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Postpartum Subdural Hygroma after Epidural Analgesia
Maria Teresa Verdú, M.D.,* Benjamin Alonso, M.D.,† Sebastian Burguillos, M.D.,‡ Juan F. Martı́nez-Lage, M.D.§

THE formation of cranial subdural hematomas after lum-
bar puncture is a well-known complication of spinal
anesthesia, although rare in young patients.1–3 Pathogen-
esis of this condition has been related to rupture of
bridging veins joining the cerebral surface and the dura
mater. The precipitating event in these cases is the
continuous leakage of cerebrospinal fluid through the
dural hole. More unusual is the production of subdural
hygromas in the intracranial cavity, which has not yet
been described. Our aim is to describe the occurrence of
a subdural hygromas complicating inadvertent lumbar
puncture and to discuss the problems encountered in
their diagnosis and management.

Case Report

A 26-yr-old nulliparous woman presented in active labor. She had a
history of migraine, but was otherwise healthy. She requested epidural
analgesia. The anesthesiologist identified the L2–L3 interspace and
attempted to place a catheter using an 18-gauge Tuohy needle. During
placement, an accidental dural puncture was noted, and the needle
was withdrawn. A subsequent puncture was performed at the L3–L4
and the epidural catheter was successfully inserted. The labor elapsed
uneventfully.

Six hours after delivery, the patient began to complain of an intense,
throbbing, occipital headache that worsened when she was in the
upright position. There was neither neck stiffness nor fever. A tentative
diagnosis of postdural puncture headache was made. Treatment con-
sisted of bed rest, hydration, and analgesics.4,5 At this time, the patient
refused a recommended epidural blood patch and, after a 3-day hos-
pital stay, was discharged home.

Fifteen days later, the patient returned to the hospital complaining of
continued severe headaches. She did not describe diplopia, tinnitus, or
vomiting. Except for mild neck rigidity, her neurologic examination
was normal and there was no papilloedema. The patient was again
offered an epidural blood patch, which she accepted. During aseptic
conditions, an epidural injection of 7 ml autologous blood was per-
formed over 1 min. After an overnight stay at the hospital, the patient
became symptom free and was discharged home.

The patient was readmitted 12 days later because her headache had
returned to its original intensity after a 4-day period of pain relief. She
denied being confused, experiencing vomiting, or having other neuro-
logic symptoms. Cranial computed tomography was performed, which
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Fig. 1. Cranial computed tomography showing frontoparietal
hygroma (black arrowheads).
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showed bilateral frontoparietal subdural hygromas, with gyral effacement
and small ventricles (fig. 1). The patient was also studied using magnetic
resonance imaging venography of the brain that ruled out thrombosis of
the cerebral venous sinuses.6 Gadolinium-enhanced and -unenhanced
magnetic resonance imaging of the lumbosacral spine was also obtained,7

which failed to show dural enhancement, subdural collections of fluid, or
the site of the cerebrospinal fluid fistula.8,9

A subsequent epidural blood patch was performed using 14 ml autol-
ogous blood, and adequate intravenous hydration and analgesia were
administered. After this management regime, the patient’s headaches
decreased in severity and were controlled with the intake of mild oral
analgesics. The patient was discharged from the hospital 11 days later (on
day 39 postpartum). Two weeks after the second epidural blood patch,
the patient was symptom free and subsequent cranial computed tomog-
raphy showed complete resolution of the subdural collections (fig. 2).

Discussion

The occurrence of subdural hygromas after epidural
procedures may be more common than has been recog-

nized previously. Subdural hygromas are most often the
result of traumatic events, particularly head trauma. The
mechanism involved is probably the continuous leakage
of cerebrospinal fluid through the orifice made in the
dura mater at the time of the lumbar puncture.10,11 If the
brain shrinks because of brain atrophy, excessive dehy-
dration, or decreased intracranial pressure, a subdural
collection may develop by a passive effusion of fluid.
Most subdural hygromas from other causes resolve when
the brain is well-expanded. However, some instances of
hygromas may evolve to chronic subdural hematomas if
the conditions leading to their formation persist over
several weeks.10

The diagnosis of subdural hygroma can be difficult on
a clinical basis alone, especially if an obvious cerebrospi-
nal fluid leak is not reported. We performed a review of
the literature in regard to subdural hygromas associated
with postdural puncture headache and have not found
any previous references to this condition. We suggest
that the existence of a subdural hygroma should be
included in the differential diagnosis of the cause of a
persistent headache presenting after a dural puncture,
especially if first steps of management have already
failed.
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Fig. 2. Cranial computed tomography showing complete reso-
lution of subdural collections.
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Preoperative Use of Enoxaparin and Tirofiban: Possible
Association with Increased Bleeding Postbypass

Nikolaos J. Skubas, M.D.,* George J. Despotis, M.D.,† Jon J. Vlasnic, Pharm.D.,‡ Marc R. Moon, M.D.§

THE purpose of this case report is to alert anesthesiolo-
gists and other medical and surgical staff as to the po-
tential for increased postoperative bleeding in patients
undergoing heart surgery after having received the re-
cently introduced low-molecular-weight heparin (LMWH)
preparations (e.g., enoxaparin) and new platelet inhibi-
tors (e.g., tirofiban) in the setting of acute coronary
syndromes or coronary interventional procedures.

Case Report

Four days after acute anterolateral myocardial infarction, a 75-yr-old,
56-kg man was scheduled for coronary arterial revascularization. His
preoperative medications were 60 mg enoxaparin subcutaneously two

times a day, aspirin and metoprolol orally, and intravenous infusion of
the platelet glycoprotein (GP) IIb/IIIa receptor inhibitor tirofiban (Ag-
grastat, Merck, West Point, PA). The tirofiban infusion was discontin-
ued at midnight before the day of operation.

