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Neuraxial and peripheral misconnection events
leading to wrong-route medication errors: a
comprehensive literature review

Eugene R Viscusi

ABSTRACT

We conducted a search of the literature to identify

case reports of neuraxial and peripheral nervous
system misconnection events leading to wrong-route
medication errors. This narrative review covers a 20-year
period (1999-2019; English-language publications
and abstracts) and included the published medical
literature (PubMed and Embase) and public access
documents. Seventy-two documents representing 133
case studies and 42 unique drugs were determined
relevant. The most commonly reported event involved
administering an epidural medication by an intravenous
line (29.2% of events); a similar proportion of events
(27.7%) involved administering an intravenous
medication by an epidural line. Medication intended for
intravenous administration, but delivered intrathecally,
accounted for 25.4% of events. In the most serious
cases, outcomes were directly related to the toxicity

of the drug that was unintentionally administered.
Patient deaths were reported due to the erroneous
administration of chemotherapies (n=16), muscle
relaxants (n=4), local anesthetics (n=4), opioids (n=1),
and antifibrinolytics (n=1). Severe outcomes, including
paraplegia, paraparesis, spinal cord injury, and seizures
were reported with the following medications: vincristine,
gadolinium, diatrizoate meglumine, doxorubicin,
mercurochrome, paracetamol, and potassium chloride.
These case reports confirm that misconnection events
leading to wrong-route errors can occur and may cause
serious injury. This comprehensive characterization of
events was conducted to better inform clinicians and
policymakers, and to describe an emergent strategy
designed to mitigate patient risk.

INTRODUCTION

Neuraxial and peripheral analgesia are being used
in a growing number of indications.' * Neuraxial
anesthesia commonly supplements general anes-
thesia, and may serve as the primary anesthetic for
surgeries conducted in the mediastinal region and
lower extremities. It is applied in intraoperative,
postoperative, and peripartum settings, as well as
in end-of-life care. Increasingly, neuraxial routes
are being used for acute pain therapy, chronic pain
management, and diagnostic procedures. Periph-
eral nerve blocks provide pain control for patients
undergoing surgery, and avoid the need for, and
adverse effects linked to, opioids and volatile anes-
thetics.' > Given the range of neuraxial and periph-
eral applications, opportunities for human error are
present.

" Vincent Hugo,” Klaus Hoerauf,** Frederick S Southwick*

Misconnection events can occur when delivery
systems, such as tubes, syringes, or other accesso-
ries, are erroneously connected via an unintended
route (eg, enteral, intravascular, neuraxial, or
respiratory), leading to wrong-route medication
administration.’” An example would be intrave-
nous medication delivered to the epidural space.*
Misconnections leading to wrong-route medica-
tion delivery have been reported across a number
of medical specialties, including anesthesiology,
emergency medicine, obstetrics, and oncology.®™
These events have occurred in a variety of
settings, including inpatient surgery,'®™* labor and
delivery,® ** and intensive care units.'® !’

Because of a lack of organized and publicly avail-
able reporting, it is not possible to assess the rate
of misconnections wherein the denominator is
the total number of catheter-based neuraxial and
peripheral procedures.* 82! Several published
reviews document that tubing misconnections are
uncommon®>*; however, national research and
hospital-based analyses confirm that misconnec-
tion events occur. For example, between January
2000 and December 2004, reports of more than
300 errors involving inappropriate intravenous/
intravascular medication administration errors due
to tubing interconnectivity were submitted to the
US MEDMARX medication error-reporting data-
base.> Misconnections have also been reported by
the Australian drug error database,” a hospital in
Japan,® and tertiary care hospitals in South Africa.*®

When these errors do occur, they exert a high
burden in terms of morbidity and mortality, patient
suffering, and expenses.”’” >’ In 2006, the Insti-
tute of Medicine estimated the average cost of
managing any type of serious medication error to
be US$8750 per preventable adverse drug event.*
These expenses can also include litigation costs and
fines to hospitals, as well as increased length of stay
and hospitalization costs.'” 3173

The goal of this narrative review is to charac-
terize the current understanding of neuraxial and
peripheral nervous system misconnection errors,
and to motivate clinicians and health systems to
consistently adopt the new International Organiza-
tion for Standardization’s (ISO) standards.

