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Abstract This study aimed to develop smartphone application contents for the medication reconciliation of
high-alert medications and to evaluate the satisfaction for this application. The xcode 4.5 and ios 6.1
SDK(software development kit) were used for constructing screen of the system. After implementation during 4
weeks, thirty five ICU(Intensive Care Unit) nurses were asked function related, contents related, and usage
related satisfaction using 12 items. And differences of satisfaction according to the number of daily use and the
frequency of use were evaluated. Data were analyzed using descriptive analysis, ANOVA with the SPSS 18.0.
We developed the formula for drug dosage calculation, the alarming procedure, and the information of the high
alert medication. In the satisfaction items, the mean score of ‘This application is helpful to perform drug dosage
calculation’ was 3.14. However, ‘I satisfy this application’ was relatively low as 2.94. There were no differences
in satisfaction according to the daily use and frequency of use. Based on the results of this study, more
advanced smartphone application for medication reconciliation of high-alert medications will provide an important
platform for patient safety.

Key Words : Decision support system, Medication reconciliation, Medication error, Patient safety, Medication
administration
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[Table 1] Demographics and characteristics of electric pharmacopoeia and electric drug dose calculation use

(N=124)
Hospital Hospital
having <500 having >500 .
Categories Variables beds beds t/x* (p)
n (%) or M+SD

Gender Male 6(9.2) 2(3.4) 1.75(.278)
Female 59(90.8) 57(96.6)

Age 22-29 3(4.6) 2(3.4) 4.73(.193)
30-39 24(36.9) 18(30.5)
40-49 26(40.0) 34(57.6)
> 50 12(18.5) 5(8.5)

Marital Married 52(80.0) 49(83.1) 0.19(.818)
status Single 13(20.0) 10(16.9)

Educational College diploma 8(12.3) 5(8.5) 8.27(.041)
status Bachelor 35(53.8) 19(32.2)
Master and above 22(33.9) 35(59.3)

Total <5 19(29.2) 4(6.8) 13.09(.004)
clinical >5-<10 11(16.9) 10(16.9)
experience >10 - < 15 15(23.1) 12(20.3)
> 15 20(30.8) 33(55.9)

Electric Usage experience of EP (n=84) Yes 37 (94.9) 43 (95.6) .02(1.000)
pharmacopoeia No 2 (5.1 2 (44)

(EP) I frequently use EP. 3.59+1.00 3.33£1.00 1.24(.219)

My colleagues frequently use EP. 3.64+0.74 3.67+1.04 -.13(.899)

EP is helpful to prevent medication errors. 4.00£0.69 4.04+0.82 -27(.791)

Electric Usage experience of EDDC (n=40) Yes 5 (62.5) 14 (43.8) .90(.442)
drug dose No 3 (37.5) 18 (56.2)

calculation Nurses of my hospital frequently use EDDC. 3.00+0.76 3.47+0.95 -1.29(.204)

(EDDC) EDDC is helpful to prevent medication errors. 3.04+0.66 3.49+091 -1.27(.207)

M=Mean; SD=Standard Deviation
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[Table 2] Contents of the drug information parts

Drug information

Usage
Action

Insulin
Side effect
Precaution

- Adult: 0.5~1.0U/kg SC

Decrease blood glucose,

- Promote glycogen and protein synthesis,

- Inhibit lipid decomposition

Hypoglycemia, local pruritus and erythema
Available IV in the case of RI

Use insulin syringe

Usage
Action

. Side effect
Dopamine

Precaution

- Adult: 2-5 mcg/min/kg IV, 5-10 ~ 20-50mcg/min/kg(severe)
Increase heart contracture power and heart beat
Increase blood flow to the kindey and internal organ

Induce tissue necrosis when extravasation happen
Change color and temperature caused by peripheral vessel constriction on upper and
lower limbs

Urine, cardiac output, blood pressure
Decrease or increase blood pressure when a,[3-blocker and mixed drug were used

