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Clinical Reports 

An anaesthetic drug 
error: minimizing the 
risk Beverley A. Orser MD FRCPC, 

Donald C. Oxom MD CM FRCPC 

A medication error caused a near fatal cardiac arrest in a pre- 
viously healthy patient undergoing elective surgery. Inadvertent 
epinephrine injection induced ventricular dysrhythmias, hyper- 
tension, hypotension and pulmonary oedema. The case was 
investigated using critical-incident technique and was reviewed 
by the Risk Management Team of  the Department o f  Anaes- 
thesia. The purpose o f  this report is to present the recommen- 
dations resulting from the investigation. These include: im- 
proved resident training in intravenous drug management, the 
use o f  anaesthetic drug ampoules with distinct labels, and the 
development o f  a standardized colour code system for labels 
on anaesthetic drug ampoules. Furthermore, it is recommended 
that all anaesthetic drug errors be reported to the Canadian 
agencies responsible for drug packaging in order to identify 
patterns in anaesthetic drug errors, and to facilitate the im- 
plementation of  effective drug identification systems. 

Pendant une opdration non urgente, une erreur de mddicament 
provoque un arr~t cardiaque chez un patient non tard. De 
l'~pindphrine injectde par mdgarde provoque des dysrythmies 
ventriculaires, de i hypertension, de lhypotension, et de l'oeddme 
pulmonaire. Cet accident fair l'objet dime investigation par la 
technique de l'incident critique et est r~visd par l~quipe de ges- 
tion du risque de ddpartement d'anesthdsie. Ce rapport expose 
les recommandations qui ddcoulent de cette investigation, lls 
comprennent l'amdlioration de la formation des rdsidents au 
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regard de la manipulation des preparations intraveineuses, l'u- 
tilisation d'ampoules dtiquetdes distinctivement et l'dlaboration 
d'un code de couleur standard pour les ~tiquettes de pr~paration 
anesthdsiques. On recommande aussi que toutes les erreurs de 
drogues anesthdsiques soient rapportde aux organismes cana- 
diens responsables de l'emballage des drogues de fa~on h iden- 
tifier la tendance des erreurs m~dicamenteuses en anesth~sie 
et faciliter l~mplantation de systbmes d'identification rdellement 

efficaces. 

Anaesthetic drug errors occur with alarming frequency, 
and the reported incidence likely underestimates the true 
number of events. An analysis of "critical incidents" dur- 
ing anaesthesia indicated misidentification of syringes and 
drug ampoules as the most common cause of preventable 
mishaps, l Another retrospective analysis of anaesthetic 
accidents or near accidents reported that the injection of 
the wrong drug or dose was responsible for 9.4% of mis- 
haps. 2 Thirty per cent of anaesthetists in one survey ad- 
mitted to having administered the wrong drug at least 
once in their careers. 3 This report describes yet another 
medication error due to misidenlification of a drug am- 
poule. The case was reviewed by the Risk Management 
Committee of the Department of Anaesthesia and rec- 
ommendations aimed at preventing similar occurrences 
are presented. 

Case relmrt 
A 43-yr-old, 44 kg woman was scheduled for total ab- 
dominal hysterectomy for uterine fibroids. The patient 
had no concurrent medical problems and had never re- 
ceived a general anaesthetic. Her haemoglobin concen- 
tration was 110 g - L  -I and the rest of the laboratory 
tests were normal. 

