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Model for Unplanned Self Extubation of ICU Patients Using System Dynamics Approach

Song, Yu Gil" - Yun, Eun Kyoung?

'College of Nursing Science, Kyung Hee University, Seoul
ZCollege of Nursing Science - East-West Nursing Research Institute, Kyung Hee University, Seoul, Korea

Purpose: In this study a system dynamics methodology was used to identify correlation and nonlinear feedback structure among factors
affecting unplanned extubation (UE) of ICU patients and to construct and verify a simulation model. Methods: Factors affecting UE were
identified through a theoretical background established by reviewing literature and preceding studies and referencing various statistical
data. Related variables were decided through verification of content validity by an expert group. A causal loop diagram (CLD) was made
based on the variables. Stock & Flow modeling using Vensim PLE Plus Version 6.0b was performed to establish a model for UE. Resullts:
Based on the literature review and expert verification, 18 variables associated with UE were identified and CLD was prepared. From the
prepared CLD, a model was developed by converting to the Stock & Flow Diagram. Results of the simulation showed that patient stress,
patient in an agitated state, restraint application, patient movability, and individual intensive nursing were variables giving the greatest effect
to UE probability. To verify agreement of the UE model with real situations, simulation with 5 cases was performed. Equation check and
sensitivity analysis on TIME STEP were executed to validate model integrity. Conclusion: Results show that identification of a proper mod-
el enables prediction of UE probability. This prediction allows for adjustment of related factors, and provides basic data do develop nursing
interventions to decrease UE.
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Figure 1. Causal loop diagram of unplanned extubation.
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Figure 2. Stock & flow diagram of unplanned extubation.
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Figure 3. Results of the simulation.

7} A3k AR 91 o) Qlgo] ERelTT Ty, uh
1roro] Lt 0] S8 AR/} 7St rks o 92 oAtk
AASI RO AA R LA S W s o] 271 Al

QIT}(Figure 3-F).

rr
pou)
tlo
)
&
_f.‘>_il
2
M
Y
N
il
oZ
i)
32
oo
o 4
2
+

stoick

—
=

1) 224 A=

4 7%
Q0] 7] welo) A 1=2]2) P2 BH15)] Sla) Vensim]

52 A8-51e] Ko 4=4] - (equation check)& 23}

o rix
N

A

http://dx.doi.org/10.4040/jkan.2015.45.2.280

ek 44 1% A7 melo] Qe BE §4lo] 2 v 3t
A AololH 5% 5

=
>
9 & Vensim2)

(2) TIME STEP®]| thg} Y17t &4

= Ate] melof| ] AjAEchoujE] A HEO] 7] 71RT A7
O] ALl Aol WA= @ 4to] TIME STEPO]| A $lo] -5ds}
Al Ve =215 HE okl AL e BA4S Algsteltt o= AlE
dlol A7 TIME STEPT PAlglo] 2= Aehgu wely
ol 4 24 9] TIME STEPS- 8H015}1, 1elo] TIME STEP-S Hi5}HA]

www.kan.or.kr



[\
o
A
<0

288

55 A8
FollA

N RS2

o]

Zlolct. ofof| whe TIMESTEP

H=

oz
0.0625 Hour, TIME STEP C

= A)
= 2

Ag0] 3

kil

7 ool w2
A=0.25 Hour, TIME STEP B
Hour® B8]0 Al 717] 25 7o) 5

=

}_

glo 2 gxjo]

=13
=

0.015625

e

o ¥ vz

2w

HlA2

]
&

0k Lehol

o1
=,

ok 12 ol=

]

%
4
on
el

o%

[e]

]

Zfol7}

o] Al QIR = 2Hd Wl A AlAE

wAel

1
.

2Pyt W] gyt

Hl

of w2t

%)

o 5%

P
g

X,

o
= -

2

A

o

2 Atoll A

-
-

3t

ApEA = Ay

So| 45
9]

Rl

of

AR AA] =) om,

i AJgIERo U e A

)

ol

2 Wk

gl mIAE

Nl

H1]

37] 9l 7 270] v} A7 Anb} e 1 8} g

7k el ol oy

o

Z]uH
aH

R

A

Table 1. Characteristics of Case Patients

Case 3 Case 4 Case 5
Male
59

Case 2

Case 1

Characteristics

Female

Female

Male

Male

Gender

43

60

52

52

Age (yn)

12
Yes

1

12

No
Alert

Intubation period (days)

No
Confused

Yes

No
Confused

Experience of self-extubation

Alert-drowsy

Alert-drowsy

Mental status

No No No No

No

Reintubation (within 24 hrs)

Possibility of unplanned extubation

04
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12 15 18 21 24 27 30 33 36 39 42 45 48
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4
£y
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~
ra

-
>

Figure 4. Sensitivity analysis on TIME STEP.
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