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Cardiac Arrest after Neuromuscular Blockade Reversal in a Heart
Transplant Infant

Prasert Sawasdiwipachai, M.D.,* Peter C. Laussen, M.B.B.S.,† Francis X. McGowan, M.D.,‡ Leslie Smoot, M.D.,§
Alfonso Casta, M.D.�

ARRHYTHMIAS and conduction abnormalities in heart
transplant recipients can be signs of acute and chronic
rejection, as well as of coronary artery disease.1,2 Here,
we report a 13-month-old, 7.5-kg heart transplant recip-
ient with recent onset of tachypnea, decreased periph-
eral perfusion, and nonsustained ventricular tachycardia
who developed cardiac arrest following administration
of neostigmine and glycopyrrolate after undergoing an
uneventful endomyocardial biopsy during general endo-
tracheal anesthesia to exclude rejection.

Case Report

The patient was born with anomalous origin of the left coronary
artery from the pulmonary artery and underwent a modified Takeu-
chi procedure (intrapulmonary artery baffle with autologous peri-
cardial patch) at age 2 months. She subsequently developed isch-
emic cardiomyopathy secondary to occlusion of the left coronary
artery repair, necessitating orthotopic heart transplantation at age 1
yr. The transplanted heart exhibited normal left ventricular systolic
function, mild left ventricular hypertrophy, and mild restrictive
physiology as evaluated by serial echocardiograms. Cardiac biopsies
were negative for rejection; however, myocellular edema was
present initially, consistent with postpreservation ischemia–reper-
fusion injury of the allograft.

A week before the events that are the subject of this report and
while appearing well, the patient underwent uneventful placement of
a right subclavian Broviac catheter during general endotracheal anes-
thesia. This anesthetic consisted of 50% N2O, 50% O2, fentanyl (3
�g/kg), ketamine (3 mg/kg), cisatracurium (0.5 mg/kg), and isoflurane
(up to 0.5% end-tidal concentrations). She was in sinus rhythm, and her
heart rate varied between 110 and 140 beats/min. Residual neuromus-
cular blockade was reversed with neostigmine (0.08 mg/kg) and gly-
copyrrolate (0.016 mg/kg) infused into a rapidly running peripheral
intravenous catheter over 1 min; during this interval, the heart rate
increased from 110 to 160 beats/min. The trachea was extubated
without any complications.

Approximately 1 week later, she developed nonsustained ventricular
tachycardia. An endomyocardial biopsy was therefore scheduled to
assess for rejection. An echocardiogram performed the day before the
biopsy showed qualitatively good biventricular function. Serum elec-
trolytes, calcium, and magnesium concentrations were all within their
respective normal ranges. However, before the procedure, the patient
was noted to be tachypneic, with evidence of decreased peripheral
perfusion. Her vital signs were as follows: heart rate, 135 beats/min;
respiratory rate, 38 breaths/min; and blood pressure, 90/60 mmHg.
After placing standard noninvasive monitors, anesthesia was induced
with etomidate (0.2 mg/kg), fentanyl (2 �g/kg), and cisatracurium (0.2
mg/kg) and maintained with isoflurane (up to 0.5% end-tidal concen-
tration). The average blood pressure was 90/50 mmHg. She was in
sinus rhythm with a heart rate between 100 and 120 beats/min.
Transvenous endomyocardial biopsies were obtained without compli-
cations. The capillary wedge pressure was 15 mmHg. She was weaned
from anesthesia, and neuromuscular blockade was reversed with
neostigmine (0.07 mg/kg) and glycopyrrolate (0.014 mg/kg) infused
into a rapidly running peripheral intravenous catheter over 1 min.
These were mixed together and administered in the same syringe.
Subsequent event debriefing and case reviews yielded no evidence of
drug administration errors, including incorrect doses or incorrect
drugs. Her heart rhythm progressed from sinus bradycardia to asystole
within 2–3 min, accompanied by circulatory collapse, which was
unresponsive to cardiopulmonary resuscitation (which included exter-
nal chest compressions, repeated epinephrine boluses, calcium glu-
conate, and attempts at direct current cardioversion) and transvenous
ventricular pacing. Ice was placed around the head to induce hypo-
thermia, and fentanyl (25 �g/kg), pancuronium (0.2 mg/kg), and mi-
dazolam (0.2 mg/kg) were administered. Cardiopulmonary resuscita-
tion was continued while the patient was placed on extracorporeal
membrane oxygenation in the cardiac catheterization laboratory.3