Standard anaesthetic monitors were applied, and gen- 
eral anaesthesia was induced with fentanyl, d- 
tubocurarine, propofol and suecinylcholine. Following 
tracheal intubation, anaesthesia was maintained with ni- 
trous oxide, isoflurane, and intermittent doses of vecur- 
onium. The surgery was uneventful, and the patient re- 
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ceived one unit of autologous blood. Following closure 
of the abdominal fascia, the choice of drugs available 
to reverse neuromuscular blockade was discussed with 
the anaesthesia resident who was asked to prepare a sy- 
tinge containing neostJgmine 2.5 mg (5 ml of a 0.05% 
solution, prostigmine, ICN Canada) and glycopyrrolate 
0.6 mg (3 ml of a 0.2 mg. ml -t solution, Robinul, A.H. 
Robins). During skin closure, isoflurane was discon- 
tinued, and a syringe containing 8 ml of solution and 
labeled "glycopyrrolate 0.6 nag, prostigmine 2.5 mg" was 
handed to the staff anaesthetist. Half the reversal mixture 
was administered intravenously. Within one minute, mul- 
tifocal ventricular premature beats were noted on the 
ECG tracing. Nitrous oxide was discontinued. The pa- 
tient's blood pressure was 130/70 mmHg, pulse oximetry 
indicated a haemoglobin saturation of 99%, and her 
PETCO2 was 32 mmHg. The cardiac rhythm rapidly dete- 
riorated into pulseless ventricular tachycardia, and car- 
diopulmonary resuscitation was initiated. The cardiac 
rhythm spontaneously converted to ventrioular bigeminy 
during external cardiac massage and the blood pressure 
increased to 210/130 mmHg. Lidocaine 50 mg was ad- 
ministered, and a sinus rhythm of 65 beats, min -I was 
established. The blood pressure decreased to a systolic 
pressure of 50 mmHg and the patient remained hypo- 
tensive despite an infusion of 1500 ml of Ringer's lactate 
and phenylephrine 100 ~g. rain -t. The patient developed 
bradycardia which was treated with atropine 1.2 rag. Over 
15-min, her blood pressure increased to 90/50 mmHg 
and copious pink, frothy fluid began to bubble up the 
endotracheal tube. The patient was transferred to the In- 
tensive Care Unit for further management and investi- 
gation. Before leaving the operating room, the anaesthetist 
instructed the operating room staff to seal the room, and 
to leave all equipment and drugs untouched. Subsequent 
cases were postponed until the preliminary investigation 
was completed. 

Abnormal laboratory results in the Intensive Care Unit 
were: Haemoglobin 98 g. L -I, WBC 14.3 X 109, L -I, 
arterial blood gases (FRO2 = 1.0) pH 7.39, PaO2 91 
mmHg, PaCO2 32 mmHg, serum electrolytes 
(mmol. L -l) potassium 2.5, phosphate 0.7 (normal 
0.8-1.5), magnesium 0.5 (normal 0.7-1.1), and calcium 
1.68 (normal 2.2-2.6), and albumin 24 g. L-k  Chest x- 
ray showed severe pulmonary oedema, and transoesopha- 
geal echocardiography revealed a mild septal hypokinesis, 
normal fight ventrieular function, and no valvular ab- 
normalities. The ECG showed non-specific repolarization 
changes in leads Vj through V 3. 

The pulmonary oedema resolved after furosemide 40 
rag, and the trachea was extubated the following day. 
Subsequent ECG's were normal, and there was no en- 
zymatic evidence of myocardial infarction. The patient 

FIGURE 1 One ml ampoules of glycopyrrolate (Robinul, A.H. 
Robins) and epinephrine (USP-Abbott). The ampoules have the same 
size and shape, and the labels ate printeO with similar letter size, style 
and colour. Not evident in this illustration is the thin yellow band 
around the glycopyrrolate ampoule. 

had no recall of the event, and had no detectable neu- 
rological deficit. 

Immediately after transferring the patient to the In- 
temive Care Unit, the anaesthetist and resident returned 
to the operating room to investigate the incident. The 
container used for discarded glass and needles was emp- 
tied and the contents reviewed. A 1 ml ampoule of epi- 
nephrine 1:1000 (Abbott USP) was found (Figure 1). 
Chromatographic analysis of the remaining 4 ml of re- 
versa1 solution revealed neostigmine 0.303 mg. m1-1, gly- 
copyrrolate 0.069 mg .ml - ' ,  and epinephrine 0.188 
nag- ml -l, indicating that one ampoule of glycopyrrolate 
was exchanged with one ampoule of epinephrine (Figure 
2). The patient was informed of the drug error, and as- 
sured that subsequent anaesthetics would likely be un- 
eventful. 

