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Case Presentation
A 47-year-old, healthy female underwent general

anesthesia for shoulder arthroscopy.  Preoperative
blood pressure (BP) was 125/83 mmHg. After pre-
medication with 50 mg of meperidine, 40 mg hydrox-
yzine, and 0.2 mg glycopyrrolate intramuscularly,
anesthesia was induced with 200 mg propofol, 100
mg succinylcholine, and 30 mg lidocaine. Because
she was hypertensive, just prior to induction, 50 mg
of labetalol was given intravenously. Anesthesia was
maintained with 2% isoflurane, 60% nitrous oxide,
and oxygen. The patient was placed in the “barber-
shop” position for the surgery. Twenty minutes into
the case, blood pressure decreased to 100/60 mmHg
and then remained in the 80-90 mmHg systolic range
for the remainder of the case. Oxygen saturation was
100% and end tidal CO2 values were in the 30s
throughout the case. Upon arrival in the post-anes-
thesia care unit (PACU), her blood pressure was
113/60 mmHg but she did not awaken. Naloxone
0.1 mg was given intravenously, but she remained
unresponsive and did not move her extremities.
Another 0.1 mg of naloxone was given 35 min after
arrival in the PACU followed by 3 more doses of
naloxone and 2 doses of physostigmine. During this
time, her trachea remained intubated and she was
well oxygenated. Neurologic evaluation suggested a
diencephalic syndrome, possibly brain infarction.
She was unresponsive to voice commands or painful
stimuli, and reflexes were decreased bilaterally. A
computer axial tomography (CAT) scan of the head
was normal initially, but 5 days later suggested brain
swelling and obliteration of the cistern. Magnetic res-

resistance increase. Under nonanesthetized condi-
tions, these effects are compensated for by an increase
in systemic vascular resistance by up to 50-80%. How-
ever, this autonomic response is blocked by vasodilat-
ing anesthetics, which further exacerbate and
compromise cardiac output. Blood pressure remains
unchanged or increases slightly in nonanesthetized
patients in the sitting position but decreases in the
anesthetized state. Cerebral perfusion pressure (CPP)
decreases by approximately 15% in the sitting position
in non-anesthetized patients and could further
decrease under anesthesia because of vasodilation
and impaired venous return.  Venous return from the
cerebral circulation is usually increased by inspiratory
subatmospheric pressure during spontaneous venti-
lation, but this mechanism is nullified by positive
pressure ventilation. Obstruction of the internal
jugular veins in the sitting position may also impede
cerebral venous drainage, especially with unfavorable
positions of the head and neck, such as flexion of the
head. Pohl and Cullen reported a series of cases in
2005 that documented blood pressure decreases rang-
ing from 28-42%; consequently, hypotension was
thought to be a likely cause of ischemic brain injury.
Given the potential for peripheral vasodilatation and
myocardial depression that can occur in patients who
are anesthetized with potent intravenous and inhala-
tional drugs, the effects of the upright position and
anesthesia synergize.

Cerebral autoregulation has been thought to
maintain cerebral blood flow (CBF) constant
between MAP of 50-150 mmHg.  However, it must
be remembered that in poorly controlled hyperten-
sive patients, autoregulation of CBF is shifted to the
right, requiring higher CPP/MAP to ensure ade-
quate cerebral perfusion. In recent years, Drummond
and others have emphasized that the quoted value of
50 mmHg for the lower limit of autoregulation (LLA)
should be modified upward to reflect a range of
values from 70-93 mmHg with a mean value of 80 ± 8
mmHg rather than the specific number of 50 mmHg.
Some orthopedic surgeons request deliberate
hypotension for shoulder surgery. With the acquies-
cence of the anesthesiologist or the nurse anesthetist,
deliberate hypotension to mean arterial  pressures of
50-60 mmHg eliminates any margin for error in case
blood pressure falls further. In addition, neither the
surgeon nor the anesthesiologist nor the CRNA typi-
cally seems to consider the added effect of the beach
chair position on cerebral perfusion.

See “Perfusion,” Page 27

onance imaging (MRI) 1 week later showed changes
in both cerebral hemispheres suggesting cortical
infarcts, involvement of the anterior and medial tem-
poral lobe bilaterally, no significant edema, and no
significant herniation.  At no time was there any evi-
dence of an intracranial bleed. After 2 weeks, her
Glasgow coma scale was 3; her fundi were clear and
crisp. She had corneal reflexes, a positive gag, and
negative doll’s eyes; she was hyperreflexive with
increased tone and was unresponsive to noxious
stimuli in all 4 extremities. She is expected to remain
in a persistent vegetative state.

Considerations When Using the
Beach Chair Position

The beach chair (barbershop) position was
developed in the 1980s for orthopedic shoulder
arthroscopy procedures. Patients are sat up at
angles varying from 30-90° above the horizontal
plane with appropriate padding and with the head
secured in a headrest. Injuries to the brachial
plexus are reduced compared to the lateral decubi-
tus position, and the surgeon has excellent access to
the shoulder. The position helps the surgeon
because the weight of the arm distracts the shoul-
der joint while avoiding distortion of the intra-
articular anatomy.

However, significant changes can develop when
patients are moved to the upright position. Mean arte-
rial pressure (MAP), central venous pressure (CVP),
pulmonary artery occlusion pressure (PAOP), stroke
volume, cardiac output, and PaO2 all decrease while
the alveolar-arterial oxygen gradient (PAO2-PaO2),
pulmonary vascular resistance, and total peripheral

Beach Chair Position May Decrease Cerebral Perfusion
Catastrophic Outcomes Have Occurred
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Dr. Lorri Lee and Dr. Ann Lofsky have recently
been appointed  consultants to the APSF Executive
Committee. Their experience and expertise will
certainly make them important additions to our
organization.

Lorri A. Lee, MD, received her training in anes-
thesiology at the University of Washington where
she is currently an associate professor in the Depart-
ments of Anesthesiology and Neurological Surgery
(adjunct). As an investigator for the ASA Closed
Claims Project, her research is focused on evaluating
trends and associated factors in anesthesia-related
patient injuries and medical liability. Dr. Lee is
director of the ASA Postoperative Visual Loss Reg-

istry and served on the ASA Perioperative Blind-
ness Advisory Task Force

Ann Lofsky, MD, completed both internal med-
icine and anesthesiology residencies at UCLA
before entering private practice in anesthesiology.
She is currently a partner in the anesthesia group at
Saint John's Hospital in Santa Monica.  For 13 years,
Dr. Lofsky served on the board of directors of The
Doctors Company, a physician-owned medical
malpractice insurer.  In that capacity, she has written
and lectured extensively on risk management and
patient safety concerns for anesthesia providers.
She is now a governor emeritus and anesthesia con-
sultant for The Doctors Company.

Physicians Lee and Lofsky Named
Consultants to Executive Committee

Anesthesia Patient Safety Foundation
is pleased to announce the

APSF/American Society of Anesthesiologists (ASA)
Endowed Research Award

in full support ($150,000) of a grant to
be awarded in October 2007 for initiation in January 2008.

The funds for this named grant will be provided
from the APSF Endowment Fund, which was made possible

by the generous contributions of ASA to APSF over
the last several years.

www.apsf.org

®

Lorri Lee, MD (left), and Ann Lofsky, MD (right), with Dr. Robert Stoelting, president of the APSF.
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pressure. If the beach chair position is combined with
the use of deliberate hypotension, cerebral perfusion
will be severely compromised. An even more exag-
gerated occurrence may develop when the BP cuff
must be placed on the leg because the contralateral
arm is not available for BP measurement, e.g., in a
patient with prior lymph node dissection for breast
cancer. In the beach chair position, the legs are consid-
erably lower than the trunk, therefore the BP differ-
ence between the BP cuff measured on the leg and the
BP in the brain will be even greater than the gradient
between the arm and the brain.  

The following case illustrates this point. A 54-
year-old woman underwent left shoulder replace-
ment surgery in the beach chair position. The patient
had no history of hypertension or myocardial infarc-
tion. Preoperative electrocardiogram, echocardio-
gram, thallium scan, and exercise tolerance test were
normal. The patient received an interscalene block
with 40 ml of 0.5% bupivacaine with epinephrine
(1:200,000). Because of a previous mastectomy, a 20-
gauge intravenous catheter was placed in the right
foot and a noninvasive BP cuff was placed on the calf.
There was no documentation that the calf BP was val-
idated to the left arm BP before the patient was anes-
thetized and the left arm became unavailable. No
arterial catheter was placed although deliberate
hypotension was used. Anesthesia was induced with
100 mg propofol, 250 mg sodium pentothal, 50 mg
rocuronium, and 250 mcg fentanyl. Anesthesia was
maintained with 3.5% sevoflurane and 67% nitrous
oxide in oxygen. Nitroglycerin, 50 mcg times 3 doses,
and labetalol, 5 mg times 4 doses, were used to pro-
duce deliberate hypotension. One hour after induc-
tion, her systolic BP was between 85-100 mmHg. Two
hours later, her BP was 70/40 mmHg and then
remained around 90/60 mmHg for the next 40 min,
when it decreased to 50/25 and was treated with
phenylephrine. Electrocardiography showed sinus
rhythm throughout, oxygen saturations were always
high, and end-tidal CO2 was in the high 20s for most of
the case.  In the PACU, emergence was delayed, and
she did not breathe spontaneously. A radial artery
catheter was finally placed while she was in the
PACU, and BPs were normal. Apnea persisted and her
pupils were fixed and dilated. Blood gas analysis on
controlled ventilation showed a PaO2 of 236 mmHg,
PaCO2 of 35 mmHg, and pH of 7.4, with glucose of 92
mg/dl. Neurologic evaluation revealed brain death
with no CBF, flat electroencephalogram, no reflexes,
no response to pain, and no lesions on the CAT scan.
At autopsy the upper spinal cord and medulla were
infarcted. The anesthesia equipment tested normal. In
this case, not only was deliberate hypotension used to
very low values, but BP was measured in the leg while
the patient was in the sitting position. One can only
imagine how low the BP was in the brain when BP in
the leg was 70/40 or 90/60.