Time from onset of cardiac arrest to full flow extracorporeal membrane
oxygenation was 30 min; a percutaneous 6-French long sheath was
positioned across the atrial septum to decompress the left ventricle.
After achieving full extracorporeal membrane oxygenation flow and
with improved coronary perfusion, ventricular function recovered.
The patient was transferred to the cardiac intensive care unit with a
blood pressure of 100/70 mmHg and a heart rate of 45–65 beats/min.

A presumptive diagnosis of humoral rejection was made; thus ste-
roids and intravenous gammaglobulin were administered and plasma-
pheresis was performed. In the cardiac intensive care unit, the pa-
tient’s heart rate was 120 beats/min, and the rhythm was sinus. The
arterial blood pressure was 150/84 mmHg. The patient was started on
milrinone (1 �g � kg�1 � min�1) and sodium nitroprusside (5 �g �

kg�1 � min�1). She was sedated with fentanyl and midazolam. The
initial serum lactate level was 5.8 mM and decreased to 1.4 over the
next 7 h. The biopsy showed grade 0 cellular rejection (i.e., no
cellular rejection; table 1) and changes consistent with humoral
rejection, including coronary capillary endothelial swelling and
disruption, focal areas of microvascular occlusion by thrombus and
leukocytes, and interstitial edema. Serial cardiac ultrasounds dem-
onstrated improvement in ventricular function. Milrinone and so-
dium nitroprusside were weaned off, and extracorporeal membrane
oxygenation was discontinued 3.5 days afterward. No gross neuro-
logic injury was documented, and the trachea was extubated 8 days
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after the arrest. The patient was discharged to the cardiac ward in
satisfactory condition 2 weeks later.

The patient returned for cardiac biopsy 1 month after these events
and appeared well. Cardiac ultrasound showed normal left ventricular
systolic function. The biopsy was performed via the right femoral vein
because of jugular venous obstruction. This procedure was performed
without complications during intravenous sedation with ketamine (1
mg/kg) and morphine (0.1 mg/kg) and caudal anesthesia (1 ml/kg of
0.25% plain bupivacaine). The capillary wedge pressure was 8 mmHg.
Histologic evidence of rejection was not present.

Discussion

In this infant, ventricular tachycardia, clinical deterio-
ration, and elevated cardiac filling pressures (roughly
twice her previous and subsequent values) suggested the
possibility of rejection; features of humoral rejection
were present on endomyocardial biopsy. The develop-
ment of asystole after the administration of neostigmine
and glycopyrrolate in this patient was an unexpected
event because the allograft had been in place for only 1
month, which likely excludes the possibility of parasym-
pathetic reinnervation. It is difficult to discern whether
this event was related to the ongoing rejection process,
the use of neostigmine, or the combination.

Clinical signs and symptoms of rejection are variable,
nonspecific (e.g., tachycardia, malaise, fever), and fre-
quently subtle. As demonstrated at autopsy, the conduc-
tion system, as well as the sinus and atrioventricular
nodes, can be targets for rejection in heart transplant
recipients. Sinus node dysfunction can be a sign of acute
or chronic rejection in this population. Sinus arrest has
occurred in heart transplant patients in the setting of
rejection necessitating artificial pacemaker therapy.4

Other rhythm abnormalities, such as atrial flutter and
fibrillation, conduction block, and ventricular rhythm
disturbances, can also occur.