Discussion 
The patient described manifested signs typical of epineph- 
fine overdose; sudden unexplained hypertension and ta- 
chyarrhythmias followed by hypotension, pulmonary oe- 
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FIGURE 2 High performance liquid chromatography (HPLC) used 
for solution analysis. Panel A illustrates a typical chromatogram of the 
solution contained in the syringe. Panels B, C, D show retention times 
of control solutions used to measure the concentration of drug present. 
Ultra-violet (UV) photo-diode-array detection was then used to 
compare the UV spectrum of known concentration standards with the 
species present in the syringe. Based on identical retention times and 
less than a 5% difference in the UV spectra, there is no doubt that 
epinephrine was present in the syringe. 

dema, hypokalaemia, hypomagnesaemia, hyperglycaemia 
and leucocytosis. 4-s Inotrope overdose syndromes are not 
uncommon and their pharmacology and management 
have been reviewed previously. 9-14 

The need for systematic analysis of anaesthetic-related 
mishaps has been the subject of numerous articles in the 
recent literature, ms-17 The goal of risk management as- 
sessment is to identify the human errors and organiza- 
tional factors that contributed to an anaesthetic mishap 
in order to prevent their recurrence. Guidelines to fa- 
cilitate the collection and analysis of information con- 
cerning critical events have been provided. 18:9 

This case illustrates three important features of data 
collection. First, the investigation should begin as soon 
as possible. Second, the operating room should be closed 
and equipment left untouched until the investigation be- 
gins. Third, further eases should be postponed or trans- 
ferred to another operating room until a preliminary 

study of the event is completed. This ensures that sub- 
sequent patients are not exposed to potential risks and 
that the collection of information is not hampered by the 
immediate need to use the operating room. When a drug 
error is suspected, syringes should be saved for analysis. 

In addition to obvious human error, there were de- 
ficiencies in the health care "system" that also contributed 
to the mishap. First, the wrong drug was added to the 
glycopyrrolate section of the anaesthetic drug cart. In the 
operating rooms of our institution, epinephrine is nor- 
mally stocked on the emergency resuscitation cart rather 
than on the anaesthetic drug cart. It was later learned 
that, on the day prior to the mishap, one epinephrine 
ampoule had been salvaged from a regional anaesthetic 
kit and left on top of the anaesthetic drug cart. It is 
likely that the same epinephrine ampoule was placed in 
the glycopyrrolate section of the drug drawer when the 
cart was cleaned. The second "systemic" deficiency was 
the use of similar packaging for two different drugs. 

The case was reviewed by the Risk Management Team 
of the Department of Anaesthesia comprised of an In- 
tensivist, the Quality Assurance Committee for the De- 
partment of Anaesthesia, the anaesthetists involved in 
the case, and the hospital pharmacist. Recommendations 
resulting from the analysis of the case are presented 
below: 

Proper identification of drug ampoules 
Above all, the best way to reduce the frequency of 
errors in medication administration is to read carefully 
the name, concentration, and expiry data on each drug 
ampoule before it is administered. 

Anaesthesia resident education 
Many residents, new to the operating room, are not 
experienced with the administration of injectable med- 
ications. During their initial anaesthesia orientation, 
they should be reminded of the meticulous attention 
required when handling intravenous drugs. They 
should be instructed to read the name, concentration 
and expiry date on the label before and at~er drawing 
a drug into a syringe. When the contents of multiple 
ampoules are mixed in a syringe, the number of am- 
poules should be recounted after the medication is pre- 
pared. 

Residents and staff should also be encouraged to 
develop strict routines when labeling and organizing 
syringes on top of the anaesthetic cart. The carts should 
be cleared of unnecessary ampoules before the begin- 
ning of each case. All anaesthetic personnel should use 
extreme caution when administering medications which 
they did not prepare themselves. 
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3 Drugpackaging 
Whenever possible, each drug available on the anaes- 
thetic cart should have distinct and unique markings. 
Packaging features such as ampoule shape, size, and 
material (plastic versus glass), label and cap colours 
should be considered. 

In Canada, the guidelines for packaging and identifi- 
cation of medications are set by the Canadian Society 
of Hospital Pharmacists (CSHP). The Pharmaceutical 
Manufacturers Association (PMA) uses these guide- 
lines to develop product packaging. Designs are then 
submitted for approval to the Bureau of Pharmaceuti- 
cal Surveillance, Drugs Directorate, Health Protection 
Branch of the Ministry of Health and Welfare Canada. 

