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Inter-Professional Conference on
Pain Management and Sedation

The sixth invitational conference at the Center for Safety and Clinical
Excellence in San Diego, held November 17-18, 2005, brought together

a distinguished faculty from clinical practice, academia, organizations

and government. Philip J. Schneider, MS, FASHP, Director of the Latiolais
Leadership Program and Clinical Professor at The Ohio State University,
chaired the conference. Nationally recognized experts from different

health professions focused on current issues and opportunities in
postoperative pain management and sedation in intensive care patients.
This document summarizes the information presented on topics related

to pain management and patient-controlled analgesia (PCA) with regard

to assessment, risk factors for opioid-related adverse events, respiratory
monitoring and clinical improvement of the PCA process. A second
document summarizes the information presented on sedation therapy with
regard to safety concerns, criteria for determining best practices, guidelines,
assessment, nursing issues, and new administration and monitoring

technologies that can help improve safety and quality of care.
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6th Invited Conference-Pain Management and PCA: Improving Safety and Quality of Care

EDITORIAL

Tolerance for Ambiguity

Philip J. Schneider, MS, FASHP, Clinical Professor and Director, Latiolais Leadership Program, College of Pharmacy,

Few would argue that these are
times of change, in general, and
within healthcare, in particular. It
would also be a safe assumption that
most people, including healthcare
professionals, are more comfortable
in circumstances that are predictable
and where certainty exists. Most of us
have been drawn to science-based
careers because what we do is based
on facts that have been proven. The
current focus on evidence-based
medicine is a reflection of this. It is
nice to know what to do in a clinical
situation and to know that the deci-

sion is based on scientific proof.

Unfortunately, this is not always
the case in healthcare; uncertainty
often exists. When there is uncer-
tainty about what to do, healthcare
providers are uncomfortable. In fact,
healthcare professionals are not
even comfortable about whether we
can afford to wait for scientific proof
before making healthcare decisions.
This was particularly evident at this
invitational conference during pre-
sentations and discussion on pain
management and the safe use of

patient-controlled analgesia (PCA).
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The Ohio State University, Columbus, OH

It is widely recognized that medica-
tion errors with PCA and adverse
drug events resulting from these
errors are common.'' What is not
widely recognized is how to improve
the safe use of PCA in those patients
for whom it is needed. One of the
goals of this conference was to deter-
mine if consensus could be obtained
about safe practices for the use of
sedation therapy and PCA in the
absence of a solid evidence base
for practice. We did not get very
far. Instead, there was lively discus-
sion about the need for an evidence
base to create a consensus about
safe practices and a mandate for the
adoption of these practices.

Several approaches were offered
to improve the safety of PCA thera-
py. They included avoiding the use
of opiates for analgesia, minimizing
and standardizing the opiate medi-
cations and concentrations for PCA
use, using pain teams, improving
training, and using pulse oximetry
and capnography to monitor patient
response to self-administered anal-
gesia. While all of these strategies

have merit in improving patient safe-

ty, there was no consensus about
which one or more should be man-

dated as a standard of practice.

Ashealthcare continuestochange,
each of us needs to become confi-
dent during times when uncertainty
exists. An important dimension of
the personal characteristics associat-
ed with being able to do this is called
“tolerance for ambiguity.” This refers
to the extent to which individuals are
threatened by or have difficulty cop-
ing with situations that are ambigu-
ous, where change occurs rapidly
or unpredictably, where information
is inadequate or unclear, or where
complexity exists." Sound like your
practice?

How does one improve one's tol-
erance for ambiguity? Persons with a
high tolerance for ambiguity tend to
be more cognitively complex, inter-
pret more cues, and possess more
sense-making categories and pay
attention to more information than
those who do not. Perhaps a good
way to improve your tolerance for
ambiguity is to find ways to become

more comfortable in circumstances



of uncertainty. If PCA and sedation
therapies are part of your practice,
based on the discussion at this con-
ference, these are good places to
start. The presentations given at this
conference will provide you with the

information needed to do this.
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6th Invited Conference-Pain Management and PCA: Improving Safety and Quality of Care

PROCEEDINGS

Pain Management and
Patient-Controlled Analgesia

Julie D. Painter, RN, MSN, OCN, Clinical Nurse Specialist/Adult Nurse Practitioner. Community Health Network, Indianapolis, IN

Key Points

« Pain management has improved in recent years because of an awareness
of how to use analgesics more effectively.

« Standards of care now exist for pain management to guide clinicians in
treating pain more effectively and safely.

« Technology, including the use of patient-controlled-analgesia, has the

potential to further improve pain management.

Over the last 40 years, numerous
developments have improved clini-
cal understanding, available medica-
tions, and patient outcomes related
to pain management. This overview
provides a brief history of such devel-
opments in pain management and
patient-controlled analgesia (PCA), as
well as a brief discussion of current
issues from the perspective of a prac-
ticing clinician.

History of Pain Management

In the 1960s meperidine was the
medication most commonly used to
treat post-operative pain. Aspirin was
the only pain medicine sold with-
out a prescription, and there was a
perception that strong pain medica-
tions such as morphine should be
used only for dying patients. Melzack
and Wall published the Gate Control
Theory of pain.

The hospice movement began in
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the United States in the 1970s, and
Kubler-Ross became well known for
her publications on the stages of
grief and death. Pain management
became a part of healthcare discus-
sions, but still was not a priority. The
major focus of pain management was
on changes in vital signs, and pain
was seen as an experience that could
be measured objectively. Lamaze and
childbirth coaching became stan-
dard, offering yet another approach
to managing pain, i.e., that of labor
and delivery. The National Oncology
Nursing Society was founded in
1975, and the National Hospice
Organization was founded in 1978.
These two organizations began a
movement to improve outcomes in
patient care and to enhance the qual-
ity of life, including the management
of pain.

Advances in the 1980s included
the NIH Consensus Conference on

Pain in 1986, and the development of
the Cancer Pain Initiatives based on
the Wisconsin Pain Initiative Model.
The World Health Organization pub-
lished “Cancer Pain Relief” and the
use of non-steroidal anti-inflamma-
tory agents and PCA came to the
forefront as options for pain relief.
Research studies began to focus on
pain assessment, sedation, the sub-
jective nature and behaviors of pain,
and quality of life.

The 1990s saw comparison stud-
ies of different medications and
routes of administration (e.g., PCA
delivery vs. intramuscular adminis-
tration), and the enhanced quality
of pain relief achieved for patients
who were able to control their own
analgesia. The Agency for Healthcare
Policy and Research (now Agency for
Health Research and Quality, AHRQ)
published clinical practice guidelines
in 1994 and set a national standard
for pain management. Morphine
became the “gold standard” for
pain management, with less use of
meperidine, and sustained-released
opioids were developed. However,
along with clinical advances, there
was a heightened awareness and fear
of addiction and concern about toler-
ance and physiologic dependence.
Media reports about abuse of pain



medications raised fear and doubt
among consumers.

More recently, the release of the
Institute of Medicine report has
heightened consumers' awareness of
adverse drug events and increased
fear and concern related to the use
of opioids for pain management. The
Joint Commission on Accreditation
of Healthcare Organizations (JCAHO)
has published standards for pain
management, requiring assessment
and pain management to be appro-
priate and effective. Smart infusion
pumps, bar-coding, computerized
prescriber order entry and other safe-
ty initiatives have been developed
in response to the need to create a
safer healthcare environment with
reduced risk of error and harm.

Despite the progress made in
pain management since the 1960s,
there is still a gap between what is
known and what is done in practice.
Evidence-based management of pain
is still not part of many academic
curricula for healthcare profession-
als. The major source of information
about pain management becomes
informal on-the-job training—a type
of pain-management education that
greatly needs improvement.

PCA

When did PCA really start? In the-
ory PCA has been used for centu-
ries, since people have always taken
medications based on their needs
using oral and sublingual doses.
Studies in the 1970s and early 1980s
showed significant lag time between
a patient’s request for pain medica-
tion and the actual administration
of the pain medication. The lengthy

Pain Management and Patient-Controlled Analgesia

period of time between request and
administration resulted in increased
anxiety and pain in patients. The
hospice movement set the standard
for allowing patients to establish or
influence dosing regimes, which has
now become an accepted practice.

In response to the need for con-
sistent pain relief and an approach
that would allow pain management
without peaks and troughs of pain
and sedation, Abbott introduced PCA
infusion technology in the 1970s.
With some limitations, the PCA pump
allowed the patient to have a set
dose available as needed and almost
immediate delivery of the pain medi-
cation.

PCA's advantages are that it allows
patient autonomy with safe, individ-
ualized dosing, improved analgesia
with less sedation, and enhanced sat-
isfaction. Provision of effective and
appropriate pain relief allows patients
to have earlier mobilization and bet-
ter respiratory function, resulting in
less risk of pneumonia and pulmo-
nary emboli and a reduced length of
stay. Reduced length of stay reduces
healthcare costs and allows less time
for patients to become subject to
nosocomial infections. PCA is now
being used postoperatively, includ-
ing the use of patient-controlled epi-
dural analgesia (PCEA).

Current Issues

Despite the enhancements in
technology and the increasing scope
of knowledge about pain manage-
ment, societal issues and concerns
remain. Consumer awareness of
patient rights, specifically the right

to effective and appropriate pain

management, has increased. There
is also a heightened concern among
consumers about addiction, and a
fear of medication errors and risks
related to opioids. These societal con-
cerns will undoubtedly continue, and
healthcare agencies and profession-
als will need to determine appropri-
ate mechanisms of communicating
with consumers and develop more
collaborative relationships with the
media, so that consistent, accurate
information can be delivered.

Healthcare professionals need to
pursue accurate, evidenced-based
knowledge related to pain man-
agement and the technology and
interventions that can be used to
enhance quality of life. More consis-
tent academic curricula related to
pain management need to be advo-
cated for healthcare professionals.
New technology for infusion and PCA
will allow safer, more efficient mecha-
nisms of pain relief.

Although much progress has been
made in the last 40 years, pain man-
agement continues to be a major
fear and concern of patients. There
is an obligation to find better ways to
manage pain effectively and safely.

Executive Summary Conference Report 6
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PROCEEDINGS

Managing Pain in the ICU Patient

Kathleen Puntillo RN, DNSc, FAAN, Professor of Nursing and Co-Director, Critical Care/Trauma Graduate Program,
Department of Physiological Nursing, University of California, San Francisco, CA

Key Points

« Advances in intensive care unit (ICU) technology, specialization, and
clinical skills have increased the likelihood of patients surviving critical
illness; however, ICU patients are still at risk for suffering unrelieved pain.

« No valid, reliable physiologic or biochemical measures of pain are currently
appropriate for use in the ICU setting, but patient behaviors often can
indicate the presence and causes of pain.

« Many studies have documented pain associated with common diagnostic
and treatment procedures.

« Pre-emptive administration of analgesics can be used to help to reduce
procedural pain and avoid the development of persistent pain.

« Balancing the positive and adverse effects of analgesia and sedation is
essential but difficult; daily interruptions of sedative infusions may reduce
the incidence of complications but can result in acute withdrawal
syndrome following rapid discontinuation.

Pain Assessment

One of the primary causes of
inadequate pain management in
the ICU is the lack of appropriate
pain assessment (Table 2). The use
of well validated pain assessment
instruments*>’ can be difficult in
ICU patients. Professional practice
standards and regulatory mandates?®
require that pain assessments be
attempted for all patients. No valid
or reliable physiologic or biochemi-
cal measures of pain are currently
appropriate for use in the ICU setting,
but pain-associated behaviors often
indicate the presence and causes of
pain.

Intensive care units (ICUs) have
been developed to provide an envi-

ronment for the care of critically il Physical suffering

Table 1. Challenges of Unrelieved Pain’

patients. There have been tremen- « 40% of 80 post-ICU ARDS patients recalled having pain while in ICU’

dous advances in technology, special-
ization, and ICU professionals’ skills,

- 40% higher frequency of chronic pain than in controls’

which have increased the likelihood «  87% of 97 post-ventilation patients remembered being moderately

of ICU patients surviving their serious
illnesses. ICU patients are still at risk

Psychic suffering
for suffering considerable pain from

to extremely bothered by pain?

cal procedures. Several studies have controls (28% vs. 12%)’

documented the physiological' and
psychological’3 costs of ICU patients'
unrelieved pain (Table 1).

(81.6% of 184 patients)?

« Traumatic memories associated with pain after cardiac surgery
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Puntillo and colleagues® noted
a significant relationship between
behavioralindicators of painobserved
by nurses and the nurses' ratings of
postoperative patients' pain inten-
sity. Payen and colleagues'® reported
validation of a pain behavior scale
(PBS) in a sample of 30 intubated,
sedated ICU patients. Using a model
in which patients underwent com-
mon noxious and non-noxious pro-
cedures, they found that the percent
of patients exhibiting no pain behav-
iors was significantly lower in the
patient group that underwent a non-
noxious procedure than in the group
that underwent a noxious procedure.
More recently a behavior observa-
tion scale was developed and tested
in a large sample of patients under-
going common procedures such as
wound care, wound drain removal,
and turning."" By comparing behav-
iors exhibited before and during the
procedure, and behaviors in patients
with and without procedural pain
(as noted on a 0-10 numeric rat-
ing scale), the researchers identified
specific procedural pain behaviors
that included grimacing, rigidity,
wincing, shutting of eyes, verbaliza-
tion, moaning, and clenching of
fists. Patients with procedural pain
were 2.8 times more likely to have
increased facial responses, 4.1 times
more likely to have increased body
movement responses, and 10.3 times
more likely to have increased verbal
responses during the procedure than
patients without procedural pain.
Despite these studies, there is still a
need for a valid, reliable, and feasible
behavioral assessment methods for
ICU patients.'?

Pain Management

Pain assessment is an essen-
tial step before pain intervention,
but pain intervention can be pro-
vided even before a pain stimulus.
Preemptive analgesia is the adminis-
tration of an analgesic agent before
the patient experiences a noxious
stimulus to prevent amplification and
hyperexcitability of the central ner-
vous system (CNS). Hyperexcitability
may lead to CNS sensitization, which
can result in persistent pain. Patients
may not receive preemptive anal-
gesia before procedures because
health professionals are unaware of
the degree of pain associated with
various common procedures. Many
studies have documented the pain
associated with procedures such as
arterial blood gas draws, nasogastric
tube insertion, intravenous (IV) cath-
eter insertion, mechanical ventila-
tion,’3 turning, wound drain removal,
wound care, tracheal suctioning,'#1?
and tube
Planning for these procedures should
include consideration of the optimal
preemptive analgesic intervention.
Analgesic administration should be
timed so that the selected drug's
peak effect is obtained at the time
of the procedure. Puntillo and Ley'®

chest removal.'416.17

Managing Pain in the ICU Patient

demonstrated that pain associated
with chest tube removal was minimal
when patients were given either IV
ketorolac or IV morphine before
the procedure at a time that would
achieve a drug’s peak effect during
the procedure.

