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Verification of Validity of MPM II for Neurological Patients in Intensive Care Units

Kim, Heejeong' - Kim, Kyunghee?

'Full-time Lecturer, Department of Nursing, Namseoul University, Cheonan
*Professor, Department of Nursing, Chung-Ang University, Seoul, Korea

Purpose: Mortality Provability Model (MPM) Il is a model for predicting mortality probability of patients admitted to ICU. This

study was done to test the validity of MPM Il for critically ill neu

rological patients and to determine applicability of MPM Il in

predicting mortality of neurological ICU patients. Methods: Data were collected from medical records of 187 neurological pa-
tients over 18 yr of age who were admitted to the ICU of C University Hospital during the period from January 2008 to May
2009. Collected data were analyzed through X* test, t-test, Mann-Whiteny test, goodness of fit test, and ROC curve. Results:
As to mortality according to patients’ general and clinically related characteristics, mortality was statistically significantly dif-
ferent for ICU stay, hospital stay, APACHE Il score, APACHE predicted death rate, GCS, endotracheal intubation, and central
venous catheter. Results of Hosmer-Lemeshow goodness-of-fit test were MPM llo (2=0.02, p=.989), MPM Il4 (X*=0.99 p=.805),

MPM llis (¥=0.91, p=.822), and MPM llz> (\*=1.57, p=.457), an
MPM llo, .726 (p<.001), MPM Iz, .764 (p<.001), MPM llss, .762
was found to be a valid mortality prediction model for neurologic

Key words: Intensive care unit, Neurology, Mortality, Validity

d results of the discrimination test using the ROC curve were
(p<.001), and MPM lI7, .809 (p<.001). Conclusion: MPM ||
al ICU patients.

215] 31 QJth(Rovlias & Kotsou, 2004; Suarez, 2006).

Seufere] AARRO 2 QIR AR Q17 107 B 113
o= AN 717 AT F 1623 HrH wort AR

9] 56T K rh= 2uf] oA} 352 4=Fo]tH(Healthcare Policy Korean
Medical Association Research Institute, 2007). ]2+ Zro] A7 A2+
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AMGASERIL| At oIS2 2 (Mortality Probability Model )0l ChSt Bt = S

Kwon, & Hwang, 2005).

Sz iR o7 7|of| A= Acute Physiology and Chronic
Health Evaluation (APACHE), Simplified Acute Physiology Score (SAPS),
Mortality Probability Model (MPM) 5-& -85} T2} 521}
o] QA Ade] 3R] ARl Brhslol 55w E Selstn
AE-L ol st Tejn R A7ke] 8o b} cobeh 2210]
ofs MBtEl ] F 2w} ANES HEEH ol S5l
L A1gto] Stk mhebs F3A1e] Aol A7te] B2 ke
K7jo) Ae) Wiz} kel B S5 B7P} ol ol Aol ghcksuis-
tomaa, Niskanen, Kari, Hynynen, & Takala, 2004). |- 501 S22}
o= B7FE Sl Sl ejelA E-8st= MPM T EE2: 2% 7)
Hhe] MPM T 2@ (Lemeshow, Teres, Avrunin, & Gage, 1988)& 7%
HoRs el 2, 919l A| mE(MPM 1), 1€ 24A17F ZR(MPM I1),
U 48417 HE(MPM L), Y 72417 E(MPM 1) 2 4]
of Azke] Bgo] e} chdape] HAIZIS] Abel WstE: H7fatol
A ES Hoh A oS5 4= 1= 7 Zlo]th(Leme-
show et al,, 1993; Lemeshow, Klar, & Teres, 1994). MPM 11 H&-& X4~
ohe] Mz 2xte] $5eE oSk, 2 Mo Hri 7hdkst
of AR-g-o] golstar A7t HefE = o] Ath(Kim et al, 2005;
Lemeshow etal., 1993, 1994). h2}A] MPM 11 22l0] BRIt 9 Al
7 A T )27 Bl 8kte] A7te] B whet

S5 o 20] §-8a1 2 5 S Zol

A7) F oA o]0 MPM 11 elo] chgt -2 Ak
B Hz] 39]9] A= MPM I 0] 831 Z31x}0] AP & o =
ATH(Janssens et al., 2002; Rue, 2000; Rue, Artigas, Lvarez, Quintana, &
Valero, 2000), SAPS 112} MPM 11,2] AF4-E B -(Glance, Osler,
& Dick, 2002), 232 thAFC 2 MPM 11 22lo]| o3t shaelod
(Lemeshow et al., 1993, 1994), Z1&]31 MPM Ilof] u}-2 wj&d 3 $11}9]
L3 Qolu} Axof sk AL (Cazali et al, 2007) 5-0] Sl Q]
791 Lee 5(2001)2] MPM [I,, MPM I1,, & 0]23F Z:812}2] Al
£ |27, APACHE I11, SAPS IT, MPM 119] EF= 7} (Kim et al,
2005; Yeon, 2005) S0] It} Lol 4] o]E6]2 MPM 119] P e
H7}o|| gt A AL AT Lee 5(2001)- MPM [Ty, MPM 11,7} 5

