Chanaprakhon, Simulation model to reduce waiting times

Simulation model to reduce waiting times of hypertensive
patients at Wang Nam Khiao Hospital

Nirat Chanaprakhon

Wang Nam Khiao Hospital, Nakhon Ratchasima

Abstract

Hypertension (high blood pressure) is the most
common chronic disease in the world. Many patients
require hospital care. However, each hospital 's processes
vary. The hospital resource availability is limited and
nonidentical as well. These lead to potential service
delays and long waiting times. Wang Nam Khiao
Hospital, a 30-bed community hospital, provides the
hypertension clinic service only one day each week
with a maximum of four examination rooms available
simultaneously. By serving 119 patients per day on
average, the average service duration for routine
procedures was 2.69 hours (161.2 minutes) per patient.
Some patients were waiting up to 4.47 hours (268.2
minutes). To address this challenge, an Express Lane
(Fast Track) was proposed for some specific patient

groups, such as those with well-controlled blood

pressure, patients refilling the previous medication, or
patients refusing to wait for a regular physician
consultation. Several simulation models were developed
to compare different Fast Track system implementation
scenarios, with Fast Track proportions ranging from
10%, 20%, 30%, 40% to 50%. Results showed that
all models could reduce the total time in the system

when using the Fast Track system.
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3199 2 uaraagiu Entity models Auana1anu 16 3uluuy

Priority | Entity Name Process 1 Process 2 Process 3 Process 4 Process 5| Process 6 Process 7 Process 8
1 FastTrack A |Registration BPMeasurement |[Not Done FastSceening Remed |AppointMent |Not Done |ExpressPharmacist
2 FastTrack B |BPMeaswement |Registration Not Done FastSceening Remed |AppointMent |Not Done |ExpressPharmacist
3 FastTrack C |Registration BPMeasurement |[Not Done FastSceening Remed |AppointMent [Finance ExpressPharmacist
4 FastTract D |BPMeaswrement |Registration Not Done FastSceening Remed |AppointMent |Finance ExpressPharmacist
5 FastTrack E |Registration BPMeasurement |Lab (only DTX) |FastSceening Remed |AppointMent |NotDone |ExpressPharmacist
6 FastTrack F | BPMeaswrement |Registration Lab (only DTX) |FastSceening Remed |AppointMent |Not Done |ExpressPharmacist
7 FastTrack G |Registration BPMeasurement |Lab (only DTX) |FastSceening Remed |AppointMent |[Finance ExpressPharmacist
8 FastTrack H |BPMeasurement |Registration Lab (only DTX) |FastSceening Remed |AppointMent [Finance ExpressPharmacist
9 Normal A |Registration BPMeasurement |[Not Done NormalScreening |Doctor  |AppointMent  [Not Done |Pharmacist
10 Normal B BPMeasurement |Registration Not Done NormalScreening |Doctor |AppointMent [Not Done |Pharmacist
11 Normal C Registration BPMeasurement |[Not Done NormalScreening |Doctor |AppointMent  |Finance Pharmacist
12 Normal D |BPMeasurement |Registration Not Done NormalScreening |Doctor |AppointMent  |Finance Pharmacist
13 Normal E Registration BPMeasurement |Lab NormalScreening |Doctor |AppointMent  [Not Done |Pharmacist
14 Normal F BPMeasurement |Registration Lab NormalScreening |Doctor  |AppointMent  [Not Done | Pharmacist
15 Normal G |Registration BPMeasurement |Lab NormalScreening |Doctor |AppointMent |Finance Pharmacist
16 Normal H  |BPMeasurement |Registration Lab NormalScreening |Doctor |AppointMent  |Finance Pharmacist
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2. magm%’uu‘%m‘s (Servers) 8 "Zﬂ ﬁ@

- Registration: AM%uAAT Initial Capacity Wy 2
- BPMeasurement: NuuaA1 Initial Capacity vu 2
- Lab: AnwueAn Initial Capacity L1 3

- NormalScreening Anuaa Initial Capacity Wu 2
- Doctor AMvua@1 Initial Capacity u 4