In addition to avoiding deliberate hypotension,
one must be extremely vigilant and treat aggressively
the unexpected hypotension that often occurs during
anesthesia in the beach chair position for the reasons
enumerated above. These treatments are well known
to all anesthesia providers and include careful control
of the inhalation anesthetic concentration, adequate
and timely fluid administration, and vasopressor infu-

sion, as needed during the time of the procedure when
the patient is upright and at risk.

Head position is also important because some
degree of head manipulation is required when posi-
tioning the patient in the seated position. Most sur-
geons use a headrest to immobilize the head. Several
studies suggest that CBF can be compromised by
mechanical obstruction and injury to major veins or
arteries. Blood flow reduction in the vertebral artery
caused by extension and rotation or tilt of the head
may result in posterior brain circulation infarcts. 

Finally, hypotension and generalized circulatory
instability can result from gas embolism. This rare
complication has been reported with both air and
carbon dioxide distension of the joint capsule fol-
lowed by pressurized injection of irrigation fluid.
Thus, anesthesiologists and CRNAs should keep the
possibility of venous gas embolism in mind during
shoulder arthroscopy in the sitting position if sudden
cardiovascular collapse occurs.

Summary
Despite its low incidence, intraoperative stroke

associated with shoulder surgery, particularly in
healthy patients at no risk for stroke, is a totally unex-
pected and devastating complication. Patients in the
beach chair position are at risk for an intraoperative
stroke if borderline low BPs, as measured in the arm,
are used without appreciating the effect on CPP and
CBF. Because of the specific physiologic changes asso-
ciated with the sitting position, great care should be
applied when using and interpreting BP cuff mea-
surements in the nonoperative arm or, even more so,
if leg measurements of BP must be used. Blood pres-
sure values <80% of preoperative resting values
should be treated aggressively to enhance the margin
of safety. Deliberate hypotension must be avoided. A
thorough understanding of the physiologic changes
associated with the upright position, and the physical
effects of gravity on BP in the brain is crucial to pre-
vent catastrophic neurologic outcome during shoul-
der surgery in the sitting position.

Dr. Cullen is formerly Chair of the Department of
Anesthesia and Pain Medicine, Caritas St. Elizabeth’s
Medical Center and former Professor of Anesthesiology at
Tufts University School of Medicine in Boston, MA. 

Dr. Kirby is an Emeritus Professor of Anesthesiology
at the University of Florida College of Medicine in
Gainesville.
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In the upright position, MAP at the brain is very
different when compared to the site at which the BP is
actually measured, usually the arm. Unfortunately this
difference may be overlooked. In the supine position,
BP measured in the arm and BP perfusing the brain
are essentially the same. However, if the patient is
upright in the beachchair position, BP will be less in
the brain than at the heart or arm. The BP difference
will be equal to the hydrostatic pressure gradient
between the heart/arm and the brain. For example,
suppose the BP at the heart/arm is 120/80 mmHg,
(MAP 93 mmHg). If the height of the external auditory
meatus (representing the base of the brain) is 20 cm
above the heart, the difference in BP at the heart com-
pared to the brain will be 15 mmHg. Thus, the BP at
the base of the brain will be 105/65 mmHg (MAP 78
mmHg). Most patients undergoing relatively straight-
forward procedures such as shoulder arthroscopy or
even open shoulder surgery do not have intra-arterial
BP monitoring available. Therefore, they do not have
a transducer placed at the level of the external auditory
meatus to monitor BP at the base of the brain. Instead,
it is up to the anesthesiologist and/or nurse anesthetist
to correct the BP readings at the arm to account for the
height of the brain above the arm. Even accounting for
the hydrostatic gradient between the external auditory
meatus (base of brain) and the arm does not take into
account the added distance from the base of the brain,
at the Circle of Willis, to the most cephalic portion of
the cerebral cortex, an additional distance of 10-12 cm
(depending on the patient’s height), which represents
a further gradient of about 9 mmHg.

The case presented at the beginning of this article
suggests that the gradient between the arm and brain
was not appreciated. Blood pressure was measured at
the arm with a non-invasive cuff, but was not
adjusted upward to maintain an adequate MAP at the
level of the brain during the procedure.  Systolic BPs
of 80-100 mmHg probably corresponded to MAPs of
50-80 mmHg, but in the beach chair or upright posi-
tion, MAP at the base of the brain was probably 15-
20 mmHg lower, and at the top of the cerebral cortex,
another 9 mmHg lower. It is reasonable to estimate a
MAP of 30-40 mmHg at the cerebral cortex and a little
higher at the brainstem. CAT scan on the fifth postop-
erative day showed brain swelling and obliteration of
the cistern. MRI 1 week later showed cortical infarcts
in both cerebral hemispheres and no intracranial
bleed. The injury was consistent with the hypoperfu-
sion that occurred intraoperatively.    

Estimates of the MAP at the head can be made once
the patient is in the beach chair position. The critical
variable is the vertical distance between the external
auditory meatus and the BP cuff. Once that distance is
known, it should be converted to a hydrostatic pressure
gradient that then must be incorporated into BP man-
agement during the procedure.

To quantitate the hydrostatic gradient, there is a
0.77 mmHg decrease for every centimeter gradient
(1 mmHg for each 1.25 cm). In general, the approxi-
mate distance between the brain and the site of the BP
cuff on the arm in the seated position will be 10-30 cm
depending on the angle of the sitting position and the
height of the patient; hence the brain MAP will be 8-24
mmHg lower than the measured mean brachial artery

Consider Correction for Cuff Location
“Perfusion,” From Page 25
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See “Arrest,” Next Page

by Ann S. Lofsky, MD

Anesthesia-related maternal arrest is a feared
complication that places the lives of both mother and
baby at risk. Literature reviews on the subject have
been traditionally hampered by a lack of specifics
regarding the care provided and the aging of data by
the time it could be collected and analyzed. Valid
concerns about the privacy of stricken families, the
confidentiality of the healthcare providers involved,
and liability risks have likely acted together to pre-
vent the wider dissemination of case specifics in an
open forum. 

Despite recent advances and changing practice
patterns in obstetrical anesthesia, malpractice claim
reviews indicate that maternal arrest on labor and
delivery continues to result in major morbidity and
mortality. The Doctors Company recently reviewed
22 anesthesiology claims that were filed after mater-
nal arrests on labor and delivery wards between 1998
and 2006. Anesthesia care was analyzed at the time of
initial medical record review from both Standard of
Care and patient safety viewpoints. Characteristics of
these claims and expert reviewer comments regard-
ing suggested practice changes that might possibly
have avoided the arrests or improved the outcomes
are presented here with an aim toward improving
maternal safety.

Overall Outcome
The mothers, aged 17 to 41, suffered the most

severe complications post-arrest. Ten out of the 22
died, including 3 who were declared brain dead and
removed from ventilators. Eleven suffered degrees of
anoxic brain damage, ranging from minimal to severe,
but with neurological deficits deemed to be perma-
nent at the time of final claim resolution. Only 1
mother out of the 22 had no apparent residuals post-
arrest and was suing primarily for emotional distress.

Surprisingly, the infant outcome in these cases
appeared quite different. In all cases where informa-
tion was available, infants (or children) had been eval-
uated as developmentally normal at the time of final
medical records review. This was true even for the
babies born with low Apgar scores, and included not
only the 10 babies delivered prior to the maternal
arrests, but also the 12 born after their mothers had
sustained significant periods of circulatory and/or
respiratory arrest. 

This disparity suggests that the fetus may well be
more resistant to periods of hypoxia and hypoten-
sion than is the parturient, and it reaffirms the
importance of the anesthesiologist’s primary focus
being the welfare of the mother. This raises the ques-
tion as to whether maternal resuscitation should ever
be intentionally delayed in order to expedite deliv-
ery of the fetus. 

Respiratory Arrests after
Regional Anesthetics

The most common scenario in this series (13
patients) was a respiratory arrest following epidural
or spinal block. Included in this group were 11
patients who developed unintentionally high neurax-
ial blockade with resultant apnea and 2 patients who
arrested after intravenous sedation was administered
post-cesarean section delivery under spinal anesthe-
sia. None of these patients were attached to a mater-
nal monitor with audible alarms at the time of the
arrest, making delay in response and resuscitation a
frequent reviewer concern. 