A B9 58 Wrlek wR A egstekn 1 wsigln
Yeon (2005)-> APACHE 1112} MPM IL,7} SAPS 11Xt} A glalcial

2 71819 01}, Kim 5(2005)-& APACHE I SAPS IIETF MPM 11,
9] Al 7} vrhar ¥ 15kt 0]e} Zho] MPM 1Ty, MPM 11,0]]
el A4 A} Q3| A] 9k31 MPM ILs, MPM I1,9]) tj3t e}
G A2 oFA7IA] o] Fof 2] ¢hGhT: oef & A= = Al
A ZEALE A2 MPM [y, MPM 1, MPM ILs, MPM 11,€]
B2 ARsto], A Z3Re) AFEFE o Zo] MPM 11 &
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ARS8 %ﬂgém 9fsto] £ 478 Awstlet
o oht g

%*g e = el 02 A

EA, APl ZHE(MPM 11y, MPM 1, MPM ILs, MPM I17,)2] ]
st ohde U Aol £ Bylslo] el S AAsic)

ot
1. S 25

& A= AEA A C sk Y SR W A A S8k
A}%M]%EHI(MPM Ilo, MPM IL4, MPM ILgs, MPM 1I,)0]| T3t €l
L5 A1) Y3t ek Ao

H AT 2008\ 195E] 2009 5U7HA] A&A] A7) C e}
A J Seils 18*1] ol*u %‘ﬁ]ﬂx} = gng}, el

sHE
EH/;;—_O_E 3 931:} F,]—l:l—E Jﬂ7]- T]t;]— FH2 A]—X—l _LE_IE'J-‘ G-

125 o-g3to] o4+ .05, 742 80%, A7) 35 7]
20 & )92 1] Goodness-of-Fit testo]] E Q8} FH 4~1= 1990]
Sick ol 771 2 Aol 205% Tkl ofrlsg 1Al
S 1o A A RS T3t 5 Gl 1952 A2t 197
o] o] H7] 2.9 tAko & MPM Il REle] EFghe 2 AAs1giT)

power 3.1.

3. 97 =7

A 4 7 5} 7
A7+ S Z 11820 & QA T EAJS APACHE I < APA-
CHEIIANY ol &8 AT E4H%E, 7|3 Ui, 541 4
TR AP AR 5 & 7350 2 LA4J513ITE APACHE 1T (Knaus
etal, 1991)= Aa] 2 H2(0-2527]), TH AT EN0-237), $1(0-24
)6 A FEo R PEglen F

A2 24 0ol A 232 2995
o
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ofmlgie}

2) MPM |

MPM Il (Lemeshow et al, 1993)= &~ =
1502]/42), =571 EU(< 90 mmHg), THIAIF-A, g
A, S, AL, 9 S, TN o Fol &k in-
tracranial mass effect), L+o], 91 4 A= 2, 71414
oA AT o 42 A2 AU 5 F 157 FROR o]
021 )tk MPM 11, (Lemeshow et al., 1993), MPM ILs (Lemeshow et
al,, 1994), MPM 1, (Lemeshow et al., 1994)=1}0], 7J7§§Z} =Ry
ol &k Mol Fof, kol AL ATIEIA] ke 442 <lat o
9] 34 L 710 En| FaolElU>20 mg/dL X1 2, 1A
2 271, T E AAEQF<60 mmHg, AATETE 3% o)A
31 AJ7k9] 2|, BAIZH 50k A2 150 mL o]} Bkakgore]
o ) LAI7F O 1A} AL S 5 13749] Wid AJElo] ek it
=, vhe, A2 A6 215He] MPM 1l MPM L, MPM I,
MPM IIn2 Z}Z-0] APEHE-& 1510] ol S APgeHE0] 50% ©]
Ayolm Ao &2 509% n)uto|H A0 2 o =3} Lemeshow &
(1993)2] ol A 7 PA] A= MPM L (df=8, p=.623), MPM
Iy (df=8, p=.764), MPM ILs (df=10, p=.308), MPM I, (df= 10, p=.311)
0213, Rue, Quintana, Alvarez2} Artigas (2001)2] Ao 4] A3He
E=MPM L, (=72, p=.51), MPM ILs (¢ =102, p=25), MPM II, (X’ =
8.0, p=43)0|31c} Lemeshow 5-(1993)2] Aol 4] 7l A] HH
2 MPM Il (A1 3} 9 .837), MPM 1L, (441 31 G .844), MPM
ILs (2341 3} 49 812), MPM 1, (241 3} &9 794)0]1%13, Rue 5
(2000)2] S371of| A TS MPM Il (3-41 5} %23 .80, p<.001), MPM
1Ly (3241 3} 99 84, p=.002), MPM ILs (241 3} <1 82, p<.001),
MPM 1L, (241 3} 9] 81, p<.001)0] Tk MPM II 2= Yeon
(2005)9) ATl A= HEF 404 MPM T1,8] 17H2 = 5945
Eolmis 89,5%, HERS O 787%0]211, Kim 5:(2005)2] Aol