- Appointment AM%uAA" Initial Capacity LT 1
- Finance AMvuAAN Initial Capacity 4 1

- Pharmacist AMvua@1 Initial Capacity L 2
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3190 3 vuesas ez UUTMsAeIaT (Rate Table)

Starting Offset Ending Offset Rate (Event Per hour)
Day1, 7:00:00 Dayl1, 8:00:00 70
Dayl, 8:00:00 Dayl, 9:00:00 25
Day1, 9:00:00 Day1, 10:00:00 5
Dayl, 10:00:00 Dayl, 11:00:00 0
Dayl, 11:00:00 Day1, 12:00:00 0
Dayl, 12:00:00 Dayl, 13:00:00 0
Day1, 13:00:00 Day1, 14:00:00 0
Dayl, 14:00:00 Dayl, 15:00:00 0
Dayl, 15:00:00 Dayl, 16:00:00 0

6. NMnuAdAaIUAIN Entity 61197 (Patient Mix) 63U 5

Patient Type Priority Patient Mix
(31 ' NormalA 1 35
- NormalB 2 35
3 NormalC 3 5
4 NormalD 4 5
5 NormalE 5 5
6 NormalF 6 S
7 NormalG 7 5
8 NormalH 8 5

4 o
3UM 5 919U Patient Mix
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7. AualiLAazdunau (Sever) THRANLANANINY

o

(Treatments Time) Aail

3190 4 fviuadas ez NS uusn1sAILAIIIaI (Rate Table)

Process NormalTrack Service Time(Minutes)
1 Registration 1
2 BPMeasurement 1
3 Lab (Normal) Random. Triangular(5.30.60)
4 NormalScreening Random. Triangular(5.10.20)
5 Doctor Random.Triangular(2.4.6)
6 AppointMent 0.5
7 Finance 1
8 Pharmacist Random.Triangular(2.3.10)

8. Run T2UU Lﬁ'a@m HAAWS (Result) 7l
21N settings i Fanszuaun1sUnd (Normal Track) azle
- %ﬁmu%ﬂmﬁiﬁﬁmﬂﬁﬁgﬁwm = 96 AU
- padaafilaly Entity W1 8 uU (Flow Time)
= 233.4233 w1l

- ngeganld = 481.36 w1

- nmﬁi%é’hqm = 21.3409 w1

[ [ 3 L 3

.’I
/.
FastTrackA || FastTrackB

FastTrackE § FastTrackF

¢ ¢
FastTrackG ] FastTrackH

3.3.2. NAABUSLUY Fast Track 1a® simulation model
muTuneussselyil (g'ﬂﬁl 6)

1. Lﬁugmmm"mﬁumi%uu%mﬂmu FastTrack
Auaneneiu (Entity) 16 vovun 16 wuy (ans1ed 2
model entity EULL']_I‘U‘?]I 1-16)) Sail

sruUUNfA (Aaidis) : #8 Normal A, Normal B, Normal
C, Normal D, Normal E, Normal F, Normal G a Normal H
szuvlunad (FastTrack) Ao FastTrack A, FastTrack B,
FastTrack C, FastTrack D, FastTrack E, FastTrack F,

FastTrack G lay FastTrack H

-0-**0-0’

2. 1w 9A3UL3Ns (Servers) 3 90
- FastScreening: AMvuaA Initial Capacity L0 1
- Remed: fwiuaeA Initial Capacity 1w 1
- ExpressPharmacist: 11%uaAY Initial Capacity

v 1

3. MIALETIRUNTZUIUNIG (Sink) 1K1 90 Tundl

ml 871 FastTrackExit

4. anEuENAERA1I7aN server uay sink MLANEN
WdsgUR 7

5. NMAADINIMUAIIUIU Case Mixed lu Percent
Puansomis Tagliilansunisvusnns (Priority) Tustuuy
entity Alddumeutioniign Tumanduildiaaminiign