Labor Epidurals
There were 8 patients in this series who arrested

in labor rooms following attempted insertion and
dosing of epidural catheters to relieve labor pains. Of
these, 7 had subsequent evidence of unintentional
subarachnoid blocks, either by positive aspiration of
the catheter for cerebrospinal fluid (CSF) (3 patients)
or air in the ventricles on CT scanning (4 patients),
presumably introduced into the CSF during injection
through the needle or catheter. 

All 8 of these arrests occurred within the first 30
minutes of initial catheter placement. In half of the
cases, anesthesia providers were not in the room at
the time, and the arrest was noted first by other
healthcare workers. Reasons given by anesthesia
providers for leaving the room after catheter place-
ment included wanting to chart at the nursing desk,
being called away to place another labor epidural or
to attend to another labor patient’s needs, or needing
to locate drugs or airway equipment. 

In the 1 case in which the mother recovered with-
out obvious neurologic impairment, she was placed
supine immediately by the anesthesiologist on initial
complaint of difficulty breathing and ventilated with
oxygen by Ambu-bag as soon as respirations
appeared inadequate. The obstetrician accomplished
a crash cesarean section within minutes while still in
the labor room, with only a benzodiazepine provided
before incision. Blood pressure was supported with
IV fluid infusion. 

The other 7 cases involved the transfer of a mother
in respiratory and/or circulatory arrest from the labor
room to the operating room for STAT cesarean section
due to fetal distress. In 4 of these cases, there were
documented delays in the ventilation of the mother
for reasons including initial failure to notice maternal
arrest, desire to wait for more optimal intubating con-
ditions in the OR, difficulty locating an Ambu-bag or
airway device, or an anesthesia provider not being in
attendance. The improved outcome in the 1 case
involving immediate resuscitation suggests that the
rapid establishment of adequate ventilation and blood
pressure support might be crucial factors after unin-
tentionally high spinal blockade.

Cesarean Sections 
There were 5 cases of maternal respiratory arrest

following regional anesthesia administered for elec-
tive cesarean-section delivery. These all involved
spinal anesthetics, possibly because this is a preferred
anesthesia choice for purely elective cases. In 2
instances, the mothers received an intravenous ben-
zodiazepine or opioid after delivery; both had also
received spinal opioids. Maternal respiratory arrests
occurred after delivery in these cases, although there
were possible delays in recognition of the arrests. 

In the other 3 cases, the mothers received no
intravenous anesthetics. One mother arrested imme-
diately after the spinal was placed, with suspected
preeclampsia and volume depletion as contributing
factors. The other 2 cases involved apparent high
spinals, with delay in recognition and/or resuscita-
tion also potential problems. 

Contributing Factors 
Morbid obesity, which is known to complicate

regional anesthesia, was documented in 3 out of the
8 labor epidural cases and 1 out of the 5 cesarean
sections. These proportions would appear to be
higher than those present in most labor and deliv-
ery populations and suggest that morbid obesity
may be a significant relative risk factor for maternal
arrest following regional blocks.

Three mothers in this series carried the diagno-
sis of preeclampsia. Two arrested at the time of
induction of anesthesia for cesarean section
(1 spinal, 1 general anesthetic). Reviewers raised
the possibility of relative hypovolemia in these
cases and questioned whether invasive monitoring
might have provided useful additional information.

Arrests after Maternal
Hemorrhage

There were 7 cases involving arrests in mothers
after massive postpartum hemorrhage—3 after
normal spontaneous vaginal deliveries and 4 after
cesarean section births. Predisposing diagnoses,
when available, included placenta accreta, placental
abruption, and traumatic arterial laceration. Know-
ing there had been a maternal arrest due to hemor-
rhage, reviewers attempted to identify ways in which
the treatment might have been optimized, although
it was acknowledged that the size and facilities of the
obstetric units involved were varied.

A frequent reviewer impression was that the
hemorrhage was so excessive by the time it was diag-
nosed, it was extremely difficult for the anesthesia
provider to “catch up” with the continuing blood
loss. Postpartum hemorrhage was not always ini-
tially apparent through vaginal bleeding, as it was
often primarily internal. The initial presentation was
frequently hypotension and/or tachycardia in the

Doctors Company Reviews Maternal Arrests Cases
(Reprinted with permission from The Doctors Company)
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mother, which was usually treated first with intra-
venous crystalloid and pressors. It was not always
clear when continued bleeding should have been
suspected as the cause of the maternal vital sign
instability.

In some instances, delays in transfusing mothers
were related to problems obtaining or transporting
blood products from the blood bank, or to an inabil-
ity to run the blood products through available intra-
venous lines more rapidly. Some cases involved
delays in waiting for crossmatched blood when pos-
sibly O-negative or type-specific blood might have
been available. Reviewers commented that several
patients might have benefited from earlier consider-
ation of additional blood components—including
fresh frozen plasma, platelets, or cryoprecipitate.
Laboratory tests of serial hemoglobin and hemat-
ocrits, coagulation panels, or disseminated intravas-
cular coagulation (DIC) screens were not always
ordered.

Better communication might have facilitated
transfusion in some cases. On retrospective reviews,
potentially improvable delays were identified in
informing blood banks of the need for products, in
calling for additional medical assistance, or in noti-
fying obstetricians that postpartum patients were
hemorrhaging and that surgical intervention (such as
exploration, uterine ligation, or hysterectomy) might
be required. Potentially useful equipment, such as
central line kits or rapid infusion devices, were some-
times available in the facility, but labor and delivery
ward personnel might not have known how or
where to obtain them.

General Anesthesia
Included in these maternal arrest cases were 5

general anesthetics and 17 regional blocks. This
likely reflects an overall shift toward the use of
regional anesthesia in obstetrics. In 3 of the general
anesthetics cases, the arrest followed severe post-
partum hemorrhage. In those cases, the choice of
anesthesia did not likely affect the ultimate outcome
significantly. General anesthesia was chosen in 2
cases for postpartum hysterectomy for patients who
were already severely bleeding. Only 1 general
anesthetic involved a difficult intubation and loss of
the airway—traditionally one of the more feared
complications of emergency cesarean sections.
Interestingly, aspiration of gastric contents, tradi-
tionally listed as a leading cause of death in obstet-
ric anesthesia,1 was not seen in this series of arrests.

Discussion
The physiological changes of pregnancy

undoubtedly contribute to the high incidence of
anoxic brain damage and death cases after maternal
arrests. The size of the full-term uterus decreases
functional residual capacity (FRC) in the mother,

leading to a much more rapid development of
hypoxia during periods of apnea than would be
expected in the woman’s non-pregnant state. The
increased oxygen demand of pregnancy further
shortens the interval of apnea tolerated before arter-
ial desaturation results. Although a pre-oxygenated,
non-pregnant woman may sustain a several-minute
period of apnea without desaturating, that same
patient at 9 months’ gestation breathing room air
might not. 

Maternal circulation is compromised in the
supine position due to compression of the vena cava
and aorta by the uterus, decreasing venous return
and cardiac output. The necessity of placing an
already unstable mother supine, to combat rising
spinal levels, to transport her to the operating room,
or to manage the airway, may further complicate suc-
cessful resuscitation.

Monitoring
Since all respiratory arrests after labor epidurals

in these cases occurred within the first 30 minutes
after catheter insertion, increased monitoring during
this time period would seem a worthwhile consider-
ation. This could be visual—with the anesthesia
provider, nurse, or a designee in the room with the
patient—or through electronic monitoring of pulse
oximetry, capnography, or ventilation, with an alarm
audible to responsible personnel. Some birthing facil-
ities have labor and delivery rooms equipped with
pulse oximeters that read continuously at the nursing
stations, yet that is not currently standard. Many of
the maternal arrests following labor epidurals
occurred on wards in which only fetal monitoring
was transmitted continuously to nurses. The out-
comes in those cases suggest that by the time hypoxia
due to apnea becomes apparent on a fetal tracing, it
might already be too late to prevent anoxic brain
damage in the mother.

In 4 cases of planned labor epidurals, the anes-
thesiologist or CRNA observed symptoms or signs
consistent with unintentional spinal blockade prior
to the arrest (such as positive aspiration for CSF or
maternal complaints of sudden headache or diffi-
culty breathing). Since most labor epidural patients
in this series arrested after unplanned subarachnoid
blocks, patients for whom there are suspicions of
“wet tap” may be at increased risk and might benefit
from closer observation and/or monitoring.

Case reviews suggest that keeping pulse oxime-
ter or end-tidal carbon dioxide monitor alarms in an
audible mode continuously during cesarean sections
is advisable, even after delivery of the newborn. As
of October 2005, the American Society of Anesthesi-
ologists (ASA) standards for basic anesthesia moni-
toring include the statement that whenever pulse
oximeters or capnometers are utilized, the low
threshold alarms should be audible.2

Ventilation
Rapid recognition of maternal respiratory arrest

and restoration of oxygenation and ventilation
should be key goals. Airway devices such as self-
inflating bag/mask systems, oral and nasal airways,
laryngeal mask airways (LMAs), and intubation
equipment should be immediately available if
needed in labor rooms, with all nurses and anesthe-
sia providers acquainted with their location. The
recently revised ASA Practice Guidelines for Obstet-
rical Anesthesia contain more complete lists of poten-
tially useful equipment.3

Because an anesthesia provider may not always
be the first to arrive on the scene, labor and delivery
nurses should also be able to assess the adequacy of
ventilation, establish an airway, and begin ventila-
tion if necessary. Supplemental oxygen should be
available in the labor room and immediately avail-
able in portable tank form, should transportation of
an apneic patient become necessary. Since hypoxia
will likely develop rapidly in a full-term apneic
patient, adequate ventilation and oxygenation of the
mother should ideally be established before trans-
porting her to another location.