Normal electrolyte and hematologic panels were obtained preoper-
atively: prothrombin and activated partial thromboplastin times (aPTT)
of 13.9 (1.1 3 control, international standardized index [ISI] 2) and
34.9 s (1.1 3 control), respectively, a hematocrit of 48.1%, and a
platelet count of 152,000/ml. Creatinine and blood urea nitrogen levels
were normal as well (1.2 mg/dl and 10 mg/dl, respectively). During 90
min of extracorporeal support, with an ischemic time of 51 min, the
surgical procedure involved anastomosis of the left internal thoracic
artery to the left anterior descending coronary artery and a free re-
versed saphenous vein graft to the left circumflex coronary artery.
During cardiopulmonary bypass (CPB), the triggers for additional hep-
arin administration were an activated clotting time of less than 480 s
and a whole blood heparin concentration less than the patients’ pre-
CPB reference level (4.2 U/ml) using an automated protamine titration
method (Hepcon, Medtronic Blood Management, Parker, CO). After
discontinuation of CPB, the total dose (23,000 IU) of heparin was
neutralized with a total of 350 mg protamine sulphate, as guided by the
automated protamine titration method. Nevertheless, the surgical
wound appeared diffusely “wet,” and the subjective diagnosis of mi-
crovascular bleeding was made by the staff surgeon. Based on imme-
diately available whole blood tests, which revealed a normal activated
clotting time (. 120 s); no detectable heparin (automated protamine
titration heparin concentration method); a hematocrit of 22%; a plate-
let count of 55,000/ml; and a whole blood prothrombin/PTT of 17.8 s
(1.48 3 control, ISI 2)/40.9 s (1.32 3 control), respectively; 2 U of
packed erythrocytes and one single donor pack (apheresis) of platelets
were transfused. The patient remained normothermic (36.9°C) after
discontinuation of bypass. While in the cardiothoracic intensive care
unit, routine hematologic assays (prothrombin/aPTT, hematocrit, and
platelet count) were performed to guide transfusion therapy in the
setting of excessive chest tube drainage (CTD; fig. 1) During the first
8 h, one six-pack of random donor platelets was administered for
excessive bleeding (CTD: 960 ml) in the presence of a platelet count
of 64,000/ml. During the next 8-h period, 4 U fresh frozen plasma were
given for ongoing bleeding (CTD: 740 ml) in the setting of prothrom-
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bin/aPTT values of 15.2 s (1.2 3 control)/61.7 s (1.9 3 control), as well
as a single donor apheresis platelet unit (six-pack equivalent) for a
platelet count of 82,000/ml. Persistent excessive CTD (660 ml) during
the third 8-h period necessitated the administration of an additional
six-pack of random donor platelets. Despite excessive CTD (3,750 ml
over 2 days), necessitating the transfusion of 7 U erythrocytes, the
patient was hemodynamically stable, did not require vasopressor ther-
apy, and was extubated the morning after surgery (15 h postoperative-
ly). No additional hematologic assays were performed. Neither throm-
boelastography nor anti-Xa assay are available in our institution, and a
point-of-care platelet function test, although available, was not per-
formed by the managing physicians, who were not aware of the
potential for excessive postbypass bleeding in the setting of concur-
rent use of LMWH and tirofiban. The patient was discharged from the
intensive care unit 2 days later and from the hospital after 5 days.

Discussion

Based on results of the ESSENCE trial,1 the combina-
tion of LMWH and aspirin is increasingly being used for
patients with acute coronary syndromes. LMWHs, such
as enoxaparin, are derived from unfractionated heparin
(UFH) and produce their major anticoagulant effect by
accelerating the binding of antithrombin III (AT III) to
predominantly factor Xa (enoxaparin has an anti-Xa:anti-
IIa activity ratio of 3.8:1.0).2 LMWHs generally have

enhanced bioavailability, a longer half-life (two to four
times as long as that of UFH), a dose-independent renal
clearance, and a slightly decreased incidence of heparin-
induced thrombocytopenia.3 LMWHs exhibit an anti-
thrombotic effect that is assessed most accurately by
measuring anti-Xa activity (which is often unavailable).
The inability of routine doses of protamine to completely
reverse the anti-Xa activity represents a significant limi-
tation.2 In an animal study, the dose of protamine sulfate
necessary to fully minimize bleeding was 10-fold greater
for LMWH than for UFH.4 In addition, excessive CTD
was observed,5,6 when enoxaparin was used as an alter-
native to UFH in patients with heparin-induced throm-
bocytopenia undergoing CPB.

Platelet aggregation has been implicated as one of the
major causes in the development of unstable angina and
acute myocardial infarction. Activation of the platelet
IIb/IIIa GP receptor represents a crucial step in platelet
aggregation, and 80–100% blockade of this receptor
should completely suppress platelet aggregation. There-
fore, potent platelet inhibitors, such as the intravenous
GP IIb/IIIa inhibitors have been developed, and their
clinical effectiveness is supported by several studies.7

Recent data showed that substantially increased blood

Fig. 1. Graphic description of the relation between chest tube drainage (milliliters), displayed as bars; platelet count (3 1,000/ml),
displayed as circles; activated partial thromboplastin time (seconds), displayed as triangles; and administration of hemostatic blood
products: platelet concentrates (white arrows) and fresh frozen plasma (thin black arrows) perioperatively. P 5 preoperatively;
OR 5 intraoperatively.
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usage was associated with use of the GP IIb/IIIa inhibitor
abciximab, especially if surgery was performed within
24 h after receiving the medication.8 However, these
findings have not been universal.9 Platelet transfusions,
which will reduce the drug’s receptor occupancy on
platelet surfaces to less than the critical 50% threshold
associated with prolongation of the bleeding time,10 is
the most appropriate therapy.

Although postbypass bleeding can have a multifacto-
rial cause, several important factors, such as prolonged
duration of CPB and type of procedure, are associated
with transfusion of hemostatic blood products and in-
creased CTD.11 The postoperative CTD of our patient,
2,360 ml over the first 24 h and 1,380 during the second
24 h, far exceeded the previously reported mean 24-h
cumulative chest tube output of 986 6 581 ml.11 In the
case presented, the CPB duration was rather short,
bleeding from the two distal anastomoses should have
been easily detected, and normothermia was maintained
after CPB. The role of tirofiban with respect to excessive
bleeding is uncertain based on its short half-life time of
about 90 min,12 and the infusion was discontinued the
night before. Use of this agent may be important because
the patient also received enoxaparin on the day of the
surgery. The peak anti-Xa activity after subcutaneous
LMWH administration occurs within 3–4 h, and the
anti-Xa levels are approximately 50% of peak levels 12 h
later.13

When patients who are receiving a LMWH preparation
are scheduled to undergo a surgical procedure, such as
coronary revascularization, it would be prudent to dis-
continue the LMWH at least 24 h before surgery or to
replace the LMWH with an intravenous infusion of UFH.
This approach may be even more important in the set-
ting of concurrent administration of a potent platelet
inhibitor, such as tirofiban. In the setting of concurrent
use of LMWH and platelet inhibitors, routine coagulation
results (prothrombin, aPTT, activated clotting time,
platelet count) will most likely not be helpful in guiding
appropriate therapy. Further studies are needed to eval-
uate the relation between concomitant use of these new
antithrombotic agents and perioperative bleeding, as
well as the use of new monitoring systems and heparin
reversal agents. Future advances in coagulation monitor-
ing may help in the evaluation of patients with residual
anti-Xa activity, such as the HepTest anti-Xa (Haema-
chem, St. Louis, MO), a test that directly measures the
inhibition of factors Xa and IIa.14 Point-of-care tests of
platelet function, such as platelet activating factor–me-
diated acceleration of coagulation (hemoSTATUS15;