Fusrasairualiranuasdadn wu U 7

’
’l

519 6 Maimsreszuuiiaes JUuuumsIRUSMs Fast Track

Patient Type Patient Mix
FastTrackJ;
FastTrackB
FastTrackC
FastTrackD
FastTrackE
FastTrackF
FastTrackG
FastTrackH

Priarity

-
-

2]
NN

2] B @8

®=
W W N s W N e

LTI N I T I S A
B

2]

NormalA 25

._
15}
B
-
5]
r
o

NormalB

2]

11 NormalC

e
Mo

NormalD

[T
LR
B A

NormalE

Iy
B
-
Iy

NormalF

&

2]
-
o

NormalG

w
LR BT EET T RN ]

-
o

NormalH

o
]

37U 7 91190 Patient Mix
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o
o

6. MuualinAazdunau (Sever) HIANLANAIING 16 Entities = 137.2987 w19 (anadanszuulnfadig

>
o

(Treatments Time) A9il WAEn (233.4233 W1H) 019 96.1246 U9 (anad 41.18%)
8. NAABY LlJaEJu ’anu Case Mix Tu U“aINNE

i ° o I i o A ' 10A i SULY) 7 9, ; 35
ANTNN 5 mwuﬂaﬂ51wi'ﬂafmﬁ]m’ﬁmmmmsmmmnm (Rate Table) AN LT ﬂ’]i‘]_Ji‘lJlL‘UusL‘H IFaSt Track 10% ﬁ'llﬁJﬂﬂrJ Normal
Track 90% (M1979% 6) tWBLUTaUNgUIANIURSULURAY

Process NormalTrack ]
1 Registration 1 R 1
2 |BPMeasurement 1 BPMeasurement 1 Ly
3 [Lab (Normal) Random Triangular(5,30.60) |Lab (only DTX) 2 4. waawsmsnaaov
T O 2 NnMsneasslsuilasudadiun gihalunainuans
5 [Doctor Random. Triangular(2.4.6)  |Remed 2 ) U
u :PP“‘-““‘ 0-15 :PPD““M""“' 05 Model (19197 6) 111 Model A Tdszuuin@ngnafen,
7 inance inance 1
§  |Pharmacist Random. Triangular(2,3,10)  |ExpressPharmacist Random. Triangular(2,3.4) Model B 1% Fast Track 10% Model C’ DSLOffng‘U Fast
- G ., Track 20 %, Model E, F, G 14 Fast Track 30% tfugiu
7. naapaTuTzuUlng INBQAINAANS (Results) lnial . s R -
M Tnals Model A MduszuuUn® (Normal Track) e
4 - WIsuiiey wu (@15199 7)
91N settings ¥ AB NIzUIUNITUNG (Normal Track)
! o ' a v @ oA P ~ A A o o v Yy A e
FIUNAY nszUunIsiud  (Fast Track) Huaansiduasil M0 7 Wisuisunanag Wemnuadadiudihenuandianu
- ’%qu’]u%ﬂ?ﬂijﬂﬁiﬁu%ﬂqitﬁﬁﬁﬁﬂ@ = 86 AU Model Total Time ¢ (minutes) anavifiawious Normal 1rack
' . < a gi Model & 0-100 233.4233 h
- Tungu Normal Track Entity 119 8 SULUY HALRAY Model B 10-90 164.3070 -29.61%
oo ! : Model € 20-80 137.2987 4118%
VAL (Flow Time) = 166.7019 1 Mod:1D 20-80 1205142 -48.37%
) Model F 30-70 1050603 54.99%
Ao _ A Model T 30-70 113.7941 -51.25%
L’m’@‘qufm’m = 308.7260 w1 Model G 30-70 102.9726 -55.89%
g 2o = Model H 40-60 60.5762
L’;a’ml‘ﬁm’]ﬁ;m = 23.0927 um 1\11:111140-60 78,5740 66.34%
] . & ~ 4 Model J 50-50 63,6173 T0.60%
- 1unzgm Fast Track Entity vIv 8 gUuuU dALaae
nanile (Flow Time) = 19.686 1% - WHANSTUY Fast Track 10% MA@ a8u0IseUy
nagegaild = 58.4791 undi lag9I0 Azanas 29.61 %
L’Ja’]‘*?il‘féi’]qm = 9.2171 u’]ﬁ - LﬁaLﬁ&liZﬁJ‘U Fast Track 20% L’]ﬂ']LQ?]EIﬂENSmJU
FIANNITOAIBIUNANRAIVDISEUVIABSIN  (Total Taesiu azanag 41.18-48.37 %
Time ) V09919 - LHPWANTZUY Fast Track 30% WNa1L@a8unIsLUU

