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Late Onset of Cortical Blindness in a Patient with Severe
Preeclampsia Related to Retained Placental Fragments

Didier Delefosse, M.D.,* Emmanuel Samain, M.D., Ph.D.,† Annick Helias, M.D.,‡ Jean-Marc Regimbeau, M.D.,§
Bruno Deval, M.D.,� Eviane Farah, M.D.,* Jean Marty, M.D.#

CORTICAL blindness occurs in approximately 1–3% of
preeclampsia and eclampsia patients.1–3 It was reported
to occur either before or during the first few days after
delivery.4 We report a case of a preeclamptic parturient
who suffered transient cortical blindness 26 days after
cesarean delivery, related to undiagnosed retained pla-
cental fragments.

Case Report

A 33-yr-old, gravida 2, para 1 parturient was admitted at 38 weeks’
gestation with a chief complaint of abdominal pain. Preeclampsia was
diagnosed by the presence of elevated systemic arterial blood pressure
(170/100 mmHg) and proteinuria. Physical examination revealed hy-
perreflexic limbs. Blood tests showed a moderate elevation in liver
enzymes (aspartate aminotransferase, 121 U/l) and hyperuricemia
(343 �M). Hypertension was controlled with intravenous nicardipine,
and an emergent cesarean delivery was performed on the day of
admission, using general anesthesia. The patient recovered rapidly
from anesthesia, and the results of a neurologic examination per-
formed 2 h later were normal, except for hyperreflexic limbs.

The patient’s clinical condition worsened during the first three postop-
erative days (POD), with the onset of severe hemolysis, elevated liver
enzymes, and low platelet count syndrome (aspartate aminotransferase,
4,238 U/l; platelet count, 50,000/ml; and hemolysis, confirmed by ele-
vated nonconjugated bilirubin concentration [59 �M] and decreased hap-
toglobin concentration). Respiratory distress with severe hypoxemia re-
lated to pulmonary edema occurred on POD1, requiring tracheal
intubation, mechanical ventilation, and sedation. Acute renal failure (oli-
guria and creatinine clearance � 5 ml/min) was observed on POD2. A
transesophageal echocardiogram ruled out left ventricular dysfunction,
and pulmonary artery monitoring was used to optimize hemodynamic
status. A head computed tomography (CT) scan without contrast, per-
formed on POD 1 to eliminate intracerebral hemorrhage as a possible
diagnosis, was within the normal limits. Three days after admission, a
sudden decrease in arterial blood pressure led to the diagnosis of intraab-
dominal hemorrhage, as well as a subcapsular hematoma of the liver. At
this time, CT scan morphology of the uterus was considered normal, with
a hyperdensity in the uterine cavity, only suggesting a small amount of

intrauterine blood. Intraabdominal blood was surgically evacuated, but
the liver was left intact since the Glisson capsule was not ruptured.

The patient’s condition improved gradually thereafter. Arterial blood
pressure, renal and respiratory function, liver enzyme concentration,
and platelet count were all normal by 15 days after delivery. Intrave-
nous sedation was stopped after 1 week, but recovery was slow, and
the level of consciousness was sufficient to allow tracheal extubation
on POD 14 only. The patient was sleepy, able to be aroused only after
verbal stimulation, and confused. The results of a cerebral CT scan
performed at this time were normal, and an electroencephalogram
revealed diffuse slow waves. The patient’s state of consciousness
improved gradually, and she was able to perform everyday tasks such
as washing, eating without any help, and pouring water into a glass.
The results of formal neurologic examinations, repeated several times
during this period, were normal.

Three weeks after delivery, hypertension recurred, and treatment
with nicardipine was reinitiated. On POD 26, the patient was suddenly
unable to perform routine tasks because of complete blindness. Results
of a funduscopic examination were normal, pupils were symmetrical
and reacted normally to light, and the patient did not react to threat.
The results of the remainder of her neurologic examination were
normal. Electroencephalography revealed focal posterior paroxysmal
spike activity that was unresponsive to intravenous clonazepam and
sodium valproate and could only be suppressed with intravenous
phenytoin. Head CT scan revealed bilateral occipital hypodensity.
Axial T2-weighted magnetic resonance (MR) images with fluid-attenu-
ated inversion recovery sequences showed bilateral hypersignal in the
occipital, temporal, and parietal regions, suggesting focal cerebral
edema (fig. 1). A recurrence of preeclampsia was suspected. Ultra-
sound evaluation of the uterus detected echogenic fragments in the
uterine cavity. These were removed during a hysteroscopic procedure
with general anesthesia. Histologic analysis revealed the presence of
placental tissues, including necrotized villi.

The patient’s clinical condition rapidly improved after surgery. She was
able to distinguish bright light 12 h after curettage, and she could identify
the shape of usual items after 48 h. Visual function was considered normal
by the ophthalmologist after 4 days. Within 1 week, arterial blood pres-
sure was normalized, level of consciousness was improved, and electro-
encephalographic abnormalities disappeared. A week later, occipital hy-
persignal on T2-weighted MR imaging had nearly disappeared. The patient
was discharged 38 days after cesarean section delivery.

Discussion

The present case illustrates an uncommon evolution of
severe preeclampsia with secondary onset of neurologic
symptoms associated with intrauterine retention of pla-
cental products.

An initial improvement in preeclampsia-related symp-
toms is common after delivery, but relapse often occurs
within 24 h. In our case, severe hepatic, hematologic,
cardiovascular, and renal complications occurred in a
classic timing, within the first 3 days after delivery.5 Our
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patient’s very slow clinical improvement during the first
3 weeks was less expected, since recovery is usually
complete within 1 week. However, persistent elevated
blood pressure related to preeclampsia has been de-
scribed 6 weeks postpartum.6

In contrast, the recurrence of hypertension and de-
layed onset of focal occipital seizures and cortical blind-
ness are very uncommon. Because preeclampsia can
only occur in the presence of a placenta, the hypothesis
of placental tissue retention should be considered when
unusual evolution is observed after delivery. In our case,
it should have been suggested as soon as hypertension
returned on POD 21. Physiopathologic alterations of
preeclampsia and eclampsia are the result of an initial
placental trigger and a maternal systemic response.7 Ma-
ternal symptoms are related to the synthesis of placen-
tally derived vasoactive substances and to abnormal ma-
ternal systemic inflammatory response to an overload of
placental debris shed from the syncytiotrophoblast into
maternal circulation.8,9 Our case shows that even a small
quantity of necrotized villous tissue retained in the uter-
ine cavity can result in persistent preeclampsia and lead
to further worsening of neurologic symptoms.

We arrived at the diagnosis of retained placenta very

late in our observation of the patient. Despite spontane-
ous separation and controlled cord traction, it is some-
times difficult to ascertain that the entire placenta has
been delivered.10 Placental retention has been reported
to result in several complications, including bleeding,
sepsis, and pain. In our case, postoperative uterine con-
traction and bleeding were considered to be nonspe-
cific, despite severe blood coagulation disorders. An
abdominal CT scan performed on POD 3 only showed
hyperdensity in the uterine cavity, suggesting a small
amount of intrauterine blood, and the diagnosis of re-
tained placental products was suspected because of the
recurrence of preeclampsia-related symptoms.