Opioid and Sedative
Therapies

Opioid analgesic therapy remains
the primary pharmacologictreatment
modality for ICU patients. Based on a
review of the most recent evidence,
Jacobi and colleagues* have devel-
oped clinical practice guidelines for
the sustained use of sedatives and
analgesics in the critically ill. Organ
dysfunction
abnormalities in critically ill patients
can result in significant inter-individ-
ual variability in the pharmacokinet-
ics and pharmacodynamics of drugs.
For a given patient, a standard drug
dose could be toxic, subtherapeutic,

and hemodynamic

or effective.

It is not unusual for critically ill
patients to receive a combination
of opioid and sedative therapies, so
proper use of multiple, potentially
interacting medicines can be chal-
lenging (Table 3). One or both types
of agents may adversely affect the

Table 2. Pain Assessment in Patients
Who Cannot Self-report

+ No valid or reliable physiological or biochemical measure of pain

« Pain behaviors have been validated in acutely/critically ill patients

undergoing procedures

+ Behavioral Pain Scale validated in critically ill, sedated patients'®

Executive Summary Conference Report 8
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Table 3. Balancing Analgesia and Sedation is
Essential but Elusive

« Combination of analgesics and sedatives common in ICU

« Challenges:

- Tools that differentiate pain from anxiety/agitation exist,

with limitations

— Choosing right type and combination of medications

- Need new ways to assess pain and discomfort in all

ICU patients

patient's hemodynamic or respira-
tory status. The use of both treat-
ments may have synergetic adverse
effects. The clinical challenge is to
use the right type and combina-
tion of medications while avoiding
adverse effects. Another challenge is
to use tools that differentiate among
pain, anxiety, and agitation, so that
pharmacological interventions can
be targeted to more clearly defined
goals. Without the use of such tools,
patients may be under-, over-, or
“mis”-dosed.

Daily interruptions of sedative
infusions for the purpose of assess-
ing the patient have become stan-
dard practice in many ICUs. Kress
and colleagues'® showed that in ICU
patients daily interruptions of seda-
tive infusions reduced the incidence
of many complications and did not
result in negative psychological
outcomes.?% Interruptions in seda-
tive infusions should include pain
and agitation assessments, and be
minimized in patients who respond
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adversely to them. In patients who
have been receiving opioids and
benzodiazepines for more than a few
days, interruptions can result in a
withdrawal syndrome. Cammarano
and colleagues?' showed that some
ICU patients who received analgesic
and sedative medications for longer
than seven days experienced acute
withdrawal syndrome after rapid dis-
continuation of medication.

Summary

Although advances have been
made in pain assessment and treat-
ment for patients in the ICU, gaps
remain. There are no comparative
trials of opioids,* and the evidence
for most recommendations made by
the most current guideline panel? is
based on observational studies rather
than randomized clinical trials. Until
more evidence-based practice tools
and guidelines become available, cli-
nicians will need to use available
practice-based assessment tools to
promote patient comfort and safety.
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PROCEEDINGS

Perioperative Management of
Obstructive Sleep Apnea

Jeffrey B. Gross, MD, Professor of Anesthesiology and Pharmacology,
University of Connecticut School of Medicine, Farmington, CT

Key Points

post-operative OSA.

of airway management.

« The overall incidence of obstructive sleep apnea (OSA) is approximately
10%. Based on this estimate, 3 million patients are at risk of

« Therisk of postoperative complications in OSA patients is related to
three factors: the severity of the OSA, the invasiveness of the surgery, and
the requirement for postoperative analgesics.

« The goal of the ASA Practice Guidelines for the Perioperative
Management of Patients with OSA is to reduce the likelihood of adverse
outcomes in patients judged to be at the greatest risk of OSA-related
perioperative morbidity and mortality.

« Intraoperative management of patients with OSA is primarily an issue

Increasing age and obesity are
important risk factors for obstruc-
tive sleep apnea (OSA). As surgical
patients become older and larger,
they are at greater risk for OSA in the
perioperative period. It has been esti-
mated that about 25% of men and
10% of women between 30 and 60
years of age have an apnea-hypop-
nea index (AHI), which is used to
evaluate sleep disorders, of greater
than 5 events per hour, and that
approximately 10% of men and 5%
of women in this age cohort have an
AHI greater than 15." In patients over
65 years of age, an AHI of greater
than 10 has been reported in 70% of
men and 55% of women.? The preva-
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lence of OSA in children is estimated
to be about 3%, but is likely much
higher in those who are obese or
undergoing tonsillectomy.

Assuming that the overall inci-
dence of OSA is approximately 10%
and that the number of operations
performed annually in the US. is
approximately 30 million, it could be
estimated that approximately 3 mil-
lion patients are at risk of periopera-
tive OSA. It is likely that most of these
patients have undiagnosed OSA.
Despite this large number of patients
at risk, relatively few patients suffer
severe morbidity or mortality. OSA
does significantly increase the risk of
perioperative complications includ-

ing hypoxemia, hypercapnia, and the
need to be transferred to an intensive
care unit (ICU).3 OSA also predisposes
patients to other medical conditions
including hypertension, arrhythmias,
and bronchospasm, which further
increase the risk of surgery and anes-
thesia.

ASA Guidelines

In view of the magnitude of the
problem, the American Society of
Anesthesiologists (ASA)
sioned a Task Force to develop evi-
dence-based perioperative guide-
lines for management of patients
with OSA. There have been few well-
controlled studies of the manage-
ment of OSA patients in the peri-
operative period. Thus, some of the
recommendations are based on
meta-analyses of studies performed
on OSA patients in non-periopera-
tive settings, while others are based
on the opinion of consultants drawn
from medical specialties who treat
patients with OSA, e.g., anesthesiolo-

commis-

gy, sleep medicine, bariatric surgery,
otolaryngology, pulmonary medi-
cine, pediatrics, etc. The guidelines
recognize “that it is not possible to
determine with 100 percent accuracy
whether a given patient will develop
perioperative complications related



to OSA. Therefore, these guidelines
should be used with the goal of
reducing the likelihood of adverse
outcomes in patients who are judged
to be at the greatest risk, with the
understanding that it may be imprac-
tical to completely eliminate OSA-
related perioperative morbidity and
mortality.”

The risk of perioperative compli-
cations in OSA patients is related
to three factors: the severity of the
OSA, the invasiveness of the surgery,
and the requirement for postopera-
tive analgesic sedative medications.
For example, a bunionectomy under
local anesthesia poses a much lower
risk than hemicolectomy under gen-
eral anesthesia (with either neuraxial
or systemic opioids for postoperative
analgesia). In the latter case, patients
may be at risk for airway obstruction
and hypoxemia for several days, until
their normal sleep patterns have been
re-established.* (Airway obstruction
is most likely to occur during REM
sleep, when muscle tone is mark-
edly diminished; REM rebound, an
increase in the frequency and dura-
tion of REM sleep, typically occurs two
to four days after major surgery.) To
help clinicians assess which patients
may be at increased risk of periopera-
tive complications from OSA, the Task
Force developed a scoring system
which is shown in Table 2 of the ASA
Guidelines.? It is important to under-
stand that this scoring system was
developed empirically and that there
are no data available to establish its
validity.

In order to appropriately manage
patients with OSA in the periopera-
tive period, it is essential to establish
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the diagnosis and assess the sever-
ity of the condition. If a sleep study
has been performed, the diagnosis
and severity have been determined,
and many of these patients will have
been started on therapy with nasal
continuous positive airway pressure
(CPAP). The majority of patients with
OSA will be undiagnosed at the time
of their preoperative evaluation. If
the possibility of OSA is suspected
on the basis of history and physi-
cal examination, the surgeon and
anesthesiologist should work togeth-
er to develop a management plan.
Ideally, this would include obtaining
a sleep study and, if time permits,
instituting therapy, if indicated. In
many instances this may prove to be
impractical, in which case it may be
appropriate to empirically treat the
patient as though he or she has OSA
even though the diagnosis has not
been established.

To maximize patient safety, the
clinical criteria suggested in the ASA
guidelines are conservative; as a
result, patients are likely to be treated
more aggressively than might have
been necessary had the patients
completed a sleep study. Planning is
important, particularly when deter-
mining where the surgery should be
performed (stand-alone surgery cen-
ter versus hospital-connected sur-
gery center vs. inpatient facility) and
whether a patient should be admit-
ted to the hospital for a procedure
that is typically performed on an out-
patient basis. For inpatients, it is also
necessary to plan postoperative anal-
gesia and arrange for appropriate
postoperative monitoring; in some
cases this may require admission to
an intensive care or step-down unit.

Preoperative Management

Preoperative initiation of CPAP
or bi-level positive airway pressure
(BIPAP) is likely to improve nocturnal
oxygenation, decrease the incidence
and severity of nighttime apneic
episodes, decrease daytime hyper-
somnolence, and decrease both pul-
monary® and systemic arterial pres-
sures.” Although it seems reasonable
to speculate that these hemodynam-
ic changes would improve periop-
erative outcomes, there are no data
to support this possibility. Another
advantage of preoperative CPAP
is that patients will have become
accustomed to the equipment prior
to surgery.

Intraoperative Management

The intraoperative management
of patients with OSA is primarily an
issue of airway management. The
equipment and personnel necessary
to make use of the ASA difficult-air-
way algorithm should be available,
even if only moderate sedation is
planned. Because of the propensity
of these patients to develop airway
obstruction during intravenous (IV)
sedation, it may actually be safer to
control the airway with a laryngeal
mask airway or endotracheal tube.
(If patients have been treated with
nasal CPAP preoperatively, intraop-
erative use of the CPAP device is
likely to reduce the risk of airway
obstruction during IV sedation.®)
Extubation is also potentially risky,
and it is recommended that if pos-
sible these patients be extubated in
the semi-upright or lateral position
rather than supine to improve airway
dynamics.
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Postoperative Management

The postoperative period is
fraught with danger for patients with
OSA. Postoperative sedatives, anal-
gesics, and an altered sleep pattern
are likely to increase the incidence of
airway obstruction and increase the
risk that patients will not “self-resus-
citate” from such episodes. How can
patients be treated to minimize these
risks? Postoperative analgesic modal-
ities should be chosen to minimize
the risk of respiratory depression. If
patient-controlled analgesia is used,
basal infusions should be avoided to
minimize the risk of over-sedation.
If neuraxial anesthesia is planned,
the risks and benefits of using a
local anesthetic-opioid mixture as
opposed to local anesthetic alone
must be weighed. Other analgesic
modalities (local anesthetic infiltra-
tion, surface cooling, non-steroidal
anti-inflammatory agents, etc.) may
potentiate the analgesic effects of
opioids without increasing the likeli-
hood of respiratory complications.

The use of supplemental oxygen
during the recovery period is also
controversial. On the one hand, it
reduces the risk of hypoxemia during
periods of partial or complete airway
obstruction by providing an oxygen
reserve in the lungs. On the other
hand, oxygen blunts the “arousal
response,” which may be necessary
to cause OSA patients to self-resus-
citate following airway obstruction.
Supplemental oxygen will also delay
detection of hypoventilation and
atelectasis by pulse oximetry.
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Monitoring

It is important to closely moni-
tor OSA patients in the postopera-
tive period so that potentially lethal
episodes of apnea, hypoxemia, or
hypoventilation can be detected or
treated before morbidity occurs. This
is not a simple task: many patients
with OSA routinely develop multiple
episodes of severe hypoxemia (oxy-
gen saturation [SpO5] < 80%) while
asleep. It is difficult for a clinician
to determine whether a patient will
arouse himself and “self-resuscitate”
from such an episode, or whether
self-resuscitation will be ablated by
the analgesics and sedatives the
patient has received. Intermittent
monitoring using a pulse oximeter at
the patient’s bedside will not suffice.
Another possibility might be the use
of a pulse oximeter that automati-
cally pages the nurse if SpO, falls
below a preset limit. However, such a
device is likely to produce too many
false alarms, leading to the “boy who
cried ‘wolf’ syndrome.” Similar prob-
lems are likely to occur with newly
developed automated apnea detec-
tion devices, since patients with OSA
always have apneic episodes during
sleep, and it is difficult for a device to
determine which of those episodes
is severe and/or prolonged enough
to require intervention. For the time
being, observation in an intensive
care or step-down unit, or continu-
ous observation in a hospital room
by a trained observer may be most
appropriate. The observer needs to
be trained to recognize that a prob-
lem is occurring, to call for help, and
to attempt to arouse the patient if

a significant episode of apnea and/
or hypoxemia should occur; he or
she does not need to be an expert in
resuscitation or airway management.

If clinically significant apnea and/
or hypoxemia occur during recov-
ery, it has been suggested that nasal
CPAP be instituted, even in patients
who have not received this modality
previously. Although there may be
problems with patient acceptance,
the newer, self-titrating units may
alleviate some of these problems.

Outpatient Management

A similar problem arises regarding
the postoperative management of
outpatients who are at risk because
of suspected or diagnosed OSA. Since
one must assume that there will be
no professional monitoring and no
means for resuscitation (other than
verbal or tactile arousal of the patient
by a family member), criteria for dis-
charge must minimize the risk of sub-
sequent respiratory embarrassment.
Important factors to be considered
in determining OSA risk include the
site of surgery (airway surgery may
pose increased risks, particularly in
children) and whether opioid analge-
sics will be required for postoperative
pain control. Patients should also be
monitored during recovery to verify
that significant OSA-related events
do not occur while the patient is
resting undisturbed (and ideally is
asleep) in the recovery area. Room-
air oxygen saturation should remain
at or above baseline levels, and any
airway obstruction which occurs
should be mild and self-limited. This
is likely to require a longer recovery



room stay than in patients without
OSA undergoing similar procedures.

Feasibility of Guidelines
Implementation

More than 60% of the consultants
who reviewed the OSA guidelines
felt that implementing them would
require formal protocols for man-
agement of patients and improved
communication between surgeons
and anesthesiologists. Almost 50%
felt that patients would need to be
asked more often about signs and
symptoms of OSA. The costs of these
changes were viewed as being rela-
tively small and the potential ben-
efits, significant.

