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Risk Factors of Unplanned Readmission to Intensive Care Unit
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Purpose: The aim of this study was to determine the risk factors contributed to unplanned readmission to
intensive care unit (ICU) and to investigate the prediction model of unplanned readmission. Methods: We
retrospectively reviewed the electronic medical records which included the data of 3,903 patients who had
discharged from ICUs in a university hospital in Seoul from January 2011 to April 2012. Results: The unplanned
readmission rate was 4.8% (n=186). The nine variables were significantly different between the unplanned
readmission and no readmission groups: age, clinical department, length of stay at 1st ICU, operation, use of
ventilator during 24 hours a day, APACHE Il score at ICU admission and discharge, direct nursing care hours
and Glasgow coma scale total score at 1st ICU discharge. The clinical department, length of stay at 1st ICU,
operation and APACHE Il score at ICU admission were the significant predictors of unplanned ICU readmis-
sion. The predictive model's area under the curve was .802 (p<.001). Conclusion: We identified the risk
factors and the prediction model associated with unplanned ICU readmission. Better patient assessment tools
and knowledge about risk factors could contribute to reduce unplanned ICU readmission rate and mortality.
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517] o2 ¢ SE7H S E W] o] 2-9-1 (Chaboyer,
Foster, Foster, & Kendall, 2004), HE1} 324 719
AT BEo] FaAA A4S Yelow veh}y]
= 3 tH(Russell, 1999).
oleiat BAIE Ak 915 B3] BrolAL 23
AA 7+E Ab(liaison nurse, follow-up nurse) A=E
Qo] ZEAA B4l BAES Telska WE el
gt AAH O R HANH 2L YYUEL
o]a1 Qlth(Linton, Grant, Pellegrini, & Davidson, 2009).
ghof| Al TR HE NSA A EE lona &
A9 AES FolT R HAHe g
o9 8

1% weel
@ g astk e,

SR A YA E-L i 7.78%(Elliott, 2006)0|H, -

ubete] 48 5.3~11.4% = B 11 th(Choi, 2006; Han,
Koh, & Lee, 2003; Han et al., 2004; Kim, 2008; Lee, 2008;
Song et al., 2003). FEAHA AL AT AR} Tt
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B 32 AIHE 2 SHELE (Choi,
2006; Han et al., 2003; Rosenberg & Watts 2000), H] A&
2 QA THs o] o BAES B4 A u]e] o] Z5to]
g 4 @ 7} Uth(Song et al., 2003).
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A0 AFFE 0] 66%= FY SEAL
Aol 3 o] ATt g}x} APFGE©0] 17%8] Zof| H] 3} uj-5-
ToA = AU Af] AFEE |
18%2 A YAI3IA] ek ERH APYE 3.2%0] H] 3| -9
=7 YElE S, Cooper, Sirio, Rotondi, Shepardsoni}
Rosenthal (1999)9] Aol A= FebAbd A A 2hAte]
AFYEO] 24.7%% A ALSHA] -2 SHAF AFEE 4%0] B
3ff wh-- = A UrebstTh

A% T AL7170] QA E A Alo] afe] 7]
AEHE T ST A BATE 1A e o
of vlaf| AL 7| 7ko] 2~2.58] 71 A L2 YeFGTH(Cooper et
al., 1999; Rosenberg & Watts, 2000).

@ro) R E FeR A A Bx} 18K gk
Sxpoll v ZFAA B gt 2u) o] AFel SO 2 et
o0, ujFe] Be HelolA] FRAA RRN7L B A
A ulge] 25-4008 B o} FHAAL] ELA
S 50l o] W) ul-§ 7ol P Fo4L ot
(Cooper et al., 1999)

2o ZZ2Eo] 9ol A Han S(2004)S YAt 3
Zp2] A9 QYA A Acute physiology and chronic
health evaluation (APACHE) II Z47F A A A A4
off Hs f-ofsHAl B & Aoz Yt A AAA] At
2257} gL EolR]S & 4 9JQith ESE Alban, Nisim,
Ho, Nishi®} Shabot (2006)+= Simplified acute physiology
score (SAPS)Q} APACHE IIE o]-8&3}o] A AA! $kx}9} 1
A b2 #Alo] Qlol S5 B AMES s 2
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5 (1999) = A )} 4l A] APACHE IT 57} 578t il £/
7] A7k Zokekeka skt

2, SEH THUA = 221
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&lt}(Alban et al., 20006; Lee, 2008).
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dste] AlgHE QA T SAb= 837 (30.9%)°1 3 , JEE A ol g Zpo 7} gllek(Table 1).
A 2] AP 18678 (69.1%) 2= ZAA|| E] Ao EH?E} wolo A= BAR A QIS & SAE0] 63942
A 24 S A AL ES 4.8%0] ATt AALTA] 2 A5 S8 M| T FoJstA Eektt
HlA 2] QYA T gt o] 13 SRk HA (t=-4.46, p<.001). =3} -Zof A= H| A 212 AU 2
A3} AT ZHAL Hat 9.49+15.0U 01303, T Akl A WA 7} 30.1%, XA 7F 62.9%, 7]EF X =27t

