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Clinical Experience with Capnography Monitoring for PCA Patients

See “Capnography,” Next Page
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Figure 1. Patient monitoring - selection algorithm9 

Source: Maddox et al. Advances in Patient Safety: 
New Directions and Alternative Approaches. Vol. 4. 
Washington: Agency for Healthcare Research and 
Quality; 2008:157-69. Used with permission.

by Ray R. Maddox, PharmD and  
Carolyn K. Williams, BSPharm

In 2006 the ASPF first addressed the issue of drug-
induced respiratory depression in the postoperative 
period,1 and in June of 2011 convened its second con-
ference to work toward mitigating and eventually 
eliminating this serious patient safety risk.2 During 
the conference it was evident that there is a significant 
need for the anesthesia community to better under-
stand and fully embrace the critical importance of 
continuous respiratory monitoring—particularly cap-
nography in conjunction with, or as an alternative to, 
pulse oximetry when parenteral opioids are used in 
the postoperative period. Conference participants 
generally recommended pulse oximetry for all 
patients receiving PCA therapy, and capnography 
only for those receiving supplemental oxygen.3

Until recently capnography monitoring could 
only be used with intubated patients in the operating 
suite and intensive care unit (ICU). Most general-care 
clinicians are not as familiar with this type of monitor-
ing as they are with pulse oximetry. In particular, the 
value of using capnography to measure not only 
respiratory rate (RR) but also end-tidal carbon dioxide 
(EtCO2) is not well recognized. 

Overdyk et al. used both pulse oximetry and non-
invasive capnography to continuously monitor 178 
patients receiving PCA therapy. The incidence of 
respiratory depression as measured by oxygen desat-
uration was 12%, consistent with previous estimates.4 

However, the incidence of respiratory depression as 
measured by bradypnea was far greater than the 1 to 
2% reported in the literature.5-7 The use of continuous 
capnography monitoring yielded the following inci-
dences: respiratory depression based on bradypnea, 
defined traditionally (≥1, two-minute or longer 
low-RR event [RR < 10 bpm]) was 58%; defined con-
servatively (≥1, three-minute or longer low-RR event) 
was 41%.4

Detection of a patient’s declining respiratory 
status before progression to respiratory depression 
can help avert undesirable outcomes and transfer to 
an ICU.8 Because patients vary greatly in their 
response to opioids, patient status can change quickly, 
and traditional approaches to respiratory monitoring 
are less than optimal.

Current monitoring protocols typically require 
nurses to document the RR and less commonly the 
oxygen saturation (SpO2) value initially every 30 min-
utes, then as infrequently as every 2 to 4 hours.9 The 
nurse’s presence may stimulate the patient, resulting 
in overestimation of the resting RR, which is often 
determined by manual respiration counts. Manual 
counts have been shown to be inaccurate when com-
pared to capnometry.10 Nurses usually are not avail-
able for continuous monitoring, and there is no 
automated alarm to alert nurses not in the room. 

Even at a low RR, oxygen saturation is usually 
maintained.11 Lethal hypercarbia is possible despite 
normal oxygen saturation.2 As a result, pulse oxime-
try may fail to detect respiratory deterioration, par-
ticularly if a patient is receiving supplemental 
oxygen, which delays the progression of respiratory 
failure from bradypnea to apnea.11 Thus, even con-
tinuous monitoring of heart rate and SpO2 by pulse 
oximetry is not a substitute for monitoring RR, EtCO2, 
and apneic events by capnography.12 

A growing body of literature shows that capnogra-
phy is the earliest indicator of respiratory distress.8,13-16 
Earlier capnography systems required the patient's tra-
chea to be intubated, mostly limiting their use to criti-
cal care areas and the surgical suite. However, in 2004 
the introduction of new technology made it possible to 
use capnography efficiently to monitor patients who 
are not intubated in general care nursing units. 
Nonetheless, problems have been encountered with 
using capnography in non-intubated patients such as 
compliance with use, dislodgement of devices, false or 
“nuisance” alarms, and restricted patient mobility. 
Some of these issues can be ameliorated with patient 
and clinician education as noted below. 

