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ABSTRACT

Background: High-alert medications (HAMs) are medications that bear a heightened risk of causing significant patient harm if used
in error. To facilitate safe use of HAMs, identifying specific HAM lists for clinical setting is necessary. We aimed to develop the
national level HAM list for acute care setting. Methods: We used three-step process. First, we compiled the pre-existing lists referring
HAMs. Second, we analyzed medication related incidents reported from national patient safety incident report data and adverse
events indicating medication errors from the Korea Adverse Event Reporting System (KAERS).We also surveyed the assistant staffs
to support patient safety tasks and pharmacist in charge of medication safety in acute care hospital. From findings from analysis and
survey results we created additional candidate list of HAMs. Third, we derived the final list for HAMs in acute care settings through
expert panel surveys. Results: From pre-existing HAM list, preliminary list consisting of 42 medication class/ingredients was
derived. Eight assistant staff to support patient safety tasks and 39 pharmacists in charge of medication safety responded to the
survey. Additional 44 medication were listed from national patient safety incident report data, KAERS data and common
medications involved in prescribing errors and dispensing errors from survey data. A list of mandatory and optional HAMs
consisting of 10 and 6 medication classes, respectively, was developed by consensus of the expert group. Conclusion: We developed
national level HAM list for Korean acute care setting from pre-existing lists, analyzing medication error data, survey and expert
panel consensus.
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Table 1. Preliminary list derived from pre-existing high alert medication lists and related data from analysis of patient incident data and
survey from experts

Pre-existing list Patient incident data from KOPS
ATC Medication class Korean Mortality Specific Harm cases Total cases Survey®
level 2 ISMP APINCHS o harm cases®
accreditation case _ (n=3363) (n=5078)
(n=1037)

AL0 Insulins o (0} o - 111 191 209 )
Sulfonylurea o - - - 2 8 15 ©)
Anticoagulants, oral o (0} - - 7 25 40 ©)

BO1 Anticoagulants, Inj. o (0} (0} - 24 56 66 )
GP IIb/I11a inhibitors o - (0} - 1 1 1 )
Thrombolytics (0] (0] - 5 9 10 )
Hypertonic, sodium chloride o o (0} - 2 5 5 +)
Potassium Inj, concentrated o (0} (0} 2 29 57 66 )
Magnesium Inj., concentrated o (0} (0} - 7 10 11 +)
Calcium Inj., concentrated - (0} (0} - 3 5 7 ¢

BO5 Sterile water Inj. > 100 ml O - - - 2 2 2 “)
Dextrose, concentrated (0] - - - 1 3 3 )
Cardioplegic solutions o - - - 0 0 0 O]
Dialysate o - - - 0 3 8 “)
Parenteral nutrition o - - 1 62 120 135 )
Adrenergic agonist, Inj o - - - 33 61 75 +)
Amiodarone, Inj (¢} - - - 4 4 4 )

CO01 Adenosin, Inj o - - - 1 2 2 “)
Milrinone (0] - - - 0 0 0 )
Digoxin, Inj o - - - 0 0 0 )

C02 Nitroprusside o - - - 0 0 0 )
Esmolol, Inj o - - - 0 2 3 “)

Co7 .

Labetalol, Inj 1 2 6 6

Hol Oxytocin ‘ (0] - - - 1 1 1 )
Vasopressin (0] - - - 1 2 2 )

101 Aminoglycoside - o - 6 21 30 “)
Vancomycin - o - - 5 13 21 “)

J02  Amphotericin B (0] (0] - - 0 1 1 )

LO01 Chemotherapeutic agents, Inj o (0} o - 42 154 201 +)

LO1 Chemotherapeutic agents, oral o (0} (0} 1 4 14 24 +)

MO3 Neuromuscular blocking agent o o - 1 9 12 15 )
Anesthetics, Inhaled (0] - (0] - 0 0 0 )

NOI Anesthetics, IV O (0} (0} 1 45 67 74 )
Epidural, intrathecal, local anesthetics (6] - 7 14 18 )

N2 Opioid analgesics, Inj. ¢ o o o 1 47 92 104 )
Opioid analgesics, oral/patch® (¢ o - 5 34 45 ©)
Clozapine - (0] - - 3 5 8 )
Lithium - (0] - - 1 2 2 )

NO5 Benzodiazepines, Inj. o (0} (0} 3 32 63 73 *+)
Dexmedetomidine o (0} (0} - 4 7 8 +)
Chloral hydrate (0] - - - 6 6 12 )

V08 Contrast media - - (0] 1 2 407** 410 +)

3Cases that resulted in patient harm due to characteristics of medications; "Survey results from assistant staffs to support patient safety tasks and
pharmacist in charge of medication safety, (+) and (-) indicates appropriate and inappropriate, respectively, for including HAM lists. “Opioids
excluding tramadol



Table 2. Top 10 medications involved in patient safety incidents and medication error from KAERs data and survey from pharmacists in
charge of medication safety