The cost of preoperative evalua-
tion and testing is more significant.
For patients with clinical evidence of
OSA, almost 40% of the consultants
felt that they would order a sleep
study ratherthan treating the patients
empirically. For a medium-sized prac-
tice (5,000 cases/year) with 10% of
patients at risk of OSA based on clini-
cal criteria, sleep studies would cost
at least $125,000 annually (assuming
that half of the clinically-detected
patients underwent sleep studies ata
discounted cost [not patient charge]
of $500 each). The consultants’ medi-
an estimate of the annual cost associ-
ated with implementing the preop-
erative evaluation and preparation
recommendations was $45,000/year.
This may represent an underestimate
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of the extent of the problem or of the
cost of obtaining the recommended
studies. In addition to cost, other fac-
tors which may preclude obtaining
preoperative sleep studies include
difficulty in scheduling the studies
within a reasonable time frame and
distance, patient refusal, and sur-
geons' preference for proceeding on
clinical grounds rather than delaying
surgery to obtain a study

The costofimplementing theintra-
operative management guidelines
is negligible; only 15% of the con-
sultants indicated a need to obtain
new equipment to comply. This sug-
gests that the ASA Difficult Airway
Guidelines are being followed.

The consultants’ median estimate
of the cost for implementing the
postoperative monitoring
mendations was only $25,000 per
year. Assuming that only 1% of the
patients in the medium-sized prac-
tice described above require postop-
erative monitoring for two nights at
a cost of $500/night, the additional
cost would be $50,000/year. The
problem is determining which 1% of
the patients to monitor. It would be
unfortunate if a patient whose OSA
was not felt to be severe enough to
justify postoperative monitoring had
a serious complication which could
have been prevented had monitor-
ing been prescribed.

recom-
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Key Points

are not practical.

« Opiate-related respiratory depression has not been eliminated by the use of
patient-controlled analgesia (PCA).

« Respiratory depression may be caused by PCA pump programming errors
and mechanical malfunction, and patient risk factors such as advanced
age, obstructive sleep apnea and u-receptor polymorphisms.

- Administration of the proper dose of opiate and the avoidance of drug
interactions may reduce the risk of respiratory depression.

« Attempts to improve the safe use of opiates by better patient selection and
limiting the use of these drugs to patients in high-intensity monitoring units

« The safe use of opiates may be enhanced by incorporating respiratory
pattern analysis into postoperative monitoring technology.

Despite the introduction of closed-
loop opiate self-administration
(patient-controlled analgesia [PCA])
and careful monitoring of patients
spinal opiates, drug-
induced respiratory depression con-
tinues to occur. Opiate-related drug-
induced respiratory depression can

receiving

be defined as impaired conscious-
ness in a patient receiving opiates
and one or more of the events listed
in Table 1 that are not attributable
to any co-morbid condition such as
a stroke, pulmonary embolus, or pri-
mary cardiac arrest resulting from
arrhythmia or infarction. The estimat-
ed incidence of respiratory depres-
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sion in patients being treated with
PCA ranges from 0.16% to 5.2%.'°
Epidural narcotics appear to have a
lower risk of causing drug-induced
respiratory depression.81°

Reasons for opiate-related respira-
tory depression include errors related
to pump malfunction, programming
errors, and inadequate instruction
of friends and relatives who push
the demand button instead of the
patient (“PCA by proxy”) (Table 2).
Patient-related factors (Table 3)
include increased opiate-sensitiv-
ity associated with advanced age,
gender, race, sleep apnea or specific
surgical procedures that require high
opiate doses or impair respiration
(e.g., upper abdominal or thoracic
procedures). The peak effect of the
opiate could occur after the PCA
pump lockout interval. Interactions
may occur with other sedative drugs
such as hypnotics or anti-emetics.
Lung pathology could augment the
respiratory depressant effects of the

Table 1. Events Related to Opiate-Related
Respiratory Depression

Ventilatory support (ventilator, bag-valve-mask)

Hypercapnia (PaCO, = 60 mmHg)

Hypoxemia (SpO5 < 85%, PaO, < 50 mmHg)

Opiate antagonist (e.g. administration of an opiate antagonist
(naloxone or nalmefene) other than for treatment of pruritus

Escalation of level of care secondary to respiratory event (e.g. trans-
fer of a patient to a unit with increased level of care such as an ICU)




opiate and cause a disproportionate
degree of hypoxemia. There could
also be tolerance to the analgesic
effects on a genetic basis.!" Evidence
suggests that people with p-receptor
polymorphisms may have an attenu-
ated opiate-related analgesic effect
combined with an intact respiratory
depressant effect.'?

Strategies for Reducing
the Likelihood of
Respiratory Depression

Appropriate Dosing

Respiratory depression may result
from avoidable drug interactions or
unnecessarily high doses of opiates.
Progressive accumulation of pharma-
cologically active metabolites such
as morphine-6-glucuronide may also
augment respiratory depression.
Short lockout times may allow the
patient to self-administer multiple
doses before each one has reached
its peak effect. Whether particular
drugs are inherently safer is as yet
unknown.

Patient Selection

Triage of patients who are at risk of
respiratory depression and transfer-
ring them to high-intensity monitor-
ing units or intensive care units could
be part of preoperative screening.
Examples of patients at risk include
those of advanced age or with
obstructive sleep apnea (OSA). Only
a minority of patients with these
risk factors will experience respira-
tory depression. In an evaluation
of 102 consecutive opiate-induced
respiratory events at Duke University
Medical Center, it was found that
only 5% of patients were older than
80 years. Cepeda reports that only
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3.2% of octogenarians experienced
respiratory depression after surgery.”
Only a minority of patients with OSA
develop complications,” and many
patients with OSA are undiagnosed.
Triage of patients and transfer to
high-intensity monitor beds based
on age or indeed any specific risk
factor is unlikely to be cost-effective
or practical.

Bedside Identification of
Respiratory Depression

Since only a small proportion of
high-risk patients actually develop
respiratory problems and many
patients who are actually at high
risk may not be identifiable preop-
eratively, an effective strategy must
include an enhanced ability to detect
respiratory events or their premon-
itory signs as they occur. Possible

Table 2: Possible Reasons for Opiate-Related Respiratory Depression
in Patients Receiving Opiates Via PCA

Provider Errors
Incorrect pump programming

Design Errors or Mechanical/Electrical Failure

Pump malfunction

Inadequate Instruction

Someone other than the patient pushing the demand button

Patient Factors

+ Increased opiate susceptibility: age, gender, race, genetic

susceptibility, obesity, anxiety or depression, alcoholism, sleep

apnea, surgical procedure

+ Peak respiratory depression of narcotic occurring after PCA

lockout interval

+ Metabolically active metabolites of parent drug

(e.g., morphine-6-glucuronide)

+ Interactions of opiates with other drugs, e.g. anti-emetics, hypnotics

+ Lung pathology, e.g., atelectasis, pulmonary edema, causing

disproportionate hypoxemia

- Tolerance to analgesic effects of opiates with intact respiratory

depressant effects

« Interaction of opiates and sleep and their combined effects on

respiratory control

Monitoring Techniques Inadequate to Detect Respiratory Depression

Executive Summary Conference Report 16



Perioperative Respiratory Depression and Monitoring

Table 3. Patient Factors Associated With Opiate-Related
Respiratory Depression®

Age >70 years

Basal infusion

Renal, hepatic, pulmonary or cardiac impairment

Sleep apnea (suspected or diagnosed)

Concurrent CNS depressants

Obesity

Upper abdominal or thoracic surgery

IV PCA bolus >1 mg morphine

monitoring techniques include the
following:

Level of consciousness. Respiratory
depression is accompanied by
depressed level of consciousness,
and it is possible that the respira-
tory depressant effects of opiates are
greater during sleep. Oversedation
due to narcotics may be difficult
to distinguish from normal sleep.
Therefore, some respiratory parame-
ters are needed as well. Conceivably,
respiratory depression may be iden-
tifiable during sleep by analysis of
respiratory pattern.

Respiratory minute volume.
Respiratory minute volume can be
measured in experimental settings
but requires use of a body plethys-
mograph or a rigid head tent.'® Thus,
it is not practical for a routine clinical

use.

Pulse oximetry. Pulse oximetry is
widely available and inexpensive. The
use of pulse oximetry to detect respi-
ratory depression has been fraught
with difficulty. Mild hypoxemia in the
postoperative period can occur for
several reasons that are not associ-
ated with major respiratory depres-
sion. The ready availability of pulse
oximetry, and the frequency with
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which low SpO, is observed have
resulted in routine administration of
oxygen. When oxygen is adminis-
tered, desaturation is a very late sign
of respiratory depression.

PCO5 monitoring. As an estimate of
arterial PCO,, end-tidal CO, (EtCO,)
monitors are now portable and rela-
tively inexpensive. Newer sampling
ports allow more accurate exhaled
gas sampling during mouth-breath-
ing."> While a high EtCO, indicates
a problem, the measured value may
be artifactually low due to shal-
low respiration or displacement of
the capnograph sampling probe.
Transcutaneous PCO, (PTCCO,)

monitors are also available and are
reported to correlate well with arte-
rial CO, tension.'®

Respiratory rate. Opiate-induced
respiratory depression is believed to
be earmarked by a low respiratory
rate with apneic pauses. Respiratory
rate monitoring is a routine bed-
side measurement that is easy to
perform. The short sample times in
which breaths are counted (e.g., 15
to 30 seconds) create uncertainty in
defining normal respiratory rates and
renders this method relatively unsat-
isfactory. Simple environmental influ-
ences can affect the measurement
of respiration. The awareness that
respiratory measurement is occurring
tends to decrease respiratory rate'’
and pain tends to increase it.'8-20

Figure 1 shows an example of a 20-
year-old male during the three days
following liver resection. In this case
breaths were detected objectively
using diaphragm EMG and the his-
tograms generated by a computer.
When breaths are counted for a full
minute there are very few instances
of a respiratory rate less of 10. When
using the more common time frame

Figure 1

0.5

04 r

03r

02}

0.1}

0

4 8 12 16 20 24 28 32
number of breaths per minute

0.2

4
o
T

o

o

sy
T

Fraction of observations
o
T

5 10 15 20 25 30 35
number of breaths per minute

Histograms of respiratory rates obtained by continuous monitoring of breaths
using diaphragm EMG in a 20 year old male during the first 3 days following liver
resection. Left panel: breaths counted during 15 second intervals. Right panel: breaths
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of 15 seconds, a greater proportion
of respiratory rate values is evident at
the tails of the distribution.

It has been assumed that respira-
tory depression is associated with
low respiratory rate and that high
or normal respiratory rate indicates
the absence of significant respira-
tory depression. This may not always
be true. Severe respiratory depres-
sion can occur even with a normal
respiratory rate.2"23 The relationship
between the regularity of breathing
and the degree of respiratory depres-
sion may be poorly correlated.?* In
a 55-year-old male after liver resec-
tion receiving morphine via PCA, a
higher, more regular respiratory rate
was associated with a PETCO, of
106 mmHg, while a slower, irregu-
lar breathing pattern was associated
with a PETCO, of 52 mmHg. These
findings suggest that there is an
incomplete understanding of opiates
pharmacology and respiratory physi-
ology in the postoperative period.

Respiratory pattern. Despite the
problems with determining the respi-
ratory rate clinically, there are several
other methods of detecting respira-
tory problems non-invasively such as
using capnography, chest wall move-
ment detectors. A more sophisticat-
ed analysis of breathing pattern may
enable the detection or prediction
of respiratory depression. Periodic
physiological events can be charac-
terized by their statistical pattern,
most commonly the mean. Because
the physiological events rarely occur
regularly, additional information
can be obtained by calculating how
much variation there is in the occur-
rence of these events using standard
deviation (o) (Figure 2).
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Figure 2
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Conventional statistical parameters for a periodic process such as breathing. Inter-
breath intervals (IBl) are shown. Top panel: completely regular rhythm, for which the
only parameter is the mean. Bottom panel: Irregular rhythm, for which a distribution of IBI

can be estimated and its mean and standard deviation (o) can be calculated.

Further insight may be obtainable
by Hurst analysis, which assesses
the connectedness of one event to
another. Persistence is the tendency
for events to correlate positively with
subsequent events and antipersis-
tence is the tendency for events to
correlate negatively with subsequent
events. If a breathing pattern is per-
sistent, a short inter-breath interval
is usually followed by another short
inter-breath interval. If a breathing
pattern is antipersistent, a short inter-
breath interval is usually followed by
a longer one, or vice versa (Figure 3).

The connectedness of periodic events
such as inter-breath interval can span
more than one breath. That is, any
particular inter-breath interval may
influence more than one subsequent
interval. On the other hand, if the
breathing pattern is random, then
there is no relationship between any
two inter-breath intervals.

Respiratory depression might be
predictable from breathing pattern
using Hurst analysis of inter-breath
interval. Volatility (Vo) is the absolute
value of the difference between suc-
cessive inter-breath intervals.?> The

Figure 3
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time
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Hurst analysis of a periodic process. Hurst analysis provides an additional parameter,
the Hurst exponent (H), which provides information regarding the connectedness or
long range correlation of the duration of one event to another.
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square of volatility (Vo;) may be a
more useful parameter to evaluate
respiration.

In a preliminary series of four
patients monitored after major upper
abdominal surgery it appears that
Hurst exponent of Vo, is directly relat-
ed to the average PETCO, over the
2-3 day postoperative period (Figure
4). This preliminary series of observa-
tions indicates the possible effective-
ness of new monitoring technology
incorporating on-line Hurst analysis
of respiratory pattern.

Conclusions

Respiratory depression caused by
opiates in hospitalized patients has
not been eliminated by computer-
controlled self-administration of opi-
oid analgesics such as PCA. There
are several possible reasons for this,
including programming errors and
mechanical malfunction. In addition,
there are patient risk factors that
include advanced age, obstructive
sleep apnea and perhaps p-receptor
polymorphisms. Careful dosing and
avoidance of specific drug interac-
tions may reduce the risk. Patient
selection and providing care in high-
intensity monitoring units is unlike-
ly to be practical. Preliminary data
obtained by longitudinal monitor-
ing of respiration for the first three
postoperative days support the utility
of incorporating respiratory pattern
analysis into postoperative monitor-
ing technology.
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Figure 4
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Postoperative Hurst exponent (H) in a preliminary series of 4 patients monitored
for 3 days postoperatively. H is correlated with mean PETCO, for the postoperative
period, suggesting that Hurst analysis of this breathing pattern may be a useful predictor

of respiratory depression.
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PROCEEDINGS

PCA by Proxy:

Issues Related to Authorized and
Unauthorized Use of PCA Pumps

Chris Pasero, MS, RN, FAAN, Pain Management Educator, El Dorado Hills, CA

Key Points

manager.

to administer supplemental doses.

enough to use it effectively.