Medtronic Blood Management, Parker, CO), throm-
boelastography (Haemoscope, Skokie, IL),16 agglutina-
tion of fibrinogen-coated beads (Ultegra; Accumetrics,
San Diego, CA), and platelet-force development (Hemo-
dyne, Richmond, VA), may facilitate evaluation of the
degree of residual platelet inhibition as well as the de-
gree of CPB-related platelet dysfunction. Novel reversal
agents, such as the [118RGD] protamine variant, which
reverses conventional UFH and enoxaparin, may be clin-
ically useful in reversing the anticoagulant effects of
LMWH.17
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Unanticipated Difficult Intubation as a Result of an Asymptomatic
Vallecular Cyst

Vaibhav A. Kamble, M.D.,* Richard B. Lilly, M.D.,† Jeffrey B. Gross, M.D.‡

ALTHOUGH vallecular cysts are often asymptomatic and
harmless to the patient, discovery of a large vallecular
cyst after induction of anesthesia is a potentially life-
threatening problem for the patient and provides for the
anesthesiologist a challenge in airway management. This
report describes the treatment of a patient with an
asymptomatic vallecular cyst that was discovered during
rapid-sequence induction of general anesthesia.

Case Report

A 47-year-old woman presented for elective right knee arthroscopy
and removal of painful orthopedic hardware of the lower extremity.
Her medical problems included obesity and a history suggestive of
gastroesophageal reflux disease and hypertension treated with enala-
pril. She had no known drug allergies. A year previously she received
general anesthesia via a size 4 laryngeal mask airway for knee arthro-

scopy. She admitted to a 25-pack-year history of smoking but denied
symptoms of shortness of breath or cough. Physical examination re-
vealed an obese woman (height 172 cm, weight 110 kg) who appeared
older than her stated age. She was edentulous and had normal mouth
opening and neck extension; no masses or distortion of the tongue or
neck were observed. Chest auscultation revealed a mild expiratory
wheeze.

She was premedicated with 10 mg metoclopramide intravenously
and 30 ml sodium citrate orally. After application of routine monitoring
devices, she was preoxygenated. Anesthesia and paralysis were in-
duced with 200 mg propofol and 120 mg succinylcholine while cricoid
pressure was applied. Direct laryngoscopy with a Macintosh 3 blade
revealed a 2-cm cyst arising from the right side of the vallecula; it was
pedunculated with a 5-mm stalk, making it somewhat mobile. The cyst
completely obscured the view of the epiglottis and larynx, preventing
intubation despite multiple attempts by two anesthesiologists using
Macintosh 3 and Miller 2 blades, and increased neck extension and
thyroid pressure. Because of a decrease in oxygen saturation (SaO2

) the
patient was ventilated via mask as cricoid pressure was maintained.
Despite insertion of an oropharyngeal airway, this proved to be diffi-
cult; laryngospasm began to develop as muscle relaxation waned. after
a second 80-mg dose of succinylcholine, intubation was attempted
using a Miller 2 laryngoscope blade and a styletted 7.0-mm endotra-
cheal tube. By using the tube to push the cyst aside, intubation of the
trachea was performed after a brief although limited view of the
laryngeal inlet.

The remainder of the anesthetic proceeded uneventfully. While the
patient remained anesthetized, an otolaryngologist was consulted and
the cyst was surgically removed. Dexamethasone 10 mg was given as
suggested by the otolaryngologist. Anesthesia was discontinued and
100% oxygen was administered; after the patient awakened, the phar-
ynx was carefully suctioned and the trachea was extubated.

Her postoperative course was also uneventful and she was dis-
charged to home on the same day without any airway-related problems
apart from a sore throat. During further questioning in the postanes-
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thesia care unit she admitted to a several-year history of dysphagia. The
pathology report confirmed the findings of a 2.2 3 2.2 3 0.5 cm,
0.3-cm thick membranous wall vallecular cyst.

Discussion

Cysts of the larynx are rare and usually follow a benign
course. They can, however, present with acute airway
obstruction by nature of their location. Laryngeal cysts
have been previously reported in the anesthesia litera-
ture.1–4 However, this case presented the additional
challenge of producing unanticipated upper airway ob-
struction during rapid-sequence induction general anes-
thesia with subsequent successful intubation of the tra-
chea by manipulation of the cyst with a styletted
endotracheal tube.

Laryngeal cysts have been extensively studied and clas-
sified by site, size, contents, and relation to the laryngeal
mucosa. Ductal cysts or mucous retention cysts are the
most common type of laryngeal cysts, comprising 75% of
cases, and are formed by distention of obstructed collec-
tive glandular ducts. (Saccular cysts, which comprise the
remaining 25%, arise from the saccule, an extension of
the ventricle; they may cause respiratory symptoms by
enlarging the aryepiglottic fold).5,6 Ductal cysts are usu-
ally small, approximately 1–5 mm in diameter and as
such are often asymptomatic.5 They are usually only
discovered incidentally at the time of routine otolaryn-
gologic examination or at postmortem examination.1,7

As a result, the exact incidence of laryngeal cysts is
unknown but is estimated to be quite low.8 There is no
gender predominance and, although they may occur at
any age, a greater prevalence in the fifth and sixth de-
cades has been observed.5,6 The most common location
of ductal cysts is on the true vocal cords, whereas the
second most common site is in the vicinity of the epi-
glottis—on its lingual surface or in the vallecula itself.5–7

Although they are usually asymptomatic, they may occa-
sionally cause symptoms of stridor and failure to thrive
(particularly in the newborn),8–10 cough, dysphonia, for-
eign body sensation and dysphagia.6

In our case, a previously undiagnosed vallecular cyst
presented as a difficult intubation. We had no reason to
suspect any difficulties with intubation because the pa-
tient had no symptoms preoperatively—the patient’s
history of dysphagia was only elicited on specific, symp-
tom-directed questioning postoperatively. In view of her
normal airway examination, previous uneventful general

anesthesia and history of gastroesophageal reflux dis-
ease, we thought that rapid-sequence induction of anes-
thesia and tracheal intubation was appropriate for our
patient. Had both tracheal intubation and mask ventila-
tion been impossible, aspiration of the cyst via a spinal
needle might have been an option. In contrast to previ-
ous case reports in which intubation was either aban-
doned or performed blindly with the aid of an gum
elastic bougie,1–4 we were able to intubate the trachea
by displacing the pedunculated vallecular cyst with the
endotracheal tube. We elected to obtain an otolaryngol-
ogy consultation while the patient was still anesthetized
so the cyst could be removed before extubation. This
avoided the risk of any airway obstruction after extuba-
tion caused by the potential “ball-valve” effect of the
cyst. This case would certainly have been managed dif-
ferently had we known that the cyst was present before
induction of anesthesia. For example, regional anesthe-
sia or awake fiberoptic intubation would have been
reasonable alternatives.