METHODS

This narrative review is based on a search of the
medical literature and public access documents
(English-language  publications or  abstracts)
published between January 1, 1999, and September
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30, 2019. Searches were conducted on PubMed and Embase
using a Boolean strategy that initially applied US National
Library of Medicine Medical Subject Headings (MeSH) terms to
identify human cases; subsequently, a comprehensive sequence
of MeSH and free-text terms were used to search indexed and
non-indexed publications. These terms included: accidental,
anaesth*/anesth®, ‘anesthetic incidents’, avoid*, blockade,
bore, caudal, connector®, confus*, deadly, ‘drug administration
routes’, drug error(s), ‘drug labeling’, ‘drug overdose’, epidural,
erroneous”/error®, extradural, faulty, inadvertent infusion,
injection, incident monitoring and reporting, interconnect*,
intrathecal, intravenous, ‘Luer/Luer lock’, maladminist*, medi-
cation error(s), misconnect®, mistake*, mixup/mix-up(s), ‘mode
of delivery’, ‘near-miss(es)’, ‘nerve block’, ‘non-Luer’, ‘organi-
sational accidents’, peridural, peripheral, preventable, route,
spinal, subarachnoid, syringe, ‘tube/tubing’, uninten*, ‘universal
connector’, ‘universal design’, unknowingly, ventricular, ‘wrong
*? and ‘wrong route’. Similar terms were also applied to a
general internet search for public access documents. See online
supplemental table 1 for a full summary of literature search
terms applied.

The literature search was supplemented by bibliographic
review of key source documents to identify case reports specific
to wrong-route misconnection. Only case reports and other
relevant publications that confirmed a misconnection event
and noted the name of the drug administered and the patient’s
health outcomes were included. Likewise, wrong-route cases
attributed to causes other than misconnection (eg, mislabeled
medication bags) were not included in the final analysis. Finally,
to avoid reporting twice on the same case, source documents
were reviewed closely to identify duplicate reports involving the
same patient.

Once identified, cases were aggregated and descriptive anal-
yses were conducted. The severity of each event was assessed
using the National Reporting and Learning System incident

35 7
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criteria,” as follows: (Low) Any unexpected or unintended
incident that required extra observation or minor treatment
and caused minimal harm to =1 person; (Moderate) Any unex-
pected or unintended incident that resulted in further treatment,
possible surgical intervention, or canceling of treatment or
transfer to another area, and which caused short-term harm to
=1 person; (Severe) Any unexpected or unintended incident that
caused permanent or long-term harm to =1 person; (Death) Any
unexpected or unintended event that caused the death of =1
person. In addition, the frequency of reported misconnection/
wrong-route events associated with specific drugs, and the drugs
associated with high morbidity and mortality rates when admin-
istered by the wrong route, were evaluated.

RESULTS

Approximately 200 unique publications were identified for full-
text review; of these, 72 documents representing 133 case studies
were determined to be relevant, and of these cases, 130 were
included in the final case analysis (three were excluded owing to
incomplete information regarding precise drug delivery route).
Case study sources were published case reports and clinical
studies (including journal manuscripts and scientific congress
abstracts), as well as national policy alerts that included case
study summaries. Case studies were identified from 25 countries
and 6 continents (Africa, Asia, Australia/New Zealand, Europe,
and North and South America) over a time period spanning from
1999 to 2019.

Of the reviewed documents, the most commonly reported
neuraxial misconnection event type involved administration
of medications intended for the epidural route by the intrave-
nous route (29.29%, 38/130)'! % 26 34*1. 4 similar proportion
of events involved the directionally opposite error (ie, admin-
istering medications intended for the intravenous route by the
epidural route), at 27.7% (36/130)'0 * 24726 4166 (figyre 1),
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to IV route to epidural route intrathecal route
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Figure 1
unknown for 3 of 133 cases. IV, intravenous; PNB, peripheral nerve block.
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Neuraxial and peripheral nerve block misconnection errors identified in case reports (N=130) between 1999 and 2019. Intended route
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Table 1 Number, severity,* and route of drug administration errors identified in case reports: drugs with at least two case reports
Event severity scale
Low Moderate Severe Death
Drug name Drug class Events (n) Incident(s)
Vincristinet Chemotherapy 19 4 15
Potassium chloridet N/A 6 5 1
Bupivacaine§ Local anesthetic 5 1 4
Thiocolchicosidet Muscle relaxant 4 4
Gadolinium9 Contrast agent 3 1 2
Ropivacaine§ Local anesthetic 3 1 2
Vecuroniumt Muscle relaxant 3 1 2
Paracetamolt Pain reliever 2 1 1
Tranexamic acidt Antifibrinolytic 2 1 1
Oxytocint N/A 2 2
Ephedrinet Nonselective adrenergic agonist 2 2
Succinylcholinet General anesthetic 2 2
Thiopentalt General anesthetic 2 2

*Incident severity, as defined by the National Reporting and Learning System,? is as follows: (Low) An unexpected or unintended incident that required extra observation or
minor treatment and caused minimal harm to =1 person; (Moderate) Any unexpected or unintended incident that resulted in further treatment, possible surgical intervention,
canceling of treatment, or transfer to another area, and which caused short-term harm to >1 person; (Severe) Any unexpected or unintended incident that caused permanent or
long-term harm to =1 person; (Death) Any unexpected or unintended event that caused the death of >1 person.

tIntravenous to epidural.

tIntravenous to intrathecal.