In this article we describe how we determined 
that increased postoperative monitoring was needed; 
our process for determining what monitor(s) should 
be used; considerations that went into the cost-benefit 
analysis; how nursing staff was given significant pro-
cess ownership; and patient outcomes achieved since 
introducing the increased monitoring.

St. Joseph’s/Candler Health 
System, Inc. 

St. Joseph’s Hospital and Candler Hospital, the 
main facilities of St. Joseph’s/Candler Health System 
(SJ/C) in Savannah, Georgia are 2 of the oldest con-
tinuously operating hospitals in the United States. 
Patient volume is 39,064 admissions annually with 
644 beds. Staff includes 407 community-based, pri-
vate practice physicians, 716 nurses, and 50 pharma-
cists. Interaction among staff and administration is 
characterized by a high degree of collaboration. SJ/C 
has the designation of “Magnet Hospital” from the 
American Nurses Credentialing Center. It is a medical 
teaching site for the Georgia Health Science 
University and is affiliated with several universities 
for the education of pharmacists, nurses, and other 
health-related disciplines. 

IV Infusion/PCA Safety Initiative 

An article published in 2000 by the Institute for 
Safe Medication Practices (ISMP) detailing potential 
PCA-related medication errors17 and completion of 
an ISMP Medication Safety Self-Assessment18 in 2001 
prompted the SJ/C Medication Error Team (pharma-
cists, nurses, respiratory therapists, risk managers, 
physicians, and others) to focus intensely on the 

administration phase of the medication-use process 
and on IV medications.

• In October 2002 SJ/C implemented an advanced, 
modular IV medication-safety system for large-
volume and syringe pumps that helped avert sig-
nificant IV medication administration errors.8 The 
need to improve PCA safety was underscored by 
the experience of 3 opioid-related events with 
serious outcomes in the preceding 2 years.

• The team recognized that safe use of PCA requires 
both correct pump programming and monitoring 
of patients’ individual respiratory response to opi-
oids.8 A 6-month beta test of new PCA and moni-
toring modules integrated with the existing IV 
safety platform was begun in June 2004. Beta test-
ing revealed the difficulty of predicting which 
patients actually were high-risk, and that capnog-
raphy, not pulse oximetry, provided the first indi-
cation of opioid-related respiratory depression.8 
As a result, the decision was made to require a 
capnography module for each PCA infusion and 
to use a pulse oximetry module for selected 
patients receiving PCA analgesics who have pre-
existing co-morbidities. The patient selection algo-
rithm developed at SJ/C is illustrated in Figure 1.9 

Technology 
The modular intravenous (IV) medication-safety 

system combines large-volume, syringe, and PCA 
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Improved Technology Interfaces Pulse 
Oximetry and Capnography with PCA pump
pumps with pulse oximetry and non-invasive cap-
nography monitors on a single technology platform 
with a common user interface, which greatly 
increases ease of use and reduces possibilities for 
error (Figure 2). The system can be used reliably on 
both intubated and non-intubated patients, adult and 
pediatric patients, as well as patients receiving 
oxygen. 

The non-invasive capnography system uses the 
filter line shown in Figure 3 to measure carbon diox-
ide in exhaled breaths in nose or mouth breathers. 
The “airway RR,” the most dependable measure of 
RR, is taken directly from measuring air movement in 
and out of the airway. In addition to RR, the system 
provides waveforms, exhaled EtCO2, and inhaled 
carbon dioxide (FiCO2) values. 

