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Extended Abstract

Background and Objectives Medication errors and adverse drug events associated with
injectable medications are important patient safety concerns, particularly during medication
compounding, preparation, and administration. Labels that do not adequately support clinical
workflows may increase the risk of errors. This study aimed to evaluate the effects of redesigning
injectable medication labels based on Human Factors Engineering (HFE) principles on medication
errors, adverse drug events, and medication wastage costs at Sungaikolok Hospital.

Methods A quasi-experimental study with an uncontrolled before-and-after design was
conducted. Incident reports from the HRMS were compared between the pre-intervention period (May
1, 2024, to February 28, 2025) and the post-intervention period (March 1 to December 31, 2025).
Eligible incident reports involving medication errors or adverse drug events associated with injectable
medications were included. The labels were redesigned to support nursing workflows and provide
information on routes of administration, drug stability, compatibility, pH, and osmolarity, together
with safety warning symbols.

Results The number of reported incidents was lower in the post-intervention period than in
the pre-intervention period. The distribution of incident severity levels differed significantly between

the two periods (p = 0.025). No level C incidents were reported after the intervention, and the number
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of level D incident reports decreased from 12 to 8. Reported errors involving medication
compounding and preparation, as well as the handling of multiple-dose medications, also decreased.
Medication wastage costs decreased from THB 2,662.01 to THB 806.00.

Conclusions and Recommendations Implementation of injectable medication labels
development using HFE principles was associated with fewer reported incidents and lower medication
wastage costs. These findings suggest that user-centered label design may support medication safety.
However, the absence of a control group precludes attributing the observed changes solely to the
redesigned labels.

Keywords: Injectable medication labels, Medication errors, Human factors engineering
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Independent Variable
The development of injectable drug labels
based on Human Factor Engineering (HFE)
principles, comprising:
e  Comprehensive and clearly
presented essential information
(drug name, strength, route of
administration, timing)
e  Supporting information for drug Dependent Variables
preparation (reconstitution, e  Medication errors

dilution, compatibility, stability) e  Adverse drug events (ADEs)

e  Safety-related information (pH, e  Severity level of incidents (NCC

osmolarity) MERRP classification)
e Risk warning symbols (Phlebitis, e  Medication wastage cost
Extravasation)

e  User-centered design to enhance
readability, reduce cognitive load,

and align with nursing workflow
Figure 1 Conceptual framework
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Figure 2 The theory of human-centered system design (Sirilak, 2024)
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Figure 3 The detailed components of the developed injectable medication label
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Figure 4 An example of the developed injectable medication label
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Table 1 The abbreviations, full terms, and meanings used on the developed injectable medication label

No. Abbreviation Full Term Meaning

1 Extravasation Extravasation Leakage of medication from the vein into the

surrounding subcutaneous tissue

2 [P] Phlebitis Inflammation of a vein

3 (A), (Acid) Acid Drugs with an acidic pH

4 (B), (Base) Base Drugs with a high (alkaline) pH
5 Conc. Concentration The concentration of a solution
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No. Abbreviation Full Term Meaning

6 Recon. Reconstitute The process of converting a lyophilized powder into
a solution using a specified diluent

7 Dilute Dilute The process of diluting a drug with a specified
solution; the stated time and temperature indicate the
stability period after dilution

8 Hypertonic Hypertonic solution A solution with osmolarity greater than 350 mOsm/L

9 Osmol> 900 Hyperosmolar drugs Drugs with osmolarity significantly higher than
blood, which may cause vascular irritation

10 v Intravenous Administration into a vein

11 IV slowly push Intravenous slowly push Slow intravenous injection

12 IV inf. IV infusion Administration via intravenous infusion (drip)

13 IM Intramuscular Injection Injection into a muscle

14 IT Intrathecal Injection Injection into the spinal (intrathecal) space

15 HAD High Alert Drug Medications with a high risk of causing significant
harm if used incorrectly

16 SWFI Sterile Water for Injection  Sterile water used as a diluent for reconstitution or
dilution of medications

17 D5SW 5% Dextrose in Water Intravenous solution containing 5% dextrose in water

18 NSS 0.9% Normal Saline for Isotonic sodium chloride solution (0.9%) used for

Injection

injection
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CPP407 Fufiunzunsadeusinms Ievansimavasadeadaiuilals anasan 1415y s
518914 (aAA3508aY 64.29) (Table 2)
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g

p=0.365) (Table 2 and 3)

Table 2 The incidence and severity levels of medication errors and adverse drug events associated

with injectable medications before and after the development of the injectable medication label.

Severity Level

Risk Incident Reports Pre-Implementation Post-Implementation P-value

Type of Risk Incident A B C D A B C D

Medication and Blood Safety

Safe from Adverse Drug Events (ADE)

CPM102: Non-compliance with guidelines for the use of 0 3 2 2 0 1 0 2
High Alert Drugs

CPM103: Preventable complications in patients 0 0 2 1 0 0 0 1

receiving high-alert medications

Safe from Medication Error

CPM205: Administration errors (incidents occurring 0 8 2 2 0 5 0 0
during medication administration)

CPM208: Non-compliance with medication use 0 12 0 0 0 2 0 0
standards or guidelines (excluding High Alert
Drugs, fatal d rugs, LASA drugs, and

antibiotics)
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Table 2 The incidence and severity levels of medication errors and adverse drug events associated
with injectable medications before and after the development of the injectable medication label.