lag9I1 2vanad 51.25:55.89 %

{ v oA I ' 3
A1399 6 uaaIRaans N ldanmsnaasslSudadiudile (Patient Mix) 1Hlurarnateguny (Model)

Priority | Entity Name] Model A (NormalTrack onty) RGN Modei B 10-50 [N Mode! C 20-50 JIGIN Model D 20-50 [IREIN Model £ 50-70 JNRGIN Mode! ¥ 30-70 JIRGI Mo G 30-70 [ Model £ 40-60 R Model 1 40-60 [ Mod=17 50-50 [
| [FastTmck A 0 2 7 75 o 7] 10 10 15 125
2 |FastTrack B 0 1 7 75 9 12 10 0 15 125
3 FastTrack C 0 1 1 1 2 1 2 4 2 5
4 FastTract D 0 1 1 1 2 1 2 4 2 5
s |FastTmackE 0 0% 1 10% 1 0% 1 20% 2 0% 1 0% p 30% 4 0% p 0% s 0%
6 FastTrack F 0 1 1 1 2 1 2 4 2 5
FastTrack G 0 1 1 05 2 1 1 2 1 25
5 FastTrack H 0 1 1 0.5 2 1 1 2 1 25
9 |[NommlA 33 325 25 s 2 2 25 175 175 123
10 [Normal B 35 32.5 25 27.5 20 20 22.5 17.5 17.5 12.5
11 [NomalC s 5 5 5 s 5 s 5 s s
12 [NomalD 5 5 s 5 s s 5 5 s s
13 [Nommal E 3 100% 3 90% 3 80% 3 B0% 5 T0% 3 T0%% 5 T0% 3 60% 5 60% 5 50%
14 [NomalF s 5 5 5 s s s 5 s s
15 [Nomal G s 25 s 25 s s 25 ] 25 23
16 [NomalH s 25 s 23 s s 25 25 25 25
100 100% 100 100%: 100 100% r 100 100% 100 100% 100 100%% 100 10026 100 100% 100 100% 100 100%
Nuniber Entered % 8 5% 52 ¥ o1 100 5 % 100
Flow Time FastTrack-Average(Minutes) 0.0000 18.5610 19.686 18.4894 22.7756 19.3448 31.4798 30.1207 32.908 50.3344
Flow Time Fas{Track-Maxinnm(Minites) 0.0000 294941 58.4791 173484 869062 56.6781 674839 49.9662 79.2495 91,5946
Flow Time FastTrack-Mini i ) 0.0000 9.7161 92171 92626 8.7405 93748 96114 10.8434 9.7093 10.8487
Flow Time Normal-Average(Minutes) 233.4233 180.5010 166.7019 146.0204 140.3251 154.2724 133.6125 80.8798 109.018 86.9001
Flow Time Normal-Maximum{Mintes) 4813687 351.6308 308.726 285389 2450013 320.6899 260.2743 1549386 2147878 182.4069
Flow Time Normal-Minimum(Minutes) 21.3400 228434 23.0027 21.5582 23.0027 23.0027 21.2896 20.7102 7269 21.7269

Total Average time Minutes | 233.4233 [ 1s430m0 ]
s | 359 ] [ 2 ]

1372087 | [ 10542 ] 105.0603 [ sgen | [ 102076 | [ 605762 | [ 785740 68.6173
129 | [z ] 175 [ e ] [ ] [ ] I [ ]
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- \fleufinszuy Fast Track 40% LAaladew8IsTLY
lagsiu 9zanad 66.34-74.05 %