Although visual disturbances are common in severe
preeclampsia, cortical blindness is rare, with an inci-
dence of 1–3% and 3–14% in preeclamptic and eclamptic
patients, respectively.2 Blindness may be the primary
clinical presentation of preeclampsia and may be iso-
lated or associated with an altered state of conscious-
ness.4 In eclampsia, it may precede seizures for several
hours.2 Patients may experience a complete loss of vi-
sion or may still perceive bright light shone directly into
their eyes.11 The diagnosis should be evoked in the
presence of loss of vision when (1) normal ophthalmo-
scopic examination results rule out retinal disease and
(2) normal pupillary response to light and absence of
blinking in response to threat suggest postgeniculate
insult. Several pathologic features have been proposed
to explain the neuropathologic mechanism of cerebral
insult in eclampsia-related cortical blindness. Cerebral
vasogenic edema in the cortex and subcortical white
matter in the occipital lobes is commonly seen on MR
imaging.11–13 An alteration in posterior cerebral blood
flow autoregulation also has been suggested to favor
arterial vasoconstriction and cerebral ischemia.14 Rarely,
microinfarctions and focal hemorrhage may contribute
to cerebral dysfunction.2,15 Cerebral imaging is of major
importance in the diagnosis of cortical blindness. Head
CT scan may reveal occipital hypodensities suggesting
cerebral edema, described recently as posterior leukoen-
cephalopathy syndrome.16 It is helpful to rule out hem-
orrhage and to detect thromboembolic phenomena. Oc-
casionally, the head CT scan may be within normal
limits, suggesting that the transient and limited extent of
increased fluid shift may be beyond the resolution of a
CT scan.11 MR imaging is increasingly used for the diag-
nosis of cortical blindness, since it exhibits superior soft
tissue contrast and multiplanar resolution. It is the tech-
nique of choice to obtain images of the visual path-
ways.11 Hyperintense signal lesions on T2-weighted MR
images are consistent with focal edema.

Management of preeclamptic or eclamptic women in
whom cortical blindness develops is the same as for
patients without this complication, and the management
guidelines are now straightforward.6 Delivery should not
be postponed unnecessarily, and the prognosis of corti-

Fig. 1. Axial T2-weighted magnetic resonance (MR) image of the
brain with fluid-attenuated inversion recovery sequences per-
formed at the onset of cortical blindness on postoperative day
26. The MR image shows bilateral hypersignal in the occipital,
temporal, and parietal regions, suggesting focal cerebral edema.

262 CASE REPORTS

Anesthesiology, V 98, No 1, Jan 2003

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/98/1/268/405679/7i0103000261.pdf by guest on 18 April 2024



cal blindness is good, with a mean (� SD) duration of
blindness of 34 � 27 and 92 � 67 h in eclamptic and
preeclamptic patients, respectively.2 Scotomas or long-last-
ing alterations in visual function are uncommon and are
typically related to severe focal ischemia or hemorrhage.

In conclusion, this case illustrates that retention of placental
tissue should be suspected in the presence of an unusual
evolution of preeclampsia-related symptoms. Uterine vacuity
should be assessed even when placental delivery is considered
to be complete, since it is the key to treating preeclampsia.
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The Use of WuScope Fiberoptic Laryngoscopy for Tracheal
Intubation in Complex Clinical Situations

Juraj Sprung, M.D., Ph.D.,* Toby Weingarten, M.D.,† John Dilger, M.D.‡

THE WuScope system (Achi Corp., Fremont, CA, and
Asahi Optical Co., Pentax, Tokyo, Japan) is a fiberoptic
laryngoscopy system composed of a curved, tubular,
bivalved, rigid blade and a flexible fiberscope.1 The Wu-
Scope system integrates the features of both rigid and
flexible laryngoscopy and eliminates the shortcomings
of each. We describe two complex clinical situations in
which the use of a WuScope laryngoscope resulted in
successful endotracheal intubations.

Case Reports

Case 1

A 67-yr-old, morbidly obese woman (160 cm, 125 kg) was brought to
the emergency room by a paramedic unit after developing acute neck
expansion at home. She had undergone left carotid endarterectomy 6
days previously. While in the ambulance, her neck swelling continued
to expand despite the external compression applied by paramedic

personnel. Her breathing became stridulous, resulting in severe respi-
ratory distress, and she became unconscious. The paramedic team
attempted tracheal intubation without success, and they performed
mask ventilation until arrival at the emergency room. An emergency
room physician attempted tracheal intubation without success; there-
fore, an emergency cricothyrotomy was performed, and a 6-mm endo-
tracheal tube (ETT) was inserted into the trachea. After tube insertion,
an electrocardiogram revealed asystole, and cardiopulmonary resusci-
tation was initiated. Two minutes later, sinus tachycardia was estab-
lished, and the patient was transferred to the operating room for
carotid artery repair. Throughout the entire emergency room course
and transfer to the operating room, a surgical resident maintained
pressure over the expanding neck and cricothyrotomy site, which also
was bleeding. The patient was anesthetized with isoflurane and fenta-
nyl, and muscle relaxation was achieved with cisatracurium. Lung
ventilation through the small ETT became extremely difficult, requir-
ing ventilation with peak inspiratory pressures of 65 cm H2O. The
oxyhemoglobin saturation, assessed by pulse oximetry, ranged be-
tween 85 and 89% on fraction of inspired oxygen (FIO2) 1.0. As soon as
the surgeon controlled the carotid artery bleeding, we decided to
exchange the ETT. The large adult WuScope was preloaded with an
8.0-mm ETT. With uninterrupted lung ventilation, the WuScope blade
was inserted through the middle of the mouth, and the vocal cords
were visualized despite the fact that the posterior left pharyngeal wall
was bulging toward the glottis. Under direct vision, the new ETT was
placed through the glottic opening without difficulty. After confirming
adequate lung ventilation, the original ETT was withdrawn. The new
ETT was then advanced beyond the cricothyrotomy incision (fig. 1).
Lung ventilation immediately improved, with peak pressures below 30
cm H2O, while oxyhemoglobin saturation increased to 99%. Examina-
tion of the removed ETT revealed blood clots that narrowed its internal
diameter, explaining the difficulty in ventilating.
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Case 2

A 58-yr-old woman (162 cm, 60 kg) with a history of laryngeal
papillomatosis was admitted for her third laryngeal surgery—laser
tumor debulking. While sitting in the bed, her voice was hoarse, and
her breathing was stridulous. After anesthesia was induced for the first
surgery, the vocal cords could not be visualized with direct laryngos-
copy. At that time, the ETT was placed blindly, aided by an intubating
stylet, which resulted in bleeding from the traumatized tissues. For her
second surgery, fiberoptic intubation was attempted, and although the
fiberoptic bronchoscope was successfully placed into trachea without
bleeding, the ETT could not be passed through the glottis. Attempts to
forcefully insert the ETT over the fiberoptic bronchoscope resulted in
massive oral bleeding, necessitating the establishment of an emergency
surgical airway. For the present surgery, the plan for tracheal intuba-
tion included WuScope-assisted, awake intubation, with an otolaryn-
gologist standing by to perform an emergency tracheostomy if needed.
After sedation with 1 mg midazolam and 50 �g fentanyl, we anesthe-
tized the oropharynx with the patient in the sitting position. Once we
had achieved adequate oropharyngeal anesthesia, we lowered the bed
to a semisitting position and inserted the adult WuScope blade through
the middle of the mouth. The patient’s glottic opening was narrow due
to extensive tumor growth. We introduced an airway exchange cath-
eter (AEC; Cook Critical Care, Bloomington, IN), first through the
WuScope preloaded ETT and then through the narrow glottic open-
ing. The placement of the AEC through the glottis was achieved
without bleeding, and the patient tolerated it well. Then we used a
well-lubricated, 5.5-mm laser ETT and passed it with some difficulty
through the narrow vocal cords (fig. 2). This was followed by
administration of propofol. The glottic bleeding, present after the
placement of the ETT, was controlled with laser coagulation. During
a 60-min laser surgery, total intravenous anesthesia was maintained
with propofol–alfentanil infusion and an air– oxygen mixture (FIO2

� 0.25). At the completion of the surgery and prior to tracheal
extubation, we instilled 2% lidocaine through the ETT and allowed
the patient to awaken. With the patient fully awake, we deflated the
tracheal cuff and tested her ability to breathe around the occluded

ETT. Then we reintroduced the AEC through the ETT into the
trachea. The ETT was taken out, with the AEC left in the trachea and
taped to the face with a depth marker showing 23 cm at the lip, and
the patient was sent to the recovery room. The AEC was removed
1 h later, when there were no signs of breathing difficulty. The
patient was discharged to home the next day.