o A= Ak 4of|A] MPM [1,48] W= 71.7%, E-0] == 98.3%,

PR &-2 04 30T

JIZEE
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2009 5Y71A] A39)3k FEAAe QI 7
A SR 18T 137, A 50)) o) E A e 2
RZStgick Azke) B8] 0k At ok Ajgo. 2 Alzhe
B0 MPM [l 1873(R 2 137, AFY 5078), MPM 1= 1777

(RZ 135, A 4218), MPM [Ls2 1718 (A2 1337, AP 381),
MPM 1= 1617 (A= 1319, APY 307)2- tjAko &2 B AT &F
7 e A ol 7)) )52 Aol 20094 6YRE §
W7k Bt 7 38) 27 9N HE 2.3 547 2 AR} 2 A

22 st

5. X2 M

4] AL SPSS 180 OL-510] R AESCE Y] Qi
54 9 Q4 TR BAS FEI BRI MmN R 5
PV EAR RS, el i 54 W o T
o Th2 AL Aol 4] Sl WA X
Wo 2 RAsIYon AT LEE 5 GRS WAL Mann-
Whiteny 7174.0.2 45191tk MPM Il m2l0] efee2 A-s]
3t A gt e+ Hosmer-Lemeshow?] Z3He 40 2 SHl51311,
el o T4 5} 99 (Area under the curve)S 2H ]—0% T‘?_‘—ﬂ,%]—‘ﬂ

=)

O, o= WE (sensitivity), S
(accuracy)2 EHolstct Aehe, Ty ¢ ?QQ-E—E— AR 9
ol A 2A2Y B AET S 2R
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o570 5ol MM I 55 e 4 50, b
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717k] 9152 (H90)+= 700 (1-81)0] 3L, WA A7 594
(H9])= 30.00 (1-235)0]2ITk APACHE 111 4=2] Z$}4= L
4700 (6-165)0]2)31 APACHE 111 AP of] 2-8-2] Z22)4%(
(5-97)0130tt FepA ALY SH T Of o2 Q) A] 9.87 (+4.08),
219 244171 10.30 (+3.88), Y 48A17F10.70 (+3.72), AL 72417F
10.89 (+3.77)0] 1Tk 7] A Q19 A] 45.5%, 219 244171 48.1%,
U 48A17F39.0%, U 72417F 35.8%7FAFIBIAL Q= ALO- & LpE}
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191 24A17HE = 15.03, p<.001), 2L 48A17HX = 1378, p<.001), Y
72A1IZHX =11.99, p< 0000l A AFFE©] ==t o= BAK R
gt Aol 7} it

3. MPM || 2RIQ| Malz, ThH= 3l Hstr

MPM I1 =220 Bft =5 67| Q15 At of v A4 2
T}= Table 22} 2t} Hosmer-Lemeshow?] 1&g 737 (Goodness-of
Fit test) 2t MPM IT, (X' = 0.02, p=989), MPM IL, (X' = 099, p=.805),
MPM 1L (X' =091, p=.822), MPM II»» (X’ =1.57, p=457)= W7 2|5t
2o 2 et ROCY] 374 o oS -85t vhide 142
T} A 404 MPM 11,2] 2241 3} %2 726 (p< .001), MPM I1,,2]
X 5} 9 764 (p<.001), MPM 11,52] Z-A1 5} 4 762 (p<.001),
MPM I, 2] 341 5} 99 809 (p<.001)= LHERE T