- \fleufinszuy Fast Track 50% Laladew8IsyUy
Tagsau azanad 70.60 %

5. dasuna:zgolauonu:

Nnuuiaesdnsin uidaeuiinsldszoy Fast
Track am3ugiheusemansnannatedsililuniin
anuauladingalaotisnin luyng sUuuy (Model)
7l Fast Track dauiinaimslivimsiade Tagsiuianas
WesiFudimanzanfigauosfiefiazldszuy Fast Track
Juagivifadonaisiaznis Wy anundonseminegIns
ANuNTaNveIiy Tudrlandninmeinisiden case
foghagnapammzaaniold Annufiheiniuins
Afinadonanililunsziunisvionun mniuugunsy
U3nmsdiauauaIn nsldszuy Fast Track Augthelu
weddudiigioaduiideniiiign muisenudesns
2990351810931 aIn1THURNNY  sruudnfnselil
vl mafigheladldwounndasalasnssenatinandsde
Aawaiaannszuaunssneusegefduled (nsldinan
Wnnzaunudihsuazsedssianuaayuinnd) wag
Lailgfnangiuin 92el dihed quamdiafiaduniol
agdls FsmsTanasmsdumiuguanisinluldsandae

REFERENCES

[11 WHO, “Hypertension,” [online]. https://www.who.
int/news-room/fact-sheets/detail/hypertension.
(Accessed. Sep.26, 2023).

[2] M.A. Weber, E. L. Schiffrin, W. B. W. S. Mann, L.
H. Lindholm. “Clinical Practice Guidelines for
the Management of Hypertension in the Community,”
J Clin Hypertens, vol. 16, no. 1, pp. 14-26, 2014.

3

A. Groccia, G. Mselle, A. Rugakingira, L. Sangmo,
and H. Sombi, “Patient Waiting Time: A Case Study
of the Medical Outpatient Department of Kilimanjaro
Christian Medical Center.” Southern African Journal
of Policy and Development,” vol. 2, no. 2,pp. 29-36,
April 2016.

4

M. Bahadori, E. Teymourzadeh, R. Ravangard, and
M. Raadabadi, “Factors affecting the overcrowding
in outpatient healthcare,” J Educ Health Promot.
Vol. 6, April 2017.

[5] Blitz, J.J., Geyser, M.M., Rauf, A. & Rauf, W.,

“Quality improvement cycles that reduced waiting
times at a Tshwane district hospital's emergency
department,” South African Family Practice, vol. 50,
no. 6, pp. 43-43e, 2017.

[6] K. L. Margolis, S. E. Asche, S. P. DehmerA. R.
Bergdall, B. B. Green, J. M. Sperl-Hillen, R. A.
Nyboer, P. A. Pawloski, M. V. Maciosek, N. K. Trower,
P. J. O'Connor, “Long-Term Outcomes of the Effects
of Home Blood Pressure Telemonitoring and
Pharmacist Management on Blood Pressure Among
Adults With Uncontrolled Hypertension,” JAMA
Network Open, pp. 1-13, 2018. doi: https://doi.
org/10.1001/jamanetworkopen.2018.1617.

[71 M. Thorogood, J. Goudge, C. W. Kabudula, F.
Limbani, J. Roseleur, and F. X. Genmez-Oliv, (2019).
“Time to review policy on screening for, and
managing, hypertension in South Africa: Evidence
from primary care,” PLoS One, vol. 14, no. 1, pp.
113, January 2019.

[8] A-T Swart, C E. Muller, and T. Rabie, “The role of

triage to reduce waiting times in primary health care
facilities in the North West province of South Africa,”
Health SA Gesondheid, vol. 23, pp. 1-6, October
2018.

Journal of the Thai Medical Informatics Association, 2, 8-18, 2024



Chanaprakhon, Simulation model to reduce waiting times

[9] S. French, J. L. M. Lindo, E. W. Williams Jean, and
J. Williams-Johnson, “Doctor at triage — Effect on
waiting time and patient satisfaction in a Jamaican
hospital. International Emergency Nursing,” vol. 22,
no. 3, pp. 123-126, July 2014.