Discussion

The WuScope system is a fiberoptic intubating de-
vice that combines a fiberoptic scope with a rigid
laryngoscope.1 It allows tracheal intubation without
the need for head extension, tongue lifting, or forceful
jaw opening, because a 110° handle-to-blade angle
allows easy visualization of the glottis in many difficult
clinical situations.2–5 The WuScope is typically in-
serted in the midline of the mouth. The handle is then
rotated toward the laryngoscopist, with the blade
gently advanced across the convexity of the tongue.
Once the larynx is visualized, the ETT may be ad-
vanced between the cords under direct vision, as we
did in our first patient. Manipulating the scope side to
side or back and forth may be needed to optimize the
laryngeal view and to facilitate direction of the ETT
toward the glottis. Alternatively, a suction catheter or
AEC may be advanced through the ETT into the tra-
chea. This catheter serves as a stylet, which directs the
ETT through the glottis.

Expanding neck hematoma after carotid endarterec-
tomy represents one of the most emergent and difficult
situations for tracheal intubation. Attempts to intubate
the trachea by direct laryngoscopy may be impossible

Fig. 1. Schematic representation of an endotracheal tube (ETT)
inserted through the cricothyrotomy site and simultaneous ETT
exchange via oral intubation aided by the WuScope laryngo-
scope (see Case 1).

Fig. 2. WuScope system–aided tracheal intubation in a patient
with a glottic tumor. Endotracheal tube placement was pre-
ceded by airway exchange catheter (see Case 2).
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when the airway anatomy is distorted. ETT exchange in
these cases may pose substantial risk for the patient. We
were unable to perform adequate ventilation through
the small and obstructed (because of blood clots) ETT
inserted through the cricothyroidotomy; therefore, we
needed to replace the ETT. Bleeding around the crico-
thyroidotomy incision and low oxyhemoglobin satura-
tions were viewed as risks for the ETT exchange through
the same incision, as even a short period of interrupted
ventilation could have had catastrophic consequences
for this patient. We decided to exchange the ETT by
using WuScope rigid laryngoscopy. In this case, tracheal
intubation was performed without the use of stylet guid-
ance. The design of the WuScope overcomes some com-
plex anatomic obstacles, and the blade design offers
both easy entrance into the oropharynx and visualization
of the anteriorly positioned glottic opening. At the same
time, the tubular blade protects the fiberscope lens from
secretions, blood, or redundant tissues better than dur-
ing flexible fiberoptic intubation.

In our second patient, conventional fiberoptic intuba-
tion and attempts to place the ETT resulted in massive
glottic hemorrhage during her previous surgery. We
opted to use the WuScope system for intubation. The
WuScope allowed direct visualization of the tumorous
glottis and atraumatic insertion of the jet–endotracheal
tube exchanger. Once passed beyond the glottis, this

exchanger would have allowed the use of jet ventilation
if difficulties had occurred. We consequently success-
fully intubated the trachea with minimal trauma. Be-
cause laser surgery can result in delayed swelling with
consequent airway compromise,6,7 we monitored the
patient for 24 h before her uneventful discharge.

In conclusion, WuScope rigid laryngoscopy may be
used in some very complex clinical situations. However,
as with any other technique, failure to intubate may
occur even with this technique. Experience with the
WuScope system should be acquired first on uncompli-
cated airways before attempting its use on difficult
airways.
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Hemodynamic Instability and Delayed Emergence from
General Anesthesia Associated with Inadvertent Intrathecal

Baclofen Overdose
Michael A. Lyew, M.D.,* Christina Mondy, M.S., C.R.N.A.,† Susan Eagle, M.D.,‡ Sandra E. Chernich, P.A.§

MUSCLE spasticity is a feature of cerebral palsy that is
due to simultaneous contraction of agonist and antago-
nist muscle groups. Descending inhibitory interneurons
are affected, causing an excess of excitatory neurotrans-
mitters and inadequate release of �-aminobutyric acid
(GABA) in the spinal cord. Overstimulation of � motor
neurons results in these contractions. Baclofen (Novartis
Pharma AG, Basel, Switzerland) acts as an agonist at the

GABAb receptors in the dorsal horn of the spinal cord
and reduces the tone and pain associated with muscle
spasms.1 Intrathecal administration of the drug reduces
spasticity at lower doses than are needed orally and with
fewer side effects. These side effects include bradycardia
and hypotension during general anesthesia and delayed
arousal after surgery, all of which have been reported in
patients who were taking oral baclofen preoperatively.2,3

We describe a case in which these features occurred in
association with the intrathecal administration of baclofen.

Case Report

A 9-yr-old, 19.4-kg child with cerebral palsy was admitted with a
history of fluid accumulation over a SynchroMed® (Medtronic, Minne-
apolis, MN) baclofen infusion pump. The pump had been subfascially
implanted 3 yr prior to this event. The catheter entered the intrathecal
space in the lumbar region, and its tip was located in the mid to upper
thoracic region. An abdominal roentgenogram showed a fracture of the
catheter at its hub connection to the port of the pump. The patient was
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alert, with a history of increased muscle spasms. His other medications
included oral ranitidine and transdermal scopolamine for control of
gastroesophageal reflux and nausea. The patient’s blood pressure and
heart rate were 113/85 mmHg and 89 beats/min, respectively. No
premedication was given.

Anesthesia was induced with 100 mg thiopental and 50 �g fentanyl.
Rocuronium, 20 mg, was used to facilitate tracheal intubation. Anes-
thesia was initially maintained with 0.5% isoflurane and 70% nitrous
oxide in oxygen. The pump was programmed to stop infusing baclofen
(2,000 �g/ml) shortly after induction. Over the next 30 min, the
patient’s blood pressure and heart rate were noted to decrease to
55–60/30–40 mmHg and 55 beats/min, respectively, despite discon-
tinuation of the inhalational agent and the onset of surgery. Volume
administration and intravenous glycopyrrolate, 0.1 mg, increased
the heart rate to 100 beats/min and increased the blood pressure to
80/45 mmHg. The oxygen saturation remained at 98–100% throughout
the procedure. The fractured hub connector was removed and re-
placed with a two-piece catheter that was trimmed and spliced to the
existing catheter. Residual baclofen solution and cerebrospinal fluid
was allowed to drain back through the repaired catheter before it was
attached to the pump. The pump was then reprogrammed to deliver a
bolus of 777 �g baclofen (0.3 ml) to prime the catheter and then to
infuse at a rate of 15.6 �g/h. At the end of the procedure, which lasted
1 h, we noticed that the patient was unresponsive despite adequate
reversal of neuromuscular blockade. The pupils were 2 mm in size.
Intravenous naloxone was given in 20-�g increments to a total of
120 �g. Spontaneous ventilation and airway reflexes subsequently
returned. When the patient started to awaken, he was extubated
and transferred to the recovery room, with a blood pressure of
100/70 mmHg, a heart rate of 100 beats/min, and a respiratory rate
of 20 breaths/min.

