abnormal cardioregulatory responses have been re-
ported with patients experiencing episodic hypothermia.

These include paroxysmal hypertension,2 hypotension,4

bradycardia,5,6 tachycardia4 and electrocardiographic ab-
normalities.1 Conceivably, the marked increase in periph-
eral blood flow and diaphoresis associated with the hypo-
thermic attacks could contribute to a reduction in central
volume. Therefore, consideration should be given to inva-
sive monitoring.

In summary, we describe an uneventful anesthetic
procedure for a patient with Shapiro syndrome under-
going cholecystectomy. The anesthetic agents described
in this report were not observed to precipitate a pro-
found hypothermic episode.
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