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Purpose: To characterize medical device reports about elastomeric pumps delivering local 
anesthesia made to the US Food and Drug Administration Manufacturer and User Facility 
Device Experience (MAUDE) database.
Patients and Methods: We conducted a retrospective review of medical device reports 
submitted to MAUDE from January 2010 to July 2018. A systematic, computerized algo
rithm was used to identify records pertaining to elastomeric pumps using local anesthesia. 
Included records indicated the use of local anesthesia or were determined to involve the use 
of local anesthetics (if they did not contain specific information on drug use). Reports were 
analyzed within the MAUDE event type categories of malfunction, injury, death, other, and 
missing. Possible cases of liver injury or surgical site infection were also identified. Manual 
review of narratives provided in MAUDE was performed by 2 reviewers to identify possible 
or probable cases of local anesthetic system toxicity (LAST).
Results: From a pool of 384,285 reports about elastomeric pumps from the MAUDE 
database, 4093 met inclusion criteria for involving elastomeric pumps to deliver local 
anesthetics, with the peak number of reports occurring in 2014. Of these identified reports, 
3624 (88.5%) were categorized as malfunctions, 292 (7.1%) as injuries, and 8 (0.2%) as 
involving death. We identified 13 cases (0.3%) of possible liver injury and 51 cases (1.2%) of 
possible surgical site infection; 139 reports (3.4%) were determined to be probably (n=53) or 
possibly (n=86) associated with LAST.
Conclusion: Malfunction of elastomeric pumps delivering local anesthetics leaves patients 
vulnerable to injury or death. Our study indicates that reports of malfunction, injury, and 
death have been reported to the MAUDE database. These reports likely reflect an under
representation of cases in the real-world population, emphasizing the need for more com
prehensive medical device reporting.
Keywords: postoperative analgesia, medical device reporting, local anesthetic systemic 
toxicity, safety events

Plain Language Summary
● Elastomeric pumps are convenient medical devices that can be used to manage pain after 

surgery by slowly delivering numbing medication over an extended period of time.
● However, because these pumps contain large amounts of medications, patients are at 

risk of accidentally being overexposed, particularly if the medication is delivered too 
rapidly.
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● This is especially concerning because exposure to high 
levels of local anesthetics can result in local anesthetic 
systemic toxicity (LAST).

● We reviewed medical device reports submitted to a US 
Food and Drug Administration database over an 8-year 
period and analyzed reports identifying malfunction, injury, 
and death in relation to elastomeric pumps.

● A total of 4093 reports were identified; most events were 
categorized as malfunctions (3624/4093, 88.5%), with 
some categorized as injuries (292/4093, 7.1%) or death 
(8/4093, 0.2%).

● There were 139 reports (3.4%) involving elastomeric 
pumps that may have been related to LAST.

● Reports to this database are voluntary, and many medical 
device issues go unreported.

● Our analysis indicates that faulty or incorrectly used elas
tomeric pumps can be dangerous for patients after surgery 
and underscores the need for more comprehensive data to 
inform and improve this mode of pain management.

Introduction
Elastomeric pumps are used in a variety of surgical set
tings with the aim of providing prolonged pain manage
ment via slow infusion of local anesthetic over a defined 
period of time.1–3 This form of continuous local anesthetic 
delivery may help manage pain and increase ambulation 
during recovery.4,5 However, accurate catheter placement 
is important for effective anesthesia delivery with elasto
meric pumps. Additionally, technical issues, such as acci
dentally removing the catheter while changing wound 
dressings and catheter breakage, have been reported as 
barriers to effective use.6

In addition to problems with application technique, 
potential complications associated with the use of elasto
meric pumps include catheter or device malfunctions.2,7,8 

These malfunctions, if leading to elevated plasma concen
trations of local anesthetic, may be associated with local 
anesthetic system toxicity (LAST). LAST is a severe 
adverse effect resulting from the accidental systemic dis
tribution of high doses of local anesthetic leading to high 
circulating levels of the anesthetic that can affect the 
cardiovascular, central nervous, and/or respiratory 
systems.9

Any issues and adverse events noted with the elasto
meric pumps should be reported to the US Food and 
Drug Administration (FDA) through the Manufacturer 
and User Facility Device Experience (MAUDE) data
base. This database is a postmarketing surveillance sys
tem that contains reports regarding adverse events 

involving medical devices.10 Using the MAUDE data
base, previous research found that 92% of the 1430 
reports involving patient-controlled intravenous analge
sia devices were classified as device malfunctions.11 

However, that study did not analyze the number of 
device malfunction reports related to elastomeric 
pumps. Elastomeric pump malfunctions resulting in over
infusion of anesthetic have also been reported in the 
literature, further supporting the need to evaluate reports 
of device malfunctions and events, such as LAST, asso
ciated with these devices.12,13 To characterize issues spe
cifically involving elastomeric pumps, we conducted 
a retrospective review of the MAUDE database to iden
tify and characterize reports related to malfunction, 
injury, and death, including possible cases of LAST, 
related to the use of elastomeric pumps used to deliver 
local anesthetics.