§Epidural to intravenous.

flintravenous to intraventricular/extraventricular.
N/A, not applicable.

Medications intended for intravenous administration have been
directly administered by the intrathecal route (25.4%, 33/130)
due to misconnections."” * Less frequently, the misconnection
error was the unintentional administration of a peripheral nerve
block via the intravenous route (13.1%, 17/130). Two instances
each have been described of injecting intravenous drugs into
an intraventricular line'® or into an extraventricular drain.'® 3
Least common were topical or intravascular medications admin-
istered by the intrathecal route, with one case each (0.77%).°***
Although not a misconnection error, there have been instances
of peripheral nerve block medications being administered on the
wrong side of the body (7.9%, 10/126).**

The literature search identified 42 unique drugs or other
substances injected via a misconnection event leading to
wrong-route error; these misconnections were primarily
neuraxial, but also included peripheral neural administration.
Table 1 summarizes the 13 drugs with at least two published
cases. Drug classes included: contrast agents,'® ** general anes-
thetics,*” 37 % ** Jocal anesthetics,'' **% muscle relaxants,*® 5 ¢!
antifibrinolytics,®' ** nonselective adrenergic agonists,’® °* and
nonsteroidal anti-inflammatory drugs.** ** The greatest number
of patient deaths were due to the erroneous administration of
vincristine (n=15),!% 68 73 7578 80 82 84 8789 96 (1 colchicoside
(n=4),*" and bupivacaine (n=4)." ** Moderate to severe harm
has been caused by the erroneous epidural administration of
potassium chloride* 3274 %% and oxytocin.* *® Detailed descrip-
tions of the sequence of events in two cases of neuraxial miscon-
nections are presented in online supplemental table 2).

For most drugs, or drug combinations, identified, there was
only a single reported incident of accidental delivery; these
drugs are listed in table 2.°%??” Among these cases, drugs came
primarily from the following classes: antibiotics,'’ **7**° chemo-
therapy agents,'” 7*7%** contrast agents,®” * * *! muscle relaxants
other than thiocolchicoside,’" ®® and opioids.**** ”! Patient deaths
were reported due to the erroneous intrathecal administration of

the chemotherapy agent farmorubicin'® and tramadol.”! Other
drug classes represented include beta blockers,”® acetylcholines-
terase inhibitors,® anticholinergics,®® decongestants, anticonvul-
sants,'® and cholinesterase inhibitors.* Last, cases were reported
involving the wrong-route administration of insulin,* mercuro-

95 a4 . -1 66
chrome,™ parenteral nutrition,” and sodium chloride.

DISCUSSION

This literature search identified published case reports describing
neuraxial and peripheral misconnection events leading to wrong-
route errors over a 20-year period. These events occurred across
a range of healthcare settings and specialty areas and primarily
involved the inadvertent delivery of drugs intended for intrave-
nous administration via the intrathecal!® ¢776% 7173 75-80 82 84 87-89
or epidural*! ¥ 52 routes. Both death!? 373 4168 7173757780 8287 89
and serious morbidity (including paraplegia, paraparesis, spinal
cord injury, and seizures)*® 3% 7 ¢ 78 798488 were associated with
intravenous and neuraxial line misconnection errors. For most
drugs identified, there was only a single reported incident of acci-
dental delivery; this finding is similar to the results of previous
literature reviews.®®”?” In the most serious cases, outcomes were
directly related to the toxicity of the drug that was inadvertently
administered (eg, vincristine).

The case studies discussed in this narrative review support
findings from several national monitoring systems that have eval-
uated the frequency of wrong-route misconnection errors. This
research has consistently shown that these events occur, and that
outcomes can be severe.”>**” %8 For example, data from the US
MEDMARX national error-reporting program and the Austra-
lian Incident Monitoring Study database suggest that between 1
in 25 and 1 in 250 intravenous-related medication errors are due
to misconnections.” ** Likewise, a retrospective analysis of the
French Pharmacovigilance System found that 27 (96%)/28 cases
of neuraxial wrong-route errors resulted in a serious adverse
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Table 2
route administration events

Individual drugs and other substances noted in a single case report involving neuraxial and peripheral misconnections, leading to wrong-

Drug type, name

Intended route of administration

Actual route of administration  Incident severity*

Antibiotics
Cefotiam Intravenous
Clindamycin Intravenous
Piperacillin-tazobactam Intravenous
Rifampicin Intravenous
Chemotherapy
Bleomycin Intravenous
Doxorubicin Intravenous
Farmorubicin Intravenous