Currently, there are no requirements for unique labels 
on any medications. Indeed, some pharmacists and cli- 
nicians feel that all markings should be identical to ne- 
cessitate the careful reading of the labels. It is difficult 
to believe, however, that similar markings would reduce 
the number of drug errors. Anaesthetists would like to 
believe that they would never be too distracted or fatigued 
to misread an ampoule label, but the incidence of drug 
errors suggests otherwise. Careful reading of the drug 
labels is mandatory, but secondary cues such as label 
co1our may prevent a "misread" from becoming an an- 
aesthetic catastrophe. 

Despite the lack of guidelines, most drugs required 
on the anaesthetic cart can be selected which have distinct 
markings. In our institution, if similar labeling of an- 
aesthetic drug ampoules is likely to lead to confusion, 
the pharmacy purchasing agent is informed and an al- 
ternative pharmaceutical supplier is sought. On the rare 
occasion when an alternative supplier cannot be found, 
the manufacturers, anaesthesia staff and residents are 
cautioned regarding the potential for drug error. When 
a drug ampoule with markings similar to one routinely 
stocked on the anaesthetic can is brought into the op- 
erating room, a fluorescent adhesive label is placed over 
the cap to warn of its contents. 

A standard colour code system should be developed 
for anaesthetic drug ampoules. Colour codes have already 
been applied to volatile anaesthetic containers, gas cyl- 
inders, and adhesive syringe labels in an effort to reduce 
the likelihood of a drug error. 20~1 The concept of standard 
colour codes for injectable anaesthetic drug ampoules is 
not new. 2~ As the number of different drugs in the an- 
aesthetic cart increases, so does the need for an effective 
identification system. 

4 Reporting of drug errors 
Currently in Canada, there is no federal progranune 
for reporting drug packaging problems. Unlike the 

American Food and Drug Administration (FDA) 
which considers adverse events, as well as problems 
associated with drug packaging, the provincial Cana- 
dian Adverse Drug Reaction Programmes are only in- 
terested in adverse drug reactions. Concerns regarding- 
packaging and all reports of drug errors associated with 
drug labeling should be forwarded to the Canadian 
Society of Hospital Pharmacists (CSHP). As well, the 
Pharmaceutical Manufacturers Association (PMA) 
and the Canadian Drug Manufacturers Association 
(CDMA) should also be notified. The addresses for 
these agencies are listed below. We strongly encourage 
reporting by anaesthetists as this information can be 
used to encourage drug companies to adopt more ef- 
fective labeling systems. 

Drug location 
Each drug stocked on the anaesthetic cart should have 
a specific, labeled location. Drugs that are not normally 
stocked on the anaesthetic cart (e.g., antibiotic solu- 
tions, KCI solution) should not be left to collect in 
the corners of the drawers or on top of the cart. 

Drug cart check list 
The anaesthetic equipment check list should include 
a section for documenting errors in the stocking of the 
anaesthetic drug cart. This would allow recurrent errors 
to be identified and corrected. 

As the tasks of anaesthetists bectme increasingly com- 
plex, systems must be adopted ihat reduce the potential 
for human error. Although anaesthetists have led the med- 
ical community in the development of risk management 
techniques, research into the prevention of anaesthetic 
accidents remains in its infancy. Studies which identify 
medication errors and techniques for their prevention 
should be encouraged and facilitated. In the interim, an- 
aesthetists should inform the CSHP, PMA and the 
CDMA of drug errors associated with similar drug pack- 
aging and make their concerns known. 

Canadian Society of Hospital Pharmacists 
Suite 350, 1145 Hunt Club Road, 
Ottawa, Ontario K1V 0Y3 
Phone: (613) 736-9733 
Fax: (613) 736-5660 

Pharmaceutical Manufacturers' Association 
302 - 11 Prince of Wales Drive, 
Ottawa, Ontario K2C 3T2 
Phone: (613) 727-1380 
Fax: (613) 727-1407 
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Canadian Drug Manufacturers' Association 
Suite 606, 4120 Yonge St., 
North York, Ontario M2P 2B8 
Phone: (416) 223-2333 
Fax: (416) 223-2425. 
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