The patient then became more somnolent in the recovery room,
despite gentle stimulation. His blood pressure and heart rate gradually
decreased to 75/31 mmHg and 59–62 beats/min, respectively, 70 min
after the pump was activated. His respiratory rate was 10 breaths/min,
and his oxygen saturation, as measured by pulse oximetry, was 100%
on 30% inhaled oxygen. Venous blood glucose concentration was
90 mg/dl. No improvement in consciousness level occurred after
administration of 5 g dextrose or after further administration of nalox-
one. The pupils were midsized. Volume administration and atropine,
0.3 mg, increased the heart rate to 80–90 beats/min and increased the
blood pressure to 80/40 mmHg. At this time, it was realized that the
administered bolus dose of baclofen may have been greater than was
necessary to prime the catheter. The pump was turned off, and the
patient, still unconscious but breathing at 15–20 breaths/min, was
admitted overnight to the pediatric intensive care unit for observation.
Two further doses of atropine, 0.3 mg, were given to maintain the
heart rate in the 80–90 beats/min range.

Twelve hours after the bolus dose was given, the patient began to
awaken. The intrathecal baclofen infusion was resumed at a rate of
375 �g/24 h. However, the patient again became unconscious 4 h after
starting at this rate, so the infusion was stopped again. When con-
sciousness returned, the infusion was started at 99.8 �g/24 h, with no
further recurrence of coma. The patient’s blood pressure and heart
rate returned to baseline values. A subsequent increase in the infusion
rate to 150 �g/24 h also did not affect consciousness. The patient was
discharged in stable condition at a final rate of 250 �g/24 h on the third
postoperative day.

Discussion

There are two major indications for the use of intra-
thecal baclofen in patients with cerebral palsy. The first
is to improve the ability of patients with spastic diplegia
or quadriplegia to ambulate with or without external

aids. The second indication is a reduction of tone in
nonambulatory patients with severe spasticity to expe-
dite their nursing care.4 At a preoperative screening trial,
bolus doses of 25–100 �g of the drug are given intrathe-
cally to assess their effect on muscle tone (Ashworth
scale). The pump is later implanted if an improvement in
tone is demonstrated. The pump is programmed with an
external computer to deliver a bolus of drug, which fills
the dead space of the pump and the intrathecal catheter,
and then to provide a continuous infusion at a predeter-
mined daily dosage. The priming bolus is calculated from
the drug concentration, the internal pump tubing vol-
ume, and the implanted catheter volume, which is de-
pendent on its length. The daily dosage is adjusted peri-
odically to achieve the most optimal effect on tone. This
dosage is not related to age or weight.5 A large variation
in dose, ranging from 22 to 869 �g/24 h, has been
reported.4

Intrathecal infusion of baclofen results in much higher
concentrations of the drug in cerebrospinal fluid than
are achieved with oral administration; thus, there is a
greater reduction in spastic tone and a lower incidence
of cerebral side effects.6 When the intrathecal catheter
tip is located in a midthoracic rather than a lower tho-
racic position, there is a greater improvement in upper
extremity tone, without a decrease in the drug’s effect
on lower extremity tone, in children with quadriparetic
spasticity. The midthoracic position also allows a reduc-
tion in daily dosages to achieve this effect because of the
more even distribution of the drug in the cervical and
lumbar cerebrospinal fluid.7 Intrathecal baclofen has a
half-life of 5 h and a clearance rate of 30 ml/h when it is
given either as a bolus or as an infusion.4

The anesthetic agents potentiated the central nervous
system effects of baclofen to cause hypotension and
bradycardia during surgery. In awake patients, baclofen
does not have pronounced cardiovascular effects, al-
though a mild hypotensive action occasionally is seen.8

In anesthetized animals, GABA and drugs that stimulate
GABA receptors cause a decrease in arterial pressure and
heart rate.9 Baclofen, which acts in part by stimulating
central nervous system GABA receptors, may be syner-
gistic with general anesthetics that potentiate GABA ac-
tion on synaptic transmission. The result is a reduction in
sympathetic outflow to the vasculature and to the
heart.10 The effect may be augmented by fentanyl,
which stimulates central vagal nuclei.11 In addition, in-
trathecal baclofen is antinociceptive in several animal
models.12 GABAb agonists may regulate the excitability
of the primary afferent terminal in the dorsal gray matter
of the spinal cord by reducing the release of transmitters
from these terminals and by causing postsynaptic hyper-
polarization. Spinal baclofen produces a dose-dependent
inhibition of the C fiber–evoked activity in dorsal wide–
dynamic range neurons.13 In contrast to animal studies,
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a comparable analgesic effect of intrathecal baclofen has
not, however, been consistently reported in humans.14

The effect of the baclofen bolus dose was superim-
posed on the increased sensitivity to anesthetic agents to
cause unconsciousness to persist in the postoperative
period. Bolus administration is more likely than infusion
of the intrathecal drug to be associated with adverse
events, such as sedation, bradycardia, hypotension, and
respiratory depression. The side effects depend on the
degree of the overdose, which determines the amount of
drug that reaches and affects supraspinal receptors.15

Bolus administration at the upper to midthoracic level
may cause earlier supraspinal diffusion and effects of the
drug. In contrast to slow infusion, the initial drug distri-
bution is influenced by the drug volume and density
during bolus injection.16 The density of the 2,000-�g/ml
baclofen solution was determined to be 1.003 g/ml at
24°C. The value is similar to that previously obtained
for the 500-�g/ml solution at the same temperature.17

The specific gravity of the latter solution at 37°C was
reported to be 0.9996. The specific gravity of the
2,000-�g/ml solution is likely to be similar at body tem-
perature. Thus, the solution, which is made up in normal
saline, is isobaric or slightly hypobaric in relation to
cerebrospinal fluid. The subsequent distribution of the
drug is determined by its hydrophilic nature. Clearance
rates obtained from bolus and infusion studies are simi-
lar, indicating that baclofen is cleared by rostral bulk
flow of cerebrospinal fluid.4

Overdoses are more likely to be caused by human
error in the programming or refill procedure than by
pump malfunction.1 The use of a high-concentration
solution causes an overdose to occur easily because of
the small priming volume. In our case, the calculated
priming bolus was appropriate to fill the dead space of
the pump and the catheter. As the pump was undis-
turbed, its dead space was already filled with baclofen,
so that a smaller dose (0.1–0.15 ml) was needed to fill
the catheter. Thus, about 0.2 ml (400 �g) was adminis-
tered by bolus into the spinal fluid. Alternative factors
that cause delayed awakening after general anesthesia,
such as other medications, metabolic disturbances, and
neurologic injury, were excluded.3 Naloxone was given
to fully reverse the sedative and respiratory depressant
effects of fentanyl. Blood glucose and electrolyte con-
centrations were normal. Systemic uptake and redistri-
bution to the brain were considered unlikely causes of
early postoperative coma, although plasma baclofen con-
centrations were not measured. Systemic absorption of
the high-concentration drug would most likely have oc-
curred from the fluid pocket around the pump during
surgery, as baclofen administered intrathecally is not
associated with significant concentrations in the sys-
temic circulation.4 The preoperative awake status of the
patient suggests that plasma concentrations resulting
from any absorption were insufficient to affect the con-

sciousness level. The lack of increased spasticity in the
upper extremities in the early postoperative period in-
dicated that there was rostral migration of the bolus dose
to the cervical and supraspinal intrathecal areas, which
was facilitated by the high spinal position of the cathe-
ter. The recurrence of coma, after initiation of the intra-
thecal infusion at the previous rate on the first postop-
erative day, may have indicated increased receptor
sensitivity secondary to the decreased intrathecal ba-
clofen concentrations caused preoperatively by leakage
from the fractured catheter.18 Postoperative reduction in
the infusion rate was therefore required.