It has been shown that neostigmine reduces the heart
rate in adult heart transplant recipients without evidence
of rejection and that the magnitude of reduction is less
when compared with patients with native hearts. In
heart transplant patients, slowing of the heart rate after
neostigmine was more pronounced after 6 months post
transplantation than in the first 6 months, indicating
some degree of parasympathetic reinnervation in the

donor heart.5 However, when the heart transplant pa-
tients were given atropine, the heart rate increase in
response to atropine was similar and slower than in the
patients with native hearts, suggesting limited parasym-
pathetic reinnervation of the transplanted heart. Sinus
arrest and asystole have been noted after reversal of
neuromuscular blockade with neostigmine and glycopy-
rrolate in adult heart transplant recipients, with no clin-
ical evidence of rejection years after transplantation.6,7

We postulate that our patient’s conduction system was
involved during the rejection episode. She had devel-
oped nonsustained ventricular tachycardia before the
myocardial biopsy. The heart rhythm and function re-
covered after plasmapheresis, steroids, and immunosup-
pressive therapy.

Currently, at least two broad types of rejection epi-
sodes are recognized after transplantation: cellular and
humoral. The former is characterized by several features
that include primarily activated lymphocytic infiltration
with a resultant local inflammatory process and the de-
velopment of myocyte necrosis (table 1). Current immu-
nosuppression regimens for the most part are targeted to
the T-cell signaling pathways underlying cellular rejec-
tion. However, cellular rejection may account for a sig-
nificantly lower number of rejection episodes accompa-
nied by cardiac functional deterioration than previously
thought.

Humoral rejection is caused by a T-cell response me-
diated by alloantibodies that are mainly directed against
human leukocyte antigen class I and II molecules. A
major risk factor is likely to be increased antigen expo-
sure and allosensitization from events such as previous
surgeries, use of homograft material to repair congenital
heart defects, multiple blood product exposures, and
previous pregnancy8; all but the last of these factors
were present in this patient. The result is an inflamma-
tory process that is primarily mediated by alloantibodies
and activated complement; it is characterized by capil-
lary endothelial swelling and damage, intravascular co-
agulation and macrophage accumulation, interstitial
edema and hemorrhage, pericapillary neutrophil infiltra-
tion, and finally focal ischemia. More advanced immuno-
histologic and immunofluorescence studies can reveal
immunoglobulin (IgA, IgM, and/or IgG) and complement
(C4d, C3d, or C1q) deposition on capillaries and CD68
staining of intracapillary macrophages. There is accumu-
lating evidence that humoral rejection is a significant
cause of “biopsy-negative” rejection episodes that are
potentially significant causes of acute or subacute con-
tractile dysfunction and graft failure, as well as overall
mortality.8–10 Simultaneous histologic evidence for both
cellular and humoral rejection can be found in some
patients.

Contrary to the adult heart transplant experience with
longer-standing allografts developing bradycardia and
asystole after neostigmine in the absence of rejection,

Table 1. Modified International Society for Heart Lung
Transplantation Grading for Heart Transplant Biopsies

Grade 0 No rejection
Grade 1, mild Interstitial and/or perivascular infiltrate with

up to one focus of myocyte damage
Grade 2, moderate Two or more foci of infiltrate with associated

myocyte damage
Grade 3, severe Diffuse infiltrate with multifocal myocyte

damage � edema � hemorrhage �
vasculitis

Modified from Stewart et al.8; with permission.
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our patient’s young allograft developed asystole after
administration of neostigmine and glycopyrrolate in the
setting of probable humoral rejection. We felt comfort-
able reversing the neuromuscular blockade in this pa-
tient given the relatively brief interval since her trans-
plant (i.e., small likelihood of reinnervation) and because
no bradycardia or asystole developed after the use of
neostigmine and glycopyrrolate when she underwent
anesthesia for the Broviac catheter placement a week
earlier. We speculate that she developed the cardiac
manifestations of humoral rejection over this period;
clinically, she did manifest evidence of myocardial dys-
function such as tachypnea and decreased perfusion
(although a contemporaneous echocardiogram showed
“normal” systolic function). It is also tempting to spec-
ulate that the patient’s ventricular tachycardia and en-
hanced sensitivity to cholinesterase inhibition were due
to alloantibodies reactive against epitopes on cardiac
conducting tissue; it is equally possible that these events
were due to local inflammation and ischemia.