Circulation
As with any resuscitation, maternal blood pres-

sure and circulation should be evaluated and sup-
ported, if necessary, with fluids and pressors. CPR
should be started as soon as maternal circulation
appears inadequate. Since aortocaval compression
and an elevated hemidiaphragm can complicate
standard CPR, the American Heart Association sug-
gests displacing the uterus to the left by tilting the
patient, and performing chest compressions higher
on the sternum (slightly above the center).4

Transfusion
Massive hemorrhage on labor and delivery is a

rare occurrence, and as a result, many anesthesia
providers have little or no experience managing it.
Yet, the incidence of major hemorrhage in the obstet-
ric population appears to be increasing over time.
The increased rate of repeat cesarean sections, with
the associated rise in incidence of placenta previa
and placenta accreta, may largely account for this.5
One New York hospital, after experiencing 2 mater-
nal hemorrhage-related deaths, created a multidisci-
plinary patient safety team specifically designed to
handle labor and delivery patients experiencing
major bleeding episodes.5

Their obstetric rapid response team includes
members of the trauma team, as the individuals iden-
tified in that hospital with the most experience in
establishing large-bore intravenous lines and mas-
sive volume and blood replacement. Efforts were
made to identify high-risk patients, who were
advised about auto-donation of blood and type and

Respiratory Arrests After Epidural Occurred Within 30 Minutes

See “Arrest,” Next Page

“Arrest,” From Preceding Page
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screened in advance of delivery. A cell saver blood
scavenging device was used, when necessary, after
the fetus was delivered and after peritoneal lavage.5 

With these and other interventions, that hospital
was able to significantly decrease the number of
maternal deaths, despite an increase in the total
number of cases of major obstetrical hemorrhage.
This suggests that having a pre-planned and coordi-
nated multi-departmental approach to maternal
hemorrhage may well advance patient safety.

Patient Safety
While maternal arrest is, fortunately, a very rare

complication, the above cases are a testament to the
fact that it still can and does occur—even when cur-
rently acceptable anesthesia practices are followed.
Anesthesia providers and labor and delivery staff
should consider planning their own response to a
“worst-case scenario” before it happens to them. A
few questions that those providing obstetrical anes-
thesia may wish to consider:

• If most maternal arrests occur within 30 minutes
of the placement of a regional block, how will
your patient be monitored during that time
period, and who will respond if required?

• If a patient were discovered apneic in a labor and
delivery room, where is all potentially necessary
airway equipment kept? Would you have access
to all the drugs that you might need?

• Are a portable oxygen tank and a bag/mask
immediately available for transferring labor
patients for crash cesarean sections? Would you
need a portable monitor?

• During cesarean sections: As you currently use
them, would a monitor alarm notify you if a
patient developed apnea at any time?

• How would you and your facility handle an unex-
pected massive hemorrhage on the labor and
delivery ward?

• Who is available to help you with a maternal
arrest on labor and delivery, and how would they
be notified if needed?

Every case included here was devastating on
many levels to the patients, families, and healthcare
providers involved. While it is tempting to search for
“mistakes” in each individual scenario, the major
issues identified were rarely unique. It is hoped that
through taking a “systems” approach and focusing
instead on the common factors that these cases share,
similar occurrences might be prevented and mater-
nal safety improved.

Ann Lofsky, MD is currently a partner in the anesthesia
group at Saint John’s Hospital in Santa Monica, CA, and
a governor emeritus and anesthesia consultant for The
Doctors Company.

Plan for Worst-Case Scenario
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by Robert C. Morell, MD

The intravascular injection or excessive absorption
of bupivacaine can lead to cardiac depression, severe
arrhythmias, and/or cardiac arrest, from which resus-
citation may be difficult, prolonged, and even impos-
sible. A past issue of this Newsletter highlighted the
perspective of a patient and her anesthesiologist fol-
lowing a bupivacaine cardiac arrest after a popliteal
nerve block.1 The only reason that the patient survived
to tell her story was the heroic and quick action of the
anesthesiologist and the resuscitation team at utilizing
an available cardiac operating room to institute car-
diopulmonary bypass after conventional resuscita-
tive measures were not successful. A new alternative
therapy appears to exist. This new and important
therapy was emphasized by one of our readers, Dr.
Baumgarten, in a Letter to the Editor in the fall 2006
issue of this Newsletter. Several case reports (includ-
ing recent personal communication) and research
data consistently indicate that the intravenous
administration of intralipid may facilitate and permit
successful resuscitation from bupivacaine cardiotox-
icity where conventional advanced cardiac life sup-
port protocols may fail. Weinberg and colleagues
demonstrated that lipid infusion shifted the dose
response to bupivacaine-induced asystole in rats and
improved survival of dogs from bupivacaine cardiac
toxicity.2,3 As Dr. Baumgarten noted, Dr. Rosenblatt
and colleagues published a case report of a successful
resuscitation using a 20% lipid emulsion (intralipid),
after a bupivacaine-induced cardiac arrest.4

Readers should note that other lipid containing
medications have not demonstrated such efficacy, and

one should be particularly careful not to assume that
propofol would be a safe or effective alternative.
Propofol has negative inotropic properties that may
cause additional cardiac depression in the setting of
bupivacaine-induced cardiac decompensation.5

Along with standard resuscitative drugs, it would
seem wise to insure the rapid availability of intralipid
where regional anesthesia is performed involving the
administration of significant quantities of bupivacaine.
Certainly, further study is warranted to answer a
number of questions including the relationship of
intralipid to local anesthetic toxicity caused by agents
other than bupivacaine, the optimum dose of lipid
emulsion, the potential advantages of lipid infusions
vs. bolus dosing, and the optimal interval for redosing.
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Intralipid Might Save Lives As a
Rescue from Bupivacaine Toxicity
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by Tricia A. Meyer, PharmD

On June 15, 2007, the FDA released a safety alert
concerning reports over the past few months of cases
of fever, chills, and body aches in several clusters of
patients shortly after the administration of propofol.
These new cases involved patients undergoing proce-
dures in gastrointestinal suites. The FDA noted that
the symptoms were similar to those reported when
propofol was first introduced in the US. The postop-
erative infection in these early cases was attributed to
lapses in aseptic technique with risk factors that
included “batch” preparation of propofol syringes for
use throughout the day, reuse of syringes or infusion
pump lines on different patients, use of propofol
syringes prepared more than 24 hours in advance,
transfer of prepared syringes between operating
rooms or facilities, failure to wear gloves during inser-
tion of intravenous catheters, and failure to disinfect
the stoppers of the propofol vials. It was also noted
that 50-ml and 100-ml vials were used as multi-dose
vials. The formulation at that time did not contain
preservatives.

In the most recently reported cases, investigators
also found use of the single-use vials for multiple
patients. To date, tests performed on multiple units of
propofol vials and lots by the FDA have not identified
any units contaminated with bacteria or endotoxins.
Testing of other possible sources such as the lidocaine
coadminsitered with propofol and the instrumenta-
tion sterilization systems have not identified any
potentially causative agents.

Propofol is marketed as Diprivan® and is also
available as a generic disodium edetate. Sodium
metabisulfite or benzyl alcohol is added to the propo-
fol to retard the rate of microbial growth. Even though
the product contains preservatives, microbial growth
is still possible and it is not an antimicrobially pre-
served product under USP standards. The emulsion is
capable of supporting microbial growth in the event
of contamination during administration due to the
level of soybean oil and egg lecithin or egg yolk phos-
pholipids contained in the product.  

Recommendations and considerations by the FDA are:

• Both the vial and prefilled syringe formulation
must be used on only 1 patient.

• Administration must commence immediately after
the vial or syringe has been opened.

• In general anesthesia or procedural sedation:
administration from a single vial or syringe must
be completed within 6 hours of opening.

• In ICU sedation: propofol administered directly
from a vial must be limited to only 1 patient,
must commence immediately on opening the vial

and must be completed within 12 hrs of opening
the vial.

Package Insert Guidelines:
• Strict aseptic technique must always be used

during handling, including hand washing prior to
use.

• Propofol should be visually inspected prior to use
for:

– particulate matter 

– discoloration 

– evidence of separation of the phases of the
emulsion.

• Do not use if contaminated. 

• Prepare for use just prior to administration to each
patient. 

• The vial rubber stopper should be disinfected using
70% isopropyl alcohol.

• Discard unused portions within the required time
limits.

The FDA urges individuals to report adverse
events to the MedWatch Adverse Event Reporting
Program.