In summary, there are several causes for an unantici-
pated difficult intubation during rapid-sequence induc-
tion of general anesthesia. This case report helps to
highlight one such cause—an asymptomatic vallecular
cyst—and its subsequent management, resulting in suc-
cessful tracheal intubation.
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Shivering Complicating the Treatment of Neurologically Impaired
Surgical and Intensive Care Unit Patients

Mark T. Keegan, M.B., M.R.C.P.I.,* Frank W. Sharbrough, M.D.,† William L. Lanier, M.D.‡

NEW-ONSET rhythmic movement can confound diagno-
sis and complicate management in patients with central
nervous system disease. Rhythmic movement may result
from the nonconvulsive effects of drugs (e.g., etomi-
date), the convulsive effects of drugs (e.g., local and
general anesthetics), epileptic seizures, or other causes.
Regardless of the source, inadvertent patient motion
may complicate awake neurosurgical procedures, espe-
cially if the surgery involves real-time assessment of neu-
rologic function or the acquisition of fine electrical re-
cordings.

Because movement disorders may reflect new or evolv-
ing brain injury or result from more benign causes, the
identification of the source of the movement may lead to
widely divergent patient care interventions. We describe
two patients who experienced new-onset, nonconvul-
sive, rhythmic movement that interfered with their treat-
ment. In both, the source of the movement was normo-
thermic or near-normothermic shivering.

Case Reports

Case 1

A 29-yr-old man with a history of aqueductal stenosis was admitted
to the neurologic intensive care unit after surgery to remove an in-

fected right-sided ventriculoperitoneal shunt. Six hours later, general-
ized tonoclonic convulsions occurred, and electroencephalography
(EEG) confirmed status epilepticus. When initial therapy with diaze-
pam, phenytoin, and phenobarbital failed to control the seizure activ-
ity, an amobarbital infusion was begun. The trachea was intubated, and
the lungs were mechanically ventilated. Additionally, the patient was
treated with 100 mg intravenous phenytoin four times per day.

After 18 h of amobarbital infusion, subsequent EEG was obtained
while the patient was without seizures or rhythmical movement. This
revealed 0.5–1 Hz d activity with superimposed rhythmic 10–12 Hz a

activity. Also observed were sporadic or quasiperiodic sharp waves
arising from the right frontocentral region. These findings were con-
sistent with residual barbiturate effect plus potentially epileptogenic
components. The amobarbital infusion rate was reduced to permit
further evaluation of the patient’s neurologic status. However, over the
ensuing 4 h, the patient began experiencing rhythmic movement
interpreted as clinical evidence for return of seizures. The amobarbital
infusion was returned to the previous delivery rate, and a prolonged
EEG recording was begun. The EEG data were consistent with general
anesthesia; no seizure activity was observed.

A second attempt to wean the patient 30 h after the original admin-
istration of the barbiturate infusion resulted in intense, violent, rhyth-
mic muscle activity, although the patient remained unresponsive to
stimuli. The EEG findings were consistent with altered consciousness
as a result of residual anesthetic; no clear seizure activity was identi-
fied. Instead, EEG tracings contained a rhythmic artifact that was
represented in the scalp electrode recordings as 5- to 6-Hz waxing and
waning deflections, consistent with a nonepileptic “movement disor-
der.” The patient’s core (bladder) temperature was 37.8°C. Based on
the available data, a tentative diagnosis of near-normothermic shivering
was made.

The patient was stripped of all clothing. The skin was irradiated
using two 500 W infrared heat lamps (Emerson Equipment Model 96H;
Emerson Electric, St. Louis, MO), with the light source 1 m from the
skin surface. Within approximately 90 s, all rhythmic muscle activity
ceased. Two minutes later, the light therapy was discontinued, and the
rhythmical activity returned. When this sequence was repeated 5 min
later with the same results, the diagnosis of near-normothermic shiv-
ering was confirmed. Throughout the test, the patient’s temperature
was unchanged and no antipyretics were administered.

The amobarbital infusion was not reinitiated. Over the next 24 h, the
patient awakened from the amobarbital anesthetic without EEG or
clinical evidence of seizures. The trachea was extubated 2 days later.
During this period, the patient’s skin was kept warm by the use of
warm blankets, and the rhythmic muscle activity did not return. The
patient was discharged from the intensive care unit 1 week after
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admission. He left the hospital, without evidence of new neurologic
deficit, 10 days later.

Case 2

A 67-yr-old man was scheduled for awake mini craniotomy and
stereotactic placement of a left thalamic stimulator to treat an essential
tremor. After headframe placement and magnetic resonance imaging
(MRI), the patient was sedated with 1 mg intravenous midazolam, and
the scalp was infiltrated with 8 ml of a mixture of 1% lidocaine and
0.375% bupivacaine local anesthetics. The scalp was incised and sur-
gical probes were inserted through burr holes. Using stereotactic
techniques, a recording probe was directed into the brain, and elec-
trophysiologic monitoring and clinical examination were used to iden-
tify the location of the thalamic tremor generator. During this activity,
crescendo and coarse, rhythmic motor activity involving the entire
body developed, without alteration in consciousness. As the move-
ment persisted, the patient became extremely anxious and expressed
a strong desire to discontinue the surgery. The possibility of discon-
tinuation of surgery also was expressed by the surgeon and neurologist
because the new movement prevented the high-quality electrophysi-
ologic recording necessary for successful completion of the surgery. In
addition, there was concern for probe- and pinion-induced bleeding.

An extensive consoling conversation with the patient was initiated
and a low-dose propofol infusion was begun (approximately 20 mg z

kg21 z min21). This attenuated, but did not abolish, the anxiety, and the
patient’s underlying tremor and new-onset movements persisted.
Based on these observations, a diagnosis of normothermic shivering
was considered.