An alarm, audible in the room and the hall, is gen-
erated whenever pre-established respiratory limits 
are exceeded. A nurse or respiratory therapist may 
respond to the alarm; patients may self-correct as a 
result of a physiologic response to the alarm, e.g. the 
alarm stimulates the patient to breathe during sleep 
apnea. The system provides up to 24 hours of PCA 
dosing history with corresponding time-based values 
from capnography and/or pulse oximetry monitor-
ing. The trend data allow clinicians to better assess a 
patient’s response to PCA therapy and help provide 
an early warning of potential respiratory depression. 
When the PCA and monitoring modules are used as 
part of the overall system, if a patient falls below hos-
pital-defined respiratory limits, the system’s unique 

“pause protocol” automatically pauses the PCA infu-
sion and deactivates the dose-request cord.

Initially the team programmed the system to gen-
erate an alert if a patient’s RR was ≤ 10 bpm or there 
was “no breath” for 30 seconds. In practice, this 
resulted in an unexpectedly high number of “nui-
sance” alarms. By analyzing extensive data retained in 
system memory, the team determined that changing 
the EtCO2 parameter from 50 to 60 mmHg and reset-
ting the RR from 10 to 6 would minimize nuisance 
alarms while maintaining patient safety. We confirmed 
these values and parameters in clinical practice as we 

continuously monitored patients in the clinical envi-
ronment. Settings can be adjusted if necessary based 
on patient requirements and physician order.

Patient mobility may be limited due to the pres-
ence of the PCA pump and monitoring module(s) on 
an IV pole, but we did not find that the cannula 
caused any additional limitation. Ambulatory 
patients infrequently require IV PCA and most often 
are receiving oral pain management.

Implementation 
The team recognized that for increased monitor-

ing on the nursing units to be successful, this cul-
tural shift needed to involve as many front-line 
clinicians as possible in the implementation. 
Physicians, nurses, pharmacists, and respiratory 
therapists worked together to develop policies and 
procedures, standardized PCA dosing forms, physi-
cian notification parameters, opioid drug libraries, 
routine order sets for SpO2 and EtCO2 monitoring, 
criteria for discontinuing monitoring and a reversal 
agent protocol. The use of supplemental oxygen was 
aligned with policies. 

Having nurses involved at every step of prepara-
tion and implementation greatly increased the nurs-
ing staff’s knowledge of and willingness to use the 
new monitoring modules. Respiratory Care also 
needed to be part of the process, since respiratory 
therapists have an EtCO2/SpO2 knowledge base, 
keen clinical assessment skills, ability to intervene 
and resolve potential respiratory emergencies, and 
are available around the clock.

Figure 2. Modular IV medication safety system with PCA pumps and pulse oximetry and capnography monitors on a 
common technology platform. Source: CareFusion, San Diego, CA. Used with permission. 

Figure 3. CO2 sampling/O2 delivery for non-intubated patients. Source: Oridion Capnography, Inc., Needham, MA. Used 
with permission. See “Capnography,” Next Page
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Education
Respiratory care and nursing with assistance 

from pharmacy developed a concise and basic pro-
gram to introduce capnography monitoring into the 
general care nursing areas. Together, a clinical nurse 
specialist and the respiratory therapy education 
coordinator educated nurses and pharmacists on 
enhanced pain management, pulse oximetry and 
capnography monitoring. Education took place 
during staff orientation, annual competency assess-
ments, and at the bedside. During implementation 
of capnography we discovered that patient educa-
tion was a key component of a patient's understand-
ing the importance of wearing the monitoring 
cannula, the reason for the alarms, and response 
when an alarm sounded. Education materials were 
provided for patients and families. When educated 
about the benefits of capnography monitoring 
before going to surgery, patients are more likely to 
accept wearing the filter line and do very well with 
postoperative monitoring. 