Tricia A. Meyer, PharmD, MS, is Director of the
Department of Pharmacy and Assistant Professor, Depart-
ment of Anesthesiology, Scott and White Hospital, Texas
A&M Health Science Center, Temple, TX.
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Cardiology Experts Share Perspective on Stents
Response to Letter to the Editor: Antiplatelet Therapy Should Not Be Stopped

at the studies done on comparing aspirin with
warfarin compared to aspirin with thienopyri-
dine, the warfarin is a big loser. I mean, a 5-fold
increased risk of ST; so in my mind, I’ve extrap-
olated other antithrombin agents to the war-
farin situation . . . .  I tend to lean more in the
camp of the antiplatelet agents. But again, I
would rather just keep the patient on the
aspirin and the clopidogrel because I’m very
concerned about the abrupt stopping of the
antiplatelet agent, and then at the same time
you’re inciting an inflammatory and hyperco-
agulable state by performing surgery.

Discontinuation of dual antiplatelet therapy
with clopidogrel and aspirin does occur
because of cost, perceived risk of bleeding,
patients and physicians unaware of the bene-
fits and time of therapy required, and the dis-
continuation of these drugs by physicians,
dentists, surgeons, or their staff before surgical
procedures. We avoid elective surgery for
more than 1 year after DES, more than 3
months after bare metal stents (BMS), as the
risk of ST in both stent types remains high
during the postoperative period. With more
urgent procedures, if any provider—a physi-
cian, dentist, or surgeon—feels that stopping
the antiplatelet medicines is absolutely neces-
sary, then there should first be a consultation
with the patient’s cardiologist. We have
changed our practice to never allow the dis-
continuation of aspirin within the first year of
a DES, and would probably extend that to
longer duration in stents at high-risk of throm-
bosis. Importantly, clopidogrel should be
restarted as soon as possible. In general, we see
more surgeons willing to operate on dual
antiplatelet therapies, or at least aspirin. If dual
antiplatelet therapy has been discontinued for
whatever reason, aspirin should be restarted
immediately. Non-enteric coated aspirin (4
baby aspirins) may be given, and the patient
should have antiplatelet effects within 2 hours. 

Drug-eluting stents prevent the tissue growth
that causes restenosis and reduce the need for
angioplasty or bypass surgery, but it should be
noted that the reduced tissue growth means the
stent is exposed to blood for a longer time; this
increases the risk of clotting. Dual antiplatelet
therapy is also important in patients receiving
bare metal stents, but the risk of thrombosis in
these procedures remains high for only 1 to
3 months. Consideration should be given to
using a bare metal stent if patients are noncom-
pliant with medications, or cannot afford to
take clopidogrel for the full year, or if they
absolutely cannot postpone an elective surgery.

Following is a summary of additional com-
mentary from Deepak Bhatt, MD, FACC, associate
director at the Cleveland Clinic Foundation and A.
Michael Lincoff, MD, FACC, vice chairman of Car-
diovascular Medicine at the Cleveland Clinic
Foundation.

Although there are no evidence-based data sup-
porting the perioperative use of a short-acting
glycoprotein (GP) IIb/IIIa platelet inhibitor
(“bridging therapy”), there appears to be a role
for this use. There are instances in which the
only option perioperatively is fast-acting par-
enteral antiplatelet inhibition with a GP IIb/IIIa
antagonist. There are patients for whom there is
increased risk of stent thrombosis (ST); for
example, a patient had a complex DES proce-
dure a month ago, and then needed hip surgery
after falling and breaking their hip, and the sur-
geon just absolutely refused to operate. This
patient was brought into the hospital and
started on a short-acting intravenous IIb/IIIa
inhibitor. Though practically speaking it means
bringing these patients in hospital, there are
many patients for whom that extra 4-day hospi-
talization is worth it. One has to balance the
risks and look at the consequences of thrombo-
sis. In those instances, go ahead and proceed
with bridging therapy.5 Another option is can-
grelor, which is being tested in Phase III trials.
An intravenous short-acting ADP receptor
antagonist, cangrelor may conceptually be a
future option in the perioperative period.

We are in agreement with Grines et al.: proce-
dures should only be performed on patients with
DES in institutions where 24-hour interventional car-
diology coverage is present in the event that imme-
diate percutaneous coronary intervention (PCI) is
needed for perioperative ST.6 Almost all case reports
to date have cited ST occurring postoperatively, most
commonly in the Post Anesthesia Care Unit, and
manifesting as a ST-elevation MI (STEMI). Thus, the
importance of having immediate access to a coronary
catheterization laboratory must be emphasized.
McFadden et al. reported ST and STEMI occurring
preoperatively after premature discontinuation of
dual antiplatelet therapy, or aspirin, in cases where
the patient had completed their prescribed course of
clopidogrel.7 Stent thrombosis and its sequelae occur
acutely. Therefore, it would be unlikely that a patient
with ST would be asymptomatic. However, in all
cases, the anesthesiologist (or a member of the anes-
thesia care team) and surgeon should speak with the
patient’s cardiologist in order to reach a consensus as
to what the safest course of treatment may be. We
agree with Dr. Kempen that all patients with coro-
nary stents undergo preoperative screening a week

We thank Dr. Kempen for his letter highlighting
the challenges of caring for patients with coronary
drug-eluting stents (DES). We have discussed some of
his questions and other issues related to perioperative
management of patients with coronary stents with
noted national experts in this area from cardiology.
Below is a synopsis of the perspective of Cindy L.
Grines, MD, FACC, and chair of the 2007
AHA/ACC/SCAI/ACS/ADA Science Advisory
committee report on stent management, with her
permission. 

The purpose of the 2007 AHA/ACC/SCAI/
ACS/ADA Science Advisory was to alert both
patients and healthcare professionals that stent
thrombosis (ST) is a serious medical issue.1 The
guidelines for dual antiplatelet therapy have
been changed to say emphatically that patients
should receive a minimum of 12 months of dual
antiplatelet therapy—and the minimum means,
in many cases—physicians may want to go
even further than that period of time. There are
several patient subsets that would likely bene-
fit much longer than 12 months. These include
patients with acute coronary syndromes, long
stents, multiple stents, overlapping stents, dia-
betes, renal failure, all of which are additional
risk factors for stent thrombosis. In these
patients, indefinite clopidogrel (Plavix®) use
may be recommended. The guidelines were co-
written by the American Heart Association, the
American College of Cardiology, as well as the
American College of Physicians, Surgeons and
Dentistry. The Science Advisory was an attempt
to avoid the premature discontinuation of dual
antiplatelet therapy; providers must realize
stopping antiplatelet therapy in patients with
DES without discussing it with their cardiolo-
gist could result in their patients having a fatal
heart attack. The leading adverse event associ-
ated with early discontinuation of antiplatelet
therapy is ST. Stent thrombosis occurs in up to
29% of patients who discontinue antiplatelet
therapy early. The mortality rate in patients
with ST ranges from 20-45%.1,2 Premature dis-
continuation of dual antiplatelet therapy is the
greatest predictor of ST. In a single-site study of
652 patients treated with sirolumis DES, pre-
mature discontinuation of clopidogrel was
associated with a 30-fold greater risk of ST, with
>25% of patients who discontinued clopidogrel
therapy within the first month suffering ST.1,3 In
a study of 500 patients who received DES after
an acute myocardial infarction (MI), the death
rate over the next 11 months was 7.5% for those
who stopped taking their thienopyridine med-
ication compared with 0.7% in those who had
not stopped therapy.1,4

With regard to antithrombin agents, if you look See “Stents,” Next Page
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phenomenon occurs as a consequence of sympathetic
activation and cytokine release.10,11 Inflammatory
activation from endothelial damage, as in PCI and
surgery, exacerbates the prothrombotic state, making
the patient highly susceptible for thromboembolic
events. Autopsy results have shown this mechanism
is responsible for at least half of all perioperative
infarctions.12,13 Theoretically, apheresis platelets
administered to patients with stents who have serum
levels of clopidogrel and aspirin may not develop
antiplatelet effects to provide adequate protection
from ST for hours to days. Also, activation of the
transfused platelets may occur, further increasing the
risk of ST, MI, and death. Direct and autologous
donation of any blood component is being discour-
aged by blood banks at many institutions, including
our own, because of increased cost and no proven
safety benefit over homologous donation.

The controversy and concern surrounding coro-
nary artery stents, especially in the case of DES, illus-
trate the importance of instituting a multidisciplinary
approach in the care of these patients.  

Lisa Newsome, MD
Roger Royster, MD
Winston-Salem, NC

Richard Prielipp, MD
Minneapolis, MN
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before scheduled surgery to ensure that the appro-
priate care has been coordinated, dual antiplatelet
therapy has been appropriately managed, and all
appropriate parties are involved in this very complex
care.      

Ideally, patients who have clopidogrel and
aspirin discontinued for more than 5 days prior to a
procedure who are asymptomatic should have
aspirin reinstituted for 3-5 days to achieve steady-
state before proceeding with surgery. We have can-
celled a number of cases over the past few months
because of premature discontinuation of dual
antiplatelet therapy. If aspirin has been discontinued
for 3-5 days, we have given 325 mg of non-enteric
coated aspirin, and proceeded with surgery later
that day to allow platelet inhibition to take effect.
Studies have shown that 160 mg of aspirin will
inhibit platelet function.8 The same effect can be
achieved with aspirin 75-81 mg over 3-5 days.   