Usage
Action
Side effect

Dobutamine

Precaution

Adult: 2.5-15 mcg/min IV
Increase heart contracture power and heart rate
Hypersensitivity : rash, bronchospasm
Circulation system : tachycardia, increased BP, angina, chest discomfort, parpitation,
hypotension
- Digestive system : abdominal pain, nausea
Injection site : redness, swelling
- Atrial fibrillation caused by amplified atrio-ventricular conduction
Maintain pacemaker rate below 10% of increased rates than no medication status

Usage

Action

Side effect
Heparin

Precaution

IV: 1,000~3,000 IU + 5% dextrose/normal saline/linger’s solution 1,000mL + drop rate
30gtt/min

SC :10,000~20,000 IU

Prevent fibrin agglutination, inhibit the converting from fibrinogen to fibrin

Bleeding, chilling, fever, hives, local stimulation, erythema, ulceration of injection site,
thrombocytopenia

- Don’t use IM injection, SC injection - abdomen

Use infusion pump continuously

Use 1:100 U when you want to manage the central line.

- Prolonged the blood coagulation time when coadministration were happen with NSAIDs,
aspirin, penicillin, cephalosporin.

Usage

Action

KCl1
Side effect

Precaution

0.5~3 g K-40 + linger’s solution/dextrose/normal saline mix + below 0.3%(40 mEq) +
below 8mL/min drip rate for over 4 hours

- Confirm the physician’s order when the amount of mixed solution were over 80mEq/1L
- High capability of arrest if high density solution were dropped rapidly => manage tightly
density and drip rate

Extravasation => local necrosis

- Essential electrolyte for nervous stimulation process, constriction of smooth muscle,
cardiac muscle. and skeletal muscle

K level increase -> decrease conduction speed, refractory period, and automaticity
- Excited, anxiety, confusing, nausea, diarrhea, arrhythmia, hypotension, numbness

Usage

Action

Side effect
Warfarin

Precaution

Start : 2~5 mg/day, Maintaining : 2~10 mg/day

- Prolong blood clotting, prevent thrombus and embolus
Blood : bleeding, leukocytopenia

- Systemic reaction : allergy, pain, sleepiness, boredness
Nervous system : dizziness, cold intolerance

Digestive system : nause, vomiting, diarrhea

- Hemorrhagic heart failure patient

Over 60 age patients due to hyperactivity of PT/INR
Perform the regular test of coagulation factor

SC=SubCutaneous; IV=IntraVenous;

RI=Regular Insulin, BP=Blood Pressure; IU=; NSAIDs=Non Steroidal Anti-Inflammatory

Drugs; INR=International Normalized Ratio
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yes yes

So small
amount!!

Is it for severe

patients?

no

Caution! Over
dose!

< Dopamin >

yes yes

So small
amount!!

Is it for severe

patients?

no

yes

ar

Caution! Over
dose!

< Dobutamin >

Flow rate Is it SC

must be plus injection?
or minus E
30gtt/min

no

W

Caution! Over
dose!

< Heparin >

yes yes

Isit a
It is safe maintenance
starting dose dose?
yes

no

yes

W

Caution! Over
dosel!

< Warfarin >

Caution! Over
dose!

< Potassium chloride >

[Fig. 1] Alarm protocol
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[Table 3] Formula of drug dosage calculation in the smart phone application

Drug dosage calculation formula

L L
@gtt/min = 27 5 Sig;tt/m

i) if metric of (O were changed to "L”, ® should be changed to “gtt/L”

. DLx@gtt/mL>1000
@gtt/mln = ®min

Simple i) if metric of @ were changed to “hr”, metric of @ should be converted or

drop rate DmIx @ / I
. DWmLXQgtt/m
@gtt/min = =5

i) if metric of (O were "L"”, @ were "hr”

. DmLxQgtt/mL > 1000
Wytt/min= @hrx 60

. @(mL) X D(mg)
®mg/kg/min = @D (kg) x @ (min) x ®(mL)

. @(L)x1000x @ (mg)
Grmy/kg/min = 5 @ min) < ® (mZ)