« The Joint Commission on Accreditation of Healthcare Organizations issued
a sentinel event alert about the unauthorized use of PCA and recommenda-
tions for preventing potentially life-threatening “PCA by proxy.”

« When patients are unable or unwilling to use PCA, authorized individuals
including family members and nurses may do so.

« “Family-controlled” analgesia can be a safe alternative to PCA, when a
family member is carefully selected and trained to act as primary pain

« In nurse-activated dosing for critically ill patients, a PCA pump can be
used to administer a continuous infusion, with a nurse pressing the button

« Patient control of PCA should be initiated as soon as the patient is well

Since its introduction, patient-
controlled analgesia (PCA) has been
proved to be safe and effective for
managing all types of moderate to
severe pain.'3 An appropriate candi-
date for PCA therapy is any adult or
child who is cognitively and physi-
cally able to use the equipment and
who understands the relationships
between pain, pressing a button,
and pain relief.3 Important principles
underlying PCA use are that only the
patient knows how much pain he or
she is experiencing and when the

pain has been relieved.* PCA is gen-
erally considered safe, because opi-
oids, the primary analgesic adminis-
tered by the modality, cause sedation
before they cause respiratory depres-
sion, and a sedated patient would
most likely drop the PCA button,
thereby preventing delivery of more
opioid and subsequent respiratory
depression. This safeguard can be
circumvented when someone else,
intending to help, administers PCA
for the patient. This is called “PCA by
proxy.”

Adapted from Pasero C, McCaffery M: Authorized and unauthorized use of PCA pumps. American Journal of Nursing

2005;105(7):30,31,33. Reprinted with permission.
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Safety Issues

There have been many reports in
the literature of the dangers of unau-
thorized family members administer-
ing PCA."258 |In 1994 Ashburn and
colleagues observed almost 4,000
patients who received IV PCA and
reported 14 critical events, three of
which involved unauthorized family
members pressing the PCA button.
A later review of more than 6,000
patients revealed unauthorized PCA
administration by relatives in two of
the 14 observed cases of respiratory
depression.?

Late in 2004 the Joint Commission
on Accreditation of Healthcare
Organizations (JCAHO) issued a “sen-
tinel event alert” on unauthorized
PCA administration. Of 460 reports of
PCA-related errors resulting in death
or serious injury in a five-year period,
15 were the direct result of unau-
thorized family members or clinical
staff pressing the PCA button.® The
alert suggested ways that facilities
can prevent this unauthorized use
of PCA, including teaching patients,
family, visitors, staff, and physicians
that PCA is for patient-only use. The
Institute for Safe Medication Practices
has issued similar precautions.1?



Although the JCAHO alert stated
specifically that its warning con-
cerned unauthorized people press-
ing the PCA button on behalf of
patients, some confusion has arisen
among clinicians as to when autho-
rized individuals—family members
and nurses—may do so.

Family-Controlled Analgesia

When patients are unable or
unwilling to use PCA, one safe alter-
native that has been used for many
years in institutions and home set-
tings is “family-controlled” analgesia
(administered by a parent or signifi-
cant other).”"* For example, many
children are too young, and some
simply may not want to manage their
pain by PCA. In such cases, a parent
would do so. A spouse may want to
manage the pain in a terminally ill
patient who is unable to manage his
or her own pain.

Use of family-controlled analgesia
is safest when there is strict designa-
tion of one person as the patient’s pri-
mary pain manager; only that person
can press the button for the patient.
The primary pain manager must be
chosen carefully and taught to assess
for pain and adverse effects of opi-
oids (see Table). It may be necessary
to designate a secondary pain man-
ager, who can manage the patient’s
pain when the primary pain manag-
er needs respite.’’? A secondary or
even tertiary pain manager is helpful
in preventing exhaustion of one fam-
ily member when family-controlled
analgesia is used in a terminally ill
patient.

PCA by Proxy: Issues Related to Authorized and

Nurse-activated Dosing

When nurse-activated dosing is
used, the patient’s primary nurse has
the responsibility of using the PCA
technology to manage the patient’s
pain.'* Nurse-activated dosing is
appropriate for patients who have no
family member or significant other
who can manage their pain. It is also
useful in the ICU, where most patients
are too ill to administer PCA. Critically
ill patients of all ages experience sig-
nificant, continuous pain from sur-

Unauthorized Use of PCA Pumps

gery or underlying pathology and
are subjected to numerous repeti-
tive, painful procedures during their
care.'®'8 PCA is rarely appropriate in
these patients.’ But a PCA pump can
be used to administer a continuous
infusion, and the nurse can press the
button to administer supplemental
doses for breakthrough pain and to
prepare for painful procedures.'1°
PCA should be initiated as soon as
the patient is well enough to use it
effectively.

Table. Education of the Pain Manager'>

- Select the appropriate method for assessing the patient’s pain, such as the

0-to-10 numerical pain rating scale or a faces scale.

« Teach the pain manager to look for adverse effects, such as nausea, sedatig

and respiratory depression, before administering a bolus dose and to notify

staff if adverse effects are detected.

« Explain that sedation precedes opioid-induced respiratory depression and that the

patient’s sedation level should be assessed using a sedation scale, such as the

Sleep, easy to arouse (awaken patient to determine arousability

Awake and alert (acceptable; may administer bolus)

Slightly drowsy, easily aroused (acceptable; may administer

Frequently drowsy, arousable, drifts off during conversation

(unacceptable; do not administer a bolus; notify staff

following:
S =
before administering a bolus)
1=
2=
bolus)
3=
immediately)
4=

Somnolent, minimal or no response to physical stimulation

(unacceptable; do not administer a bolus; notify staff

immediately)

« Provide a form on which the pain manager may document assessment.

Copyright © 1994, Chris Pasero
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PROCEEDINGS

Physiology of Oxygen and
Carbon Dioxide Monitoring

Bhavani Shankar Kodali, MD, Brigham and Women'’s, Boston, MA

Key Points

« Oxygenation is vitally important in the management of postoperative
patients and those being sedated for procedures.

« Pulse oximetry does not give enough forewarning of hypoxia to implement

timely corrective action.

« Capnography is a reliable monitor of ventilation that can be used to
monitor pain management in postoperative patients and sedation for

procedures.

« The use of pulse oximetry and capnograpy should allow patients to be
treated with opiate analgesics and sedatives with less risk of undetected

catastrophic respiratory events.

oxygenation and detects hypoxia.
However, it does not give enough
forewarning to implement corrective
measures to prevent hypoxic con-
sequences. This is easily understood
based on the relationship between
arterial oxygen tension (PaO,) and
oxygen saturation (SpO,) (Figure 2).

The SpO, does not begin to
decrease from 98-100% until PaO,
decreases 100 mmHg.
Decreases in PaO, below 80 mmHg
are associated with dramatic decreas-

below

Among many complications that
are of concern in the postoperative
period, oxygenation assumes a vital-
ly important place in the manage-
ment of any postoperative patient.
This becomes all the more impor-
tant when pain relief medications are
used to control postoperative pain.
Many pain relief medications result
in respiratory depression and conse-
quent hypoxia (Figure 1). Hypoxia, if
unrecognized, leads to unexpected
postoperative disaster with medico-
legal implications. Therefore, postop-
erative monitoring becomes manda-
tory for patients who are receiving
pain medications that can depress
cardio-respiratory systems.

es in SpO,. This is because of ‘S
shaped relationship between SpO,
and PaO,. The decreases in SpO,
can be exaggerated with clinical con-

Clinical Determination of
Oxygenation

A pulse oximeter is an excellent

and reliable device that monitors  itions associated with a reduction

Figure 1. Potential Post-Operative Complications
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Figure 2. Relationship Between PaO, and SpO,
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in functional residual capacity (FRC)
that acts as the oxygen reserve buffer
in the lungs. Obesity is a classic exam-
ple, and FRC is known to decrease fol-
lowing abdominal surgeries even in
normal-weight individuals.

The time interval from impend-
ing hypoxia to actual hypoxia is
decreased with decreased FRC, and
this decreased time may not be suf-
ficient to call and initiate corrective
measures to prevent hypoxia from
occurring. Apart from stable homo-
dynamics, ventilation is a major
determinant of oxygenation. Hence,
it is necessary to monitor ventila-
tion to detect episodes of inadequate
or decreased ventilation that may
result in hypoxia, if uncorrected. This
way, one could avoid potentially life-
threatening episodes in the postop-
erative period, when the monitoring
of vital signs is not as frequent as in
the operating room or in the postop-
erative anesthesia care unit (PACU).

Capnography has been shown to
be a reliable monitor of ventilation in
the operating room. Its use is being
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extended into many areas outside of
operating rooms to monitor ventila-
tion in patients undergoing a variety
of invasive and non-invasive surgical
and medical procedures. These areas
include intensive care units, emer-
gency rooms, interventional radiol-
ogy suites, gastroenterology suites,
interventional cardiology units, and
pre-hospital settings such as air and
emergency ambulance services. It is
only a question of time before cap-
nography in association with pulse
oximetry will be used to monitor
postoperative patients receiving
postoperative pain medications via
intravenous route.

Overview of Physiology of
Capnography

Carbon dioxide (CO,) is produced
in the tissues and diffuses into the
venous blood, which reaches the
right side of the heart and reaches
the lungs via pulmonary circulation.
Here oxygen (O,) enters the blood
and carbon dioxide (CO5) is eliminat-
ed during expiration. CO, is typically
measured at the mouth, nose, or at

the junction between the endotra-
cheal tube and ventilator circuit.

At the end of inspiration, assum-
ing that there is no rebreathing, the
airway and the lungs are filled with
CO,-free gases. Carbon dioxide dif-
fuses into the alveoli and equilibrates
with the end-alveolar capillary blood
(PaCOy = PcCO, = 40 mm Hg). The
actual concentration of CO, in the
alveoli is determined by the extent
of ventilation and perfusion into the
alveoli (V/Q ratio). The alveoli with
higher ventilation in relation to per-
fusion (high V/Q alveoli) have lower
CO, compared to alveoli with low
V/Q ratio that would have higher
CO,. As one moves proximally in
the respiratory tract, the concentra-
tion of CO, decreases gradually to
zero. The volume of CO,-free gas
“respiratory dead space”
and here there is no exchange of
0, and CO, between the inspired
gases and the blood. As the patient
exhales, a CO, sensor at the mouth
will detect no CO, as the initial gas
sampled will be the CO,-free gas
from the dead space. As exhalation
continues, CO, concentration rises
gradually and reaches a peak as the
CO,-rich gases from the alveoli make
their way to the CO, sensing point at
the mouth. At the end of exhalation,
the CO, concentration decreases to
zero (base line) as the patient com-
mences inhalation of CO,-free gases.
The evolution of CO, from the alveoli
to the mouth during exhalation, and
inhalation of CO,-free gases during
inspiration gives the characteristic
shape to the CO, curve, which is
identical in all humans with healthy
lungs. Any deviation from this identi-
cal shape should be investigated to

is termed



determine a physiological or a patho-
logical cause producing the abnor-
mality.

Time Capnograms

A time capnogram can be divided
into inspiratory (phase 0) and expira-
tory segments (Figure 3).The expirato-
ry segment, similar to a single breath
nitrogen curve or single breath CO,
curve, is divided into phases |, Il and
lll, and occasionally, phase IV, which
represents the terminal rise in CO,
concentration. The angle between
phase Il and phase lll is the alpha
angle. The nearly 90-degree angle
between phase lll and the descend-
ing limb is the beta angle. For more
details on this section: please refer to
www.capnography.com terminology
section.

The CO, concentration reaches a
maximum at the end of exhalation.
This maximum concentration is called
end-tidal carbon dioxide concentra-
tion or tension depending on wheth-
eritis expressed in fractional concen-
tration or mm Hg. End-tidal carbon
dioxide reflects CO, concentration
of alveoli emptying last. The normal
values of EtCO2 are around 5% or
35-37 mm Hg. The gradient between
the blood CO2 (PaCO,) and exhaled
o, (end tidal CO, or PetCO,) is usu-
ally 5-6 mm Hg. PetCO, can be used
to estimate PaCO, in patients with
essentially normal lungs.

The three major determinants of
CO, waveform are cardiac output,
ventilation, and COy production.
Hypermetabolic states such as thyro-
toxicosis or malignant hyperpyrexia
are associated with increased CO,
production and therefore with high-
er end-tidal CO,.

Physiology of Oxygen and Carbon Dioxide Monitoring

Figure 3. Time Capnogram

Expiration

Inspiration

Capnography Sampling
Devices

Capnography not only detects
abnormalities in ventilation perfu-
sion, such as those resulting from
COPD or bronchial asthma, but also
monitors PaCO, indirectly. If the sam-
pling of end-tidal gas is adequate,
hypercarbia can be detected from
capnography monitoring. In addi-
tion, capnography displays abnormal
respiratory patterns that may suggest
inadequate or depressed ventilation.

Adequate sampling can be ensured
by several methods and sampling
devices (Figure 4).

The capnograms from good sam-
pling devices appear similar to con-
ventional capnograms obtained via
endotrachal intubation. However,
dilution of expired gases is unavoid-
able in certain circumstances. Under
these conditions, a change from
baseline should forewarn of respira-
tory depression or at least should
encourage a clinician to investigate
the change in capnograms.

Figure 4. Capnograph Sampling Devices
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Summary

An understanding the physiol-
ogy of oxygenation and ventilation
should make it apparent that it is
quite logical to monitor not only oxy-
genation but also ventilation in post-
operative patients receiving narcotics
for pain relief. Capnography has been
used successfully in gastroenterol-
ogy sedation procedures to detect
inadequate respiratory events well
before the changes in oxygenation.
Using combined technology should
allow patients to recover safely in the
potentially turbulent postoperative
period, without being subjected to
the risk of undetected catastrophic
respiratory events.
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PROCEEDINGS

Respiratory Depression in PCA Patients:
What Continuous Respiratory Monitoring

Has Revealed

Frank J. Overdyk, MSEE, MD, Professor of Anesthesiology, Medical University of South Carolina, Charleston, SC

Key Points

« The incidence of respiratory depression in postoperative patients on
patient-controlled analgesia (PCA) may be much greater than commonly

thought.

« The prevalence of respiratory depression with PCA is probably
underestimated because of a lack of standard or consistent definitions for
respiratory depression, the use of surrogate measures that do not

comparably reflect the degree of respiratory depression, and reliance on

chart review.

« A pilot study of the use of continuous pulse oximetry and capnography to

monitor patients with PCA revealed higher rates of clinically significant
episodes of respiratory depression and bradypnea than reported in

published studies.