Clinical Practice 
Hospital policy requires respiratory therapy to 

round on every PCA patient at least once every 12 
hours. At each shift, the respiratory status of PCA 
patients is assessed by a therapist. The assessment 
includes an evaluation of the recorded trend analysis 
of RR, EtCO2 waveforms, and any pulse oximetry 
results. Nurses consult respiratory therapists to assist 
with the assessment at any time during the shift when 
alarms indicate potential patient respiratory distress. 
Early identification of respiratory depression allows 
respiratory therapy to intervene before a patient’s con-
dition becomes serious, which saves time, helps 
increase the likelihood of a positive outcome, and 
allows existing staff to oversee more patients. If the 
nursing-respiratory team is unable to manage the 
patient or concludes that changes in medication, other 
therapy, or level of care may be necessary, the physi-
cian is contacted. The physician may change orders 
based on information provided and/or assess the 
patient at the bedside.

Results
Since 2004 capnography monitoring for all patients 

receiving IV PCA opioid therapy has been required at 
SJ/C. As a result of the success of the monitoring pro-
cess in patients receiving intravenous PCA, in 2006 the 
medical staff requested that capnography be imple-
mented for patients receiving epidural PCA. This 
action was followed in subsequent years for patients 
receiving high-dose intermittent hydromorphone (>1 
mg IV every 2 hours as needed) and for patients under-
going sedation in various types of invasive procedures. 
Figure 4 illustrates the distribution of PCA patient 
types over these years. During this period of time there 

Capnography Monitoring Helps Prevent Serious Adverse Outcomes

have been no PCA-related respiratory events with a 
serious outcome, i.e. no intubations, transfers to ICU, 
or deaths/brain damage in more than 5,000 patients 
receiving IV or epidural PCA. Additionally, none have 
occurred with monitored patients receiving hydromor-
phone via PCA or intermittent IV administration or 
patients receiving IV procedural sedation. 

The monitoring system has alerted clinicians to the 
potential of declining respiratory function, and appro-
priate interventions have been made. We quickly dis-
covered that the EtCO2 alarm alerted nurses of 
respiratory depression as much as 2 hours earlier than 
the SpO2 alarm did, especially in patients receiving 
supplemental oxygen. The concentration of EtCO2 can 
rise even when a patient is breathing, if adequate air 
exchange / ventilation is not occurring, leading to CO2 
narcosis. As noted above, in the 2-year period immedi-
ately preceding the implementation of the capno-
graphic monitoring system, 3 events with serious 
outcomes occurred in patients receiving PCA using 
traditional methods of monitoring—intermittent pulse 
oximetry and nursing assessments. Therefore, of the 
available alarm methods, the concentration of EtCO2 

provided the earliest indicator of opioid-induced 
respiratory depression.

Financial Return 
There can be no adequate valuation of a life saved 

from preventing an adverse medication event. 
Nonetheless, it is important when possible to assess 
the potential of a new intervention to reduce the like-
lihood of serious outcomes and to determine the 
fiscal benefit of this reduction in the cost of health 
care. The decision in 2002 to replace the existing IV 
infusion pumps with “smart” modular IV safety sys-
tems, and then to add PCA, resulted in financial as 
well as patient safety benefits. A 5-year return on 
investment (ROI) was determined and previously 
reported.19 This analysis evaluated the incremental 
cost of the intravenous safety system with PCA moni-
toring as compared to the cost of traditional infusion 
pumps. Disposable costs were also included in the 
analysis. Continuous quality improvement data accu-
mulated in the system identified averted medication 
errors and PCA monitoring interventions. 

