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(WE] a4 HHEERYE (ICU) fFERE R ME L ENFHEE, FES RS PERSR, ek PR E
2019 4 10 A 2 2020 4 12 A A K25 — MR EEBE ICU BGAR T 4 963 41 B i i AR TR, AR ML iE B /K -3k 1E 1L
BZH (n=4 535, 4 3.5~5.5 mmol/L ) FEHPMAEA (n=428, MH1>5.5 mmol/L) , Fi4% 7 + 3 W ERHLI B
GAE (n=3 474 ) FRRIEAIESE (n=1489 ) . i1 logistic [F1H 43 H7 A E: FHIN i B MAE & 2B (9 KU AR AR, 225 ROC il 2k,
PEAGREANE, FEERIFE I T, 4 8% 2 logistic BIHAT R, Bk, ICUMABE=S5 d. 5/ NERuE =
(eGFR) <90 mL * min~'+ (1.73 m%) "', APACHE [ ¥/5r>12 73, BiIRWR . AP F0L:414F (ARDS ) | ATFREfL, J&
PPEIRTE . ZEFEIIRERIRLEAAE (MODS ) JyHE B & AL = B AR A Ak 7 AHOC R R . KU PPAR RS TR AE I ZRAE i) ROC
£ T (AUC) K 0.777, V43K 5 20 REBE N 76.4% . BR8N 66.6%; HRIERIFAE AT AUC K 0.777, R
JE 80.5% . FESIE 67.8%. & LKA B TIEAL ICU FORE B M AT IILAE & 4 575, TS S0 R4 7 5 01 T
5+,
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Establishment of a hyperkalemia assessment model for critically ill patients

LU Xiao-qing, LIU Ya-min, ZHOU Chun-yu, HUO Yan, WANG Pei’
Department of Blood Purification Center, the First Affiliated Hospital of Zhengzhou University, Zhengzhou 450052, Henan, China

[ Abstract | Objective To explore risk factors of hyperkalemia among patients in intensive care unit (ICU) and to establish
a risk assessment model for evaluating hyperkalemia. Methods The clinical data of 4 963 hospitalized patients admitted to ICU
in the First Affiliated Hospital of Zhengzhou University from October 2019 to December 2020 were retrospectively collected.
According to serum potassium level, patients were divided into a normal serum potassium of 3.5-5.5 mmol/L group (n=4 535)
and a hyperkalemia group (n=428) with serum potassium level above 5.5 mmol/L. All Patients were then randomly divided into
a training set (n=3 474) and a validation set (n=1 489) in a 7 : 3 ratio. Logistic regression analysis was used to construct a risk
assessment model to evaluate the occurrence of hyperkalemia in ICU patients. ROC curve was used to evaluate the value of the
model, and the model was validated in the validation set. Results Multivariate logistic analysis showed that male, ICU length of
stay=35 days, estimated glomerular filtration rate (¢GFR)<<90 mLe*min " '+(1.73 m®)~', APACHE I score>>12, diabetes, acute
respiratory distress syndrome (ARDS), cirrhosis, septic shock, multiple organ dysfunction syndrome (MODS) were independent
related factors for hyperkalemia in severe patients. The area under the ROC curve (AUC) of this assessment model in the training set
was 0.777, the cut-off value was 5, with 76.4% of the sensitivity and 66.6% of specificity; the validation set suggests that the model
has the AUC of 0.777, with 80.5% of sensitivity, and 67.8% of specificity. Conclusions This risk assessment model is helpful
to assess occurrence of hyperkalemia in ICU patients, which offers an alternative approach for the prevention and intervention of

hyperkalemia.