If correct, this sequence of events also highlights some
of the perioperative and anesthetic management chal-
lenges posed by these patients. The clinical signs of
rejection can be nonspecific and relatively insensitive.
Echocardiograms are suboptimal for detecting rejection,
particularly during the initial weeks and months after
transplantation, in part because the technique is con-
founded by changes that occur as a consequence of
“normal” recovery from ischemia–reperfusion injury
(e.g., increased myocardial mass and edema) and a rela-
tive insensitivity to diastolic dysfunction (at least using
standard clinical examination techniques); furthermore,
it has been our impression that echocardiographic evi-
dence of systolic dysfunction due to rejection can lag
behind the parenchymal rejection process. Other tech-
niques to detect rejection, including use of expression
microarrays and magnetic resonance methods, remain in
various stages of development. As a result, endomyocar-
dial biopsy remains the accepted standard in most cen-
ters for surveillance and detection of rejection. It is
noteworthy that cellular rejection is typically quite het-
erogeneous, and thus biopsy (which typically obtains
four to seven specimens from right ventricular endocar-
dium only) is potentially a hit-or-miss proposition that
can have a false-negative rate of between approximately
20% and 60%. It is also worth noting that a substantial

number of pediatric transplant recipients require deep
sedation or general anesthesia to tolerate the procedure
(and hence obtain a diagnosis) successfully, and thus
pediatric anesthesiologists are routinely confronted with
providing this care without knowing the rejection or
true functional status of the patient. Overall, this case
points out the need to maintain a high index of suspicion
for the presence of rejection—both cellular and humoral—
and its manifestations in cardiac transplant recipients,
regardless of their clinical findings. With specific refer-
ence to reversal of neuromuscular blockade, it raises the
question of avoiding the use of muscle relaxation in
instances where antagonism of the blockade will be
necessary. Alternatively, using short-acting agents that
permit adequate recovery of neuromuscular junction
function without use of cholinesterase inhibiting agents
or, perhaps in the near future, use of specific combina-
tions of neuromuscular blocking-reversal agents that do
not share this side effect profile (e.g., rocuronium–sug-
ammadex), should be considered.
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Potential Mucosal Injury Related to Continuous Aspiration of
Subglottic Secretion Device

R. Chandler Harvey, M.D.,* Preston Miller, M.D.,† Jonathon A. Lee, M.D.,‡ David L. Bowton, M.D.,§
Drew A. MacGregor, M.D.�

ASPIRATION of oropharyngeal secretions that pool
above the cuff of the endotracheal tube has been one of
many factors implicated in the pathogenesis of ventila-
tor-associated pneumonia.1–3 The advent of continuous
aspiration of subglottic secretion (CASS) devices has
generated interest in their potential to minimize ventila-
tor-associated pneumonia risk, especially when pro-
longed tracheal intubation is anticipated.4–6 However,
despite their potential benefits, there may be adverse
consequences of device use that may only be recognized
as use increases. We report two cases of tracheal injury
that may be attributable to the use of a CASS device.