We also agree with Dr. Grines that aspirin
should never be discontinued in the perioperative
period. However, in cases where the surgeon
absolutely refuses to operate with the patient on
aspirin, then it is imperative that communication
occur between the patient’s cardiologist, surgeon,
and anesthesia provider, and the risks of ST versus
major bleeding be carefully weighed. Again, the risk
of ST is 29%, and the mortality rate from ST ranges
from 20-45%. The surgeon must be made acutely
aware of this when considering whether to operate
while the patient remains on aspirin.  

The use of platelet infusions intraoperatively
should be avoided except in the instance where there
is life-threatening bleeding. There are certain states
(acute MI, unstable angina, trauma, surgery), in
which platelet aggregation and activity are enhanced
even without an increase in platelet counts.9 This

Stents Require a Multidisciplinary Approach
“Stents,” From Preceding Page
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Dear SIRS:

I am a CRNA with 13 years of experience. I never
had a problem with a pulse oximeter until I encoun-
tered the Datex-Ohmeda Cardiocap 5. I was accus-
tomed to a pulse oximeter alarming loudly anytime it
was low or not on the patient. I have had 2 incidences
in the last 2 years where the ECG beeped when the
pulse oximeter was off, such that one might have
thought the pulse oximeter reading was OK when not
facing the monitor. While another patient was under
monitored anesthesia care, the pulse oximeter initially
was working, but ceased to work 3 minutes into the
case. Once again the ECG beeped, but without the
annoyingly loud alarm from the pulse oximeter; there
was a single, short beep about every minute. The
probe was not illuminated and had to be switched.

I think it is very dangerous to allow a monitor not
to alarm if it is not working. I have worked with many
monitors over the course of my career, and feel this is
taking a step backward if the software cannot be
adjusted. I appreciate any information. Thanks.

Kathleen Piotrowski, MSN, CRNA
Cuyahoga Falls, Ohio

In Response:

Thank you for the opportunity to respond. I’ve
reviewed this with our design center in Helsinki, Fin-
land, and have observed the monitor’s behavior in
order to provide the most thorough response. First, I
would like to provide you with my name and contact
information and assure you that you are welcome to
contact me directly at any time.

The Cardiocap/5 monitor is designed with a 3-
tiered approach to alarm logic where advisory alarms
are displayed in white with a single beep, serious alarms
are in yellow and provide 3 beeps, and life-threatening
alarms display in red and give 5 beeps.

In the situation you describe, I believe the monitor
performed according to the specifications. The Car-
diocap/5 monitor, by default, sources the heart rate
automatically looking for ECG, Pleth, or Invasive
Pressure for an available heart rate. When the heart
rate is sourced from the ECG, you will hear the beat
sound also sourced from the ECG, and the heart rate
will be displayed in the same color as the ECG wave-
form and numeric. If the heart rate is sourced from the
Pleth, the beat sound will be sourced from Pleth and
will provide an audible tone different from the ECG
tone. The heart rate will be displayed in the same
color as the Pleth waveform and numeric.

If the current source becomes unavailable, for
example the SpO2 probe falls off the patient’s finger,
the monitor will automatically search for another heart
rate source (either ECG or invasive pressure). When
the monitor switches to another source, ECG for exam-
ple, the tone of the beat sound will change, the
numeric on the display will change to match the color
and value coming from the ECG, and a white advisory
alarm will be displayed noting “SpO2 probe off” or
“No SpO2 pulse,” whichever is applicable. After sev-
eral seconds, the white advisory alarm will escalate to
a yellow serious alarm and provide 3 beeps. The
yellow alarm remains active until it is either acknowl-
edged, or the alarm event is corrected (i.e., probe
returned to the patient’s finger).

Based on the information we have available, I
would speculate that the monitor is performing
according to specifications. I would be more than
happy to discuss this situation further and to engage
our Field Service team to complete a more thorough
investigation of the monitor to test the performance.
Please feel free to contact me at the telephone or email
address listed above.

Best regards,
Gina Petry
Product Manager—Perioperative
GE Healthcare Technologies
Madison, Wisconsin

Editor’s Question:

This sounds like the identical mechanism on our
Datex-Ohmeda S/5 monitoring system, and it has
fooled some of our own clinicians as well. One option
your response did not include is to select the heart
rate source manually, instead of automatically. At
least in the S/5, this would stop the tone, and cause
the clinician to look upwards. Is that possible in the
Cardiocap/5?

Michael A. Olympio, MD

In Response:

You are correct—it should be the same mecha-
nism as your S/5 monitor. The logic is almost identi-
cal throughout the Datex-Ohmeda family of monitors.
You can set the heart rate source manually to Pleth,
for example. This setting cannot be saved as a default,
however. The loss of a pulse from Pleth will result in
the loss of the beat sound and a yellow alarm.

Gina Petry

Michael Olympio, MD, 
Chair of the APSF Committee on Technology
and Co-Founder of the Dear SIRS Initiative.

Dear SIRS refers to the Safety Information
Response System. The purpose of this column is to

allow expeditious communication of technology-

related safety concerns raised by our readers, with

input and responses from manufacturers and indus-

try representatives. This process was developed by

Drs. Michael Olympio, Chair of the Committee on

Technology, and Robert Morell, Editor of this

newsletter. Dr. Olympio is overseeing the column

and coordinating the readers’ inquiries and the

responses from industry. Dear SIRS made its debut

in the Spring 2004 issue.
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Alarm Requires Selection of Heart Rate Source
Dear SIRS

The information in this column is provided for safety-related educational purposes only, and does not constitute medical or legal advice. Individual or group responses
are only commentary, provided for purposes of education or discussion, and are neither statements of advice nor the opinions of APSF. It is not the intention of APSF to
provide specific medical or legal advice or to endorse any specific views or recommendations in response to the inquiries posted. In no event shall APSF be responsible or
liable, directly or indirectly, for any damage or loss caused or alleged to be caused by or in connection with the reliance on any such information.
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gas flow from completely dissipating away from the
patient. There was no CO2 rebreathing under the
drapes as is often seen with disconnects in facial
cases. The discontinuity did cause loss of measured
expired volume and some pressure, which activated
an alarm. The capnograph alarm was not triggered
because the capnogram persisted.

Obviously it was necessary and desirable to replace
the 15 mm connector into the endotracheal tube, and
this was easily accomplished. The unusual placement
of the circumferential plastic drape combined with
spontaneous ventilation created a unique circumstance
that in one way reduced patient danger (fresh gas
remained available), but in other ways increased
danger in that the characteristic disappearance of the
capnogram did not occur with this disconnect.

Anesthesiologists and nurse anesthetists should
have heightened awareness of breathing system
continuity during major facial surgery and of the
potential unusual implications of encasing all the
connections in a wrap of sterile plastic drape.

Gregory Rose, MD
John Eichhorn, MD
Lexington, KY

To the Editor:

Accidental disconnection of components of the
breathing system during general anesthesia with an
endotracheal tube persists as an occasional problem.
It seems more likely in face surgery where the tube is
in the midst of an active surgical field and not accessi-
ble by the anesthesiologist. While the potential for
great danger during controlled ventilation or the
entrainment of room air and/or rebreathing during
spontaneous ventilation still exists, modern electronic
monitoring will almost always sound alarms and
convey information that leads to rapid discovery and
re-connection of the wayward breathing system com-
ponents. We report an unusual case of breathing
system disruption with a misleading presentation in
that the capnogram appeared normal and there was
no gas irregularity.

A 50-year-old female was undergoing a facelift.
After routine anesthesia induction and intubation
with a standard 7.5 mm endotracheal tube, the oper-
ating room (OR) table was turned 180°. The breathing
circuit elbow piece was removed and replaced with a
straight connector between the tube adapter and the
circuit Y-piece. All connections were snugly pushed
together. The patient’s face, neck, endotracheal tube,
and distal breathing circuit were prepped into the

field. A clear plastic 45 × 60 cm Steri-Drape™ 1010
(3M, Minneapolis, MN) was spirally wrapped
around the parts of the endotracheal tube, connector,
sample tubing, and circuit that were in the surgical
field (see photo). 

After approximately 1 hour of surgery, with the
patient on controlled ventilation, desflurane at 1
MAC in 1 L/min oxygen, the reservoir bag of the
Dräger Apollo anesthesia machine was noted to be
completely empty, and, at the same time, the “low
volume” alarm of the machine sounded. The capno-
gram showed a pattern characteristic of spontaneous
breathing, with the waveform returning to baseline
during each breath. There was no decrease in FiO2.
Oxygen flow was increased from 1 L/min to
10 L/min with no filling of the bag or change in the
alarm. Careful inspection revealed that the 15 mm
connector had come out of the end of the endotra-
cheal tube.  The surgeon quickly grasped the enfold-
ing plastic drape and pushed the enclosed connector
back into the endotracheal tube.

Of particular interest in this incident is the fact
that the plastic drape wrapped around both the distal
circuit tubing and the endotracheal tube prevented
significant entrainment of room air and kept the fresh

Case Report

Wrap Delays Detection of Disconnect

APSF Executive
Committee Invites

Collaboration
From time to time the Anesthesia
Patient Safety Foundation recon-
firms its commitment of working
with all who devote their energies
to making anesthesia as safe as
humanly possible. Thus, the Foun-
dation invites collaboration from
all who administer anesthesia, and
all who provide the settings in
which anesthesia is practiced, all
individuals and all organizations
who, through their work, affect the
safety of patients receiving anes-
thesia. All will find us eager to lis-
ten to their suggestions and to
work with them toward the com-
mon goal of safe anesthesia for all
patients.