« Analyzing trends in physiologic responses that precede respiratory
depression, such as pain or respiratory depression, may allow the
development of heuristic algorithms to aid clinicians in identifying or

preventing complications of PCA.

Patient-controlled analgesia (PCA)
is a popular, effective, and widely
used method of administrating post-
operative analgesia."? Although the
literature suggests the incidence of
respiratory depression with PCA is
low, e.g., 0.25%,3 there is circumstan-
tial evidence that PCA presents more
frequent and serious risks to patients
receiving pain therapy by this modal-
ity. The FDA's MAUDE Database for
2004, a voluntary database of prob-
lems with devices, includes 22 deaths
associated with PCA pumps com-

pared to 16 deaths associated with
conventional infusion pumps.* The
risk of patient harm resulting from
a medication error with PCA pumps
is 8%, which is 3.5 times higher than
the risk of patient harm associated
with any other type of medication
error.” Preliminary data from a study
using continuous pulse oximetry
and capnometry to monitor postop-
erative patients on PCA suggest that
the incidence of respiratory depres-
sion is much greater than commonly
thought.

The objectives of this preliminary
study were twofold. The first was to
measure a true incidence of desatu-
ration and bradypnea in postopera-
tive patients with PCA pain therapy.
The second objective was to observe
trends in physiologic data obtained
(oxygen saturation, respiratory rate,
heart rate and end-tidal carbon diox-
ide [EtCO5]) that preceded clinically
relevant respiratory depression and
model them to provide predictive and
diagnostic information.

AfterInstitutional Review Board ap-
proval, 96 adult, post-surgical patients
at St. Josephs/Candler Health System
in Savannah, Georgia were monitored
with oximetry (n=26; Alaris® SpO,
Module, Model # 8210), capnography
(n=53 Alaris® EtCO, Module, Model #
8300) or both modules (n=28) while
receiving PCA (Alaris® PCA Module,
Model # 8120). An episode of respi-
ratory depression was defined as an
average oxygen saturation (OjSat)
of less than 90% or a respiratory rate
(RR) of less than 8 breaths per min-
ute (bpm) for two or more consecu-
tive minutes, and distinguished from
a subsequent episode by an O,Sat
> 90% and a RR = 8 bpm for three or
more consecutive minutes. All doses
of PCA opioids were automatically

Executive Summary Conference Report 28
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What Continuous Respiratory Monitoring has Revealed

recorded within the same electronic
database. The monitors transmitted
average, maximum, and minimum
values, per minute, to a data server via
secure wireless protocol.

Incidence of Respiratory
Depression

Analysis of pulse oximetry data re-
vealed that 7% of all individual satu-
rations values were below 90%. As
shown in the Table, clinically signifi-
cant episodes of respiratory depres-
sion as measured by oxygen desatura-
tion lasting more than 2 minutes were
found in 31% of the patients, with an
average of 19 episodes per patient.
This is about three times the incidence
of 11% found in a meta-analysis of 163
studies on respiratory depression by
Cashman.? The episodes-per-patient
data are of the same magnitude as
the 14 episodes per patient reported
by Curry.” Capnometry data revealed
that 7.5% of all individual respiratory
rate values were below 8 breaths per
minute, and 21% of the patients had
clinically significant episodes of brad-
ypnea, which is almost 20-fold higher
than reported by Cashman.®

The disparities between the results
of this pilot study and those of Cash-
man can be explained by a combina-
tion of the shortcomings of our pilot
study and flaws in previous studies
of respiratory depression. The data
from our pilot study were obtained
from our data server without clinical
correlation between the data and the
clinical status of the patients. The ex-
ception to this was synchronous data
from the infusion device indicating
when the patient self-administered a
bolus of pain medication. Although
our monitor data may suggest respi-
ratory depression, we lack verification
of the clinical status of the patient at
that time. It is possible that the pulse
oximetry probe became partially dis-
placed or the patient repositioned the
nasal cannula to eat more comfort-
ably. We made several accommoda-
tions to try to minimize this ‘artifact!
We imposed an additional require-
ment for a desaturation or bradyp-
nea to be maintained for greater than
two minutes before being counted as
respiratory depression, and we em-
ployed an averaging filter that would
reject spurious single values. In our

Table. Pilot Data December 2004 - January 2005

Patients | Hours Patients with Mean Cashman
on each respiratory episodes/pt data
monitor depression

Oximetry 58 4420 | 18 (31%) 19 11.5%

SpO, < 90%

>2min

Capnometry | g1 4425 | 19(21%) 11 1.2%

RR<8bpm

>2min
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ongoing study, we do obtain bedside
during monitor-alarm
conditions, including a sedation scale,
since sedation invariably accompa-
nies opioid-induced respiratory de-
pression. Another factor which may
influence our results is the presence
of two separate audible alarms, one
on each monitor, which may arouse
the patient. This, however, would bias

correlations

our data toward underestimation of
the incidence of respiratory depres-
sion.

Close review of published studies
documenting the incidence of respi-
ratory depression with PCA reveals
several flaws that may contribute to
an underestimation of the prevalence
of respiratory depression with PCA.
There are no standard or consistent
definitions for respiratory depression.
Although most studies use desatura-
tion and bradypnea (low respiratory
rate) as surrogate measures for respi-
ratory depression, thresholds for the
degree of desaturation and bradyp-
nea that constitutes respiratory de-
pression vary and many studies ignore
important qualifiers of the degree of
respiratory depression such as dura-
tion, depth, and outcome. Studies ex-
amining the incidence of respiratory
depression also combine surrogate
measures that perhaps should not be
combined because they are not com-
parablein terms of the degree of respi-
ratory depression. For example, many
patients may experience brief periods
of desaturation or apnea, which are
of little clinical consequence when
not persistent or recurrent. The use of
naloxone, an opioid-reversal agent, or
positive pressure ventilation, which
are also used as surrogate measures



of respiratory depression, portend a
much greater degree of respiratory
compromise, and should not be com-
bined with desaturation and bradyp-
nea data.

The most glaring deficiency in stud-
ies of respiratory depression, however,
is the reliance on chart review (mostly
retrospective) for acquiring the respi-
ratory rate of patients on PCA who
experience respiratory depression.
Respiratory rate is typically measured
and documented no more than every
two hours on patients receiving PCA,
introducing a large sampling error to
the data. Pulse oximetry, which pro-
vides continuous data when in use,
is also documented only sporadi-
cally. Curry found that only 9 of 493
desaturation events below 88% mea-
sured by continuous oximetry were
documented on the patient record.8
It has also been demonstrated that in
the setting of patients receiving con-
scious sedation for procedures, man-
ual assessment of respiratory rate,
as commonly done by nurses on the
hospital ward, is woefully inaccurate
when compared to capnometry or
impedance plethysmography.® 10

It appears that the incidence of
desaturation and bradypnea is much
greater than reported. The signifi-
cance of these data with regard to
adverse patient outcomes will be un-
clear until we complete the study us-
ing clinical correlation.

Predicting and Diagnosing
Respiratory Depression

Pain is often characterized by an
increase in heart and respiratory rate.
Oxygen saturation may or may not
change, and EtCO, often decreases

Respiratory Depression in PCA Patients:

What Continuous Respiratory Monitoring has Revealed
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as patients become tachypneic and
take shallower breaths, which are
less representative of alveolar EtCO,
concentration. A 24-hour graph of
the condensed physiologic data of
a patient with PCA therapy (Figure
1) shows a remarkable correlation
between dramatic increases in their
heart rate (spikes) and their self-ad-

ministration of a pain bolus (upward
arrows). In one such event (Figure 2),
the expected physiologic response
to pain monitored precedes the use
of the pain button (bottom graph).
Thus, it seems likely that analyzing the
trends in physiologic responses that
precede significant clinical events,
such as pain or respiratory depres-
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sion, may allow us to devise heuristic
algorithms that have prognostic value
in predicting the occurrence of these
events. Integrating these algorithms
into the monitor alarms will aid clini-
cians in preventing and diagnosing
complications of PCA.

Summary

Recent literature suggests that
more aggressive and appropriate of
treatment of pain resulting from the
JCAHO mandate to include pain as
a fifth vital sign (http://www.jcaho.
org) may have further increased the
incidence of opioid-induced respira-
tory depression. There is a need to
accurately quantify the risks of PCA
and improve the monitoring of these
patients to increase the safety of this
popular pain therapy modality.
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PROCEEDINGS

PCA Administration: Failure Modes and Effects
Analysis Identifies Opportunities to Improve Best
Practice and Prevent Adverse Drug Events

Vickey L. Weir, RN, BS, MPA, Clinical Quality Manager, Stanford Hospital and Clinics, Stanford, CA

Key Points

« An analysis of adverse events reported in Stanford’s new electronic Patient
Safety Network revealed a previously unrecognized pattern of widely
distributed, low-frequency, intravenous patient-controlled analgesia

(IV PCA) problems.

« A Failure Modes and Effects Analysis (FMEA) was used to identify and rank
probable causes, and a multidisciplinary team developed and implemented

solutions that significantly reduced the number and frequency of adverse

events.

« The experience reinforced the value of electronic adverse event reporting

and tracking, the use of a FMEA problem-solving approach, and the
importance of multidisciplinary teams in solving problems and

implementing solutions.

Introduction

Intravenous patient-controlled
analgesia (IV PCA) for opioid adminis-
tration allows patients in pain to self-
administer smaller, more frequent
doses of an analgesic as needed with
preset control limits.! Studies have
shown that patients using PCA have
improved pain control and reduced
total opiate consumption.>3 At
Stanford Hospital and Clinics, IV PCA
is the standard for parenteral opi-
oid administration for pain control
after many types of surgery. In 2004
over 40% of patients used IV PCA.
Despite the effectiveness of PCA, sig-
nificant hazards are associated with
this method of opioid administra-
tion.1 413

Stanford Hospital and Clinics use
of the online adverse event reporting
system, Patient Safety Net (PSN), pro-
vides a shared database that allows
trend analyses and comparisons
across the hospital and within the
aggregate data from 90 academic
health centers. In only three months
of PSN implementation, data analy-
ses performed by Stanford’s qual-
ity managers suggested a small but
widespread problem with IV PCA.
To confirm the problem, the quality
manager conducted chart reviews
and an in-depth, retrospective analy-
sis of an entire year’s data, which
included nine months of pre-PSN
data collected on paper forms.

PCA Programming Errors:
The Missing Decimal

The analysis revealed 56 incidents
involving IV PCA over 12 months.
The drugs most frequently involved
were morphine sulfate (40%), fentan-
yl (20%) and hydromorphone (16%).
The most frequent cause of these
incidents was programming errors
(71%).'4

A typical programming error was
a missing decimal: an order was writ-
ten for a 0.5 mg/mL bolus dose of
morphine, but the PCA device was
inadvertently programmed for 5 mg/
mL. Depending on the location of an
incorrect decimal, in the 56 incidents
the result of such errors was either
overmedication (75%) or undermedi-
cation (25%).1*

Improving PCA
Medication Safety

Toimprove IV PCA medication safe-
ty, Stanford’s Quality Improvement
and Patient Safety Department ini-
tiated a performance improvement
project, which was approved by
Stanford’s Quality Improvement and
Patient Safety Committee (QIPSC)
and Medical Board. Led by a quality
manager, the interdisciplinary proj-
ect team included pharmacists, nurse
managers, staff nurses, a physician, a
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FMEA on PCA Administration: Best Practice Protocols:

Preventing Adverse Drug Events

clinical nurse specialist, and a repre-
sentative from clinical engineering.
After reviewing the 12-month report,
the team conducted a failure modes
and effects analysis (FMEA) to exam-
ine every step of the PCA process
and identify possible failure modes,
causes, and effects. The FMEA iden-
tified four areas as being in need of
change to reduce the occurrence of
IV PCA-related ADEs.

Prescribing. Causes of wrong-dose
prescribing errors (loading, PCA con-
stant infusion, lockout interval, route,
frequency) included knowledge defi-
cits, wrong selection from drug list,
drug information not available, and
no standard protocol for IV PCA dos-
age or concentration. Another cause
was the failure to include a patient’s
age on the computerized prescriber
order entry (CPOE) system medica-
tion order screen. Errors could result
in an overdose, underdose, or ADE.™*

Dispensing. Errors in dispensing
resulted from misunderstandings
due to illegibility, ambiguous abbre-
viations, trailing zeroes, naked deci-
mals, verbal orders, look-alike drug
names or unclear order copies.'*

Administration. PCA pump mispro-
grammings could result from equip-
ment flaws, lack of standard con-
centrations, unnecessary variability
in products used, knowledge deficit,
confusion between units of measure
(e.g., mg vs. mcg), and mechanical
failure.

Monitoring. Insufficient monitoring
of the effects of PCA could result
from excessive workload, knowledge
deficit, lack of consistent monitoring
parameters or standard protocol, or
ineffective communication between
clinicians.’
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After identifying that these four
areas needed improvement, the team
identified specific actions to be taken
to reduce failure modes related to IV
PCA (Table).

Implementation

After the best practice improve-
ment plan was developed by the
team, the stakeholders needed to
approve and sign off on each new
change before its implementation.
Clinician education and training were
important. The proposed changes
and the rationale were present both
to the Stanford Nursing Education
Council and to educators on the nurs-
ing units. Trainers then communi-
cated the new protocols and double-
check policy to all staff. Physicians
and pharmacists were introduced to
the new order sets and protocols
through a published CPOE update,
articles in the pharmacy and medical
staff newsletters. Flyers describing all
the changes also were posted in the
physician workrooms on each nurs-
ing unit.’*

Results

With the exception of acquiring
new PCA pumps, all recommended
actions were implemented within
one year of discovering the problem
of medication errors related to PCA.'

After
formance improvement plan, PCA
programming errors were reduced.
Administration decreased
by 43%, and programming errors
decreased by 64%.

implementing the per-

errors

Harm severity was also reduced
(Figure). Administration errors were
most frequently Harm Scores D and
monitoring errors, most frequently
A/B.

Monitoring of all PSN/PCA events
by the Quality Improvement and
Patient Safety Department continues.
PSN events that contain the word
“PCA” are automatically flagged.
Data are reviewed with nurse man-
agers and the pharmacy manager,
and quarterly reports are made to
the Nursing Quality Council and the
Quality Improvement and Patient
Safety Committee.

Figure. PCA Incident Report Harm Scores*
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* University Health System Consortium Patient Safety Net Harm Scores: Category A: Unsafe Conditions/
Potential Harm; Category B: Near Miss/No Harm; Category C: Reached Pt/No Harm; Category D: Reached
Pt/Monitor/No Harm; Category E: Temporary Harm.