Case Reports

Case 1

A previously healthy 36-yr-old man was admitted to the trauma
service with multiple orthopedic injuries, splenic laceration, shock,
and hypothermia sustained in a roll-over motor vehicle accident.
Tracheal intubation was completed with a Mallinckrodt Hi-Lo Evac®

(Mallinckrodt, Inc., St. Louis, MO) CASS endotracheal tube (ETT) in
the emergency department. The CASS feature was used according to
the manufacturer’s published guidelines and maintained with regu-
lated low-wall suction (�20 cm H2O, or less) within the intensive
care unit. During a tracheostomy performed on hospital day 35, the
surgeons noted “maceration” of the tracheal mucosa in a linear
distribution adjacent to the tracheostomy site. Subsequent fiberop-
tic evaluation demonstrated a tracheoesophageal fistula, which was
confirmed with a barium swallow esophagram. Endoscopy demon-
strated that the fistula and tracheal injury extended slightly above
where the previous endotracheal tube cuff was in contact with the
mucosa along the posterior aspect of the trachea to the level of the
cricoid cartilage. During surgical correction, the tracheal origin of
the tracheoesophageal fistula was identified at the likely position of
the CASS ETT suction port orifice. The patient was subsequently

weaned from ventilatory support and was discharged to a rehabili-
tation facility after a total of 5 months.

Case 2

A previously healthy 48-yr-old woman was admitted to the trauma
service with inhalational injury and orthopedic injuries sustained from
a second story fall while fleeing a house fire. The patient’s trachea was
intubated with a Mallinckrodt Hi-Lo Evac® ETT secondary to reports of
inhalation thermal injuries. The CASS device was maintained with
regulated low-wall suction (�20 cm H2O, or less) according to manu-
facturer’s guidelines. After multiple failed attempts at weaning me-
chanical ventilatory support, the patient underwent a tracheostomy on
hospital day 22. Extensive tracheal mucosal injury with a fistulous tract
in the posterior wall of the trachea was noted 1.5 cm above the
tracheostomy site extending cephalad an additional 2–3 cm. The sur-
geon felt that the tracheal component of the fistula was above where
the cuff of the endotracheal tube was in contact with the trachea, a
location not generally seen with tracheoesophageal fistula attributed to
endotracheal cuff mucosal injury. Upon further discussion with the
surgeon, the injury was localized to the area underlying the suction
port of the CASS ETT. Definitive repair of the tracheoesophageal fistula
was completed on hospital day 30, and the patient was discharged to
a rehabilitation facility on hospital day 44.

Discussion

Oropharyngeal, laryngeal, and tracheal structures in
contact with an artificial airway are at increased risk for
injury.7–15 It is well established that risk factors for air-
way injury include cuff pressures, ETT diameter, dura-
tion of intubation, and patient movement. Donnelly et
al.12 described tracheal injury in many cases within an
hour of ETT placement, and longer intubations resulted
in broader and deeper ulceration. It is reasonable to
associate tracheal injury and subsequent ulceration ob-
served with artificial airways with increased risk for
development of a fistula connecting the trachea and the
esophagus.

The suction port of the current CASS endotracheal
tube (fig. 1) may add another potential etiology for
tracheal injury. An incidental notation of tracheal muco-
sal injury in sheep at the level of the CASS suction port
was reported by Berra et al.6 during their investigation of
CASS efficacy. Our two cases of tracheoesophageal fis-
tula along with this report prompted us to investigate
the anatomical relation of the suction port in human
patients. Retrospective review of the available computed
tomography (CT) images from our two patients with
tracheoesophageal fistula revealed suction port and mu-
cosal relations that may have been conducive to mucosal
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injury with tracheal mucosa incorporated into the suc-
tion port. To better assess this anatomical relation of the
suction port and laryngeal mucosa, a high-resolution CT
scan of the neck was obtained in a separate patient who
was undergoing pulmonary CT angiography for a sus-
pected pulmonary embolism and who was intubated
with an Evac® ETT (fig. 2). This high-resolution CT scan
demonstrated invagination of the posterior tracheal mu-
cosa into the suction port orifice of the ETT, and asym-
metric inflation of the cuff (figs. 2A and B). Of note in
this patient who did not develop clinically apparent
tracheal injury is the proximity of the invagination of
mucosa into the suction port and the orogastric tube in
the esophagus. This tube–mucosa relation is further il-
lustrated in reconstructed CT images (fig. 3). Similar
invaginations of tracheal mucosa into the suction port of
the ETT were observed in scans from other patients who
had the Evac® ETT (not shown).