A convective warming blanket was placed next to the patient’s skin,
from the chest downward, and this was connected to a forced-air
warmer (Bair Hugger Polar Air Model 600; Augustine Medical, Inc.,
Eden Prairie, MN) set at 43°C. All rhythmic motion (in excess of the
patient’s baseline hand tremor) ceased within 3 min. Concomitantly,
the patient’s anxiety level decreased still further. Surgery proceeded
uneventfully, and the site for stimulator electrode placement was
established. After 5 h of surgery, general anesthesia was induced to
allow placement of the stimulator pulse generator. Temperature, as
measured by esophageal stethoscope, was 36.0°C at this time, and the
temperature remained unchanged at the end of the procedure 90 min
later. Activation of the stimulator greatly attenuated the abnormal
tremor activity on the right side. The patient was discharged on the
first postoperative day.

Five months later, a fractured stimulator wire necessitated repeat
surgery. The patient was sedated with an infusion of intravenous
propofol at 50 mg z kg21 z min21, a stereotactic headframe was placed,
and computed tomography was performed. No efforts were initiated to
keep the patient warm during transportation and scanning. At return to
the operating room, a urinary bladder catheter with temperature-
sensing capability (Bardex 400-series; CR Bard, Covington, GA) was
inserted. The patient’s temperature was 35.6°C, with an ambient op-
erating room temperature of 18°C. He complained of feeling cold. On
this occasion, in the setting of the background tremor only (i.e.,
without visible evidence of shivering), the patient also experienced
mild anxiety. However, the anxiety was far less than that experienced
during the initial surgery. A forced-air warmer (temperature set at
38°C) was used again, and, despite a core temperature that remained
at 35.6°C, the patient’s anxiety ceased within minutes. Surgery pro-
ceeded uneventfully and postoperative recovery was rapid.

Discussion

We describe two patients whose clinical course was
complicated by shivering. In the first, the shivering in-
terfered with the clinical and electrophysiologic diagno-
sis of seizures, thus extending the period in which the
patient received an amobarbital anesthetic. In the sec-
ond, intraoperative shivering again precluded accurate
electrophysiologic monitoring and, additionally, in-
creased the risk of bleeding. This patient experienced
extreme anxiety associated with the shivering. Had the
coupled shivering and anxiety not been treated, it would
have been necessary to discontinue the surgery.

In patient 1, we had evidence that the shivering oc-
curred during a period without core hypothermia. (A
possible cause is that the hypothalamic “set point” for
temperature regulation was increased, perhaps because
a fever was developing.1) In both patients, shivering
ceased within minutes after initiating skin warming.
Thus, the period of warming, that was sufficient to stop
shivering, was insufficient to meaningfully alter core
temperature.

Distinguishing between shivering and other forms of
rhythmic motor activity can be difficult. One possible
approach is to characterize and quantify the frequency
of the motor activity and compare it to the reported
properties of motor activity in different physiologic
states. Electromyographic recordings at frequencies of
5–12 Hz can represent shivering, but there is overlap
with a variety of physiologic and pathologic condi-
tions.2,3 Although shivering also may exhibit a fairly
characteristic 4- to 8-cycles/min waxing and waning pat-
tern,4 this was not specifically identified as an artifact
within the EEG in the first patient we described.

The effect of barbiturate infusion on the first patient’s
rhythmic movements was believed to represent evi-
dence for underlying seizure activity. In hindsight, it
probably represented the influence of an anesthetic
agent on the “interthreshold range”5 for thermoregula-
tion (i.e., the 0.2°C range outside of which thermoregu-
latory mechanisms are initiated). For the same reason,
the early use of propofol probably prevented shivering
with hypothermia (i.e., bladder temperature 35.6°C) dur-
ing the second patient’s second surgery.6 After we sus-
pected a diagnosis of normothermic or near-normother-
mic shivering in our patients, the treatment was
patterned after the reports of Sharkey et al.7,8 This ther-
apy is based on the principle that reduction in skin
temperature, independent of core hypothermia, can ini-
tiate shivering. Warming the skin in such patients will
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abruptly halt shivering. Sharkey et al.7 irradiated shiver-
ing patients with a warming light. The patients ceased
shivering in 61 6 10 s (mean 6 standard deviation).
However, after the warming light irradiation was discon-
tinued, the patients resumed shivering in 43 6 7 s. We
used this principle of skin warming to effectively treat
shivering in our patients and, in patient 1, to establish a
diagnosis. In patient 2, direct skin irradiation was impos-
sible because of space limitations caused by surgical
draping and equipment. Instead, we used a forced-air
warming blanket.9,10 In our patients, the rapid onset of
the warming effect (patients 1 and 2) and the rapid offset
(patient 1) were valuable in establishing the origin of the
undesired movement.

Patient 2 had bouts of anxiety during both surgeries. In
the first, when the patient shivered violently, the anxiety
was debilitating. Although not relieved by the conven-
tional approaches of conversation and sedation, the anx-
iety was halted by skin warming. Although core hypo-
thermia plus input from thermal sensors within the skin
may have directly affected the anxiety spells, the expe-
rience during the first surgery also suggests a correlation
between muscle activity and the anxiety. Surface warm-
ing, which rapidly halted the shivering, also abolished
the anxiety. These observations suggest that shivering
per se, perhaps acting through muscle receptors (e.g.,
muscle spindles), served to modulate the anxiety attack.
Such an interpretation is consistent with a large body of
experimental evidence that shows that increased muscle
afferent traffic (as would be expected during shivering)
has the potential to desynchronize the EEG and produce
alterations in mentation and behavior in awake and
lightly anesthetized subjects.11

In summary, we present two cases in which the pres-
ence of shivering confounded the diagnosis and treat-
ment of patients having central nervous system disease.
Warming the skin, without altering core temperature,
halted the shivering within minutes and, in one patient,
also alleviated anxiety. Based on this experience, when

patients are normothermic, we recommend the inclu-
sion of shivering in the differential diagnosis of patients
who experience new-onset rhythmic movements. Addi-
tionally, our report confirms the effectiveness of using
heating lamps or forced-air warmers to prevent, diag-
nose, and treat shivering.
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Management of Post-thoracotomy Pseudoangina and Myofascial
Pain with Botulinum Toxin

James H. Diaz, M.D., Dr.P.H.,* Harry J. Gould III, M.D., Ph.D.†

LEFT brachial plexus injury and musculoskeletal pain
have been reported after left internal mammary (LIMA)
harvesting for left anterior descending coronary artery
bypass grafting.1 Prolonged elevation and retraction of
the left hemithorax with the Favoloro sternal retractor
during LIMA harvesting has been implicated as a cause of
left upper extremity peripheral neuropathy from bra-
chial plexus stretch injury and postoperative musculo-
skeletal pain from rib fracture, intercostal muscle disrup-
tion, and costotransverse and costosternal cartilage
separations.2 We report a case of factitious pseudoan-
gina from prolonged postoperative musculoskeletal pain
treated as angina pectoris with nitrates and anticoagu-
lants after LIMA harvesting for left anterior descending
coronary artery bypass grafting (table 1).