Lessons Learned

Onlinedatacollectionandreporting
improves data access, cross-unit
data aggregation,
institution comparisons, all of
which are crucial for identifying
low-frequency, hospital-wide

and cross-

events and trends.

FMEA provides an excellent model
to analyze steps in the medication

use process and rank-order action

steps to address problem identi-
fied.

Implementation of a best-practice
improvement plan such as that

described in this article can result

in a significant reduction in PCA-
related errors.

Key components in the PCA med-
ication safety plan developed and
implemented by Stanford Hospital
and Clinics included the establish-
ment of policies and procedures
that provided a standardized
dosage protocol, preprinted order
sets for PCA patients, a double-
process for drug
administration, documentation of

check

respiratory rates every 2 hours, and
continuous oxygen saturation

monitoring.
For general problem-solving,
incorporate stakeholders and

communicate!

Conclusions

IV medication errors are associ-

ated with a high risk of harm," and
PCA-related errors have even greater
harm potential than those related to
large-volume infusion pumps.’* Thus,
PCA-related medication errors need
to be given a high priority in safety
improvement efforts. At Stanford

FMEA on PCA Administration: Best Practice Protocols:

Hospital and Clinics, the use of an
online adverse event reporting system
and FMEA identified low-frequency
problems related to PCA administra-
tion of opioids. Within one year of
problem identification, a multidisci-
plinary team developed and imple-
mented a process improvement plan
that led to a significant reduction in
PCA-related medication errors, thus
improving patient safety and quality
of care.
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Table. FMEA Action Steps for Best Practice Improvements:
Develop and Implement'4
Prescribing. A standardized hospital-wide PCA dosage-prescribing pro-
tocol that allows for physician- or pharmacy-requested exceptions. Add

Dispensing. Standardized PCA order sets—preprinted sets for paper-based
nursing units and CPOE order sets—to address problems related to illegibil-

Administration. Double-check policy that follows JCAHO National Patient
Safety Goal 3 for improving the safety of high-alert medications: a sec-
ond nurse must independently check and sign off on every IV PCA pump
change, including all programming, syringe changes, changes in rate or
dose, and at shift change.

Assessment and Monitoring. A hospital-wide nursing protocol that
requires continuous monitoring of oxygen saturation and documentation
of IV PCA patients’ respiratory rates every 2 hours and that includes stand-
ing orders for nurses to administer opiate antagonists in cases of respiratory
depression or somnolence.

New Technology. Determine the feasibility of acquiring “smart” IV PCA
pumps to provide safety alerts when infusion parameters exceed pre-estab-
lished limits, easier programming, clearer display, and CQI logs to provide
data for best practice and quality improvement efforts.
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Using Smart Pumps and Continuous
Respiratory Monitoring to
Reengineer the PCA Process

Carolyn K. Williams, BSPharm, Medication Safety Specialist, and Harold J. A. Oglesby, RRT, Manager of
Pulmonary Medicine and Sleep Disorders, St. Joseph’s/Candler Health System, Savannah, GA

Key Points

patient monitoring.

« Opioid-related respiratory depression from patient-controlled analgesia
(PCA) can be fatal, and identifying patients at increased risk is difficult.

- Causes of over-sedation include pump misprogramming and inadequate

+ Reengineering the PCA process to include the use of smart pumps and
continuous respiratory monitoring, particularly non-invasive capnography,
can help to improve the safety of PCA therapy.

« Respiratory therapists are an essential member of the multidisciplinary team
to set standards, provide education to physicians, nurses and pharmacis
and be the “first responder” for patients receiving PCA therapy.

A critical issue with the use of pa-
tient-controlled analgesia (PCA) is the
potential for respiratory depression
that can result from over-sedation.
Identifying patients at increased risk
related to PCA therapy is difficult:
individuals vary greatly in their re-
sponse to opioids, and patient status
can change quickly."® If detected
early, most cases of opioid-induced
respiratory depression can be treated
with naloxone. Severe cases, howev-
er, can be fatal.'® FDA data suggest
that the risk of death from an adverse
event with a PCA pump is at least 10-
times greater than with large-volume
pumps.&?
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Causes of over-sedation include
“PCA by proxy,” inadequate patient
and clinician education, improper
patient selection, prescribing errors,
pump misprogramming, and inad-
equate patient monitoring.’* St. Jo-
seph’s/Candler Health System (SJCHS)
sought to address all these causes as
part of our continuing patient safety
improvement efforts. In particular,
to improve the safety of PCA pump
programming and patient monitor-
ing, we reengineered our PCA process
through the implementation of smart
pumps and continuous respiratory
monitoring of both SpO, and EtCO,.
Until recently the use of continuous

capnography has been limited most-
ly to critical care settings, since such
monitoring required that a patient be
intubated. The availability of modified
cannulas (Figure 1) now expands cap-
nography use beyond the previous
settings to include non-intubated pa-
tients in general-care units.

SJCHS was the first health system in
the United States to implement non-
invasive capnography to monitor pa-
tients receiving PCA therapy.” In this
articlewedescribethe PCA process be-
fore and after the implementation of
smart pumps and continuous oxygen-
ation (Sp0O,) and ventilation (EtCO,)
monitoring, the benefits of using
these technologies, and the new role
of the respiratory therapist in the PCA
process.

Implementation

SJCHS is a 644-bed, tertiary-care
health system with patient volume of
32,942 discharges annually. Patients
requiring PCA pain management
include oncology and sickle cell pa-
tients, post-anesthesia patients, and
those with acute pain. A modular
“smart” intravenous (IV) medication-
safety system for large-volume and
syringe pumps was implemented



hospital-wide in October 2002. The IV
safety system helped avert significant
IV medication errors with severe harm
potential;'" however, additional tech-
nology was needed to help protect
patients receiving PCA therapy.

SJCHS became a beta site to evalu-
ate the new PCA, SpO, and EtCO,
monitoring modules. Safety software
was customized so that the respira-
tory monitors alert whenever pre-es-
tablished limits are exceeded.” Based
on six months’ evaluation, continuous
respiratory monitoring of each PCA
patient was made the standard of
care. PCA and respiratory monitoring
modules were implemented hospital-
wide in June 2004.

Pharmacy and Nursing originally
planned to purchase a pulse oximetry
module for each PCA module. Howev-
er, during our initial beta trial of PCA
monitoring, when a trained respira-
tory clinician viewed a patient's trend
data, it was noted that the patient's
EtCO, would trend upward; however,

Using Smart Pumps and Continuous Respiratory
Monitoring to Reengineer the PCA Process

the SpO, would remain the same or
demonstrate a slow trend downward.

Our beta test experience showed
that EtCO, monitoring was the earlier
indicator of respiratory depression in
patient's receiving pain management
via a PCA device. This experience un-
derscored the difficulty of predict-
ing patient response to opioids and
showed capnography to be the “first
indicator” of opioid-related respira-
tory depression. A capnography mod-
ule was purchased for each PCA mod-
ule, and pulse oximetry modules for
use with selected patients.”

Impact on the Medication
Use Process

All steps in the medication use pro-
cesses (procurement, prescribing, dis-
pensing, administering, and monitor-
ing) were affected by the introduction
of PCA technology with continuous
monitoring. The issues related to pro-
curement were minimal and are not
discussed in this paper.
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mouth
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prevents dilution
from non-breathing
source » 0,

—menmee> CO

Figure 1.

Non-Invasive Capnography:
CO, Sampling/O, Delivery for Non-Intubated Patients
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Increased surface
area provides
greater sampling
accuracy in the
presence of low
tidal volume

Prescribing

Before implementing PCA with
respiratory monitoring on the same
platform, an order for PCA was gener-
ated by an anesthesiologist, surgeon,
or internal medicine physician. Anes-
thesia services managed the PCA for
a large number of the post operative
patients and provided a pain man-
agement nurse specialist who as-
sessed patients managed by the an-
esthesia service. This nurse supported
the unit-based nurses who routinely
monitored PCA patients managed by
anesthesia and other physicians. Stan-
dardized order forms were used to
communicate most of the orders, in-
cluding parameters for administering
the PCA and intermittent monitoring
of vital signs. Interventions for man-
aging overdose were also outlined on
the form. At SJCHS the concentrations
are standardized to a single concen-
tration for each PCA medication.

After implementing PCA with con-
tinuous monitoring, an unexpected
change in process occurred almost
simultaneously: the anesthesiologist
stopped ordering and managing PCA.
Several factors contributed to this de-
cision, including the recognition of
the value of continuous respiratory
monitoring to reduce adverse drug
events. Based on findings from con-
tinuous EtCOz and Sp02 monitoring,
order sets were revised with addition-
al guidelines for the nurse. Respirato-
ry therapists were added to the order
set as a resource. The same standard-
ized medication concentrations were
maintained.
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Dispensing

There was minimal impact on the
dispensing phase of the process. The
only change was to adjust the pock-
et size of the automated dispensing
cabinet to accommodate larger pack-
aging of syringes after implementing
the new technology.

Administration

During programming of the PCA
pump, safety software in the smart
infusion system verifies that the con-
centration is the one that is available
in our institution. The software also
verifies that the PCA dose, continu-
ous dose, clinician bolus, loading
dose, and 4-hour maximum dose are
within the pre-established safe lim-
its in the drug library. Programming
that exceeds institution-established
limits results in an alert that must be
addressed before infusion can begin.
The nurse reviews the order and may
proceed with programming or correct
the programming if an error has oc-
curred. In this way, the infusion safety
system provides another “check” of all
programming of PCA pumps.

Safety software logs capture data
on alerts (when dosing exceeds es-
tablished parameters) and averted
errors (when an alert results in re-
programming or cancellation of an

infusion). Review of continuous qual-
ity improvement data collected dem-
onstrated a reduction of eleven pro-
gramming errors each month. The
Table shows examples of prevented
programming errors.”

Monitoring

The addition of continuous moni-
toring of EtCO, and SpO, adds
valuable clinical information to the

to PCA therapy and helps provide
an early warning to potential respira-
tory depression for a patient.

New Role of Respiratory
Therapist

Early during the implementation of
continuous respiratory monitoring for
patients receiving PCA we realized the
need to incorporate respiratory ther-
apy as part of the multidisciplinary

Figure 2. PCA, SpO, and EtCO,
Trending Data: Representative Examples
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vitals signs and intermittent oxygen
saturation monitoring assessed prior
to implementation of the technology.
Having both infusion and monitor-
ing on the same platform provides up
to 24 hours of PCA dosing history
with corresponding monitoring val-
ues from either SpO, and/or EtCO,
(Figure 2). This aids in review of

a patient’s physiological response

Table. “Smart” Alerts Result in Programming Changes to Avoid Errors:
Representative Examples'’

Location Drug Parameter Initial Reprogrammed
Med/Surg Hydromorphone  PCA Dose 3mg Tmg
Med/Surg Hydromorphone  Continuous Dose 30mg Tmg

Crit. Care Morphine Lock Out (time) 30 min 15 mins
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team for PCA medication safety. As
part of the decision-making process,
respiratory care was asked which pa-
rameter, SpO, or EtCO,, would be
the better indicator of respiratory
depression in patient's receiving pain
management. Based on experience
and published reports,'>'> respira-
tory care believed that the breath-to-
breath detection of EtCO, would give
the staff the earliest sign of respiratory
dysfunction. SpO, was thought to be
a late indicator of respiratory depres-
sion, because changes in oxygenation
may be delayed, especially in patients
receiving supplemental oxygen.

The respiratory care team was also
involved in developing a patient-se-
lection algorithm to determine which



patients would require EtCO,, Sp0y,
or both types of monitoring. The al-
gorithm was based on patient's body
mass index (BMI), medical history,
and current disease process. Patient
suffering from obstructive sleep ap-
nea (OSA) and those with a high BMI
were thought to be at increased risk
of respiratory depression because of
their tendency to experience apnea.
The respiratory therapist also worked
as part of the PCA monitoring team to
revise our health system's PCA policy,
which now requires that respiratory
therapy staff evaluate every PCA pa-
tient at least once per 12-hour shift.

Education was an important ele-
ment in the success of the program,
because the new technology was be-
ing introduced to general care areas
where the nursing staff was unfamil-
iar with monitoring EtCO,. The Re-
spiratory Care education coordinator
worked with a Clinical Nurse Special-
ist to educate the nursing, pharmacy,
and respiratory staffs. The education
sessions successfully provided the
basics. Additional education occurred
at the patient's bedside when the re-
spiratory therapist would evaluate
PCA patients. This evaluation includes
respiratory rate, respiratory effort,
EtCO, trend, SpO, trend, alarm limits,
and any changes in the patient’s sta-
tus.

During continuous respiratory
monitoring, if an EtCO, module
alarms only rarely, a nurse will re-
spond by arousing and stimulat-
ing the patient to take some deep
breaths. If the alarms are frequent,
the nurse will arouse and stimulate
the patient, verify that the monitoring
unit is operational, and, if so, contact

respiratory therapy. The respiratory

Using Smart Pumps and Continuous Respiratory
Monitoring to Reengineer the PCA Process

therapist and the nurse decide the
best course of action. If the situation
is not readily corrected and a patient
continues towards respiratory failure,
a physician is consulted regarding fur-
ther treatment and possible transfer
to an ICU. Adding Respiratory Care to
the team thus introduced a bedside
EtCO, monitoring expert to our PCA
safety program.

Using this technology allows Re-
spiratory Therapy to care for patients
more efficiently, so that existing staff
can oversee more patients. Earlier
identification of respiratory distress
allows Respiratory Therapy to inter-
vene before a patient’s condition be-
comes serious, which saves time and
increases the likelihood of a positive
outcome.

Conclusions

Early intervention to avert respira-
tory depression is critically important
to improving patient safety, quality of
care, and optimal use of resources. The
combination of PCA, SpO, and EtCO,
monitoring modules on a single
platform at the point of care provides
accurate,
respiratory monitoring for patients
receiving PCA therapy. Implement-
ing this system helps clinicians make

non-invasive continuous

more informed decisions about the
care of patients receiving PCA.

Respiratory Therapy’s role is an im-
portant factor in creating a successful
PCA-respiratory monitoring program.
At SJCHS we included respiratory
therapists to help set standards; pro-
vide education to physicians, nurses,
and pharmacists; and to become the
“first responder” to improve the safe-
ty of pain management using PCA.