Preoperative discontinuation of oral baclofen therapy
has been advised to prevent the occurrence of severe
hemodynamic instability during anesthesia.2 However,
similar discontinuation of intrathecal therapy may cause
an increase in tone and muscle spasms before surgery in
patients with cerebral palsy. Rapid withdrawal of intra-
thecal baclofen after chronic administration also has
been associated with seizures, psychosis, hallucinations,
and visual disturbances.19 Ephedrine, atropine, and
epinephrine all have been reported to be effective in
treating baclofen-induced hypotension and bradycardia
during general anesthesia.2 The emergency protocol,
recommended in the case of an intrathecal baclofen
overdose that causes coma and respiratory depression,
advises maintaining the airway, breathing, and circula-
tion; terminating the pump infusion (if necessary, by
emptying the pump); and administering physostigmine,
0.02 mg/kg, at a rate of no more than 0.5 mg/min. The
dose is repeated at 5–10-min intervals until a therapeutic
effect is obtained or a maximum dose of 2 mg is given.20

The drug was not given in our case. We decided to allow
the patient to recover spontaneously with airway and
circulatory support, as long as spontaneous ventilation
and oxygenation were maintained. Lumbar puncture and
withdrawal of 30–40 ml of cerebrospinal fluid, which
can be assayed to show an abnormally high concentra-
tion, has also been used to reverse unconsciousness.4

In conclusion, intrathecal baclofen overdose should be
considered as a possible cause of hemodynamic instabil-
ity during pump or catheter revision procedures or of
delayed emergence in the postoperative period. In-
creased sensitivity to anesthetic and analgesic agents
warrants caution in the use of these drugs during sur-
gery. Appropriate therapy should be readily available to
treat cardiovascular, neurologic, and respiratory distur-
bances that may occur in association with the intrathecal
medication.
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Selective Lobar Bronchial Blockade following Contralateral
Pneumonectomy

Ju-Mei Ng, F.A.N.Z.C.A.,* Philip M. Hartigan, M.D.†

SINGLE-LUNG isolation is commonly utilized to facilitate
surgical access for various thoracic procedures. In post-
pneumonectomy patients requiring surgery in the re-
maining lung, selective isolation of a lobe may afford
enhanced surgical access and may minimize injury to the
lung tissue during surgical manipulation. We report two
patients who had undergone left pneumonectomy—one
who was scheduled for a partial sternotomy and explo-
ration of a right neck mass, and another who was sched-
uled for right-sided pleurectomy—and the methods used
for selective lobar blockade.

Case Report

Case 1

A 62-yr-old woman (162.5 cm, 44.5 kg) was diagnosed with recur-
rent cervicothoracic sarcoma. She had undergone a left pneumonec-
tomy in 1989, followed by chemotherapy and radiotherapy; sternot-
omy with resection of mediastinal sarcoma in 1996; and distal
pancreatectomy, splenectomy, left hemicolectomy, and left nephrec-
tomy in 2000. She had developed stridor of 1 week’s duration, and
magnetic resonance imaging showed a 5 � 4 � 5 cm mass lying to the
right of the esophagus, displacing and narrowing the trachea to the
left, and 50% of its normal caliber just below the level of the clavicular

heads. The surgeon requested selective right upper lobe collapse to aid
exploration and dissection of the right neck mass. Preoperative pul-
monary function tests showed a forced vital capacity of 1.84 l and a
forced expiratory volume in 1 s (FEV1) of 1.48 l.

After induction of anesthesia, an 8.5-mm ID endotracheal tube (ETT)
was inserted into the trachea without difficulty. Bronchoscopy showed
a short left main bronchial stump, and both the right main bronchus
and the bronchus intermedius were estimated to be 20 mm long.

The single-lumen ETT was removed; a 37-French left-sided double-
lumen tube (DLT; Bronchopart®; Rüsch Inc., Duluth, GA) was inserted
into the trachea during direct laryngoscopy and guided into the bron-
chus intermedius with a fiberoptic bronchoscope. The DLT was ro-
tated 180° in the process. The bronchial orifice of the DLT was
positioned just above the right middle and lower lobe orifices, with the
proximal end of the inflated bronchial cuff at the upper lobe take off.
With both cuffs inflated, the right middle and lower lobes were ven-
tilated through the bronchial lumen, and the right upper lobe was
allowed to collapse. Partial sternotomy was performed, with the inci-
sion extended to the right chest. The right upper lobe was well
deflated, and good surgical access was obtained. Pressure control
ventilation with a fraction of inspired oxygen (FIO2) of 1.0 was utilized
(peak inspiratory pressures kept � 30 cm H2O, with adjustment of
respiratory rate to maintain normocapnia), and oxygen saturation re-
mained at 98–100%. Right neck exploration was performed. Prior to
closure, the right upper lobe was reinflated by ventilating the tracheal
lumen.

Case 2

A 65-yr-old woman (178 cm, 97 kg) had undergone a left extrapleu-
ral pneumonectomy for malignant mesothelioma 20 months earlier.
She developed a recurrent right pleural effusion and underwent right
pleuroscopy. Pleural biopsy showed recurrent malignant mesothelioma.

After induction of anesthesia with easy mask ventilation, direct
laryngoscopy with a Macintosh blade revealed a Cormack and Lehane
Grade 3 larynx. An 8/22-French bronchial blocker (Fogarty Occlusion
Catheter model #62080822F; Baxter Healthcare Corp., Irvine, CA) was
inserted into the trachea, utilizing a 45° bend at its tip, and an 8.5-mm
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ETT was advanced over a fiberoptic bronchoscope and placed along-
side the blocker. The blocker was guided into the bronchus interme-
dius fiberoptically, with its tip at the right middle and lower lobe
orifices.

During stripping of the pleura from the upper lobe, the ETT was
guided into the bronchus intermedius fiberoptically, and the cuff was
inflated to occlude the right upper lobe orifice. Despite incomplete
deflation of the right upper lobe, surgery proceeded easily, utilizing
ventilation with small tidal volumes (300–350 ml) and adjusting the
respiratory rate to maintain adequate minute ventilation. FIO2 was 1.0
throughout. End-tidal carbon dioxide levels were between 38 and
45 mmHg, and oxygen saturation was maintained between 96 and 98%.
The ETT was withdrawn into the trachea during surgery involving the
lower half of the lung. During stripping of the pleura from the lower
lobe and diaphragm, the Fogarty catheter could not be maneuvered
into the right lower lobe bronchus to selectively collapse the lower
lobe. It was therefore removed, and a wire-guided endobronchial
blocker (WEB; Cook Inc., Bloomington, IN), coupled to a broncho-
scope through a guide loop, was advanced until it exited the broncho-
scope and entered the right lower lobe bronchus. Under direct visu-
alization, the balloon was inflated with 6 ml of air to occlude the lower
lobe bronchus. Airway pressures were kept below 30 cm H2O, and
oxygen saturation was maintained between 95 and 98%.

Discussion

The fine balance between providing satisfactory surgi-
cal exposure and maintaining adequate oxygenation is a
challenge in postpneumonectomy patients presenting
for surgery involving the contralateral hemithorax. Se-
lective lobar bronchial blockade offers an attractive so-
lution for targeted surgical access with preservation of
ventilation of as much lung as possible.1 However, not
all postpneumonectomy patients will tolerate selective
lobar bronchial blockade, and alternative solutions in-
clude low–tidal volume ventilation or high-frequency jet
ventilation.2

Selective lobar bronchial blockade can be provided by
endobronchial intubation with a single-lumen tube,
DLTs, bronchial blockers, or a single-lumen endotracheal
tube with an enclosed bronchial blocker (Univent® tube;
Vitaid, New York, NY). The choice depends on the
anatomy of the patient’s tracheobronchial tree, airway
pathology, and the physician’s familiarity with the equip-
ment and planned surgery. Selective lobar bronchial
blocking with a bronchial blocker has been used in
pediatric video-assisted thoracic surgery,3,4 to improve
arterial oxygen saturation during hemorrhage in a pa-
tient who has undergone a previous contralateral lobec-
tomy,5 in the management of bronchopleural fistula,6

and in emergency pulmonary hemorrhage.7 An inten-
tionally malpositioned right-sided DLT has been used to
selectively block the right upper lobe bronchus in life-
threatening hemoptysis.8

The use of a left-sided DLT on the right side has been
used to occlude the right upper lobe orifice in hemor-
rhage9,10 and during bilateral sequential lung transplan-
tation, after transplantation of the right lung.11 This is
the first report of the use of a left-sided DLT on the right

side to selectively occlude the right upper lobe bronchus
during thoracic surgery in a patient who had undergone
a left pneumonectomy.