[10]L. Kawasaki, P. Muntner, A. D. Hyre, K Hampton,
and K. B. DeSalvo, "Willingness to attend group
visits for hypertension treatment." American Journal
of Managed Care, vol. 13, no. 5, pp. 257-262, 2007.

[1M]R. Alabduljabbar, “An IOT-Aware System for
Managing Patients’ Waiting Time Using Bluetooth

Low-Energy Technology,” Tech Science Press,
vol. 40, no. 1, pp. 1-16, 2022.

[12]W. Artsom, " “System development to reduce waiting
time of non-communicable diseases patient service
in Napho hospital”, J Thai Med Inform Assoc,
vol. 7, no. 1, pp. 41-46, Apr. 2022.."

nallwagsd fouaw,o3d Vefifia. 'msfmuaLLINIg
nMIansTTEEIaINITIaRRENTLI sasalsaTly
goslsanenamedszansfatian 3ningassndl,
NEUARJ, T 10, Qﬂuﬁl 1. W 59-72, 1.8, 2020.

[14]59% vdtios, 0595587 NTAID. "NITAAAIINLDDA
Tulsanwe1u1a WarszezIaIsenDly NaNIIASIA
NIl fuRn1sveslssneruialinteasuiu.’, 2
nasine w, © 63, aifud 4, u. 822-835, 5.A. 2021.

[16]839a91 25904 A5 @119.MaNsTTuwIfiRanszBzIa)
sonpBuHUNEUiauenlss WeuIanTzuIsIenl
WWN31T, hej, T 6, 1TUT 4, w. 181189, 1.8, 2022.

[1611930QUA3  FU9IN9.” N15USVARTTBZIIAINITIRUINNS
MB1EUIBUDN LTINS IVIAAAINTZNNDLAANAT
mimﬁmmsmﬁﬁmqm,ﬂﬁ 25 atiufi 4 (2016) .
664-672, n.A - §.A 2559,

N7193a 5T, Tnun g981910,91390  U5Eans,
Fungasransiu v maduns sulanisnade uay
151nsalAd 8N N sWRUIsEUULI s Uaelsa
Lifindei3ess lameagamislaslivdnnsiugn
YDIAULATNTIUTZEZWAIINIINEATN Service system
development in NCD clinic at Chumphuang hospita
lunder lean thinking & physical distancing", journalkorat,
U 8, alfufl 1, u. 18-37, n.e. 2022.

Journal of the Thai Medical Informatics Association, 2, 8-18, 2024

[18]P. Chanatepaporn, "Efficacy and Safety of Dispensing
System by Pharmacy Robot and Handset Electronic
Picking in Hospitalized Patients at Srinagarind
Hospital," Srinagarind Medical Journal, vol. 35, no. 3,
pp. 311-319, 06/04 2020. [Online]. Available:
https://li01.tci-thaijo.org/index.php/SRIMEDJ/article/
view/243968.

(1913091 sumanz, stiyan g3 NMsaeIanIUNTDl
Wieannaseregesing unungthouanlsamenina
guruimIagussays’, 2. indamansdanu, 19 15,
pifufl 2, .ol 2562.

[20]dour7 13B4NY. N1931ABITLULLDIABLLHUNE T
uan: nIuANE ARLND1YINTINITINEILIRRNG..
Veridial E-journal, Silpakorn university.2013; vol.6

(2113755504 Aunsiaiyia, YUNTA Aunsaine, Ams
Ingoniuns waz 3ams Annns" n1sinasdszuy
umAREA@MTUUINITEeuen: nadlAnw ARin
WIMNU URUNELEUEN L5INEIUIARNIAINTZNND
@AnaN. MIEsIngImansuazmalulad, unsan -
NUATWUS 2561, 26(1): 71-79.."

[22]qi51 Bazas wazantAFugE "nsAnELie
nsuszgnalingeiumesslusumuanguuuulneg,
PANYAPIWAT JOURNAL, T 3, atufi 2, u. 6-21,
n.g. 2013.