Medication Original Dose Programmed New Dose Programmed After Safety Alert

Morphine PCA 30 mg/hr 1 mg/hr

Hydromorphone PCA 5mg PCA dose 0.5 mg PCA dose

Hydromorphone PCA 3 mg 1 mg

Fentanyl PCA 1 μg 50 μg

Table 1. Examples of Programming Errors Averted After a Safety Alert Resulting in Avoidance of Adverse 
Medication Events Occurring between 2002 and 2007
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vision that “No Patient Shall Be Harmed By Opioid-
Induced Respiratory Depression.”
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Over the 5-year period from 2002 to 2007, 558 
expanded IV-safety systems helped avert 450 highest-
risk IV medication errors (Table 1) and respiratory 
monitoring helped avert at least 35 PCA-related 
undesirable outcomes (Table 2), for a total of at least 
471 preventable ADEs.19 In 2006 the Institute of 
Medicine estimated the cost of managing a serious 
medication-related event to be $8,750 per preventable 
ADE.20 These errors, if not averted, would have 
resulted in potential expenses to SJ/C of $3,970,296, 
not including potential litigation costs. Deducting the 
cost of averted outcomes/errors from the total pur-
chase costs plus disposables yields a 5-year ROI of 
more than $2.5 million.19 

Discussion
Clinical experience at SJ/C has confirmed that cap-

nography monitoring is superior to SpO2 monitoring 
in the detection of opioid-induced respiratory depres-
sion. In many cases, the capnography values were the 
only indicator of early onset of respiratory depression. 
Clinician assessments have been greatly enhanced 
with the availability of combined dosing and respira-
tory monitoring trend data, particularly for EtCO2. 
Nurses feel more comfortable in their ability to ade-
quately manage patients’ pain. The involvement of as 
many front-line clinicians as possible in the evaluation, 
selection and implementation of the new technology 
has been essential to successfully implementing and 
maintaining increased monitoring of patients receiving 
PCA therapy on the general care nursing units. 

Our experience suggests that the use of capnogra-
phy monitoring on ALL patients who receive PCA 
can reduce the incidence of adverse events from IV 
opioids in the postoperative setting. Selected patients 
should also receive continuous pulse oximetry moni-
toring. In the future it may be possible to more effec-
tively utilize continuous electronic respiratory 
monitoring of postoperative patients. However, as 
the APSF has stated, maintaining the status quo while 
awaiting newer technology is not acceptable. 

Health care providers involved in perioperative care 
need to fully appreciate the risk of drug-induced respira-
tory depression in patients receiving PCA therapy. 
Preventable deaths and anoxic brain injury from unrec-
ognized opioid-related sedation and respiratory depres-
sion remain a serious and growing patient safety concern. 
The actions taken at SJ/C help mitigate these risks. 

Based on this experience, we believe there is a press-
ing need for the anesthesia community to consider care-
fully the growing body of evidence and experience that 
points to capnography monitoring as providing the ear-
liest indication of opioid-related respiratory depres-
sion.8,13-16 Continuing research and development will 
undoubtedly lead to even better approaches to protect-
ing the labile patients under our care. However, there is 
no need to wait. Careful use of the knowledge and tech-
nology we have now can do much to help realize the 
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Excellent Return on Investment with Capnography Monitoring

Case 1 – Postop arthroplasty. Patient awake but groggy according to nurse. EtCO2 alarming. Further 
assessment indicated respiratory depression due to undiagnosed sleep apnea and opioid administration. PCA 
discontinued and patient placed on oral pain medications. Patient diagnosed with chronic sleep apnea exacer-
bated by obesity and opioid administration.

Case 2 – Postop total hip. Respiratory therapist giving treatment down the hall. Heard pump alarm. 
Responded and found patient with RR = 4 and EtCO2 = 58. Patient was easily stimulated and encouraged to 
deep breathe. Patient on PCA demand but no doses of PCA had been administered. Determined to be respira-
tory depression associated with medications administered in surgery and post-anesthesia care unit (PACU). 

Case 3 - s/p subtotal colectomy. Patient on hydromorphone PCA for severe pain. Patient transferred to 
a medical/surgical unit from critical care. Upon assessment, nurse noted respiratory rate of 9 and EtCO2 of 47. 
MD contacted and continuous dose PCA was discontinued. Monitor values reset to increase sensitivity and 
earlier alarm after event. Pain was managed and patient improved.

Table 2. Avoidance of PCA-related Undesirable Outcomes: Examples