To collapse the right upper lobe, a DLT was chosen
over a bronchial blocker, as we felt that it might be
difficult to guide the blocker into the right upper lobe
bronchus due to the acute angle of the bronchus to the
right main stem and the risk of dislodgement from this
short upper lobe bronchus during surgical manipulation.
Endobronchial intubation with a single-lumen ETT
would necessitate repositioning if the right upper lobe
needed to be reinflated emergently or at the end of
surgery, and it also will not allow application of contin-
uous positive airway pressure (CPAP) if required. A mal-
positioned right-sided DLT can be used to occlude the
right upper lobe orifice,8 and the upper lobe can be
reinflated by deflating the bronchial cuff, but CPAP can-
not be applied to the right upper lobe.

Although problems with the use of a left-sided DLT on
the right side may arise,11 we did not experience any
difficulty in placing the left-sided DLT into the bronchus
intermedius, and the DLT did not kink in the orophar-
ynx. With the bronchial lumen just above the middle and
lower lobe orifices and the tracheal lumen above the
carina, selective ventilation of the right upper lobe (via
the tracheal lumen) and both the middle and lower lobes
through the bronchial lumen was achievable without
having to reposition the tube. The distance from the
bronchial orifice to the proximal end of the bronchial
cuff of the 37-French DLT (selected according to the
patient’s height) used was 21 mm, and that was ideal in
our patient whose bronchus intermedius was estimated
to be 20 mm long. This method worked well to give
good deflation of the right upper lobe during surgery,
and the lobe reinflated readily before chest closure on
ventilation through the tracheal lumen. If the length of
the bronchus intermedius is shorter than the distance
from the bronchial tip to the proximal end of the bron-
chial cuff in the particular DLT used, the cuff itself
occludes the right upper lobe orifice. Although this may
give good deflation of the right upper lobe, more precise
positioning of this small bronchial cuff may be required,
and, similar to a malpositioned right-sided DLT, CPAP
cannot be applied.

A Fogarty occlusion catheter was utilized in the second
patient primarily for right lower lobe collapse to gain
better surgical access to the diaphragm. Surgery involv-
ing the right upper lobe was assisted by partial collapse
of the right upper lobe, with the single-lumen ETT ad-
vanced into the bronchus intermedius. No attempt was
made to selectively block the right upper lobe orifice
with the catheter due to the reasons previously men-
tioned. Although placement of the Fogarty catheter into
the right lower lobe bronchus was achieved easily,4 we
had problems directing the unguided catheter into the
specific lobar bronchus. We therefore switched to the
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WEB, and placed the blocker in the lower lobe bronchus
without difficulty. Although the upper end of the 3-cm
elliptical balloon was visible above the lower lobe bron-
chus, the seal was tight, and ventilation of the middle
lobe was not impeded.

Compared to the Fogarty occlusion catheter, place-
ment of the WEB into the lower lobe bronchus was easy,
and the multiport adaptor allowed simultaneous ventila-
tion and bronchoscopy while providing an effective seal
and locking device for the catheter. Upon removal of the
guide loop, the lumen of the WEB allows for CPAP when
required, which can be especially important in patients
with limited pulmonary reserve. Maximum contact of
the balloon with the bronchial wall provided a tight seal,
which might not have been as good with the spherical
balloon of the Fogarty catheter.

We have described the methods used to selectively
occlude the right lobar bronchi according to the site of
surgery in order to maintain adequate ventilation in pa-
tients with previous left pneumonectomy. The use of a
left-sided DLT on the right side is presented, and some
practical problems associated with bronchial blocking
devices are discussed.
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Convulsions and Refractory Ventricular Fibrillation after
Intrathecal Injection of a Massive Dose of Tranexamic Acid

Huei-Ming Yeh, M.D.,* Hon-Ping Lau, M.D.,* Pei-Lin Lin, M.D.,* Wei-Zen Sun, M.D.,† Martin S. Mok, M.D.,‡

TRANEXAMIC acid (trans-4-aminomethyl cyclohexane car-
boxylic acid) is a synthetic amino acid commonly used in
treating various kinds of bleeding disorders.1,2 It produces
an antifibrinolytic effect by competitively inhibiting the
activation of plasminogen to plasmin. As a result of this
inhibition, fibrin is not broken down, and this allows the
formation of a more stable clot, thereby reducing the risk of
recurrent bleeding. We report a case of accidental intrathe-
cal administration of a large dose of tranexamic acid with a
fatal outcome despite aggressive resuscitation.

Case Report

The patient was a 49-yr-old, 52-kg woman with rectal adenocarci-
noma who had undergone resection of the colon. She was admitted for

management of sacrococcygeal dysthesia and left sciatica, which had
developed gradually over 3 yr despite several courses of adjuvant
chemotherapy. A bone scan showed local recurrence of tumor in the
lower lumbar spine and in both sacroiliac joints. Neither oral mor-
phine, 300 mg/day, nor intravenous morphine for patient-controlled
analgesia (infusion of 7 mg/h plus bolus dose of 8 mg) provided
sufficient pain relief. After obtaining satisfactory analgesia with a trial
of epidural morphine, we implanted an indwelling intrathecal access
device, with the intrathecal catheter tunneled subcutaneously and
inserted 12 cm into the L3–L4 interspace. The patient had received a
bolus injection of 0.5 mg morphine diluted in 2 ml normal saline
through an angled Huber needle with an extension line twice daily for
3 days. The attached line was used because she could not tolerate
repetitive transcutaneous punctures. The patient also received tranex-
amic acid, 500 mg diluted in 10 ml normal saline, intravenously four
times daily for persistent hematuria; no adverse effect associated with
the tranexamic acid was reported by the patient. By accident, an intern
injected the third dose of tranexamic acid into the line connected to
the intrathecal device. Immediately after the injection, the patient
complained of severe pain in the back and the gluteal region. Her
blood pressure increased to 200/130 mmHg (her baseline blood pres-
sure was 130/80 mmHg). Generalized convulsions developed 2 min
later. The seizure abated after intravenous injection of 10 mg diaze-
pam. However, the patient became pulseless and cyanotic. The resus-
citation team instituted closed-chest cardiac massage and ventilation
through a mask immediately. An electrocardiographic monitor was
attached, and ventricular fibrillation was noted. The patient was
treated with direct-current electrical shocks of 300 J, 360 J, and 360 J
consecutively, which failed to convert the rhythm into sinus rhythm.
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The patient was then intubated and mechanically ventilated. However,
the ventricular fibrillation was refractory to subsequent resuscitation
attempts, including the administration of drugs and more electrical
shocks with continued closed-chest cardiac massage. The drugs used
during the procedure included cumulative doses of 400 mg lidocaine,
8 mg epinephrine, 1 mg atropine, and 300 mg amiodarone. The
ventricular fibrillation persisted despite the resuscitative measures, and
the patient was pronounced dead after 1.5 h of resuscitation attempts.
The patient’s family refused to allow an autopsy to be performed. The
patient did not have any other major systemic diseases other than
rectal cancer. Her chemotherapy did not involve any cardiac-toxic
agents. The patient’s laboratory data on the day before the fatal episode
were as follows: hemoglobin, 12.5 mg/dl; leukocyte count, 7,520/
mm3; glucose, 86 mg/dl; sodium, 134 mEq/l; potassium, 4.5 mEq/l;
calcium, 4.8 mEq/l; chloride, 105 mEq/l; and normal electrocardio-
graphic results, with regular sinus rhythm.