Photograph of extensive wrapping of tracheal tube and connection, which delayed detection of the disconnect.
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An invited conference sponsored by Cardinal
Health Center for Safety and Clinical Excellence was
held June 7-8 in San Diego, to review and summarize
expert opinion on tight glycemic control (TGC) for
acute hospitalized patients. Speakers included Simon
Finfer, MBBS (Nice-SUGAR trial, Sydney, Australia)
and Philippe Devos, MD (VISEP/Glucontrol trials,
Belgium), with another 45 participants from across the
United States and Canada. Thought leaders repre-
sented the disciplines of anesthesiology, intensive
care, endocrinology, surgery, hospitalist medicine,
medical genetics, nutrition, nursing, pharmacy, bio-
statistics, and healthcare biotechnology.  

The central question, which anchored the confer-
ence, was whether ICU patients benefit most from
“intensive” or “tight” glycemic control (usually
defined as blood glucose in the range of 80-110 mg/dL)
or “tighter” control (typically translated as blood
glucose in the range of 110-150 mg/dL).

In the meantime, conference presentations
yielded these highlights:

• Insulin is the most common drug reported as a
medication error to the U.S. Pharmacopeia.
Moreover, the error harm rate (categories E, F, H,
I) = 9.3%.

• Data from hospitals using “smart” IV pumps doc-
umented a high frequency of averted insulin
dosing errors in addition to high variability in con-
centrations and mixed use of weight-based and
nonweight-based dosing units.

• The landmark ICU study by Dr. Greet Van den
Berghe, Catholic University of Leuven in Belgium,
targeted blood glucose of 80-110 mg/dL in the
treatment group. She noted decreased mortality
and morbidity (less renal failure, surgical wound
infections, blood transfusions, ICU ventilator days,
etc.) in surgical ICU patients.

• Two recent European glucose control studies—
VISEP (488 patients in 17 German Centers) and
GluControl (1,101 randomized patients across 21
ICU units in 7 European countries)—were both
stopped due to unacceptably high rates of hypo-
glycemia and lack of beneficial effect.

• The on-going NICE-Sugar open-label, randomized
stratified study in 25 Australian, 19 Canadian, and
2 American hospitals has a planned enrollment of
7,000 patients! This study will compare 2 target
ranges for blood glucose (81-108 mg/dL vs.
<180 mg/dL).  Conference participants expect this
to be the pivotal outcome investigation—and one
that will likely define the target glucose for future
ICU patients. The study is well on its way to 4,000
enrolled patients.

• Current data are insufficient to mandate TGC for
patients in the operating room. A recent random-
ized study in cardiac surgery patients (Ann Int Med
2007;46:233) found no difference in ICU or hospital
LOS despite TGC throughout the operative period. 

• It is important to note that perioperative hyper-
glycemia occurring in “non-diabetics” may actu-
ally indicate undiagnosed Type II diabetes.
Providers should consider hemoglobin A1c deter-
minations in these patients to direct optimal meta-
bolic management.  

Additional insights based on the collective
experience of participants included

• Prevalence of diabetes is increasing rapidly.

• TGC requires an interdisciplinary team approach,
a culture of safety, and a focus on professional edu-
cation. Moreover, benchmarks to evaluate effec-
tiveness are needed.

• Current “paper” ICU protocols for TGC achieve
target glucose concentrations about 40% of the time.

• Published TGC protocols differ significantly in
insulin dosing recommendations.

• Computerized protocols improve the efficacy to
60%, and have the additional benefit of decreasing
hypoglycemic episodes.

• Bedside glucometers rely on a number of different
chemical reagents, and users should be aware of
potential confounding variables—even including
parameters like hematocrit, PaO2, and so forth.
Interfering substances can generate seriously erro-
neous meter readings.

• Total nursing time for each point-of-care glucose
determination varies from 3.5-9 min (median
time = 4.7 min). The aggregate time and RN work-
load of applying TGC is substantial.

• Current continuous glucose monitors (CGM)
measure glucose in the interstitial fluid, which lags
behind blood concentrations by 3-10 min. Nonethe-

less, CGM appears to facilitate smoother, timelier
titration of insulin infusions, and patients reach
target glucose values more quickly. Coordination
of this technology with a computerized protocol
minimizes the incidence of hypoglycemia.

• Clinical experience suggests minimal risk of a
single episode of hypoglycemia (FBS ≤ 40 mg/dL),
if diagnosed and managed in a timely fashion.

• Transitions from ICUs to Medical/Surgical care
units and from IV to oral feedings are especially
problematic in maintaining TGC.

• Intensive insulin therapy and TGC is cost effective,
but may be population and protocol sensitive.

The optimal glucose threshold for TGC in ICU
patients remains under investigation, and anesthesia
providers debate how these principles should apply to
patients in the operating room.  More data are needed.
An independent APSF poll regarding triggers for ini-
tiation of insulin therapy is also presented below. 

Richard C. Prielipp, MD, MBA, FCCM
Professor and Chair of Anesthesiology 
University of Minnesota
Minneapolis, MN

Carol S. Manchester, MSN, APRN, BC-ADM, CDE
Diabetic Clinical Nurse Specialist
UMMC-Fairview
Minneapolis, MN

Timothy W Vanderveen, PharmD, MS
Vice President 
Cardinal Health Center for Safety and Clinical Excellence
San Diego, CA

Report on the 7th Invited Conference by Cardinal Health

Intensive Insulin Therapy
June 7-8, 2007, Center for Safety and Clinical Excellence, San Diego, CA

110 mg/dl
(6.1 mM)

140 mg/dl
(7.8 mM)

180 mg/dl
(10 mM)

200 mg/dl
(11.1 mM)

240 and above
(13.3 mM)

Acidotic

4.1%

19.7%

26.5%

32.7%

12.9%

4.1%

Upper limit of glucose
that triggers insulin therapy (Percent)

APSF Poll Question:
During general anesthesia in the OR, what is your current upper limit of glucose that triggers

(intravenous bolus or infusion) insulin therapy?

Results of an independent APSF Poll regarding readers’ triggers for initiation of insulin therapy.



APSF NEWSLETTER   Summer 2007 PAGE 38

Numerous questions to the Committee on Technology are individually and quickly answered each quarter by knowledgeable committee
members. Many of those responses would be of value to the general readership, but are not suitable for the Dear SIRS column. Therefore, we
have created this simple column to address the needs of our readership.

The information provided in this column is for safety-related educational purposes only, and does not constitute medical or legal advice. Individual or group responses
are only commentary, provided for purposes of education or discussion, and are neither statements of advice nor the opinions of APSF. It is not the intention of APSF to
provide specific medical or legal advice or to endorse any specific views or recommendations in response to the inquiries posted. In no event shall APSF be responsible or
liable, directly or indirectly, for any damage or loss caused or alleged to be caused by or in connection with the reliance on any such information.

Dear Q&A,

I have always thought that, in a hospital central
gas supply system, the oxygen pipeline should
operate at a slightly higher pressure than the air
and nitrous oxide lines in order to mitigate the
effects of a possible cross connection. I am work-
ing at a new hospital and the pipeline person is
asking for documentation. Is this just an informal
safety measure or is it mandated by code?
Thanks for your help.
Samuel Tirer, MD

Dear Dr. Tirer,

The National Fire Protection Association (NFPA)
99 Standard for Health Care Facilities, 2005 Edi-
tion, states, “Piping systems, with the exception
of nitrogen systems, shall be capable of maintain-
ing 50-55 psig (345-380 kPa gauge) to all outlets at
the maximum flow rate.” Reading the NFPA is
like reading IRS 1040 instructions, so perhaps
there is a qualifier (regarding different oxygen
pressure) somewhere else in the document that I
missed in my scan. But I have never heard of dif-
ferent wall pressure for O2.

I believe there is not a standard driving this, but
a local preference. I have heard of hospitals set-

ting oxygen at the top of the allowable range,
such that if a check valve failed somewhere in the
system, the oxygen would prevent potentially
hypoxic scenarios.

Using the highest pressure for oxygen in a
pipeline system is a very old practice for 2 reasons:  

1) It allows one to certify that day-to-day running
of a mixed pipeline system is “safe” without
using an oxygen analyzer on each outlet. In
many parts of the world this is the routine
safety check. Where gas-mixing devices are
used, as with nitrous/oxygen for analgesia, it
could be part of the basic design.

2) If there is any sort of link between 2 lines,
better that oxygen dilutes the other. I think
you’ll find this rule originates in old British
standard safe practice that preceded people
writing specs.