Case Report

A 52-yr-old man with a 70% stenosis of the left main coronary artery
underwent a single coronary artery bypass graft with a LIMA graft to
the proximal left anterior descending coronary artery in 1988 at age 42.
The coronary artery bypass graft was performed during balanced nar-
cotic and inhalational anesthesia through a median sternotomy incision
with the patient in the supine position with both arms adducted.
Invasive vascular monitoring included a right radial artery catheter and

a central venous catheter inserted via the right internal jugular vein.
The LIMA was harvested over 25 min with exposure provided by a
Favaloro retractor. The LIMA-to-left anterior descending anastomosis
was conducted during 25 min of complete cardiopulmonary bypass
and circulatory arrest. The immediate postoperative course was un-
eventful, and the patient was discharged on the sixth postoperative
day. The patient was readmitted for a 24-h hospital stay 2 days after
discharge for tube thoracostomy drainage of a spontaneous left pneu-
mothorax.

One week after the second hospital discharge, the patient first noted
left anterior chest wall pain during movement of the left arm with
radiation to the left side of the neck, the left shoulder, and left-sided
scapula. The pain was dysesthetic, nonlancinating, and pressing, and
was initiated by exercise of the left arm, particularly lifting and carrying
light items, such as books or a briefcase. The pain was relieved only by
resting the left arm. Exercise electrocardiography showed no evidence
of cardiac ischemia or myocardial infarction. Cardiac angiography
showed no significant additional coronary artery disease or LIMA graft
stenosis or occlusion. Cardiac ejection fraction and myocardial perfor-
mance were assessed as normal, and oral analgesics for prolonged
postoperative incisional pain were prescribed.

Between 1988 and 1997, the patient consulted innumerable special-
ists, including cardiovascular surgeons, physiatrists, cardiologists, and
rheumatologists, and underwent five additional coronary arteriograms
to assess “recurrent angina.” The patient was treated for presumed
costochondritis with oral analgesics, nonsteroidal antiinflammatory
agents, muscle relaxants, and trigger-point injections in the back. The
patient also was prescribed long-term aspirin prophylaxis for coronary
artery disease and lovastatin for hypercholesterolemia, and encouraged
to take sublingual nitroglycerin for exertional “anginal”, i.e., left chest
wall and upper arm pain and muscle spasm. The patient continued to
exercise despite attacks of left-sided chest wall pain, participated in
several marathon runs over the years, but gave up golf and weight-
lifting because of severe pain and spasms in the left pectoralis major
muscle precipitated by movement and weight-bearing exercise of the
left upper extremity.

The patient was ultimately referred to the Louisiana State University
Medical Center Multidisciplinary Pain Mastery Center for evaluation in
November 1997, and, at physical examination, was found to have a
5-cm circumferential area of dysesthesia, muscular irritability, and
spasm overlying the left-sided first and second parasternal intercostal
spaces. The remainder of the physical examination, particularly the
neuromuscular examination of the left upper extremity, was within
normal limits. A magnetic resonance imaging study of the thorax in
January 1998 showed no evidence of costochondritis, costochondral,
or costotransverse junction separation or dislocation; rib fracture,
callus, or pseudoarthrosis; sternal or xiphisternal abscess; pseudoar-
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throsis; or dehiscence. The mediastinum, hemidiaphragms, lungs, and
hemithoraces were consistent with poststernotomy and otherwise
normal. The hemidiaphragms were symmetrically shaped and posi-
tioned bilaterally, and there was no radiographic evidence of phrenic
neuropathy. Phrenic nerve conduction studies were not indicated.

The patient received an intramuscular injection of 50 U botulinum A
toxin suspended in 10 ml bupivacaine, 0.25%, into the dysesthetic
trigger point described in the left pectoralis major muscle in January
1998, with dramatic reduction of symptoms. Supplemental therapy for
breakthrough pain was initiated at the same time with 75 mg oral
venlafaxine and 500 mg oral methocarbamol, both taken at bedtime.
The patient remains on a regimen of semiannual intramuscular trigger-
point injections with 50 U botulinum toxin supplemented orally with
night-time venlafaxine, a selective norepinephrine-reuptake-inhibiting
antidepressant with analgesic properties, and methocarbamol, a skel-
etal muscle relaxant. The patient continues to participate in jogging
marathons and has restarted a weekly golf game.

Discussion

Brachial plexus and musculoskeletal injuries of the
chest wall and upper extremities have been reported
after cardiac surgery, with incidences ranging from 2% to
38%.2 Brachial plexus injuries have been associated with
the median sternotomy technique, paramedian sternot-
omy, forced or prolonged sternal retraction with the
Favoloro retractor, penetrating trauma from first-rib frac-
tures, hyperabducted arm positioning, and needle
trauma during insertion of internal jugular catheters.3

Musculoskeletal injuries have also been associated with
rib fractures from forced sternal retraction, costochon-
dral cartilage separations, and costotransverse rib disar-
ticulations.1–3 In a prospective investigation of 162 pa-
tients undergoing median sternotomy for cardiac
surgery, Roy et al.1 reported a significantly greater inci-
dence (39%) of musculoskeletal complaints and neuro-
logic dysfunction in patients undergoing internal mam-
mary artery grafts for aortocoronary bypasses than in
patients (17%) undergoing valvular and other cardiac
operations without internal mammary artery graft har-
vesting.