Discussion

Tranexamic acid has a low acute toxicity at therapeu-
tic doses. The lethal oral dose exceeds 3–10 g/kg body
weight in all species studied, and the 50% lethal dose
after intravenous injection is approximately 1–1.5 g/kg
body weight in mice, rats, rabbits, and dogs.3 However,
when applied topically to the cerebral cortex in animal
studies, tranexamic acid produced powerful seizures.4–6

Little is known about the effect of direct intrathecal
administration of tranexamic acid in humans. Wong et
al.7 reported a case of inadvertent intrathecal injection
of 75 mg tranexamic acid in a healthy, 18-yr-old man.
The patient had satisfactory anesthesia with sensory
block level to T10 for a scheduled appendectomy. When
the patient returned to the ward 4 h after the spinal
injection, he experienced persistent motor and sensory
block of both lower extremities, restlessness, and uri-
nary incontinence. He developed clonic convulsions that
progressed to a generalized seizure with hyperthermia of
40.5°C 5.5 h after the injection. His seizure and fever
gradually subsided over the next 5 h after treatment with
intravenous diazepam and diclofenac. He recovered
completely, without any sequelae, the next day. de
Leede-Van der Maarl et al.8 also reported a case of a
68-yr-old man who accidentally received an intrathecal
injection of 50 mg tranexamic acid instead of the in-
tended anesthetics. He developed status epilepticus im-
mediately after administration of the drug, which had to
be treated with midazolam, phenytoin, and thiopental
infusion for 2 days. His medical course was complicated,
with multiorgan dysfunction and hypotonic paresis of all
four extremities, which eventually resolved but resulted
in residual bilateral peroneal palsy. In our case, the
patient reported severe back pain, and convulsions
developed immediately after intrathecal injection of
500 mg tranexamic acid, which was a much larger dose
compared with those in the former two case reports.
The seizure was controlled with prompt administration
of intravenous diazepam. However, the patient quickly
developed ventricular fibrillation, which was not amena-

ble to aggressive resuscitative efforts. It has been re-
ported that intravenous injection with 1 g tranexamic
acid results in a concentration of 5–20 mg/l in the plas-
ma9–11 and 2–5 mg/l in the cerebrospinal fluid.12 Assum-
ing that the drug was thoroughly diluted within the
thecal space containing 500 ml of cerebrospinal fluid,
500 mg tranexamic acid would produce a concentration
of 1,000 mg/l in the cerebrospinal fluid, which is 500
times greater than the therapeutic level (2–5 mg/l).3

Yamamura et al.5 reported that intracisternal injection of
tranexamic acid at a dose of 5 mg/kg in cats causes
seizure activities within 45 to 60 s. In the present case,
the patient received an intrathecal injection of tranex-
amic acid at a dose of 10 mg/kg, which far exceeded
the epileptogenic dose of 5 mg/kg in the report by
Yamamura et al.5 The most disturbing aspect of this case
is the rapid development of ventricular fibrillation de-
spite successful management of the patient’s seizure.
The ventricular fibrillation was refractory to all resusci-
tative efforts.

We do not know the mechanism by which tranexamic
acid induces convulsions or ventricular fibrillation.
One may postulate that very high doses of tranexamic
acid would cause massive sympathetic discharge, as
evidenced by the initial hypertensive response and the
subsequent ventricular arrhythmia in this patient. The con-
comitant administration of 15 mg tetracaine in the case
reported by Wong et al.7 seemed to ameliorate the central
nervous system effects of the 75 mg tranexamic acid when
compared with that reported by de Leede-van der Maarl
et al.8 with 50 mg tranexamic acid.

An intrathecal drug administration system is a well-
accepted method of delivering morphine. On rare occa-
sions, the line attached to the intrathecal access device
could be misused as an intravenous line. Fatal or near-
fatal catastrophes after inadvertent intrathecal injection
of contrast media (amidotrizoate),13 penicillin,14 muscle
relaxants (gallamine triethiodide),15 and chemotherapy
agents (vincristine)16 have been reported. Among the
patients who were successfully resuscitated, the treat-
ments included administration of anticonvulsants, cere-
brospinal fluid lavage, and subsequent intensive moni-
toring.13–16 In the present case, we found that the
convulsions were responsive to benzodiazepine. How-
ever, refractory ventricular fibrillation and subsequent
cardiovascular collapse precluded the possibility of ce-
rebrospinal fluid lavage therapy. To prevent this iatro-
genic complication, we have since begun labeling lines
with different colors so that the intrathecal drug admin-
istration line is clearly identified, and we strongly rec-
ommend taking these precautionary measures.
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Open Chest Tension Pneumothorax during Lung Volume
Reduction Surgery via Sternotomy

Matt Schlossberg, M.D.,* Patrick Ross, M.D., Ph.D.,† Mark A. Gerhardt, M.D., Ph.D.‡

TENSION pneumothorax is a life-threatening emergency
that rapidly results in cardiopulmonary arrest. Although
often associated with trauma or central line placement,
tension pneumothorax can also occur intraoperatively
from positive pressure ventilation or from the surgical
procedure. Although some case reports have described
tension pneumothorax during video-assisted thoraco-
scopic surgery,1,2 we report a tension pneumothorax
that developed while the chest was open following me-
dian sternotomy and entrance into the contralateral pleu-
ral space.

Case Report

A 66-yr-old man (84.5 kg, 170 cm) with severe chronic obstructive
pulmonary disease (COPD) presented for lung volume reduction sur-
gery (LVRS). His past medical history was significant for tobacco abuse
and severe COPD. On physical examination, the patient had conver-
sational dyspnea, clubbing, peripheral cyanosis, and bilateral expira-
tory wheezing in all lung fields. A preoperative chest radiograph
showed a normal-sized heart, increased anteroposterior diameter, and
flattening of the hemidiaphragms. A computed tomography scan
showed evidence of severe emphysema with bilateral upper lobe
predominance. The bullae were the target lesions for the surgical
procedure.3 Preoperative pulmonary function test results are shown in
table 1. The patient’s arterial blood gas data while breathing room air
were as follows: pH, 7.40; PaCO2, 48 mmHg; PaO2, 63 mmHg; bicarbonate,

29 mEq/l; and arterial oxygen saturation, 93%. Right heart catheterization
(table 2) indicated elevated pulmonary artery pressures.

A thoracic epidural catheter was placed at the T6 level using a right
paramedian hanging drop technique without difficulty and was dosed
with 10 ml ropivacaine, 0.5%, in divided doses. The patient had an
uneventful induction, and maintenance anesthesia was achieved with
sevoflurane in oxygen. A 39-French, left-sided, double-lumen endotra-
cheal tube was placed without difficulty, and positioning was con-
firmed via fiberoptic bronchoscopy. Ventilation was provided via
pressure control mode (peak pressure � 30 cm H2O) at a rate of
14 breaths/min. Delivered tidal volumes during left one-lung ventila-
tion were approximately 375 ml, with a set inspiratory to expiratory
ratio of 1:3.5. A central venous catheter was placed without compli-
cation via the right subclavian vein.