(Continue)

Severity Level

Risk Incident Reports Pre-Implementation Post-Implementation P-value

Type of Risk Incident A B C D A B C D

Patient Care Processes

Prevent Common Complications

CPP407: Complications associated with peripheral 0 0 7 7 0 0 0 5
intravenous administration of medications/fluids

(infusion-related complications)

Total number of incidents 0 23 13 12 0 8 0 8  0.025"%,

0.365"

* Statistical significance was assessed using Fisher’s exact test, ° using the Cochran—Armitage trend test.

*Statistically significant (P-value<0.05)

Table 3 Examples of risk incidents and the severity levels of medication errors and adverse drug

events associated with injectable medications.

Type of Risk Incident Severity Level Identified Issues Summary
CPM205: Administration D Incorrect A 24-year-old female patient (Dx: left SDH
errors (incidents occurring type/volume of  with skull fracture, status post F-P-T
during medication diluent used for  craniectomy) developed hypotension during a
administration) drug procedure. Norepinephrine bitartrate

reconstitution (Levophed®) was administered in NSS.

CPM205: Administration B Incorrect Amiodarone was mixed with 5% dextrose in
errors (incidents occurring type/volume of  water (D5W) 10-20 mL for injection over 1-2
during medication diluent used for ~ minutes (emergency case). For infusion, it
administration) drug must be prepared in DSW only; saline should

reconstitution not be used due to reported precipitation.

CPM208: Non-compliance B Medication not  Physician ordered meropenem injection 500
with medication use retained for mg IV every 24 hours. One vial was
standards or guidelines subsequent dispensed. Nursing staff later requested
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Type of Risk Incident Severity Level Identified Issues Summary
(excluding High Alert dosing additional medication due to insufficient
Drugs, fatal drugs, LASA supply (single-use vial discarded after use)
drugs, and antibiotics)
CPP407: Complications D Extravasation Post—cardiac arrest case developed
associated with peripheral Extravasation at the left leg (~30 cm area).
intravenous administration The patient received norepinephrine bitartrate
of medications/fluids (Levophed®) 8 mg in D5W 500 mL IV at 60
(infusion-related mL/hr, concurrently with adrenaline 10 mg in
complications) NSS 100 mL IV at 20 mL/hr.
CPP407: Complications D Phlebitis Phlebitis stage 2 observed at the site of
associated with peripheral levophed administration (concentration: 4 mg
intravenous administration in 250 mL IV).
of medications/fluids
(infusion-related
complications)
CPP407: Complications C Phlebitis During infusion of 5-fluorouracil (5-FU) 680

associated with peripheral
intravenous administration
of medications/fluids
(infusion-related

complications)

mg in D5S/2 1000 mL over 8 hours, redness
along the peripheral vein was observed after 5

hours of infusion.

2. 91U IAMIAIELSTAUANNTUNTIVBININANIZUNINFOUDINMS 1% K0S

v

WimaviaeataendaIuare (Infusion related complication)
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518911 1A% Moderate 4 518911 FIINGINTWAU S1UIUIIBNUAAAUNAD 5 518911 ujauu
Phlebitis 3 518914 1ALA grade 1 143U 1 5189714 1A grade 2 311U 2 518914 Tag lainy

v 9
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9 Y
Y [ o <
3¢AY Mild ﬁ%@ Severe VNﬁ muauiwmumamm3ﬂ6§}6u1ﬂﬂimaﬂmmﬂ 14 13U 5 518911

5109911 Aadludouaz 64.29 (Table 4)

Table 4 The incidence and severity levels of infusion-related complications associated with peripheral

intravenous administration.

CPP407: Complications

associated with peripheral

intravenous administration of Phlebitis Extravasation
medications/fluids (infusion-

related complications)

Severity Level 1 2 3 4 Normal Mild Moderate Severe

Pre-Implementation 1 4 2 0 0 3 4 0
(number of reports)
Post-Implementation 1 2 0 0 0 0 2 0

(number of reports)

3. ;‘J,afhmsgtyg?mmﬂmsmamqﬁﬁmmﬁmmg?‘mwmmsaﬁﬂmmﬂmmﬂéaumam
wazmgmsaliiialszasnninmslenida srsneuazndimsiannaainania
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(CPM201 - 208) Wus e ugiAMssin s ludsedulaymises 1ildiAven 13198 w5y dose
da 11 wane5hd M3y reconstitution eAnviia / USina nasnaud15hd M3y dilution t1in
wila /e Taenui Uszidudgminnms 1R ve 13198 min dose da'ly niondada’ly
FUROURAUITINIY 9 16074 wazFIHdsia MU IINaAaunde 2 518911 Faanaq 7
10 Aalufevay 77.8 1Jimﬁuﬂtymmﬂmiwanmiﬁﬁm%’u reconstitution §1WABUA /
W51 F2neuiannsInam 9 3169011 tasFInaia MU INanaumae 1 316014 Faanad
8 31w aaifludevas 88.89 nazlsziuniswauasidmiy dilution tawiia / USue
AOURAITINAN 6 316910 T IHE AN IINAAUNED 1 518971 Faaaad 5 31891
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anaali'ld 1,856.01 v Andludosas 69.72 (Table 5 and 6)

Table 5 The issues and medication wastage costs associated with injectable medications before and

after implementation of the developed injectable medication label

Identified issues / outcomes Pre-Implementation Post-Implementation
Medication not retained for subsequent dosing, n 9 2
Incorrect type/volume of diluent used for drug reconstitution, n 9 1
Incorrect type/volume of diluent used for drug dilution, n 6 1
Total identified issues, n 24 4
Medication wastage cost (THB) 2,662.01 806.00
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