Neurologic dysfunction from brachial plexus and pe-
ripheral nerve injuries after cardiac surgery often present
with neuropathic pain and dermatomal sensorimotor
disturbances that require diagnostic confirmation with
nerve conduction studies and electromyography.2 Mus-
culoskeletal complaints after cardiac surgery were de-
scribed by Roy et al.1 as pain at rest and exercise and
limitation of motion in the arms, shoulders, chest, and
back. Postoperative musculoskeletal complaints were
difficult to describe clinically and confirm radiographi-
cally in the absence of old fractures, cartilaginous sepa-
rations, and rib disarticulations.1 Using either chest wall
computed tomography or exploratory resternotomy,
Shafir et al.3 identified inadvertent paramedian sternot-
omy as a cause of postoperative musculoskeletal pain,
chronic thoracic fistulas, sternal osteomyelitis, and ster-
nal dehiscence in 11 of 55 patients undergoing cardiac
surgery. Shafir et al.3 recommended that when a painful
paramedian sternotomy is diagnosed radiographically or
surgically at resternotomy, sternectomy and myocutane-
ous flap wound closures be performed rather than sim-
ple sternal reclosures.

We reported a case of chronic myofascial pain in the
left upper thorax and arm repeatedly misdiagnosed as
angina pectoris and coronary artery spasm despite nor-
mal coronary angiography and left ventricular wall mo-
tion and ejection fraction (table 1). Although the patient
requested sternal reexploration to assess faulty sternot-
omy, magnetic resonance imaging of the chest wall,
mediastinum, and thorax was initially recommended to
rule out sternal fistula, sternal osteomyelitis, occult ster-
nal dehiscence, costochondral cartilage separations, old
rib fractures or pseudoarthroses, costotransverse rib dis-
articulations, and pleuropericardial defects or hernias.
Chest magnetic resonance imaging was selected over
chest radionuclide scanning, a better imaging technique
to detect chronic infection and deep abscesses, for its
superior soft tissue and bone density delineation and

Table 1. Chronology and Outcomes of Treatments

Date Treatment or Procedure Pain Type and Outcome

1988 Open heart bypass surgery Cardiac angina relieved; pseudoangina began; function restricted
1988–1997 Oral nitrates Pseudoangina unrelieved; function restricted
November 1997 Thoracic MRI scan Pseudoangina redefined as myofascial pain
January 1998 Initial botulinum toxin (BoTox) injection Myofascial pain relieved; nighttime breakthrough pain only; full

function resumed
July 1998–Present Subsequent BoTox injection (July 1998);

oral adjuvant therapy with venlafaxine
and methocarbamol

Myofascial pain relieved; nighttime breakthrough pain relieved;
full function continued
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because the erythrocyte sedimentation rate, differential
count, and serum protein electrophoresis did not sug-
gest chronic infection from osteomyelitis or fistula. In
addition, chest magnetic resonance imaging ruled out
chronic atelectasis and pleurisy from phrenic neuropa-
thy as an unusual cause of postoperative chest pain.4

Although common after open heart surgery, with inci-
dences ranging from 10% to 73%, phrenic neuropathy
from topical cardioplegia is usually short-lived and pain-
less and causes elevation and abnormal motion of the
hemidiaphragms and persistent ipsilateral atelectasis.4

Physical examination of the patient was consistent
with a tight and painful myofascial band in the pectoralis
major muscle, with irritation and fasciculation during
percussion and radiation to the uppermost clavicular
portion of the muscle and left upper arm.5 The pectora-
lis major, pectoralis minor, and intercostal muscles are
all common sites of myofascial pain syndromes, espe-
cially after chest wall trauma and surgery, and have
unique pain referral patterns, as initially mapped by
Travell and Rinzler.6

Conditions that may mimic myofascial pain syndromes
of the anterior chest wall and upper arm may include
angina pectoris, as in this case, diffuse myopathies, fi-
bromyalgia, polymyalgia rheumatica, dermatomyositis,
postherpetic neuralgia, connective tissue disorders, hy-
pothyroidism, early Parkinsonism, multiple myeloma, os-
teoarthritis, bursitis, and tendonitis.5 Inflammatory and
malignant diseases should be ruled out using the appro-
priate laboratory tests. Postherpetic neuralgia causes a
characteristic neuropathic pain condition and usually is
heralded by dermatomal shingles.

Conventional therapies for myofascial pain syndromes
include physical therapy, regular stretching and exer-
cises, vapocoolant spray and stretch techniques, dry
needling and injections of trigger points with local anes-
thetics and antiinflammatory agents, psychotherapy,
biofeedback, and pharmacotherapy.5 Conventional phar-
macologic agents effective in myofascial pain syndromes
include the tricyclic and selective norepinephrine-re-
uptake-inhibiting antidepressants, such as venlafaxine,
nonsteroidal antiinflammatory drugs, and skeletal muscle
relaxants, such as methocarbamol.5 Most recently, bot-
ulinum A and F toxin injections, which are approved as
orphan drugs for managing severe pain and dystonia in
cerebral palsy,7 thalamic stroke,8 spastic torticollis,9 and
spinal cord infarcts and trauma,10 have been recom-
mended for the management of chronic myofascial pain
syndromes.11

Myofascial pain syndromes may mimic angina pectoris
after median sternotomy for cardiac surgery. Brachial
plexus and musculoskeletal injuries may occur even
more commonly after median sternotomy for cardiac
surgery and have been correlated with harvesting of the
ipsilateral internal mammary artery, usually the left, but
not with intraoperative arm positioning.1 Precise diag-
nostic imaging techniques may be necessary to assess
chronic chest wall pain after median sternotomy for
cardiac or anterior mediastinal surgery and to eliminate
faulty sternotomy techniques, cartilaginous injuries, and
rib fractures or disarticulations. Nerve conduction stud-
ies may be necessary to assess sensorimotor dysfunction
in brachial plexus injuries. Although usually reserved for
painful spasticity disorders, botulinum A toxin injections
may offer a new, safe, and effective technique to manage
myofascial pain syndromes.
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Life-threatening Ventricular Dysrhythmias with Inadvertent
Asynchronous Temporary Pacing after Cardiac Surgery

Sergey Preisman, M.D.,* Davy C. H. Cheng, M.D., M.Sc., F.R.C.P.C.†

POTENTIALLY lethal arrhythmias have long been recog-
nized as a rare complication of cardiac pacing.1,2 The
incidence of this catastrophic event is thought to be low
even in cases of asynchronous ventricular pacing, pre-
sumably because the electrical stimuli provided by the
pulse stimulator usually remain below the fibrillation
threshold.3 Furthermore, the possibility of serious pace-
maker-induced arrhythmias has been greatly reduced by
the introduction of advanced demand modes of pacing
into clinical practice. Nevertheless, this problem can still
be encountered when pacemaker pulse generator is
switched to asynchronous mode. We report a case in
which a recently introduced and commonly used epicar-
dial temporary pacemaker (Model 5388, Medtronic Inc.,
Minneapolis, MN) was accidentally switched several
times to asynchronous mode, causing ventricular fibril-
lation in a patient after cardiac surgery.