A midline sternotomy was performed, and the surgeon opened the
right lung pleura. Approximately 25 min after initiating right pulmo-
nary resection, there was a sudden, significant loss of tidal volume and
rapid (over several seconds) development of pulseless electrical activ-
ity. The patient exhibited profound hypotension (nonpulsatile arterial
line with pressures � 30 mmHg), a sinus rhythm without ST segment
changes, and decreased end-tidal carbon dioxide. Initial treatment
consisted of open cardiac massage and a bolus dose of epinephrine
(250 �g) while determining the cause of the hypotension. Inspection
of the operative field revealed that the left pleura tented (under
pressure) past the midline. Opening of the left pleura was associated
with a rush of air and resolution of the hypotension within seconds.
Following an initial transient sinus tachycardia and hypertension sec-
ondary to the epinephrine, the vital signs returned to baseline, and
surgery continued. There was a continual large air leak from the left
lung. A ruptured bulla of the left upper lobe was noted and excised
with other diseased lung tissue. The patient was extubated at the
conclusion of the procedure. A persistent bronchopleural fistula of the
left upper lobe required reoperation 3 weeks after the initial proce-
dure. The remainder of the perioperative course was unremarkable.

Discussion

A tension pneumothorax may occur when intrapleural
pressure exceeds atmospheric pressure. This usually oc-
curs from pleural injury in which a conduit acts like a
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one-way valve, allowing air to escape into the pleural
space. Expansion of the pneumothorax forces the lung
to collapse, with resultant increasing airway pressures.
Increasing intrathoracic pressure exceeds venous and
cardiac end-diastolic pressures, limiting cardiac filling,
stroke volume, and blood pressure (pulseless electrical
activity). Tension pneumothorax is a medical emergency
and requires immediate decompression. Although case
reports of tension pneumothorax exist in the setting of
thoracotomy and video-assisted thoracoscopic sur-
gery,1,2 there are no published case reports of tension
pneumothorax in a patient with an open chest following
sternotomy.

The differential diagnosis in our case includes pulmo-
nary thromboembolism, venous air embolism, torsion of
the heart or great vessels, compression of the heart by
the surgeon, primary cardiac etiologies (dysrhythmia,
myocardial ischemia), “pulmonary tamponade” resultant
from air trapping, acute right heart failure secondary to
marked pulmonary hypertension, malposition of the
double-lumen endotracheal tube, and iatrogenic pneu-
mothorax from the thoracic epidural or central venous
cannulation procedures. The rapid resolution of the hy-
potension and the rush of air associated with opening of
the left pleura confirm the diagnosis of tension pneumo-
thorax. Iatrogenic causes do not seem likely. The central

line was placed on the contraleteral side. Bilateral der-
matomal anesthesia, low volatile agent requirements in-
traoperatively, and excellent postoperative analgesia
suggest placement of the epidural catheter into the epi-
dural space rather than the pleural space. Malposition of
the double-lumen endotracheal tube can result in baro-
trauma. Fiberoptic bronchoscopy was performed before
and after the development of the pneumothorax and
demonstrated proper positioning of the endotracheal
tube. The most likely cause of the pneumothorax was
rupture of a pulmonary bulla secondary to positive pres-
sure ventilation. Because the left pleura was not yet
opened, a tension pneumothorax ensued.

The LVRS population is selected for severe obstructive
disease and is therefore at high risk for intraoperative
pneumothorax. LVRS has had limited success as a pallia-
tive procedure for severe COPD, with 30-day mortality
rates ranging from 0 to 15%.4–6 Pneumothorax-related
complications accounted for approximately 3% of the
American Society of Anesthesiologists’ closed claims da-
tabase.7 Barotrauma was responsible for 20% of the
pneumothorax cases, with placement of brachial plexus
blocks and central lines comprising the majority of
claims.7 Pneumothorax may occur in 3–5% of mechani-
cally ventilated patients and is life-threatening if a ten-
sion pneumothorax develops. Patients with COPD have
an increased risk of pneumothorax.8 Previous reports of
LVRS via sternotomy did not report intraoperative pneu-
mothorax but did advocate ventilator management of
pressure control ventilation (20–25 cm H2O) with a
prolonged inspiratory to expiratory ratio of 1:4,4 for
example, which was similar to our management. The
prolonged inspiratory to expiratory ratio is critically im-
portant, as air trapping can result in a physiologic pro-
cess that resembles tension pneumothorax.

Early postoperative extubation in LVRS patients de-
creases work of breathing and airway resistance and
increases dynamic compliance.9 Extubation also protects

Table 1. Preoperative Pulmonary Function Test Results

Prebronchodilator Postbronchodilator

Predicted Actual
%

Predicted Actual % Change

FVC (l) 3.89 1.01 26 1.33 32
FEV1 (l) 2.87 0.45 16 .55 22
FEV1/FVC (%) 83.8 44.6 — — —
FEF25–75 (l/s) 3.09 0.15 5 0.20 33
Peak flow (l/s) 8.02 2.86 36 3.22 13
MVV (l/min) 127 37 29 — —
ERV (l) 1.20 0.73 61 — —
Thoracic gas volume (l) 3.46 5.41 156 — —
RV (l) 2.26 4.68 207 — —
TLC (l) 6.61 7.00 106 — —
RV/TLC (%) 34.5 66.9 — — —

Because the patient had emphysematous target lesions on chest computed tomography scan, a carbon monoxide diffusing capacity was not performed.

ERV � expiratory reserve volume; FEF25–75 � midexpiratory (25–75%) forced expiratory flow; FEV1 � forced expiratory volume in 1 s; FVC � forced vital capacity;
MVV � maximum voluntary ventilation; RV � residual volume; TLC � total lung capacity.

Table 2. Preoperative Right Heart Cardiac Catheterization
Results

Right atrium 8 mmHg
Right ventricular outflow 42/8 mmHg
Main pulmonary artery 42/20 mmHg
Pulmonary capillary wedge 11 mmHg
Main pulmonary artery oxygen saturation 69%

Additional preoperative cardiac workup was unremarkable. Electrocardio-
gram demonstrated a normal sinus rhythm and low voltage QRS complexes
consistent with pulmonary disease. A dobutamine–thallium scan showed no
scintigraphic evidence of myocardial ischemia or prior myocardial infarction.
Transthoracic echocardiography showed no significant valvular disease and a
left ventricular ejection fraction of 60%.
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the lungs from prolonged barotrauma and its associated
risks, such as persistent air leaks and pneumothorax. Al-
though the majority of LVRS patients are extubated in the
early postoperative period, approximately 6–10% require
reintubation. This group of patients has significantly higher
morbidity and mortality rates.10 Because the patient de-
scribed here met our extubation criteria, he was extubated
without complication. Many thoracic anesthesiologists feel
that a thoracic epidural block is the most appropriate
method of achieving postoperative analgesia. This is rele-
vant because thoracic epidural catheter placement can re-
sult in pneumothorax if the needle is off midline and enters
the pleural space.11

This is a case of tension pneumothorax during median
sternotomy. A priori, this would seem impossible with
an open chest. However, the human anatomy is charac-
terized by two separate pleural cavities. Anesthesiolo-
gists routinely capitalize on this anatomic arrangement
when using one-lung ventilation. One-lung ventilation
would not be technically feasible without the use of
positive end-expiratory pressure on the dependent lung
if the pleura were contiguous. Furthermore, the pericar-
dium was intact; thus, the heart and great vessels were
exposed to the pressure effects of the two pleural spaces
rather than atmospheric pressure. We believe that the
mechanism was compression and displacement of the
heart, leading to decreased venous return. Normal he-
modynamic parameters were immediately restored fol-
lowing release of the left-sided pneumothorax. The les-

son to be learned from this case is that whenever the
pleural cavity is intact, conditions for the development
of a tension pneumothorax exist and must be considered
in the event of hemodynamic collapse.
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