Fluid

amount
L @(mL) X @®(mcg)
©mg/kg/min = (kg) X ®(min) X & (mL) < 1000

. @(mL) X @ (mceg)
®myg/kg/min = D (kg) X @ (min) X ®(mL) x 1000

i) if metric of @ were changed to “L”, the formula should be changed as follow,

i) if metric of ® were changed to "hr”, the formula should be changed as follow,

i) if metric of @ were changed to "mcg”, the formula should be changed as follow,

<Weight on + Drip factor on>
. D (kg) X @(mg/kg)
©gtt/min = @ (min) X D (mg)/®(mL) x 200r 60 (gtt/mL)

D (kg) x @ (meg/kg)

i) if metric of @ were changed to “mcg/kg”, metric of @ should be changed to “mcg”

B D (kg) x @(mg/kg) < [60(min/hr)]
©gtt/ 1= 5 ain) x @ (mg)/® (mZ) < 200r60(gtt/mZ)

Advanced D(kg) X @(mg/kg)

tt/min =
®gtt/min ® (min) X [@(mg) < 1000]/G (m L) x 200r 60 (gtt/mL)
i) if metric of ® were changed to "hr”, metric of ® should be changed to “mL/hr”

iii) if metric of ® were changed to “L”, metric of ® should be changed to “L/min” or “L/hr”

dri N
rip rate | Ogtt/min = Gy B (mg) /& (m L) x 200 60 git/m L)
<Weight on + Drip factor off>

. D(kg) X @(mg/kg)
©mL/min =7 @ (mg)/® (mL)

<Weight off + Drip factor on>

@ (mg)

Bgtt/min = X @ (mg)/® (mL) X 2001 60(git/mEL)
<Weight off + Drip factor off>

o @(mg)
®mL/min = ® (min) X @ (mg)/®(mL)
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[Table 4] Satisfaction according to the frequency of use of daily use (n=35)
Functions related Contents related Usage related
Characteristics Categories n(%) satisfaction satisfaction satisfaction
M=SD/F(p)
Number of Below 5 days 14(40.0) 3.26+0.47 3.13+0.49 2.86+0.79
daily use Below 10 days 15(42.9) 3.36£0.46 3.15+£0.44 2.90+0.81
Above 11 days 6(17.1) 3.39+0.77 3.04+0.75 2.71+1.40
(M=SD) 7.77+5.90 0.17(.845) 0.09(.911) 0.09(.911)
Frequency of Below 10 times 9(25.7) 3.33+£0.53 3.17£0.48 2.97+£0.97
use Below 30 times 11(31.4) 3.09+0.34 3.05+0.51 2.50+0.47
Below 50 times 10(28.6) 3.43+0.65 3.03+0.48 2.85+1.02
Above 51 times 5(14.3) 3.60+0.43 3.40+0.63 3.40+1.13
(M=SD) 28.29+20.84 1.44(.251) 0.72(.549) 1.28(.298)

Satisfaction
6.
=329 i X 3.32
3.50 A o 35_3 3.11 e 300 3.03 5 aa o 3.14 5 aa
3.00 + | T i =
250 +7 |
200 |
150 7
100 7
050 + |
0.00 T T T T T T T T == — — 1
1 2 3 4 5 6 7 8 9 10 11 12
M+SD
Functions 1. This application is easy to manipulate. 3.29+0.86
related 2. Design and color are proper to use. 3.46+0.74
Contents 3. Components of screen are appropriate. 3.2310.65
related 4. The amounts of content are adequate. 3.11+£0.76
5. Intention of contents are comprehensiveness 3.34+0.64
6. Useful information are contained. 3.00+0.87
7. Explanation of contents are appropriate. 3.03+0.66
8. | satisfy the whole contents. 2.94+0.76
Usage 9. This application is enable to be recommended. 2.89+1.02
related 10. This application is helpful to perform drug dosage calculation 3.14+1.00
11. | satisfy this application. 2.94+1.00
12. | used this application frequently. 2.43+0.88

[Fig. 2] Satisfaction of the participants
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