Patients and Methods
Study Design and Data Source
This study was a retrospective review of medical device 
reports involving elastomeric pumps submitted to 
MAUDE from January 2010 to July 2018. The 
MAUDE database is a repository of medical device 
event reports about suspected medical device safety and 
performance issues submitted to the FDA. These medical 
device reports are submitted by mandatory reporters (ie, 
manufacturers, importers, hospitals, ambulatory surgical 
facilities, nursing homes, outpatient diagnostic facilities, 
and outpatient treatment facilities) as well as voluntary 
reporters (ie, patients, consumers, and healthcare profes
sionals). The database does not include reports made 
according to variances, exemptions, or alternative report
ing under 21 CFR 803.19.10 Information in the MAUDE 
database is available in the public domain; the deidenti
fied data in the present study are therefore exempt from 
ethics committee approval. All the datasets used and/or 
analyzed during the current study are available from the 
corresponding author on reasonable request.

Report Selection and Eligibility Criteria
A systematic, computerized algorithm was used to identify 
cases involving elastomeric pumps used to deliver local 
anesthetics. Reports involving elastomeric pumps were 
identified using the MAUDE code for elastomeric pumps 
(MEB) and by brand and generic names of known elasto
meric pumps. All injuries and/or readmissions related to 
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the use of elastomeric pumps used to deliver local anes
thetics were included, which were identified using 
MAUDE codes.

Key exclusion criteria included the following: reports 
detailing administration of nonanesthetic drugs (eg, anti
biotics, chemotherapy, insulin, opioids, antiviral drugs, 
anxiolytics), pump malfunction prior to patient involve
ment, involvement of chondrolysis (an adverse event 
known to be associated with all local anesthetics regard
less of the method of delivery), and known use of intrathe
cal pumps (eg, SynchroMedTM pumps). Reports with no 
mention of drug name remained in the pool, and a manual 
review was conducted by two reviewers to determine 
whether the pumps used local anesthetics.

A wildcard search was used to account for any mis
spellings. Additional reports that had missing or unknown 
brand names were included if the report to the manufac
turer or event descriptions included any elastomeric pump- 
related terms. Duplicate reports were excluded on the basis 
of recurring report numbers or type of report and duplicate 
information across fields for multiple submissions.

Data Analysis
The number of medical device reports was quantified 
according to the five event types encoded in the 
MAUDE database (malfunction, injury, death, other, and 
missing); malfunction and death were verified via narra
tive review. To identify possible or probable cases of 
LAST, reports were algorithmically flagged for manual 
review by two reviewers. In this study, LAST was defined 
as the occurrence of any relevant symptoms related to the 
cardiac system, respiratory system, or central nervous 
system (see Supplemental Table 1 for a complete list of 
signs and symptoms). Clinical presentations described in 
the reports were considered a probable case of LAST if ≥1 
of the following criteria were fulfilled: seizures, at least 
one sign or symptom related to categories of cardiovas
cular excitement or depression with at least one sign or 
symptom related to categories of central nervous system 
excitement or depression, and any relevant reports of 
treatments specific to LAST (eg, lipid emulsion). If only 
one sign or symptom related to cardiovascular or central 
nervous system excitement or depression categories was 
reported, the case was considered a possible case of 
LAST.

Implantable pumps have been previously linked to 
surgical site infection;14,15 as such, cases of possible sur
gical site infection in the present study were analyzed and 

identified by keyword, free text search, and manual narra
tive review for notes indicating superficial or deep wound 
infection at the surgical site, wound dehiscence, symptoms 
suggestive of wound infection including redness and/or 
drainage at the surgical or catheter site, and any mention 
of treatment for infection at the surgical site. Additionally, 
liver injury has been reported with amide anesthetics;16,17 

as such, cases of possible liver injury or failure were also 
identified by noted liver injury or failure in the MAUDE 
record, laboratory results indicating liver injury or failure 
(eg, elevated liver function test laboratory values, interna
tional normalized ratio ≥1.5), jaundice, or treatment for 
drug-induced liver failure or injury.

Analyses were conducted by two independent analysts; 
results were compared, and all differences in results were 
noted and adjudicated. Narrative review of cases was 
conducted by two independent reviewers in accordance 
with specific predefined protocols and definitions; differ
ences in results were documented and adjudicated. 
Descriptive statistics (number of reports and percentages) 
were used to quantify events related to elastomeric pumps. 
P-values were not calculated. All data were extracted as 
pipe-delimited text files and imported to SAS Enterprise 
Guide, version 7.1 (SAS Institute, Cary, NC).

