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B A C K G R O U N D
• Intravenous patient-controlled analgesia (IV PCA) infusion pumps

deliver preprogrammed doses of intravenous analgesia in response to
patient request. The device is commonly used in the postoperative
setting to treat acute pain. Isolated case reports of IV PCA-associated
problems include programming errors, patient tampering, and device
malfunctions1-10

• Clinicians, patients, user facilities, manufacturers, and distributors may
report IV PCA-related adverse events or product problems through a
variety of mechanisms. The Food and Drug Administration (FDA) 
Center for Devices and Radiological Health (CDRH) provides the only
government-sponsored mechanism for such reporting 

• The FDA maintains a database of reports dating from 1992 within the
Medical Device Reporting (MDR) Manufacturer and User Facility Device
Experience (MAUDE). MAUDE data are publicly available through the
FDA Web site.11 Despite public availability of these data, we know of
no research that comprehensively reviews MAUDE reports of IV PCA-
related events. We therefore characterized reports for a 2-year period
from 1/1/02 through 12/31/03

M E T H O D S
• MAUDE data are available to the public in text files that can be

downloaded into Microsoft Access format. We downloaded all records
pertaining to IV PCA (FDA product code “MEA”) for the period 1/1/02
through 12/31/03 into an Access database. Data were then exported into
statistical software (SPSS version 13.0) for further analysis

• Publicly available MAUDE reports include information regarding event
type (patient adverse event or device problem), patient outcome 
(eg, death, medical intervention required), and suspected drug or 
device involved in the event (including brand and manufacturer).
Patient-specific information, such as diagnosis or demographics, is not
available to the public, however 

• Narrative text describing potential causes of the event provided by the
reporting facility or manufacturer was abstracted and classified into 
5 categories: possible operator errors (eg, pump programming errors),
possible patient-related events (eg, patient tampering), possible device-
related events (eg, device malfunctions), possible adverse drug
reactions, and indeterminate events (unspecified causes) 

• MAUDE data were downloaded as described in Figure 1

• Text information regarding event cause was abstracted and classified
per Leavitt, 200412 (Figure 2) 

R E S U L T S
• We found 2,009 unique IV PCA-related reported events. The number 

of events increased from 455 in 2002 to 1,554 in 2003 (Figure 3),
although the FDA instituted no corresponding changes in reporting
requirements or data collection during these 2 years 

• Among all IV PCA-related reports (N = 2,009), 79.1% (n = 1,590) were
attributed to possible device-related events, 6.5% (n = 131) possible
operator errors, 1.2% (n = 25) possible adverse drug reactions, 0.6% 
(n = 12) possible patient-related events, and 12.5% (n = 251) were
indeterminate events (Figure 4). More than half (61%) of the reported
possible device-related events were confirmed upon inspection by the
device manufacturer 

L I M I T A T I O N S
• It is difficult to know whether the frequency of events reported in the

MAUDE database reflect actual occurrences of problems associated with
IV PCA pumps or whether these frequencies are an underestimation, and
if so, the magnitude of this underestimation

– Researchers note that voluntary and mandatory reporting systems
for adverse events typically suffer from severe underreporting.13

Epidemiologic studies reveal adverse event reporting rates ranging
from 1.2% to 7.7% of actual reportable events.14,15,16,17 This may
occur in response to burdensome reporting systems or concerns
over liability. This may be especially relevant to operator error,
where liability risk may be of greatest concern. Our findings may
therefore underestimate the actual occurrence of IV PCA-related
adverse events

– In addition, we note that the increased frequency of adverse 
events in 2003 may be an artifact of timing of data entry; that is,
events occurring at the end of 2002 may have been reported at 
the start of 2003  

C O N C L U S I O N S
• A variety of IV PCA problems have been reported, with 

device-related problems accounting for nearly 80% of all
reported events 

• Although reporting bias may contribute to the high frequency
of possible device-related events (ie, actual operator errors are
represented as device-related events), we note that over half of
possible device-related malfunctions were confirmed upon
inspection by the manufacturer

• To our knowledge, this is the first study to use a large,
retrospective database to examine IV PCA-related problems
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Figure 1. Extraction of MAUDE data.

• Pump programming (dose, concentration, rate)
• Failure to clamp/unclamp tubing
• Improperly loading syringe or cartridge
• Failure to monitor for side effects/overdosage
• Not responding to safety alarms
• Battery improperly inserted*
• Improperly connected to patient*
• Pharmacy error*
• Medication Rx error*

OPERATOR ERRORS

• Excessive delivery of drug
• Underdelivery of drug

INDETERMINATE EVENTS*

• Nausea/vomiting
• Sedation
• Respiratory depression
• Pruritus
• Urine retention

ADVERSE DRUG REACTIONS

• Misunderstanding of how PCA works
• Confusion regarding operating demand button
• Mistaking PCA button for call button
• Family members operating demand button
• Intentional tampering with device

PATIENT-RELATED EVENTS

• Battery, display board, or software failures
• Failure to deliver drug on demand
• Faulty alarm system
• Defective one-way valve or clamp
• Lack of free-flow
• Error codes*
• Defective patient pendant*
• Faulty syringe injector assembly*
• Other*

DEVICE-RELATED EVENTS

*Note: We added these categories to more fully characterize reported events.

Source: Leavitt SB. Using Patient-Controlled Analgesia (PCA) for Acute Pain 
Management: An Online Continuing Education for Nursing and Pharmacy Professionals.  
Web site: www.baxter.com/services/professional_education/iv_therapy_ce/pca/pca.html.  
Accessed 11/15/2004.

Figure 2. Classification of text information regarding 
event cause.12
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Figure 3. Number of MAUDE events in 2002 and 2003.

• Pump programming (dose, concentration, rate)
• Failure to clamp/unclamp tubing
• Improperly loading syringe or cartridge
• Failure to monitor for side effects/overdosage
• Not responding to safety alarms
• Battery improperly inserted
• Improperly connected to patient
• Pharmacy error
• Medication Rx error

POSSIBLE OPERATOR ERRORS

• Excessive delivery of drug
• Underdelivery of drug

INDETERMINATE EVENTS

• Nausea/vomiting
• Sedation
• Respiratory depression
• Pruritus
• Urine retention

POSSIBLE ADVERSE DRUG REACTIONS

• Misunderstanding of how PCA works
• Confusion regarding operating demand button
• Mistaking PCA button for call button
• Family members operating demand button
• Intentional tampering with device

POSSIBLE PATIENT-RELATED EVENTS

• Battery, display board, or software failures
• Failure to deliver drug on demand
• Faulty alarm system
• Defective one-way valve or clamp
• Lack of free-flow
• Error code
• Defective patient pendant
• Faulty syringe injector assembly
• Other

POSSIBLE DEVICE-RELATED EVENTS
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Figure 4. Frequency of reported events by possible event type
1/1/02 - 12/31/03 (N = 2,009).
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