[Key Words] hyperkalemia; critical illness; risk factor; assessment model
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R B ILAE 2 — GG PR R DL A4 R AR ST 3K L R
o A LAE H DL AE G PR 2 A 8 B UESG ( chronic
kidney disease, CKD) . ¥R . N HEER - &
Bk — I R AR G R B I A
B g % s R 6.79%~7.30% ", 7E CKD
Fhly 22.79% 2, FEOIEEAE WS (CCU)
Hrhk R 123%

PRA o B IRE RS PR AR 7R F2 B4 X CKD iR
FAHA LA AL R O, T EE R SR
Bb, EIEBFRIEE AR . SETORE, I A
MAE AT S BOE RO sh il 22 . S0, O
IR TR A5 55 1 R A i BRI OV A B Do E S, 4R
EEAERFET R CAP Y IESE, w A
SESE ICU SBEFET- M R & . I, XT ICU
SR T IUAE AR B IR AR L AR AT [l
PO ICU 5 & A R LA RO G fE R IR 2, IF:
NIZS R KA AT I 5 A AR XU DA AR

1 #ZRERE

1.1 At Wb gE 20194 10 H 1 H =
2020 4F 12 A 31 HAERSM K245 — @ I % ICU
IR 1N 4 963 Bl EH HIIGIR TR, 9 APRE: (1)
Fiy=18 %5 (2) MIEHWE =3.5 mmol/L, R
5 1007 B K- 43 R IE AR 4 (n=4 535, I8
3.5~5.5 mmol/L ) FIE#fIiE (n=428, IMm#>
55 mmol/L) . AMFEMAA (H/RFEIE T ) U
DUJ, 08 o RS M R 2 25— B s [ e A B 22 1 S5
(2021-KY-0861-002 ) .

12 Wi MNERELERSE S ICU B
A GE A ]I PR B2k, R4 . Mo I is B K
o IMEWLEFKE . EE2W . BRI S i
T8 S HCICU AF: B 1) 1] o e B i 380 VB /N Bk o
# (eGFR ) i 1 3¢ [E18 1 B Wk i 179 & VE 4
( CKD-EPI) Axi53k15 5 .

1.3 itz 4 K SPSS 21.0 4o ik kw47
LB, FFE IES TR ORI X £5 R, 4]
SR ST FEAS e K 505 AR TES S04 1 1 e )
PAM (P, Prs) 3R, 410 HLESK H Mann-Whitney
UK $s HHECSOR L n(%) %R, LI LLEER I
K5 o

AR ETEIR T« 3 BENL RN 24k
(n=3 474 ) FEIRIEHIEEE (n=1489) . TEJIZ:
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FERIARCIH 2R, Pl ZE R AR EE LR mNA
Z K & logistic [F1H 734, SR FH & A ] J5 1 B 125 i
PEICU F 38 KA i B MLAE A ST AR S R R

P11 25 4 v Z2 A 2 logistic 1] 7 Hp 4% 75 B 1Y)
OR (48 oy RS A TR 4, 4 i IR TR A AR
LML 75 45 > 5.5 mmol/L Ay & A IfiLAiE 2 W7 4 Fis o,
¥4 4 ROC Hh 28, H8E £ T m L (AUC) , Jf
VT 248 8 BB T 1 A T i B T I 1) 228 8 B8 R
RS B XURS DA A AR AASE Y 55 42 P 5601
PR A DAL AR . SR A M T £, 38 2 Hosmer-
Lemeshow FULA 115 B 4G 56 R P 3P4k A 78U A 42 v T
J1o Kige/KHE (a) 24 0.05,

2 # R

2.1 HAPhsEsll B AT N R AEILE 4
R(ED) Bn: HSIEFMAHBFHEL, S
JEL eGFR HAK . ICU{EREREIEE K . APACHE I
TG (P<0.001) , PPl . SUEIF a8
ZEGAE (ARDS ) . Ak . BEERIE . Foifi 461475 55
B ( P<<0.05), 2B £ (P<0.05) .
2.2 logistic @AHHT G5 (F2) W Bk,
ICU 3B K% =5 d. eGFR<90 mL * min ' * (1.73
m’) "', APACHE Il ¥4 >12 4y, 4G IHE N E
BOME AR R LA B EANAEEIL L, 9h
AZ & logistic M4 538y, 45K s H k. ICU
ff Bi=5d. eGFR<<90 mL * min'* (1.73 m%) "',
APACHE Il #%43>12 4. #JKH. ARDS, Jffifi
1k, ERYLPEAR T . MODS iy HE 5 & AR A L
FEMISTAHOCH R (P<0.05) o