Results
Identification of MAUDE Reports 
Involving Elastomeric Pumps to 
Administer Local Anesthetics
A total of 384,285 reports of elastomeric pumps were 
identified from the MAUDE database, and 4093 met the 
inclusion criteria involving elastomeric pumps to deliver 
local anesthetics (Figure 1). The annual number of 
reports identified as involving elastomeric pumps to 
deliver local anesthetics increased from 2010 (~200 
reports) through 2014 (~700 reports) and decreased to 
~450 reports per year in 2017 (Figure 2; data from 2018 
not shown because only 7 months of reports were ana
lyzed, instead of a complete year, with 24 reports 
identified).

Of the 4093 identified reports, 3624 (88.5%) were 
categorized as malfunctions, 292 (7.1%) as injuries, and 
8 (0.2%) as involving death. All eight cases of death were 
reported before 2013 (2010, n=2; 2011, n=4; 2012, n=1; 
2013, n=1), with no reports of death identified from 2014 
to 2018. A total of 903 reports (22.1%) identified elasto
meric pumps with flow issues (Table 1). Among all 
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identified reports, there were 13 cases (0.3%) of possible 
liver injury and 51 cases (1.2%) of possible surgical site 
infection.

Identification of LAST in MAUDE Reports
A total of 139 reports (3.4%) were determined to be 
probably (n=53) or possibly (n=86) related to LAST. 
Reports of possible and probable LAST occurred through
out the study period, with no notable trends over time. Of 
these 139 reports, 26 were reported as malfunction, 84 as 
injury, and 2 as death. Of eight total reports of death, two 
(25%) were determined to be probably or possibly related 
to LAST (Table 1). The first report with death and prob
able or possible LAST was from 2010, and the second 
report was from 2011; narrative text from the reports 
describing both cases of death is provided in 
Supplemental Table 2.

Discussion
Between January 2010 and July 2018, more than 4000 
medical device reports of malfunction, injury, and death 

Unique MAUDE report keys
(N=5,631,946)

Elastomeric pump code (MEB) plus
MEB-related brand and generic names

(n=384,285)

Possible elastomeric pumps to deliver
local anesthetics

(n=30,146)

Likely elastomeric pumps to deliver local
anesthetics with associated catheters

(n=8187)a

Chondrolysis and SynchroMed™ pumps 
removed (n=7798)

Final analysis set
(n=4093)

Excluded cases with no patient involvement 
(n=3705)

Excluded cases involving chondrolysis
or SynchroMed™ pumps (n=389)

Excluded cases involving buprenorphine and/or
other opioids, chemotherapy or cytotoxic drugs, 
insulin, antibiotics, antiviral/retroviral drugs, and 

anxiolytics (n=354,139)

Removed cases unlikely to involve delivery of 
local anesthetics on the basis of manufacturer, 

pump codes, brand/generic names, and 
narrative text; removed PCA and intrathecal

pumps (n=21,959)

Figure 1 Identification process for MAUDE database reports that involved use of elastomeric pumps to deliver local anesthetics. aAlthough some reports did not include all 
drug names used with the elastomeric pump, this subset of reports mentioned brand and/or generic names of common pumps for pain management or mentioned use for 
pain treatment; therefore, these reports could not be ruled out as involving elastomeric pumps to deliver local anesthetics. 
Abbreviations: MAUDE, Manufacturer and User Facility Device Experience; PCA, patient-controlled analgesia.
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Figure 2 The total number of unique MAUDE reports identified as involving 
elastomeric pumps to deliver local anesthetics per year from 2010 to 2017 (data 
not shown for 2018 because data were collected through July 2018). 
Abbreviation: MAUDE, Manufacturer and User Facility Device Experience.
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involving the use of elastomeric pumps delivering local 
anesthetic were submitted to the MAUDE database. In the 
present analysis, most reports (88.5%) were related to 
device malfunction, followed by injury (7.1%) and death 
(0.2%). The proportion of reports categorized as device 
malfunctions (88.5%) is consistent with a previous analy
sis of MAUDE database reports involving patient- 
controlled analgesia devices, which observed that 92.0% 
of reports were associated with device malfunction.11 

Furthermore, we determined 139 medical device reports 
to be probably or possibly related to LAST, with 2 cases 
reporting patient death; this highlights the value of the 
MAUDE database as an information source for identifying 
serious complications of local anesthetic delivery devices, 
along with other repositories such as FDA Adverse Event 
Reporting System (FAERS).