24U &2 Yepylth 7.0%= APastA] o2 Aot wﬁ} 4017} At
(=127 30, p<.001). 12} ZFA}A] A F S H] A 3]
2. H[ARI xhal Stxiet xidal SEX| 42 EiXt Hlw AAAS T A0l 6.85UE Y 6} 1 6 A=
9] 2939 Ht} FolatA A Utht=-3.70, p<.001). 12} F
SR A of| A E] Al Bk B g ZF 3,903 5 AlEEH A A JAA] golioA HIAIEH YA AL
PAHE 3 &2 83 AlYJstaL, HIAEA AHYPHS g 73.1%, AHJASHA] -2 SA7F 59.3% = F-2J3t 2pe] 7t
ShA} 18678 1 A YA S ShA] 92 A 3,634 & H] gt AAILOA=14.02, p<.001), 12} FEAAL A 7]7F 52F
Avt 5 A gkl §-23k 2polE B}l W= vho], 12} JAFTZ7] 24A7F AHG U= AR A YUYA A=
ElAA] X5}, 12; JAHA] SR Al FLa, 13 A o] 2569 &, 1A ¢F2 A= 0.55U T §-oJ gt 2fo] 7}
Al g2 o B 13 YAA] RJIFTE7] 24417 A, 1 AATHE=-3.07, p<.001).
A} Al APACHE T 85>, 12} B A] APACHE II %<, 12} A4 QA A2} EJ A A] APACHE 1T 3 <=+= H] 4|
12} EJAA] S8R £ A hE AR 12F S8kt 24 AP SAEoll A 22 20,008 E 13,1774, A PA
A E|HAl GCS T, & ALYS, EHA AP o i3l e < SHA] b2 SRSl A 22 15,827, 11.827 0. =2 vlA|

Table 1. Comparison of Characteristics between Unplanned ICU Readmitted Patients and Non—readmitted Patients

(V=3,820)
Unplanned readmission Non-readmission
Characteristics ~ Categories (n=186) (n=3,634) t or X P
n (%) or M*=SD n (%) or M£SD
Gender M 115 (61.8) 2,088 (57.5) 1.38 239

F 71 (38.2) 1,546 (42.5)

Age (years) 639 =147 589 £15.0 446  <.001
Clinical Medical 56 (30.1) 263 (7.2) 12730  <.001
department Surgical 117 (62.9) 3,218 (88.0)

Others 13 (7.0) 153 (4.2)
1st ICU Length of stay (days) 6.85 £ 14.41 293 £ 396 -3.70  <.001
admission Operation 136 (73.1) 2,156 (59.3) 14.02 <.001

Use of ventilator during 2,56 = 8.89 0.55 191 -3.07 <.001

24 hrs a day (days)

APACHE 1I score 20.06 £ 8.90 15.82 £ 7.82 -6.23  <.001
1st ICU APACHE 1II score 13,17 £ 6.27 11.82 £ 6.08 -293 <.001
discharge Direct nursing care hours 836.72 £ 190.07 783.25 + 163.68 -376  <.001

at TISS (minutes)

GCS total score 13.67 £ 2.04 1438 £ 143 471 <.001
Length of stay at hospitalization (days) 51.65 £ 41.53 18.98 = 19.43 -10.66  <.001
Death at hospital discharge 54 (29.0) 42 (1.2) 560125  <.001

ICU=Intensive Care Unit, APACHE=Acute Physiology And Chronic Health Evaluation, TISS=Therapeutic Intervention Scoring System,
GCS=Glasgow Coma Scale
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37 AU TAS o] A ?:]/\‘/\](t=—6 23, p<.001) 9 &
A (=-2.93, p<.001) HF BF G514 & Ao
UrEb T, 13 S8 B A FA wﬂx} R A
2t A7 WA A A A A7 836. 72+, AU A
B1A] OFS FA}7} 7832550 & 5015t x}o] 7} QT (1=
-3.76, p<.001), 12} -84 EJHA] GCSE= B A2 A A
A A7 13,674, A ASHA] oF2 27} 143875 2
2§95t 2o 7} A3 THi=4.71, p<.001).

A & ALLFolAzE nAGA HYA Fate
51.65%, 137 ¢ BAE1= 18.98U &2 {93 Zpol 7}
AN (1=-10.66, p<.001), EJUA] AlgoiFofA = H]
A AHYA Aol 29.0%, THA] ¢ FApLo]
1.2%2 9213k 2o] 7} YL TH=561.25, p<.001)

L

3. H|A[2IX ZHUA Al

Al B2to] A AA A= 1A JAAT QL
= A7) 5374 (28.5%) L
A7} 13374 (71.5%) 0] tH(Table

A 254 SETA &
Woral, 374 A7} 464

A7F 7971 (42.4%) = 7HE

(24.7%), A7 A F-A 7} 2370 (12.4%), $1782A EA4| 7} 18
A©0.7%) o2 YJehgod 7+ 9 @2 AAAE
5 718k 2417} 207 (10.8%) 0 & LrERg T,