Case Report

A 49-yr-old man with a history of aortic insufficiency of rheumatic
origin and hypertension, treated with calcium channel blockers and
angiotensin-converting enzyme inhibitors, was admitted to the hospital
for elective aortic valve replacement. The preoperative coronary an-
giogram showed no signs of coronary artery disease. The electrocar-
diogram (ECG) demonstrated signs of left ventricular hypertrophy with
strain pattern. Holter monitoring showed sinus rhythm with occasional
premature atrial contractions and premature ventricular contractions
(couplets and triplets).

The patient underwent aortic valve replacement with a 27-mm
stentless porcine valve. No intraoperative problems were encountered.
In the immediate postoperative hours, several episodes of premature
ventricular contractions were noticed, which resolved after normaliza-
tion of potassium balance (fig. 1A). Two hours later his heart rate
slowed down. Second-degree atrioventricular block with a ventricular
rate of 50–54 beats/min was apparent on the ECG trace. Dual chamber
paced, dual chamber sensing, and dual response (DDD) pacing was
started (Medtronic 5388 dual chamber temporary pacemaker) with an
atrial sensitivity of 0.5 mV and output of 10 mA, ventricular sensitivity
of 2 mV and output of 10 mA, and an atrioventricular interval of 170
ms. This resulted in ventricular rate of 100–102 beats/min (atrial
sensing and ventricular pacing; fig. 1B). The patient was uneventfully
extubated 6 h after surgery. Occasional premature ventricular contrac-
tions, present during the first night after surgery, resolved after re-
moval of the pulmonary artery catheter on the morning of the first
postoperative day. The parameters of the pacemaker were checked.
The underlying rhythm at this time was third-degree atrioventricular
block with a rate of ventricular escape of 50–60 beats/min. DDD
pacing with the previous parameters was commenced, and the patient
was transferred to the surgical ward on a telemetry bed. Before the
transfer, the pacemaker was checked again, and settings were locked.
Serum magnesium and potassium levels were normal.

Approximately 1 h after the transfer, asynchronous ventricular pac-
ing at a rate of 80 beats/min was noticed on ECG telemetric monitor-
ing. Several minutes later, the patient suddenly lost consciousness. A
decrease of pacing stimuli on the T wave with resultant ventricular
fibrillation was observed on the ECG tracing (fig. 2). Cardiopulmonary
resuscitation was initiated. Over an 8-min period, the patient received
three external defibrillatory shocks of 300 J. After the second shock,
slow ventricular rhythm of 50 beats/min was observed with rapid
degeneration to polymorphic ventricular tachycardia. After the admin-
istration of 80 mg lidocaine, 2 g magnesium sulfate, and a third shock,
stable rhythm with dual-chamber pacing of 100 beats/min was
achieved. The patient regained consciousness and was transferred
back to the intensive care unit. On arrival, the pacemaker was found to
be in asynchronous mode with maximal atrial and ventricular output
(20 and 25 mA, respectively). The underlying rhythm at this time was
complete heart block with ventricular escape of 60–65 beats/min. The
impulse generator was reprogrammed to DDD mode with the param-
eters described previously and was locked. The patient was stable and
breathing spontaneously with a face mask. No neurologic deficit was
found. After 24 h in the intensive care unit, the patient continued with
DDD pacing with atrial tracking and a ventricular rate of 100–104
paced pulses/min. The underlying rhythm was complete heart block.
At this point, the pacemaker was checked again because a short run of
ventricular tachycardia was observed on the ECG monitor. The pace-
maker was found to be in asynchronous mode again (dual chamber
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Fig. 1. Rhythm disturbances during the
night after surgery. (A) Multiple multifo-
cal premature ventricular contractions;
(B) DDD pacing with atrial tracking.

Fig. 2. Initiation of ventricular fibrillation
by pacing impulse, superimposed with T
wave, and electrocardiogram after resus-
citation.
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paced, zero sensing, zero inhibition [DDO]: dual-chamber asynchro-
nous pacing at 80 paced pulses/min, atrial output of 20 mA, and
ventricular output of 25 mA). The impulse generator was replaced and
checked in detail. On close examination it was found that this partic-
ular model of temporary pulse generator was very easily switched from
DDD mode (atrial-triggered, ventricular-inhibited pacing) to dual-cham-
ber asynchronous (DOO) pacing (the factory programmed default
mode) by light pressure (single-finger touch) on the emergency button
situated on the front panel of the device (fig. 3). This emergency DOO
default mode overrides any preset (locked) pacing parameters and can
be switched on even when the pacemaker is off.

The patient experienced no further dysrhythmias after changing to
another atrioventricular sequential demand pulse generator (Model
5330, Medtronic Inc.). He remained in complete atrioventricular block
and eventually required implantation of a permanent pacemaker.

Discussion

Reported cases of ventricular tachyarrhythmias caused
by a decrease in pacemaker stimulus during the “vulnerable
period” of cardiac cycle have occurred in settings of acute
myocardial ischemia, electrolyte disturbances, and drug
effects, when the ventricular vulnerability to fibrillation is
lower.4 Our patient did not have demonstrable coronary
artery disease. Potassium and magnesium concentrations

before arrhythmias were normal. However, the potential
for altered ventricular excitation threshold must have ex-
isted. Evidence for this was atrial and ventricular dysrhyth-
mias on the patient’s preoperative Holter recording. The
probable cause for this was cardiomyopathy secondary to
long-standing ventricular volume overload.

This case report should alert clinicians and nursing
staff to the possible danger of accidental asynchronous
pacing with this model of temporary pulse generator.
This could be atrial asynchronous (AOO), ventricular
asynchronous (VOO), or DOO depending on whether
the device was programmed AAI (atrial inhibited or
demand), VVI (ventricular inhibited or demand) or DDD
(also DDI; dual-chamber inhibited), respectively. Even
light pressure on the emergency button, located on the
front panel of the device, may trigger default mode of
asynchronous pacing. This easily could happen if the
patient or care provider mistakenly mishandled or
touched the emergency button on the pulse generator
(e.g., by picking up the pacemaker). Possible means to
reduce this risk include eliminating this feature or requir-
ing more than one depression or some other method to
activate default-mode asynchronous pacing.

Fig. 3. Front panel of the Medtronic 5388
dual-chamber temporary pacemaker in
DDD mode (A) and asynchronous mode
(B).
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