23 R &AM E S e

231 MRirEA wmE FNgGED, B2
[A 2% logistic [7] U9 43 #r H il 57 40 5 R 2% 114 OR {H HL
AL XS BRI (3R 3) , & ICU
B R i RE KU DA AR AL A I 2R AR b 4
ROC i<k (Bl 1A) , BIH AUC K 0.777 (95%CI
0.753~0.801 ) , F KZEFEECH 0.430, XTI ATHEL
WHE R 5 43, REUEN 76.4% . FEFEN 66.6%.



PEIEREY: 20234127 55304 SH6l) Chinese Journal of Clinical Medicine, 2023, Vol.30, No.6 995

F1 FAIRKEELLR

Bzt IEWIMAIE(n=4535)  EHIIEL (n=428) i Pl
T 5.386 0.020
L 2 859(63.0) 294(68.7)
& 1 676(37.0) 134(31.3)
RS % 58(47,70) 59(48,70) - 0.694 0.487
=58 % 2 223(49.0) 219(51.2) 0.723 0.395
eGFR<<90 mLemin " '*(1.73 m") " 1957(42.3) 394(82.7) 245.946 <0.001
ICU B R4 5(2,9) 7(3,14) -5.124 <0.001
ICUfEREREL=5d 2274(50.1) 261(61.0) 18.384 <0.001
APACHE T $#43>12 4% 2 109(46.5) 316(73.8) 116.880 <0.001
GIFIE n(%)
MR 5T
NNAR: 3] 66(1.5) 11(2.6) 3.182 0.074
fe MM 194(4.3) 13(3.0) 1.506 0.220
kKR ZE | (415 21(0.5) 2(0.5) <0.001 1
AR AR TR B 31(0.7) 3(0.7) <0.001 1
Sk UL 54(1.2) 9(2.1) 2.596 0.107
o)) O3 62(1.4) 6(1.4) 0.003 0.953
LAY EN
WP 3 oty 450(9.9) 57(13.3) 4914 0.027
ARDS 25(0.6) 15(3.5) 39.056 <0.001
itk 5 68(1.5) 5(1.2) 0.296 0.586
1 1 R FE P i 69(1.5) 3(0.7) 1.842 0.175
it ER e ( BRAti4h 2 ) 1255(27.7) 121(28.3) 0.070 0.792
HIL RS
THARE i 163(3.6) 14(3.3) 0.119 0.730
JHF R 51(1.1) 8(1.9) 1.846 0.174
JiFEfL 76(1.7) 15(3.5) 7.267 0.007
THAbIE 2L 55(1.2) 7(1.6) 0.567 0.452
i77E i 40(0.9) 4(0.9) <0.001 1
JHRAgE A 101(2.2) 11(2.6) 0.209 0.648
WIR RS
B REEEAE 12(0.3) 1(0.2) <0.001 1
B L G AiE 12(0.3) 1(0.2) <0.001 1
5 A 0 C P L BROK S ) 28(0.6) 28(0.9) 0.219 0.640
BH IR I 105(2.3) 24(5.6) 16.743 <0.001
MR RS
i 0 A8 R A G i il B AR BT ) 506(11.2) 45(10.5) 0.164 0.685
Fii ik 5405 285(6.3) 13(3.0) 7.306 0.007
L PN s A R i 4 ) 112(2.5) 4(0.9) 4.037 0.045
G BV
JHerEaE 387(8.5) 67(15.7) 23.859 <0.001
YR T 272(6.0) 71(16.6) 68.187 <0.001
e MR 86(1.9) 5(1.2) 1.152 0.283
AR 5 (BRI 5 MR 5 ) 58(1.3) 11(2.6) 4756 0.029
MODS 87(1.9) 46(10.7) 116.900 <0.001
AREEEA BRI 36(0.8) 1(0.2) 0.998 0.320
JIIKES 18(0.4) 1(0.2) 0.013 0.910
R Y R 67(1.5) 3(0.7) 1.696 0.193
oAt
WA 4(0.1) 0 <0.001 1
S by 317(7.0) 24(5.6) 1.168 0.280
2 KA (B mmRA4% ) 266(5.9) 12(2.8) 6.933 0.008
M (B2 &40 s e ) 180(4.0) 5(1.2) 8.550 0.003
BRI ARIE H i) 19(0.4) 0 0.869 0.351