Nurses and respiratory therapists see
continuous EtCO, and SpO, monitor-
ing as valuable assessment tools. Con-
tinuous respiratory monitoring allows
early intervention and reduction in
untoward outcomes.
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The roundtable discussion brought together the speakers
and invited guests to discuss the content of the presentations
to determine if consensus could be reached on new practices
for sedation and the use of patient-controlled analgesia (PCA).
It was agreed that, if not properly used, both of these therapies
can result in patient harm, and that new drugs and technolo-
gies are needed and have the potential to improve efficiency,
effectiveness and safety. Beyond these broad principles, there
was lively discussion on several topics that affect the use of
sedatives and PCA - topics where consensus was not reached.
These included the ability to standardize sedation and pain
management treatments, methods for and the importance of
patient monitoring, the impact of the process of care on pa-
tient outcome, the need for evidenced-based medicine to de-
fine practice, healthcare workforce issues, and the impact of

new technologies.
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Pain Management

Let’s start the discussion by shar-
ing experiences with some of the
newer approaches to pain manage-
ment - both the drugs and the tech-
nology. Are there ways to improve
pain management and safety at the

same time?

“I am bit concerned by what | hear
about opiates. We use a multimodal
approach to pain management in the
standards of care for PCA, and it starts
in the OR. We start with paracetamol,
then for Step 2 use NSAIDS, and then
go to Step 3 with PCA. A scheme is
needed for the use of PCA where you
cover all these steps in a multimodal
approach. Fewer opiates are used in
our institution compared to what |
heard at this conference. Perhaps the

multimodal approach is the way to

"

go:
Michel M.R.F. Struys, MD, PhD

“I agree with the multimodal ap-
proach toward pain management.
JCAHO, with their fifth vital sign for
pain has got the snowball rolling
down the hill, and it's rapidly turning

into an avalanche. Recent published

reports suggest side effects with opi-
oids are increasing. Our opioid use is
increasing and will be increasing, and
in this conference, we need to address
this issue. The Europeans are more
advanced in the use of multimodal
therapy. In this country, the empha-
sis on proper pain management and
the consequences of using opiates is
so well-established and so effective,
that | think that’s going to be where
we're going to be in the short-term.
This conference needs to address the
short-term. Addressing a long-term
objective is also, of course, the right

thing to do.”
Frank Overdyk, MISEE, MD

"With multimodal pain manage-
ment, everything from clonidine to
gabapentin is used. The question is
why should we spend $12.00 on an
NSAID instead of spending $0.46 on
anopioid to getequipotentanalgesia?
Because of the cost difference there is
often a tendency in the community to
just give more opioids to get to the
same level of pain control. However,
we know that limiting the amount of
opioids one gives both limits the well

known side effects(eg puritis, illeus,

respiratory depression) and the less-
er known side effects such as opioid
hyperalgesia and depressed immune
function. In general, most of the dis-
cussion of pain management has been
about parenteral PCA administering
opioids, but we use a lot of PCEA and
PCA peripheral nerve pumps, as well.
These are key components to success-
ful multi modal therapy, sometimes
we mix these modalities though we
try to refrain from our patients' having
two buttons. If you address PCA, you
also have to address all types of pa-
tient administered routes and drugs,
whether administration is neuraxial
or perineural. I'm a little surprised that
no one has mentioned ketamine in
a PCA format. We use ketamine as a
constant infusion and for all sorts of

procedural indications."
lan H. Black, MD, MAJ, MC

“I'm not a fan of mixing different an-
algesics together and | thinkit’s a dan-
gerous thing to do. There are not only
issues of pharmacological compatibil-
ity and stability in solution, there’s lots
of other issues. It would be very rare
for two drugs that are mixed to have

a similar time course, and the positive
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effects that you are looking for and
their adverse effects will all be slightly
different and have a slightly different
time course. Remifentanil and propo-
fol are often mixed in a syringe, but |
worry about it. If the patient needs to
get a bolus dose, the propofol dose
will be adequate, but the remifentanil
will be too high. From my understand-
ing, if you put two drugs together into
a syringe, you've created a new drug,
and so there are liability issues that

you have to think about”
A.R. Absalom, MBChB, MD, FRCA, ILTM

“The argument that opioids are
better than NSAIDs based on costs
is not the most important one. With
NSAIDS, the adverse effect profile is
worse than opioids, including prob-
lems with renal failure. We were very
aggressive in using NSAIDs in our car-
diovascular surgical patients, and saw
an inappropriately high incidence of
post-operative renal failure. When
we moved away from NSAID use, that
went away. Now, that’s not a con-
trolled trial, but that was our observa-
tion. | also think NSAIDS are as not as

universally efficacious as opioids.”

John Englebert, PharmD
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Patient Monitoring
and Safety

Do we think that an envisioned fu-
ture would involve having end-tidal
CO, monitoring for patients who re-
ceive PCA with opiates? I'm hearing
from the nurses that there’s a need to
monitor patients receiving opiates
more closely and in the med-surg

areas opiates aren’t going away.

“My practice is part of a pain man-
agement team and we tend to see the
more difficult-to-treat pain patients. |
still don’t know if we have a tool that’s
going to help us use opioids more
safely. | have no arguments at all with
the use of the multimodal approach
and trying to use less opioids. But the
reality is they still remain a mainstay
of pain management. | also think one
of the things that we are compromis-
ing is pain control. Because we are
hesitant to escalate opioid doses, we
do a very poor job of treating pain,
primarily because of the fear of respi-

ratory depression.

“If we have a tool that can allow
us to detect respiratory depression
and provide an alert when the patient

is getting into trouble, it will be tre-

mendously useful. I'm excited about
it, if we can find the technology. | will
say after listening yesterday, though, |
don’t know if we're there. It looks like
we have a tool, but I'm just not con-
vinced that the current technology can
clearly discern issues with opioid use

compared to other respiratory issues.”

John Englebert, PharmD

“In today’s legal climate, some of
our anesthesiology colleagues are not
willing to do some of these things be-
cause there are legal and reimburse-
ment issues. In the last four years
we've created an environment where
we were told, ‘There is no opioid ceil-
ing, the only way you know what you
need is by giving what you need. Opi-
oid use is now being encouraged for
pain management in primary care
settings. These patients are now re-
ceiving much higher doses of opiates.
As a result, they have tolerance, de-
pendence, addiction issues, and need
higher opiate doses. Although we
can’t get away from using opioids in
these types of patients now, my con-

cern is using them safely.

“Two concepts that | have been

fascinated about at this meeting are
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targeted-concentration infusion (TCl)
technology and capnography with
PCA pumps. Something that | see in
my hospital is a significant use of Nar-
can to reverse opiate toxicity. The use
was different in our orthopedic hospi-
tal population vs. the non-orthopedic
population. We've always pushed bet-
ter pain control for the orthopedic pa-
tients, because many of them are on
opioids. They become sedated, then
they awake and the pain team gets
called. There was a significant use of
Narcan. It was being administered to
patients when the respiratory rate was
8 per minute. Maybe these patients
were well-narcotized and sleeping
well. Narcan should not be routinely
used for a respiratory rate of 8. What
was the oxygen saturation in these
patients? No one knows because we
don’t have enough continuous pulse
oximetry devices to monitor these
patients. The pain committee recom-
mended that patients on PCA pumps,
especially those people on a continu-
ous dose, must have pulse oximetry.
| also think that it's important to con-
sider the use of capnography for these

patients.”
Gladstone C. McDowell I, MD

“Clearly, capnography has value.
Its use is a standard in the operating
room. It's not the value of capnogra-
phy, per se, but the value of capnog-
raphy under the conditions of PCA
that’s the question. How many pa-
tients, in the middle of the night, will
pull it off, and you'll have spent your
$350,000, have your disaster, and still
pay up? We don't know whether cap-
nography with the type of technology
that is presently available is going to
make a difference. Clearly it gives you
information, but if you don’t use that
information, it has no value and may
cause harm. ASA has now mandated
that monitors be provided with alarms
that cannot be switched off. Don't
just ask, is capnography valuable and
should it be mandated? Is capnogra-
phy valuable with the technology you
have under the set of circumstances
you have with PCA? If we can answer
that question, ‘Yes, then it should be
a standard of care. We are nowhere

close to that yet, in my opinion.”
Peter Glass, MD

“Five years ago, there was no mon-
itoring for procedural sedation cases

because they did have pulse oximetry

available. Even with pulse oximetry,
patients would develop respiratory
depression in procedure areas like
gastroenterology. There have been
studies of procedural sedation show-
ing that capnography was able to
detect hypoxia early. So it should also
follow that there would be a similar
pattern for the treatment of postop-

erative pain.

"We need to look for end points
that are likely to produce a disaster
if uncorrected: for example, a pulse
oximetry measurement of less than a
certain number, or an end-tidal o,
greater than a certain number, or a
critical number of apneic attacks. Is
there any reliable method of monitor-
ing these patients? Probably, but it is
not yet proven. End-tidal CO, moni-
toring is available but it has not been
proven in any studies. We must have
a multi-center trial to determine the
end points that are likely to result in
hypoxia, if uncorrected. Without that,
| simply say you probably will have to
wait for a few more years before this

thing gets finalized.”
Bhavani Shankar Kodali, MD
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Process of Care

Do we need to have pain services?
There are many people here who
probably would advocate them, be-
cause they’re running them. Or is the
technology going to make it possible
for us to take care of patients with-
out specially trained clinicians? Are
we putting too much emphasis on
technology and forgetting common
things like clinical symptoms of tox-

icity?

“Most of our experience with PCA is
in med-surg and orthopedic patients.
We have very little PCA experience
in the ICU. We're using the end-tidal
CO, in med-surg and orthopedics,
not very much in OB, because OB pa-
tients don't typically have a PCA de-
vice. We have not done clinical trials.
We do plan to look at the incidence
of respiratory depression with PCA.
Our experience has shown that we
are identifying people with respira-
tory depression earlier, we are treat-
ing them with much less aggressive
intervention, stimulation, re-posi-
tioning, minor dosage adjustments,

and being able to maintain effective

pain control in this patients. There
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is a void in education of physicians
and nurses related to end-tidal CO,.
That's why we have respiratory thera-
pists on our team. They are already
experienced and already very knowl-

edgeable”
Carolyn Williams, BSPharm

“Just a few years ago in Oregon,
based in large part on the medical
community’s failure to treat pain ef-
fectively, the citizens passed a ‘death
with dignity’ statute, physician-as-
sisted suicide. | think the medical
community looked at that and began
to treat pain better, at least in some
areas. But as we treat pain better, the
unintended sedation becomes a side
effect of that. At least in our facility, we
looked at that rather aggressively, and
we have protocols now that require
specific monitoring and specific cre-
dentials if you're going to be sedating
patients. Anybody who transports or
cares for a patient that is getting pain
medication has to have basic seda-
tion credentials. Every year, they are
trained in basic airway management,
how to give help if needed, and how
to assess their patients. That even in-
cludes the radiology transport staff. If

you're going to be sedating a patient

procedurally, you need advanced se-
dation credentials, and the training for
thatis a bit more intensive. The people
who are monitoring procedural seda-
tion patients have to have advanced
sedation credentials. The people who
are administering the sedation also
have to have the credentials. To main-
tain those credentials, they have to do
so many procedures every year. That

has worked very well for us.

“Since we have begun monitoring
more closely, our incidence of ad-
verse events has decreased and our
monitoring criteria also improved.
The monitoring criteria are based on
the patient’s ASA scores and their
level of sedation. For example, if a pa-
tient is at our score of level 3 sedation
and they are an ASA of 3, they would
need significantly more monitoring
than if they started with an ASA score
of 1. In the cardiac catheterization lab,
where sedation procedures are used
for prone patients over a significant
period of time, end-tidal CO, moni-
toring is used as a part of the sedation
procedure. In more than one case, an
event has been detected before it es-

calated”

Pam Almandinger, RN
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“Twenty years ago pain teams were
taking care of everything: PCA, epidu-
rals, peripheral nerve blocks. Because
of the huge numbers of PCA patients
and the apparent safety of PCA, a
slightly different model has emerged.
We thought we had the answer, but
at this meeting and elsewhere we're
hearing that respiratory depression is
extraordinarily common among pa-
tients who are receiving PCA. So we've
got two standards of care: In the oper-
ating room, where the incidence of re-
spiratory depression and unintended
hypoxemia is infinitesimally small, we
mandate pulse oximetry and end-
tidal CO, monitoring. On the ward,
where adverse events are apparently
more common, we don't have any

such rules.

"I think that we can improve pain
management by using multimodal
pain management, but PCA is not go-
ing to go away. In fact, there are sev-
eral forces promoting PCA over mul-
timodal therapy. In our institution,
because of the increased use of an-
ticoagulants, we probably will never
use a parenteral COX-2 inhibitor, and
a large number of patients will have

to rely on opiates.”
Richard E. Moon, MD, FRCPC, FACP, FCCP

“Because of the way pain services
were in the 90s, we would order close
monitoring of sedation and respira-
tory status for patients with epidural
analgesia. However, today with PCA,
after four hours or so of close monitor-
ing, vital signs and sedation levels are
checked infrequently, perhaps every 4
hours. I've always said we need closer

monitoring, and people fight me on

that everywhere | go. | don't know
why. But the first 24 hours when pa-
tients have anesthesia on board and
are adjusting to the opioid and use of
PCA, they need to be monitored more

closely.

"I want to say one other thing on
behalf of nursing. Part of the problem
is also that nurses are not empowered
to make decisions when a patient
is sedated on PCA on the med-surg
floor, for example, to back off on the
dose. | don't have a problem calling
a physician; however, I'm going to do
everything else | can in the middle of
the night first to avoid calling him or
her. So there have to be options for
the nurse to keep these patients safe.
Nurses are capable of making deci-
sions to back off on the dose before

patients get into trouble.”
Chris Pasero, RN, MS, FAAN
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Evidence-Based
Medicine

Dr. Stoelting discussed thinking
about ways to define practice with-
out relying on scientific evidence.
This approach has been suggested
for patient safety practices. There
are some ways that we can generate
expert opinion about practices with-
out scientific evidence. The NIH does
this through consensus development
conferences, for example. Dr. Stolt-
ing described a four-step process to
establishing best practices in the ab-
sence of double-blind, randomized,
control studies. One was a mandate,
second was consensus, third was
advocacy, and the fourth was the
establishment of standards. Is there

agreement on this?

“I respectfully disagree. If you think
about medicine, there are a lot of in-
terventions that make sense. You can
know the pharmacology, physiology,
and imagine what could or should be
an effective treatment. Consider the
area of cardiology, which has a good
history of evidence-based medicine.
Drugs like calcium channel block-

ers, magnesium, nitrates: all make
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sense to use in an acute myocardial
infarction. When you do a controlled
trial with thousands of patients, they
don’t work. You might even imagine,
it makes such utter sense to moni-
tor people when you're giving them
aggressive sedation or PCA. | spend
most of my clinical time monitoring
patients and | feel very confident that
they're safe, because I'm there moni-
toring them. So | believe strongly that
monitoring is good. But, at the same
time, | also have an open mind, be-

cause the devil is in the details.