Medication class/ingredients N % Medication class/ingredients N %
Total patient incident reports (N=5078) Common medications involved in dispensing errors from survey (N=39)

total parenteral nutrition 133 2.6  total parenteral nutrition 9 237
acetylcysteine 81 1.6 morphine 7 184
potassium chloride 59 1.2 lansoprazole 6 15.8
ceftriaxone 54 1.1 quetiapine 6 15.8
diclofenac 51 1.0 piperacillin/tazobactam 5 13.2
morphine 46 0.9 tacrolimus 5 132
lorazepam 46 09  ceftriaxone 5 132
furosemide 43 0.8 carvedilol 5 132
fluorouracil 42 0.8 acetaminophen 4 10.5
regular insulin® 41 0.8  acetylcysteine 4 10.5
heparin 41 0.8

norepinephrine 41 0.8

Reports that caused patient harm (N=3363) Common medications involved in prescribing errors from survey (N=39)

total parenteral nutrition 72 3.8 esomeprazole 18 46.2
acetylcysteine 40 2.1 acetaminophen/tramadol 16 41.0
potassium chloride 33 1.7 lansoprazole 16 41.0
regular insulin 32 1.7 famotidine 15 385
norepinephrine 28 1.5  metoclopramide 15 38.5
heparin 27 1.4 aspirin 14 359
diclofenac 27 14 mosapride 14 359
morphine 26 1.4 pantoprazole 12 30.8
fluorouracil 22 1.2 levofloxacin 11 28.2
lorazepam 22 12 metformin 11 28.2

Reports that caused patient harm due to medication characteristics (N=1037) Medication errors that caused serious ADE from KAERs data (N=80)

total parenteral nutrition 63 5.8  oxcarbazepine 8 10.0
acetylcysteine 36 33 aspirin 7 8.8
regular insulin* 31 29  lamotrigine 7 8.8
potassium chloride 28 2.6  aripiprazole 6 7.5
morphine 25 23 methotrexate* 6 7.5
heparin 22 2.0  teriparatide 5 6.3
ketamine 21 1.9 tacrolimus 3 3.8
diclofenac 20 1.8 phenytoin 2 2.5
norepinephrine 18 1.7 gemcitabine 2 2.5
lorazepam 15 14 levetiracetam 2 2.5
telmisartan 2 2.5
carbamazepine 2 2.5
warfarin* 1 1.3
anti-androgen* 1 1.3

*medications involved in mortality cases
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Table 3. Suggested final list of high alert medications applicable at acute hospital in Korea

ATC level 2 Essential high alert medications Optional high alert medications
Al0 Insulin vial -
B10 Anticoagulants, Inj (low molecular weight heparin, fondaparinux, Thrombolytics
heparin, argatroban) (alteplase, tenecteplase)
BO5 Hypertonic, sodium chloride Parenteral nutrition (central)
Potassium injection, concentrated
Magnesium injection, concentrated
Adrenergic agonist, IV (dobutamine, dopamine,
Co01 - epinephrine, isoproterenol, norepinephrine,
phenylephrine)
co7 - Labetalol, IV
Lo1 Chemotherapeutic agents (parenteral, oral) -
MO3 Neuromuscular blocking agent (atracurium, cisatracurium,
rocuronium, rocuronium, succinylcholine, vecuronium)
NOI Anesthetics, IV )
(ketamine, etomidate, propofol, thiopental)
NO2 Opioid analgesics, IV(tramadol | 1) -
NO5 Dexmedetomidine . Benzodiazepines, .IV
(diazepam, lorazepam, midazolam)
V08 Contrast media

823 o] 2do] 28713, 500-1,00088 7301 117]#0. 2 A= ek
(Supplementary Table 1). ZA|F2] tHlE AulejekEe
TPN, morphine, lansoprazole, quetiapine, piperacillin/
tazobactam, tacrolimus, ceftriaxone, carvedilol, acetaminophen,
acetylcysteine® ] 0™, AHEQ Fo] T oJeREL- esomeprazole,
acetaminophen/tramadol, lansoprazole, famotidine, metoclo-
pramide, aspirin, mosapride, pantoprazole, levofloxacin,
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Step 1

1) Analysis of medication
related incidents in
Korea

2) Survey for the
assistant staff to support
patient safety tasks and
pharmacist in charge of
medication safety

Derivation of candidate

HAM list by the review

of pre-existing HAM

list for acute care

hospital

*  ISMP acute setting, WHO
APINCH, Acute care

hospitals accreditation
criteria of KOIHA

Derivation of the final
list of HAM for acute
care hospitals in Korea
based on the survey for
the expert panel

Derivation of the
additional candidate
list of HAM based on
the result of Step 2

Fig. 1, Study Flow.
HAM, high alert medication; ISMP, Institute For Safe Medication Practices; KOIHA, Korea Institute for Healthcare Accreditation
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