MPM 11¢] et 5 debgof upe} vig=9 o= 3 Hi7
o SRIRE A= Table 33} 2o} A1 0) THEEE Hol= Atk
2 404 MPM 1102] WIHE= 70.0%, S0 2= 75.1%, AE 782
73.8%0]43L MPM 11,2 RIZHE = 64.3%, 50| 4= 91.9%, HE-F-&
-2 85.4%01 3Tk MPM 1L BIZFE= 60.5%, 501 %= 91.7%, g+
T2 84.8%.01 MPM I1,9] RIZHEE70.0%, E0] %= 91.6%, 4

e 876%0] 31
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Table 1. General and Clinical Characteristics and Difference of Mortality according to General and Clinical Characteristics

oy
lon
0z
oy

N
lon

(N=187)

n (%) or Mean + SD* or Median (range)"

Characteristics Categories Mortality rate XortorZ p
All (n=187) Survival (h=137) Death (n=30)

Gender 116 (62.0) 89 (63.5) 27 (54.0) 23.3 1.87 172
F 71(38.0) 48 (36.5) 23 (46.0) 324

Age (yr) 60.0 (15.1)* 59.5 (14.2)* 61.3 (17.4)* - 0.70 .086

Smoking Yes 85 (45.5) 58 (42.3) 27 (54.0) 31.8 2.01 .166
No 102 (54.5) 79 (67.7) 23 (46.0) 225

Alcohol Yes 90 (48.1) 67 (48.9) 23 (46.0) 25.6 0.12 725
No 97 (51.9) 70 (51.1) 27 (54.0) 27.8

BMI 23.00 (16-35)t 23.0 (17-35)" 22.0 (16-29)" - -1.96 .051

ER 123 (68.5) 93 (68.4) 29 (58.0) 236 3.86 277
Source of admission Ward 21 (11.2) 6(11.9) 5(10.0) 23.8
OR 25 (13.4) (1 2.5) 8(16.0) 32.0
Transfer 18 (9.6) 10(7.4) 8(16.0) 44.4

Hypertension Yes 82 (43.9) 58 (42.3) 24 (48.0) 29.3 0.48 490
No 105 (56.1) 79 (67.7) 26 (52.0) 24.8

DM Yes 23 (12.3) 18 (13.1) 5(10.0) 21.7 0.34 563
No 164 (87.7) 119 (86.9) 45 (90.0) 274

Disease Trauma 61 (32.6) 46 (33.6) 15 (30.0) 24.6 0.68 712
Category NS 88 (47.1) 62 (45.3) 26 (52.0) 29.5
NU (20 3) 29 (21.2) 9(18.0) 23.7

GCS Admission <8 9(42.2) (31 4) 36 (72.0) 45.6 24.92 <.001
9-12 ( 6) 5(10.9) 3(6.0) 16.7
>13 90 (48.1) 79 (67.7) 11(22.0) 12.2

GCS 24 hr <8 66 (35.3) 30 (21.9) 36 (78.3) 54.5 48.38 <.001
9-12 25 (13.4) 21 (15.3) 4(8.7) 16.0
>13 92 (49.2) 86 (62.8) 6(13.0) 6.5

GCS 48 hr <8 (29 9) 28(20.7) 28 (73.7) 50.0 38.85 <.001
9-12 3(12.3) 19 (14.1) 4(10.5) 17.4
=13 3 (49.7) 87 (64.4) 6(15.8) 6.5

GCS 72 hr <8 (26 2) 24 (18.2) 25(75.8) 51.0 44.08 <.001
9-12 22 (11.8) 8(13.6) 4(12.1) 182
=13 94 (50.3) (68 2) 4(12.1) 43

Time of intubation ~ Admission Yes 101 (54.0) 61 (44.5) 40 (80.0) 39.6 18.56 <.001

24 hr Yes 88 (48.1) 52 (38.0) 36(78.3) 409 2241  <.001

48 hr Yes (39 0) 58 (43.0) 28 (77.8) 418 13.78 <.001

72 hr Yes 9 (35.8) 55 (41.7) 23 (76.7) 39.0 11.99 <.001

Time of central Admission Yes 5 (45.5) 50 (36.5) 35 (70.0) 4.2 16.58 <.001

line insertion 24 hr Yes (51 4) 59 (43.1) 35 (76.1) 37.2 1503  <.001

48 hr Yes 87 (50.6) 58 (43.0) 28 (77.8) 32.2 13.78 <.001

72 hr Yes 80 (48.5) 55 (41.7) 23 (76.7) 28.8 11.99 <.001

ICU LOS 7.00 (1-81) 8.00 (2-81)t 5.50 (1-78)" - -2.53 012

Hospital LOS 30.00 (1-265) 34.00 (2-265)" 6.50 (1-146)" - -6.22¢  <.001

APACHE Il score 47.00 (6-165)! 41.00 (6-131)" 83.00 (18-165)" - -6.52  <.001

APACHE IIl death of rate 20.90 (5-97)" 17.56 (5-91) 54.46 (7-97)" - -6.54*  <.001

Death 50 (26.7)
Survival 137 (73.3)

*Mean + SD; "Median (range); *Z value of Mann-Whitney test.