PEG-asparaginase Intramuscular

Contrast agents

Diatrizoate meglumine Intravenous
lothalamate meglumine Intravenous
loxaglate sodium Intravenous
loxitalamate Intravenous
Muscle relaxants
Cisatracurium Intravenous
Pancuronium Intravenous
Opioids
Hydromorphone Intravenous
Remifentanil Intravenous
Tramadol Intravenous
Other
Insulin Intravenous
Labetalol—beta blocker Intravenous
Mercurochrome TOP
Neostigmine + atropine Intravenous
Parenteral nutrition Intravenous
Phenylephrine Intravenous
Phenytoin Intravenous
Physostigmine (cholinesterase inhibitor) Intravenous
Sodium chloride, ketorolac, esomeprazole, cefotaxime Intravenous

IT Moderate
EPI Low

EPI Moderate
IT Low

IT Moderate
IT Severe

IT Death

IT Low

IT Moderate
IT Moderate
IT Moderate
IT Moderate
EPI Moderate
EPI Low

EPI Moderate
EPI Low

IT Death

EPI Moderate
IT Low

IT Severe
EPI Moderate
EPI Moderate
EPI Moderate
ED Moderate
IT Low

EPI Low

*Incident severity, as defined by the National Reporting and Learning System,” is as follows: (Low) Any unexpected or unintended incident that required extra observation or
minor treatment and caused minimal harm to =1 person; (Moderate) Any unexpected or unintended incident that resulted in further treatment, possible surgical intervention, or
canceling of treatment, or transfer to another area, and which caused short-term harm to 1 person; (Severe) Any unexpected or unintended incident that caused permanent or
long-term harm to =1 person; (Death) Any unexpected or unintended event that caused the death of >1 person.

ED, extraventricular drain; EPI, epidural; IT, intrathecal; PEG, polyethylene glycosylated; TOP, topical.

event, and 11 (39%)/28 resulted in patient death.”” However,
these analyses relied primarily on self-reported informa-
tion,”*2**” making it impossible to calculate the true incidence of
harmful outcomes. During the conduct of this literature review,
we observed that the difficulties inherent in collecting error data,
including errors that are not noticed or do not result in patient
harm, add to the challenge of calculating true incidence. Of note,
we observed that research attempting to identify all events using
anonymized prospective reporting or observers documented
higher rates of error and near-miss events*® ** ** than research
that examined only voluntarily reported events.?**

Universal Luer systems have long been used to securely
connect fittings between needles, syringes, and tubing. These
connectors serve multiple medication delivery routes, including
intravenous, enteral, neuraxial, and respiratory.* ** 2 An unin-
tended consequence of Luer standardization is an increased
potential for patient harm or death due to misconnection
between administration routes, leading to wrong-route medica-
tion administration.” ?* * Reports of misconnection errors have
led to efforts to create new, less error-prone systems. In 2010,

the ISO 80369 series provided new standards to replace the
universal use of Luer connectors.'” The ISO 80369 connectors
introduce incompatibility between tubing connections serving
different body systems and build in a safeguard to eliminate
specific types of error. The ISO 80369-6 standard, introduced
in 2016, specifies requirements for new Luer-incompatible
neuraxial connectors; Luer connectors will continue to be
used only for intravenous connections. Neuraxial applications
include the administration of medications to neuraxial sites
(ie, the spine, intrathecal space, ventricles of the brain, and the
epidural, extradural, or peridural spaces), wound infiltration
anesthesia delivery, other regional anesthesia procedures, and
monitoring or removing cerebrospinal fluid for therapeutic or
diagnostic purposes.'®!

Drug administration is the final step in a complex chain of
events that includes procurement, storage, and deployment.'**
In the hospital setting, there are several time points where medi-
cation error may occur, leading to a patient not receiving the
right drug at the right time and the right place.”* Recognizing
the relationship between Luer interconnectivity and medication
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error and adopting new ISO 80369 standards are critical steps in
preventing future adverse outcomes.

Limitations

The data reported here are expected to be incomplete and are
not intended to provide an estimate of incidence. This is because
chronic under-reporting of misconnection events is widely
acknowledged,* '82°7¢1% and this literature search was confined
to English-language cases. Furthermore, any interpretation of
these data must be assessed in context with the relatively low
real-world frequency of misconnection complications. When
considering the very large number of regional anesthetic proce-
dures performed worldwide, any potential safety intervention
would require the treatment of large patient numbers before
benefits could be documented. Therefore, it should be acknowl-
edged that it may never be possible to track the true incidence
of these events, or the global impact of any specific technologic
intervention.

CONCLUSION

This literature review shows that misconnection events occur
and can lead to wrong-route errors, with serious consequences.
New technological advances are available that may improve
patient safety by preventing misconnection events.
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