eGFR :fH B B /RIS % ARDS : 2PEIFIRF 18 45 A 1E; MODS : Z4% B DI BRI S5 A 1E
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- LS ZHZE
= OR(95%CI) P1H OR(95%CI) PIH
B 1.572(1.209~2.043) 0.001 1.521(1.152~2.008) 0.003
AW =58 % 1.160(0.917~1.468) 0.215
ICUfERE KEL=5d 1.679(1.318~2.139) <0.001 1.568(1.211~2.031) 0.001
eGFR<<90 mL+min '+(1.73 m’) "' 6.093(4.494~8.261) <0.001 4297(3.127~5.903)  <0.001
APACHE 11143 >12 43 3.398(2.603~4.436) <0.001 2.405(1.814~3.187)  <0.001
G IFRE
TEA RS
L) HE 1.870(0.873~4.004) 0.107
e IR 0.678(0.342~1.345) 0.266
ke IE |17 %8 1.602(0.360~7.134) 0.536
K AL T B 0.903(0.212~3.848) 0.890
SO IUESE 1.708(0.761~3.830) 0.194
E %0} O~ 0.740(0.228~2.400) 0.616
BRI &N
I s vy 1.402(0.985~1.995) 0.060
ARDS 6.937(3.219~14.949)  <<0.001 3.740(1.620~8.637) 0.002
i 5 1.019(0.404~2.572) 0.968
P PH P Tt 0.674(0.209~2.181) 0.511
it B IR g ( BRI 4% ) 1.048(0.807~1.361) 0.727
HILRG
THALIE i 0.807(0.405~1.608) 0.543
i3] 1.272(0.499~3.242) 0.615
JHFfEAk 1.972(1.025~3.796) 0.042 2.775(1.323~5.821) 0.007
THALIE 2L 1.797(0.750~4.307) 0.189
7 cd ik 0.974(0.296~3.199) 0.965
JHRAR 58 1.040(0.474~2.282) 0.922
WATEYN
B REEGAE 1.300(0.162~10.427) 0.805
B LR G AiE 1.734(0.208 ~14.451) 0.611
B IE LA (B s B B UK S ) 2.203(0.745~6.518) 0.153
BEIRIG 2.165(1.249~3.756) 0.006 2.675(1.475~4.852) 0.001
M R5%
I 10 5 A A G S I AR A BT ) 1.125(0.787~1.607) 0.519
e 0.379(0.176~0.813) 0.013
it PN b 0 A JER e s 4 ) 0.453(0.142~1.448) 0.182
HoAth
JHe Bz ifLAE 1.779(1.267~2.497) 0.001
YR T 2.816(1.991~3.982) <0.001 1.800(1.135~2.853) 0.012
e MR TE 0.367(0.089~1.511) 0.165
HABARTE CBRIEBGAERTE iR ) 2.440(1.171~5.087) 0.017
MODS 5.051(3.227~7.904) <0.001 2.920(1.816~4.694)  <<0.001
REEA TR 0.431(0.058~3.197) 0.410
JIIKES — 0.999
ThEE( W) TR AR ) — 0.997
A — 0.999
A e 0.783(0.478~1.284) 0.332
Z R4 (BRI ) 0.461(0.225~0.945) 0.035
HAhAMT (B2 &40 b6 ) 0.313(0.115~0.853) 0.023
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eGFR Al B /NERDE T % ARDS : SUPERFIN A B Z5 A 1F ;s MODS : 245 B DIRERR AT LA A 1F ; OR : HfH L .
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