“You don't just put a monitor on
and think everything’s good, because
a monitor by itself doesn't improve
patient outcome. Someone has to do
somethingwiththe monitor.Someone
has to respond to it. Now, of course,
the pump can have a pause protocol,
but what is the best respiratory rate to
use to initiate the pause? What's the
effective limit? If you don't do a study,
and you just advocate something be-
cause it makes sense, you have the
potential to do harm. You have the
potential to spend a great deal of re-
sources buying new monitors and
then not knowing the right way to

use them. You need nursing educa-

tion, policy and procedures. How do
you respond to these monitors? If
you just say, ‘This is what we should
do, without investigating it, without
doing studies, you have the poten-
tial to waste resources, where they
could be spent otherwise to benefit
patients. So, | think the idea of advo-
cating this is the right thing to do; do-

ing so without a study is premature.”
James Paul, MD

“I'm responding to two issues
which you've both brought up. First, |
am going to take an in-between view
in terms of evidence-based medicine.
| take the model of a predilection for
bombs. We don’t explode atomic
bombs anymore, but we understand
what the impact is. You don’t have to
deal in outcomes that are very rare.
You can't always have evidence-based
medicine based on simple clinical tri-
als, but you can do a variety of things
to understand what the outcomes
may be. | believe we need an evidence
base, but it doesn’t have to come from
large, randomized clinical trials. We do
need to test the hypothesis, and there
are various ways to do this. So, it's a
little modification of what both sides

have said.
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“The second issue is sedation and
PCA and poor outcomes. First of all,
you're going to take on a giant go-
rilla. The political issues involved in
that within the United States around
who owns sedation is enormous. This
group of 40 to 50 people is not going
to resolve these issues. If we look at
the deaths that occur, they are prob-
ably far greater in the field of sedation
than they are in the field of PCA. If you
want to tackle an issue of patient safe-
ty, tackle sedation before PCA. Yes-
terday, when talking about PCA and
deaths, everybody was talking about
opiates, opiates, opiates and analge-
sia. We really need to get away from
opiates. | was a great proponent that
opiates are the mainstay of acute pain
management; | think that thought
process is going away. Although they
are clearly a component of pain man-
agement, the amount of opiates we
use needs to be minimized. It will be
of far greater value in patient safety
when we can markedly reduce opiate
requirements by using alternatives
like multimodal therapy and other
techniques. We need to educate prac-
titioners about it and really move

away from centralizing post-op pain

management with PCA. | believe that
will save many more lives than trying

to monitor these patients.”
Peter Glass, MD

“| agree with what Peter said. |
think there are two points that prob-
ably weren't explicitly stated by Dr.
Stolting, but as a person who comes
up with ideas for designing clinical tri-
als, you have to do an analysis of your
outcome and the incidence. As he
said, but maybe not explicitly, when
the incidence is extremely low, the
sample size needed to generate the
outcome with a statistical significance
is extraordinary. So, it's not practical,
because of the low outcome. And
the second issue, which we didn't
talk about, is that it is also hard to de-
sign a clinical trial in humans and get
through the IRB because of the ethi-
cal concerns. You could argue scien-
tifically whether that’s rational or not,
but the ethical concerns will limit the
ability to answer these questions. So
| think a middle ground is going to
have to be the way that you look at
studies for these rare and serious out-
comes. If the outcome is rare, but not

serious, it's a different issue, but when

it's rare and serious, numbers and eth-
ics really limit your ability to do a ran-

domized, double-blind trial”

Frank Overdyk, MSEE, MD

"I was thinking about a clinical trial
that addresses the question: 'Does
monitoring of PCA patients with con-
tinuous oximetry and capnography
with a pause protocol reduce the in-
cidence of respiratory depression?'
It might be difficult but it certainly is
not impossible. | manage three Acute
Pain Services in one city that serve a
total of 4,000 patients per year, and
we have managed to collect data on
over 20,000 of these patients using a
clinical database tool. Based on these
data we found that severe respiratory
depression occurs between 0.25%
and 1.5% of the time. The proposed
study would involve at least two arms,
one with continuous monitoring and
a control group. The primary outcome
would be the incidence of respiratory
depression. Considering the baseline
risk of respiratory depression and a
projected reduction in events by 50%
using continuous monitoring, the
sample size would likely be between

4,000 and 8,000 patients. So, even in
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one city, this study is possible. If you
include other centers, the study could

be done within a year.

"So, it's not only a good question to
ask, it is quite feasible. | would ar-
gue that in terms of ethics, there's no
question it would get through an IRB
because the standard of practice is to
do without right now. Does continu-
ous monitoring of every patient make
a difference? It's not being done now,
and until you test it and until you
study it, you don't know the right an-

swer.”
James Paul, MD

“I'm also a strong advocate for
evidence-based practices when |
have evidence that is available, but |
do think decisions often need to be
made without it. | am currently de-
ploying rapid response teams in all
of our hospitals. | have never seen a
double-blind, controlled, prospective
study of the effectiveness of rapid re-
sponse teams. What | have seen are
data from hospitals that know their
baseline code status rate and their
failure-to-resuscitate rate, put in a
rapid response team, and measured

the relative effectiveness of those two
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variables in reducing mortality. There
was enough evidence for me to make
the decision to implement rapid re-
sponse teams in my organization be-

cause it made sense.

“When | consider our current expe-
rience with PCA, it is my perception
that we are having bad outcomes, par-
ticularly in orthopedic patients - they
come in fast, they have very minimal
preoperative evaluation, have what is
considered a minor procedure, they
go through surgery, they are sent to a
med-surg floor where the nursing ra-
tiois not 1:1 or 1:2, as in ICU, but actu-
ally 1:6. There might be six admissions
to the unit that afternoon. The data
are imperfect, but what | am seeing
is complications that are occurring
eight to 10 hours later. Some of those

complications are very severe.

"To put an end-tidal CO, monitor
on every PCA in my organization is
going to cost about $350,000.00. One
adverse outcome in one of those pa-
tients may cost many millions of dol-
lars. The added cost of care in treat-
ing all those complications for each of
those cases and one that goes to the

ICU and ends up on a ventilator for

a 21-day stay with further complica-
tions is going to take a very big toll on
my organization. I'm not comfortable
waiting for a double-blind, random-
ized, controlled, prospective trial, and
| think that we have enough baseline
information in most of our organiza-
tions to see essentially what the be-
havior was beforehand, and what the

behavior is after the intervention.”
Tom McCarter, Jr.,, MD

“Just from the preliminary data we
have right now from the sites that
are actually using sedation and PCA,
it's probably easier than we actually
think to do the study because the
incidence of complications is much
greater. If the incidence is greater, a
study is even more feasible. If we were
implementing a new drug treatment,
no one would argue, no one would
even dream of mandating it without a
study - it would be against the law.
The FDA would never approve it.
Think about multimodal pain man-
agement and the use of COX-2 inhibi-
tors. It makes a lot of sense. If we use
multimodal pain management, the
amount of narcotic PCA is reduced

but unexpected harm might be dis-
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covered in alarge randomized trial. So,
there are unanswered questions, and
it is ill-advised to mandate something
without a randomized trial, which is
not only feasible and possible, but
should be done and is probably much

easier than we actually think.”

James Paul, MD

Healthcare Workforce
Issues

Much has been said about the
shortage of healthcare profession-
als, particularly nurses. New devel-
opments in sedation and pain man-
agement may require additional
skills that not all healthcare profes-
sionals have. Some institutions em-
ploy pain management services. On
the other hand, perhaps some of the
new technologies may make it pos-
sible to monitor sedation and pain
management more easily. How will
workforce issues in healthcare affect

these treatments?

“We have a lot of new, novice RNs
who have been working with us in our
workforce. There's a nursing shortage.
So the struggle then becomes, ‘How

do you get the skill set to these prac-

titioners at the bedside who do not
have experience, who are missing
very subtle cues, which may be there
but only the expert will recognize,
and how do we protect the patients,
bringing the same quality to all areas

of practice, not just to ICU?"”
Regina lzu, RN, PHN, MSN

“I'm an ICU nurse, so when | see a
patient come in after a PCA event, it’s
because something’s happened on
the floor. It is usually respiratory de-
pression, and maybe other things go-
ing on with the patient. What I noticeis
that when these events are reviewed,
there is not a formal root/cause analy-
sis, but discussion that the nurse did
a poor job. | don’t hear people say-
ing the physician over-prescribed the
drug. It always sounds to the med-
surg nurses like, if you had paid atten-
tion, if you had monitored more, this
would not have happened. | feel sorry
for the med-surg nurses who then get
told off. You know something will be
reported to the manager, and even if
it's a supportive manager, he or she
will have to discipline that nurse. Peo-
ple wonder why there is a turnover in
med-surg nurses. A lot of it has to do

with what seems an almost impossi-

ble task in med-surg: you have to see
through walls when you're without
any help. The onus always seems to
be on ‘the nurse didn’t do a good job!
Anything that could support a nurse
without too many nuisance alarms

would be extraordinarily helpful”
Mary E. Lough, RN, MS CNS, CCRN, CNRN

“The nursing shortage is reality. A
good nurse at the bedside could sup-
plant the need for technology to help
monitor the patient. We don’t have
the reality of a nurse being able to
be at the bedside in the ratios that it
takes to monitor PCA patients, and we

need something else there.

"We recently had a patient who
came from surgery, received nothing
for pain in the PACU, and within two
hours went into significant respira-
tory depression. We know he hadn't

received any PCA.

"It's very difficult to guess who's go-
ing to need what dose of pain medi-
cations postoperatively. | understand
limited resources, butit’simportant to
realize that if you are trying to predict,
it's going to be very difficult.

Carolyn K. Williams, BSPharm
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“What resources dowe need to take
good care of patients? Let’s not be sat-
isfied with current nursing-to-patient
ratios. | think the #1 thing we should
recommend is better ratios. We know
that improves patient safety across
the board. So | think there should be a
mandate about nursing ratios, that it's
not safe to have too many patients for
one nurse. There's a cost issue as well.
| think the second aspect of a man-
date would be to empower nurses
with defined assessment skills, such
as assessing respiratory function
for patient on a PCA who should be
monitored for the following things,
period. The third aspect of a mandate
is defining the type of monitoring
technology that can be putin place to

help us in this system.

"So | would recommend a three-

tiered, three-step approach, three

49 Executive Summary Conference Report

levels of saying better ratios at the

bedside, better personnel, better
monitoring, empowering nurses with
standards of how much and what
should these patients be monitored
for, and using and empowering them
with an understanding of how to use

the technology.”
BrendaT. Pun, RN, MSN, ACNP

“No mandated nurse ratio is go-
ing to solve this problem, so | want to
put that on the table, and this group
shouldn’t be deciding. You've talked
about empowerment. We're talking
about patient safety, and that’s the
focus | would want us to take in this.
We're talking about a nursing short-
age for a long time, so there’s a short-
term discussion and a much longer
term. If monitoring is what's going to

help, | think we should do that”
Pam Almandinger, RN

“As far as nursing staffing and ra-
tios go, working with novices and
new graduates without experience,
and patients with co-morbidities and
complexities such as obesity, | think
'Yes, we have ratio concerns; yes, we
have skill limitations; but can we iden-
tify the patients in med-surg and or-
tho who are at higher risk, who need

a more experienced practitioner?'

"Joint Commission standards now
require matching the needs of the pa-
tient with the skills of the practitioner.
Do we look at changing the variance
of staffing for those patients, for a lim-
ited amount of time, so that they can
get the care that they need? Can we
clarify and indicate exactly what care-
givers should look for, so even the
novice can recognize the signs and

the symptoms of clinical problems?”
Regina lzu, RN, PHN, MSN
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Improving Care with
New Technology

Would you look to monitoring
based on applying technology, or to
having individuals who have better
qualifications to perform that func-

tion, or both?

“I think there are two issues. One is
the sedation that is occurring in car-
diac catheterization and other proce-
dure areas where there is a qualifica-
tionissue. For the patient who is alone
in a room for many hours at a time
with his or her PCA machine, clearly
it's technology that’s going to be a

factor in improving patient safety.”
Richard E. Moon, MD, FRCPC, FACP, FCCP

“With PCA there are two problems.
One is an inherent problem in PCA:
something related to the feedback
loop not working properly, even if
it's implemented appropriately. We
found that this was a problem in
some of our patients, and what we
did to avoid this was to eliminate the
use of continuous infusions with PCA.
According to some studies, that may
result in decreased pain control effi-

cacy, but thereis an increase in safety

because the patients will not self-ad-
minister doses of an opiate when se-
dated to the point where they are not

pushing the button.

"The other systemic problem with
PCA is operator errors. These include
programming the pump incorrectly
and attaching a syringe with the
wrong dose in it. The way we resolved
these problems was to use only single,
equipotent concentrations of a limit-
ed number of opiates for PCA pumps:
1 mg/mL of morphine, 0.2 mg/mL of
Dilaudid, and 10 mg/mL of meperi-
dine. The program is always an incre-
mental dose of 1 mL per push button.
If the syringe gets swapped, the pa-
tient will still get the correct dose. Our
complication rate has decreased ap-
preciably. We're a very small hospital,
only a couple of hundred beds, and
we were seeing one or two respira-
tory arrests a year, and now we don't

have that problem.
Jeffrey B. Gross, MD

“l wanted to expand on the value
of having dose limits and the data
that I saw. You are averaging 11 alerts

per month, or one alert every three

days of programming errors that are
caught by having a drug library with

standardized dosing limits.”

Tim Vanderveen, MS, PharmD

“The dose-limit protections that
we have in the devices are wonderful.
| do like your idea of each concentra-
tion delivering the 1 mL dose being
an appropriate dose, that's really an
important thing, particularly if you
don't have the safety limits. But with
the safety limits five elements are pro-
tected: loading dose, bolus dose, PCA
dose, continuous dose and lockout
interval. The 11 alerts per month re-
sult from either grossly over or grossly
under programming errors that are
detected by the devices, and the
nurse makes a decision to change the
programmed dose based on what’s in
the orders. For example, on two dif-
ferent cases in one day, the nurse
programmed a dose for Demerol, al-
though she had a morphine syringe
in the PCA pump. The PCA pump
alerted the nurse to the programming
error. Thesedoselimitalertshavebeen
invaluable in preventing program-

ming errors.”

Carolyn K. Williams, BSPharm
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