Our retrospective analysis of the MAUDE database indi
cated a peak number of reports in 2014 followed by 
a progressive decline in the number of reports. This pattern 
potentially reflects changes in the regulatory and market land
scape for prolonged postsurgical analgesia, such as approval of 
the prolonged anesthetic drug liposomal bupivacaine in 2012, 
although the exact cause remains unclear. We also hypothesize 
that this peak could reflect stimulated reporting due to litiga
tion and recall of other drug infusion pumps occurring at this 
time (eg, the 2013 recall of implantable drug infusion pumps 
from SynchroMedTM).18 However, because MAUDE is 
a passive surveillance system, underreporting as well as 
incomplete or inaccurate reporting limits this study because 
it cannot be determined whether the decreased incidence of the 
device malfunction, systemic trends of underreporting, or 
a combination of both factors account for this progressive 
decline in medical device reports.

Our analysis also identified 139 reports of probable and 
possible cases of LAST with elastomeric pumps. Pump 
malfunctions resulting in overinfusion of anesthetic have 
also been reported in a case study and clinical study, sup
porting that this is a serious complication related to the use 
of these devices.12,13 However, underreporting limits the 
interpretation of our findings. The FDA recognizes that 
poor compliance by hospitals to submit medical device 
reports, particularly those potentially contributing to adverse 
events, is an issue with a passive system like MAUDE.19 It 
is estimated that the proportion of medication errors that are 
ultimately reported ranges from 1.2% to 7.7%. On the basis 
of the lowest value in this range (1.2%), it can be extra
polated that harmful events or death potentially represent 
25,000 (300/1.2%) events occurring during the study period 
of this analysis.11,20 It should be noted that the estimated 
range of underreporting (1.2–7.7%) was based on analyses 
of internal adverse event reporting or with a computer- 
based monitoring system (not the MAUDE database).20–23 

Nonetheless, underreporting represents a serious concern, 
and this calculation emphasizes the need for proactive inter
ventions to promote error reporting and reduce error 
occurrence.11,19,20,24,25

This study has limitations to consider. We relied on 
expert narrative review to identify reports involving poten
tial use of elastomeric pumps to deliver local anesthetics 
as well as possible or probable cases of LAST. However, 
not all reports included detailed narrative summaries or 
indicate the drug used precluding our ability to accurately 
identify cases of LAST. Additionally, for reports with no 
drug mentioned, the manual review could identify pumps 

Table 1 Malfunctions, Injuries, and Deaths Related to Use of 
Elastomeric Pumps to Deliver Local Anesthetics, Including 
Reports of LAST and Injuries of Interest

Total Reports 
Involving 
Elastomeric 
Pumps to 
Deliver Local 
Anesthetic 
(n=4093)

Reports identifying pumps with flow issues 903 (22.1)

Reports identifying possible or probable LAST 139 (3.4)
Reports identifying possible liver injury 13 (0.3)

Reports identifying possible surgical site infection 51 (1.2)

Malfunction reports 3624 (88.5)

Possible or probable LAST 26 (0.6)
Possible liver injury 2 (<0.1)

Possible site infection 5 (0.1)

Injuries 292 (7.1)

Possible or probable LAST 84 (2.1)

Possible liver injury 11 (0.3)
Possible site infection 38 (0.9)

Deaths 8 (0.2)
Possible or probable LAST 2 (<0.1)

Possible liver injury 0 (0.0)

Possible site infection 0 (0.0)

Other report codes/missing codes 169 (4.1)

Possible or probable LAST 27 (0.7)
Possible liver injury 0 (0.0)

Possible site infection 8 (0.2)

Note: Values are the n (%). 
Abbreviation: LAST, local anesthetic systemic toxicity.
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that were likely used for local anesthetics but could not be 
confirmed because of reports lacking drug name. 
Similarly, identification of possible liver failure relied on 
MAUDE narrative reports describing laboratory results 
indicating liver failure or treatment for liver failure, limit
ing our ability to accurately describe the total number of 
reports of possible liver failure. Another limitation is that 
circumstances around the event may not be documented or 
verified in a MAUDE database report, challenging the 
ability to establish a cause-and-effect relationship between 
the device and specific event.10 For example, the potential 
cardiac, respiratory, or central nervous system symptoms 
used to identify possible LAST may be explained by 
anesthesia administered via elastomeric pump or as 
a different block (eg, interscalene block);26 therefore, pos
sible cases of LAST identified from reports with elasto
meric pumps may be an overestimate. Additionally, 
without data quantifying the total number of elastomeric 
pumps used in the US for delivering local anesthetics, it 
was not possible to accurately estimate the rates at which 
these malfunctions occur and hence the relative risk of 
experiencing malfunctions and injury.

Conclusion
Our analysis indicates that elastomeric pumps used to 
deliver local anesthetics can malfunction and result in 
injury or death. The majority of reports identified malfunc
tions, with 139 (3.4%) possible or probable cases of LAST 
reported. These data highlight the potential risk of faulty 
or incorrectly used elastomeric pumps, underscoring the 
need for more accurate and timely medical device report
ing to better understand the risks of delivering local anes
thetics with this type of device.
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