In an evaluation of 41 autopsy specimens from patients
with an antemortem artificial airway, Stauffer et al.14

reported mucosal ulceration at the epiglottis in 12%, at
the posterior glottic rim in 51%, and at the level of the
tracheal cuff in 15%. In both of our cases, the site of
mucosal injury was posterior and immediately proximal
to the ETT cuff, extending cephalad up to the cricoid
cartilage. This distribution of mucosal injury, which is
not a commonly reported location for airway injury,
corresponds to the position where the suction port

would have been located. The linear distribution of the
lesions may be attributed to cephalad–caudad displace-
ment of the suction orifice due to endotracheal tube
movement commonly seen with patient positioning
and/or ETT adjustments.

There are a few unique features of the CASS ETT that
distinguish it from other ETT designs. Most importantly,
there is a suction port located in the posterior (dorsal)
aspect of the tube at the proximal attachment of the cuff
membrane (fig. 1). As recommended by the manufacturer,
this port is connected to a regulated suction device not to
exceed �20 mmHg to keep the area above the cuff free
from pooled secretions that migrate down from the oro-
pharynx. The additional structural elements of the CASS
ETT design may further contribute to mucosal injury. To
accommodate the suction conduit lumen, the diameter of
the ETT has been increased slightly, a factor that has been
documented to increase the risk for airway injury.13 In a
case report by Siobal et al.,15 the rigidity of the Hi-Lo Evac®

ETT was suspected to have contributed to mucosal injury
and subsequent development of a tracheoinnominate ar-
tery fistula during the prolonged intubation of a patient
with extensive burn injuries. In their evaluation of the CASS
ETT, they reported significantly greater tube rigidity com-
pared with other ETTs tested. It is conceivable that de-
creased flexibility of an ETT could result in increased pres-
sure at points of contact between the tube and the airway,
and potentially increase the risk of injury to the airway.

The cuff associated with the Hi-Lo Evac® ETT is of the
high-volume, low-pressure type, which seems to be de-
signed to suspend the tracheal mucosa away from the
suction port when the cuff is inflated. What we ob-
served, however, was that the ETT cuff assumed an
asymmetrical shape because of nonuniform volume dis-
tribution (figs. 2C and D). Failure of port orifice suspen-
sion would subject the adjacent mucosa to the applied
suction force. It is likely that the increased rigidity of the
CASS tube places disproportionate pressure along the
dorsal aspect of the tube, contributing to the observed
cuff asymmetry.

The images we present demonstrate mucosal invagina-
tion into the CASS ETT suction port orifice and reveal a
potential design flaw. It is possible that mucosal injury is
sustained by exposure to prolonged suction and/or a
“cheese grater” shearing effect of the suction port orifice
against the mucosa with endotracheal tube movement in
situ. Although the mucosal entrapment within the CASS
suction port visualized on CT imaging does not define
causality of tracheoesophageal fistula, it is reasonable to
identify it as a potential source of mucosal injury. Of
certainty is that the etiology of tracheoesophageal fistula
is multifactorial. We recognize that the risks of tracheo-
esophageal fistula must be weighed against the risks of
ventilator-associated pneumonia and acknowledge that
the Evac® ETT may also be mucosal protective against
chemical injury from laryngopharyngeal reflux pooling

Fig. 1. Picture of continuous aspiration subglottic secretion de-
vice with schematic illustrating unique structural components.
Suction conduit consists of small diameter lumen incorporated
within endotracheal tube posterior wall and opens to trachea at
the suction port just proximal to the endotracheal cuff. Distal
suction plug consists of radiodense plastic that occludes the
suction conduit distal to the suction port, ensuring that suction
force is directed at suction port orifice.
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and bacterial colonization of injured mucosa. It is also
possible that design modifications and/or intermittent
suction protocols16 may lessen the risk for mucosal in-
jury while maintaining ventilator-associated pneumonia
prophylaxis.
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