Al

1__

QI3 Qol

g2 g et A
ul3s}el p< 05 4ol 4 folg 3
£ logistic regression®] backward
& o]8-3to] 45k, 11 F 470
SO FRAA BAA AR 13 S A
&, 12 QA ol it 12} I A] APACHE TI 352)7}
ILelof| A e = ), 141?4741 A2 gAke] A5 <A
w3t ghApEch 7.180(=1/0.14), 7€} X523} FAfH}
2.34l(=1/0.43)2 B]A| 31 A 2AA 7PsAo] ZrsiH, 1
A FPAY GAGA AT 12 SRS b))
4 A2 1068, 12 YAA] S T AP
&2 oFe skxpr Tk 5.278), 13} QJAIA] APACHE 11 A<=
7t 1 S7rdsE 10sH S7eks AoR YERdT
(Table 3).

stepwise selection

Table 2. The Reasons of Unplanned ICU Readmission (v=186)

Recurrence of the initial problem Occurrence of the new problem Total

Reasons (n=53) (n=133) (n=180)
n (%) n (%) n (%)

Respiratory 33 (17.7) 46 (24.7) 79 (42.4)

Cardiovascular 9 (4.8) 37 (19.9) 46 (24.7)

Neurologic 422 19 (10.2) 23 (12.4)
Gastrointestinal 2.1 16 (8.6) 18 (9.7)

Others 52.7) 15 (8.1) 20 (10.8)

ICU=Intensive Care Unit,

Table 3. Multivariable Logistic Regression of Factors associated with Increased Risk of Unplanned ICU Readmission

Variables

Categories OR 95% CI B P
Clinical department Medical - - -

Surgical 0.14 0.09~0.21 -1.94 <.001

Others 0.43 0.21~0.87 -0.84 .01
Length of stay at 1* ICU 1.06 1.04~1.09 0.07 <.001
Operation at 1% ICU admission 5.27 3.42~8.12 1.67 <.001
APACHE 1I score at 1% ICU admission 1.05 1.03~1.07 0.05 <.001

ICU=Intensive Care Unit, OR=0dds ratio, CI=Confidence Interval, APACHE=Acute Physiology and Chronic Health Evaluation.
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H A G2 S QA 1 adol digh 25 o
Z Q912 Nagelkerke R°=17& ¢F 17%2] A &
0] i1, Hosmer-Lemeshow x’=2013.20 (p=.172)%.©.™
(Table 4), Area Under the Curve (AUC)= 8022 el

th(Figure 1),
v.= 9

= Aol A BAIE A F2AH YL ES 4.8%=,
Elliott (2006)°] 1983 FXE] 2005@ 714 E7H 207) &
TE AT Bt AUYAE 7.78%H k= WA Hetsth
ol ol AFEolA= AUHY AGA o RE st

Sensitivity

0. T T T T T
02 o4 (1 (1] 18

1-Specificity

Figure 1. Receiver Operating Characteristic Curve of
Unplanned ICU Readmission Prediction model. The Area
Under the Curve (AUC) is .802 (95% CI .77~.84, p<.001)
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0] 22~30% = LEFEIL(Rosenberg & Watts, 2000), -2
Aol 4] Thab ol4e] A BATE 1 FAA
A 5 3-7d ol YA sh= A= YEFHH(Song et
al., 2003). ¥4 FwhE A2 27] B4, = A v

I, |4 o) WgoAle] A Ee Ao} Yoo 1
o, YA eAFe 40%7F 7] AR QI Ao Hu
E¢lth(Rosenberg & Watts, 2000). 1&{gt o] 5o &2
International Quality Indicator Project (2010) ]| A= 24A]
2k, 48AIZE, T2A17E oW HIA|EA] FERAE AUES
acute care A/ B2 AAslo] A £~F2 BUEHSIL

it

HIAIZ A I A ES E017] HsiA= SA7F Bl
Al A7 7Fs Rt A QA A Estar A Ql Bl A d A
B7t7} o] Fo| A of sh=t, ZF SR A o - B A A
Holu v 5ol SlEete A4 &d wet 7] =o] 3
ShobA] oL, AdolA 7S & ekl YA g A
7t o, g SR ojm o] kA Ayl o5
FTEAA S A5k e AeltH(Gajic et al,,

Table 4. Predictive model to Assess Unplanned ICU Readmission

Logit=-3.78-1.94(a2)-0.84(a3)+0.07(b)+1.67(c)+0.05(d)

Hosmer-Lemeshow goodness of fit test x’=2013.20 (p=.172)

Logit=log(p/[1-p]), where p is the probability of developing unplanned ICU readmission

a (Clinical department)=1 (Medical), 2 (Surgical), 3 (Others)
b (Length of stay at 1% ICU)

¢ (Operation at 1% ICU admission)=0(no) or 1(yes)

d (APACHE 1I score at 1" ICU admission)

ICU=Intensive Care Unit, APACHE=Acute Physiology And Chronic Health Evaluation.
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