The APSF Committee on Technology

Dear Dr. Tirer,

The pressure ranges listed in Table 5.1.11 from
NFPA 99-2005 for medical air, oxygen, nitrous
oxide, helium, and carbon dioxide are the same
(50-55 psi). I can find nothing that says one
should be greater than the other to avoid cross

To the Editor:

I would like to respond to Dr. Weinger’s lead
article, published in the 2006-2007 winter issue of the
APSF Newsletter, which discusses the dangers of post-
operative opioids. My particular interest is in regard
to postoperative pain control for the obstructive sleep
apnea (OSA) population. It seems much of the data
we have related to this safety issue are based on the
use of parenteral opioids postoperatively. Specifi-
cally, the article mentions Dr Lofsky’s report on the
effect opioids have on the neural efferent system,
which is said to be responsible for depression of

connections. NFPA 99 also requires stringent
initial testing, and specifies testing that is nec-
essary after working on the system.

There are 2 tests acceptable to NFPA to ini-
tially verify that there are no cross connections
in a system. One is called the Individual Pres-
surization Test, whereby the system being
checked shall be pressurized to 50 psi, while all
other disconnected, atmospheric lines are
simultaneously checked to determine that test
gas is being dispensed only from the
outlets/inlets of the piping system being tested.

What some of your contacts may be referring to
is the other acceptable method, or Pressure Dif-
ferential Test. This test does require that the oxygen
system and the medical air system (and others) be
pressurized and maintained to different, specified psi
(50 psi, 60 psi, respectively for oxygen and
medical air), after which a pressure test is made
at every outlet to check for cross-connections.

NFPA does NOT say that the system needs to
be operated during normal use with those pres-
sures—rather only for the verification test.

Mike Mahan, PE
North Carolina Baptist Hospital
Engineering
Winston-Salem, NC

Letters to the Editor

Are Patients With Obstructive Sleep Apnea Safer at Home?
upper airway patency. The opioid delivery of refer-
ence in this discussion was patient-controlled anal-
gesia (PCA). My questions are 1) Has our specialty
determined the safety of oral opioid-based analgesics
for the ambulatory patient with OSA, and 2) What is
the impact of the provision of parenteral opioids as
part of the general anesthetic or immediate postop-
erative pain relief in the OSA patient being dis-
charged to home? I ask these questions in light of the
fact that there is an alteration in perioperative sleep
that is pronounced in the OSA population and
observed in the 24-hour postoperative period. This
alteration, which is partly due to the exposure to

anesthetics and analgesics, is worsened by the effect
of rapid eye movement (REM) sleep rebound1 and
can create a tenuous postoperative period while the
patient is home unmonitored. 

Drs. Weinger and Morell did provide their per-
sonal suggestion that it is likely safer for OSA
patients to be discharged home on oral analgesics
rather than be admitted and receive parenteral opi-
oids. I can easily agree with this due to all of the
potential life-threatening risks of PCA or intermit-
tently dosed opioids when monitoring is substan-

See “OSA,” Next Page

Pipeline Pressure Primer



APSF NEWSLETTER   Summer 2007 PAGE 39

Innovative Technology and Pharmaceuticals (ITP)
This column is dedicated to providing our readers with information regarding new and innovative technological or phar-
maceutical developments that may directly or indirectly impact patient safety.  By virtue of the unique and long-standing
relationship between the APSF and industry, it is inevitable that we will, from time to time, discuss or review products,
devices, or pharmaceuticals that may be manufacturered, sold, or distributed by corporations or entities that have or con-
tinue to supply financial or in-kind support to the APSF.  We will strive to disclose those relationships as appropriate.

by Joel Saltzman, MD

Establishing vascular access for administration of
medications, or to obtain blood for laboratory tests, is
stressful for the patient and can be stressful for the prac-
titioner; limiting the number of sticks is beneficial to
both. While most practitioners are adept at venipunc-
ture, patients with extremes in age, habitus, co-mor-
bidities, and multiple punctures present a challenge to
even the most experienced. Not uncommonly, the anes-
thesia team is called upon to obtain venous access after
multiple attempts by others in the hospital. By this time,
we may be presented with a patient who is stressed,
potentially dehydrated, sore, and angry, and with con-
cerned family members. A new technology has been
able to “shine a light” on this problem, a green light.

Experienced practitioners have long been able to
access the vascular system provided they can see or feel
the vessel, or to attempt a blind stick based on anatomi-
cal landmarks. Multiple technologies have tried to assist
the practitioner to visualize the target. Ultrasound has
assisted, but requires the use of gels and a significant
learning curve with specialized training. Transillumi-
nation with high-intensity light involves direct patient
contact, elimination of ambient light, and may result in
heating at the site. One infrared device, VeinViewer by
Luminetx, uses near-infrared technology to allow the
practitioner to visualize the vessel without direct con-
tact, gels, heat, or advanced training. This device pro-
jects the image of the vasculature directly onto the
patient’s skin, focusing attention on the patient rather
than the monitor, and allows both hands to be free to
perform the procedure. The practitioner may also visu-
alize arteries as pulsatile structures if they are within the
6-8 mm imaging range of depth.

The near infrared light source is used to differenti-
ate red blood cells from surrounding tissues. The light
is reflected back from the surface tissue, but not reflected

from the blood in the
vessels. The infrared
light photons are
received by a detector
located in the digital
video camera; a com-
puter digitizes these
photons, produces an
image and projects it
onto the patient’s skin.
The image is displayed
in real-time, and veins
appear as a black road map on a green field. The non-ion-
izing energy emitted from the LED light sources is many
magnitudes under previously established safety limits.

Whenever a clinician or an institution considers new
equipment, safety and cost must be part of the equation.
Although the machine is somewhat large, it is self-con-
tained, well-balanced, and relatively easy to move.

This device may help alleviate trips to the operating
room for central venous access—offsetting costs and
risks that may be deferred by placement of a PICC line
or simple peripheral vascular access. Anesthesia, Emer-
gency Room, Radiology, Critical Care, phlebotomists,
PICC teams, and others can all utilize this technology
throughout the hospital. There is also the potential to
update and advance the capabilities of the equipment
with software updates imported into the machine via
the 2 USB ports. In sum, the VeinViewer can potentially
improve patient safety by facilitating intravenous access
as an alternative to central venous cannulation, while
also reducing patient discomfort.

Dr. Saltzman is Chief of Anesthesiology at Le Bonheur
Children’s Medical Center, Memphis, TN.

DISCLOSURES: Luminetx Corporation is a financial
contributor to the APSF. Dr. Saltzman has no financial
relationship to Luminetx.

Letters to the Editor, continued

To the Editor:

I read with amazement the article “Dangers of
Postoperative Opioids” (Vol 21, #4). The article states,
“We advocate the use of continuous monitoring of
oxygenation (generally pulse oximetry) and of venti-
lation in non-ventilated patients receiving PCA, neu-
raxial opioids, or serial doses of parenteral opioids.”
Basically the APSF is instituting a new standard of
care. This would require billions of dollars of equip-
ment that the article acknowledges as being “plagued
by false positive . . . and false negative . . . alarms” and
thousands of new personnel to monitor the equip-
ment and monitors. 

To the Editor:
In the 2006-07 winter issue of the APSF Newslet-

ter, the suggestion was made that pulse oximetry
might be an acceptable monitor to assess and avoid
opioid overdose—providing patients breathe only
room air. We believe that all post-anesthesia care
unit (PACU) patients and those given intravenous
and neuraxial opioids should initially be given sup-
plemental oxygen regardless of the monitor used.
Hypoxia in the postoperative period is often multi-
factorial in nature (residual anesthetics, splinting,
atelectasis, obesity, fluid overload, opioid medica-
tion). Patients can be in pain without significant
respiratory depression, yet still be hypoxic. Supple-
mental oxygen can correct this hypoxia and possi-
bly avoid a catastrophic event. To withhold pain
medication from patients because their room air
saturations are low would only serve to increase
complications relating to the stress response.
Patients on oxygen receiving opioids will usually
have elevated pCO2s; however, mild degrees of
hypercarbia are well tolerated. It would be ideal to
reliably monitor oxygen saturation and expired
CO2 in all patients, but until these monitors become
widely available on the hospital wards, we must
continue to rely on healthcare providers who are
trained to recognize pending opioid toxicity.

Merlin D. Larson, MD
Andrew Itkin, MD
John W. Severinghaus, MD
San Francisco, CA

Post-Op Hypoxia
Multifactorial and
Should Be Treated
With Supplemental
Oxygen

dard, but are there any objective data to substantiate
this anecdotal evidence? As a resident physician, I
am becoming increasingly aware of the growing
ambulatory surgery population as well as an increas-
ing prevalence of OSA as the obesity epidemic con-
tinues.2 I would like to know that as I care for
patients in the ambulatory setting, with either formal
or presumptive clinical diagnosis of OSA, the provi-
sion of perioperative opioids is not placing them at
higher risk for incurring a life-threatening respira-
tory event while recovering at home.

Michelle Lawrence, MD
Chicago, Illinois
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“OSA,” From Preceding Page Reader Has Low Tolerance for Zero Tolerance
I am surprised that the article did not recommend

the abandonment of PCA, neuraxial opioids, or serial
doses of parenteral opioids until perfect monitors
were developed. This would go along with the desire
of the authors to have “zero tolerance” for any respi-
ratory morbidity associated with the use of opioids.

The only people this article helps are malpractice
lawyers who can now ask us, “Doctor, are you not
aware that your own safety foundation recommends
monitoring for EVERY patient receiving opioids?”

Robert F. LaPorta, PhD, MD
Glen Cove, NY

New Feature
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