BMI=Body Mass Index; ER=Emergency Room; OR=0Operating Room; DM=Diabetes Mellitus; NS=Neurosurgery; NU=Neurology; GCS=Glasgow Coma Scale;

ICU=Intensive Care Unit; LOS=Length of Stay.
719 e 2 Q1 o3 7]
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AAASEX S| A0S 2 (Mortality Probability Model 01| CHst EtH = HS 97
Table 2. Hosmer-Lemeshow Goodness-of Fit Test and ROC Curve for MPM I
Hosmer-Lemeshow Goodness-of Fit ROC Curve
Characteristics Survived Died ) 95%Cl
X p AUC p —

Probability of dying Observed Expected Observed Expected Low  Upper
MPM llo (n=187)

1(0.0=p<0.1) 101 101.20 14 13.80 0.02 .989 0.726 <.001 0.641 0.811

2(0.1<p<0.2) 2 1.91 1 1.09

3(0.2<p<0.3) 28 27.80 19 19.20

4(0.3<p<0.4) 6 6.09 16 15.91
MPM llos (n=177)

1(0.0=p<0.1) 92 92.04 6 4.95 0.99 .805 0.764 <.001 0.673  0.855

2(0.1=p<0.2) 21 19.97 4 5.03

3(0.2<p<0.3) 12 11.36 5 5.64

4(0.3<p<0.4) 1.59 1 1.4

5(0.4<p<.05) 9 10.03 26 24.97
MPM llsg (n=171)

1(0.0=p<0.1) 88 87.18 3 3.83 0.91 822 0.762 <.001 0.662 0.861

2(0.1<p<0.2) 9 9.95 3 2.06

3(0.2<p<0.3) 17 17.52 5 4.48

4(0.3<p<0.4) 12 11.24 7 7.76

5(0.4<p<.05) 7 7.12 20 19.88
MPM ll72 (n=161)

1(0.0=p<0.1) 105 106.27 7 5.73 1.57 457 0.809 <.001 0.707  0.910

2(0.1=p<0.2) 15 13.17 2 3.83

3(0.2<p<0.3) 7 6.88 6 6.12

4(0.3<p<0.4) 4 4.68 15 14.32
ROC=Receiver operating characteristic; AUC=Area under the curve; Cl=Confidence Interval
7hgIekin 1 115}o Siempos ctal, 2000) B AT ATE A|R|akTh o] A0 hepgtek ofefat & A At ofe] HaleiTo] ofsAE
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Table 3. Comparison of Sensitivity, Specificity, and Accuracy of the
MPM llo, 24, 48, 72. at Decision Thresholds of 0.3, 0.4, 0.5, 0.6 and 0.7

Cut off Character- Predict- Observed  gengitiv- Specific- Accura-
value istics ed  gunival Death V(%) ity (%) cy (%)
3 MPM lo  Survival 101 14 72.0 73.7 73.3
Death 36 36
MPM lls ~ Survival 113 10 761 830 815
Death 23 32
MPM ll.s  Survival 122 15 605 917 848
Death 11 23
MPM Iz Survival 117 8 733 893 863
Death 14 22
4 MPM o Survival 103 15 700 751 73.8
Death 34 35
MPM lls  Survival 125 15 643 919 854
Death 11 27
MPM ll.s  Survival 122 15 605 917 848
Death 11 23
MPM Iz~ Survival 120 9 700 916 876
Death 11 21
5 MPM llp  Survival 131 34 320 96 786
Death 6 16
MPM lls  Survival 127 16 619 933  86.0
Death 9 26
MPM ll.s  Survival 122 15 605 934 848
Death 11 23
MPM Iz~ Survival 127 13 567 969 894
Death 4 17
6 MPM llo  Survival 131 34 320 96 786
Death 6 16
MPM lls  Survival 127 16 619 934 860
Death 9 26
MPM ll.s  Survival 124 16 579 932 854
Death 9 22
MPM Iz~ Survival 127 13 567 969 894
Death 4 17
7 MPM llo  Survival 133 37 260 9741 78.0
Death 4 13
MPM lls  Survival 136 39 7.1 100 78.0
Death 0
MPM ll.s ~ Survival 126 7 526 947 854
Death 18 20
MPM Iz Survival 127 13 567 969 894
Death 4 17
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