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MR ANE S 1T, BERIS R T R—3 2 (DKA) & &Ik & a3 e mRE (HHS) 1258 SN

LRERIFOEERBVESOIETH S [1], DKA [ Imitl, T & F— A0 7 b MEZ R L L,

HHS (FEE R & MAE, ®IERELE, BKkz 235 2], WTNOWRELEMRE & A 2T A O

RE=ZYIPRETHD, @R EIERS ORKIRFEIZ OV TR, WSSO THRE S

TWDA, TIZIEEH S TR, SRR SED —fRIRFRKR T, 7 Fe T 7 ARE, %

UNTERYUIE . dzath . DIREZE, SMER P OAMIRETH B [3][4], EBIC, aFaRTa A RO

PP L2 < DA DBMFEFRE LR T SED 2 EBAME SN TS [6], TNHOFERTFICEHL T, A

FIZBIT D RERAREFT — 2132 L, FAUTIZ T DKA <2 HHS & DO AREROE TR ORI H RO

BEFEEIC L > TR D | A CHBRORFE THIEL SN H 5 [6][7], BKERNZ LI, 2 boiEb

TR EDOARRMIRSCHECRIITHE LW ERE SN TWA T BIE,. 20X ) REBEO 7712 ICU

AT O2NEI DOV TOartr 3G TE LT, flE 2 &AL D 255 m S TV 5 (8],

A MAF R SUE O BIERE I L A BN D NENREOHE L L TEMEEESE (AKD 233 bh 5,

B OEFFE I, BERFMHS P73 R—2 2 (DKA) BED 2 AT 1 AN AL #RET 5 5 Sh

TUWAH[9][10], AKI IZHLZ2 2 B TRl TIE R < . & LARBN R iRIFIc 24 5 [11], AKIL %

FEIE U7 BEIR I B X, BMERIEN (CKD) . RIEAREOW I T DY A7 &b 5 [12][13], FDi=

DEEZRIERN AN L BHRED PR AW ET S5 Z LITEETH D, AKI ORI B W Tk 51390

7B 2 R7- LTE D [10], EEBLIUOKEDO T A RT A > Tli. @A 0. 9% 0T R Y oL

e CEERIEAK) ZHEE L Tuo [1][14]115], LU, H(EWIC X D BREE~ DR E L BIRE S



NTND, @R OREE, SR ME & REHET & F— 225 S 2 L, B IHE & SRERIE

ERBEORTZ 70T AREMNH D [16], AZ T U ATIL, @ bEE OlEiKIL AKT 28NS

LWL DHD Z LAVRESNTWA[17], ZAUCEE L T, AFERK LD SHEIEIREN KT

Y AEROARIEZ AT D 72027 & MMebiEAER (RCT) 2330 S 7z, #RIFEtR L T\ 5

[18-20] , L7z#inC, BMOFEFGIHT S ML ARORBITISE L LCRATh 5.

ABFFEO BEYIE, BRI E MR SVEDOFEM 2Rz A L. ZhbDBE TR HEME

R L R EIE O E A SN TH 2 L TH D, HFFE 1 TIX DKA, HHS OEFRFEZ AL, BEN

o EFOFES|F KO ICU FIALIRIL & IR E OBV R A2 Y T, M98 2 TiX AKT Z238E L 7= & 1

FERBIE DN BTN T, WiihrA G- LIk & & BHRE D8RR & OBIR A HRR LTz,
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A7 D BRI S MAEE SIE B FH O BFET R, FHN, L CEREE & BRI 2 ] 5 201

T352¢TH5B,
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G734 >~

BRI R — PR 2 ER L 72, ShhEExid BARD 2R 21 Mgk TH o 7z, ARiBRIZ. UMIN K

PREABRE fk > 2 7 2 (UMIN000025393) 1C#$k X 4172 CLORINE 5% (The effect of fluid therapy on kidney

function in hyperglycemic emergencies, a multicenter retrospective study) D —#BTd %[21][22], CLORINE {if

Fe I I BE S SUERE 2R & L 7B RRARBIEOBIEINFETH ) . A O BEAERERNEE OEFAN T

— Z DIV LWL & B RE OB 2 s 2 HIW TRt Wb D ThH 5, 77— XINEZHIGT 2

HTIC SRk L 72 § X Cofiik TR B X 2 & 2157,

aE

202F1H1H2S 2016 F 12 H31 HETICDKA £/ HHS I X Y ABEL 72 18 A F o AEE %

MR E L7z, KEHEIKRFEZES (American Diabetes Association) DIEHEICHEV, AT X ) ITHRET — X %

Ao CcZzZhz iR L 72 -



DKA (U TFTD3+RCThig-3)

o [MiEZ L2 —Z>250mg/dl

o HkiA 2 (ABG) @ pH=7.30, % 7% HCO; =18mmol/L

o JREZAMMAF T b AKRETE

HHS (LA F DT RC%iizz9) ¢

o ik 7L 2 — 2 >600mg/dl

e ABG @ pH>7.30 ¥ X UF HCO3 >18 mmol/L

o SR/ b VERMEE 7213555

¥ 7-. DKA H# 2 HJF (ABG pH<7.0 % 7z1% HCO3<10mmolL). #J4E (ABG pH>7.25 & X O

HCO3>15mmol/L), H5FE (BETH EIETD Zx\y) D 3FECHIEL TIRNTZ AT - 72, BRIMEHEIZZ2MWTIC

MBI T — 2 DR L Lz,

FHIERE & 7— 4 JRE

EEMHER 3. 5 50 BRI X BBAIELHE Lz, BKIFFIIEH I, DIFEA <> b B

BUHEELRAIHE. ABES X0 1CU MEME, e (NI, AESE BRERE) off

He L7,

T — 2 3BIERDEE AN T 0BG L 7, HEFEO T — 2 id, BEE R FRE OB

I (BERE OB, MR, R, A0HE) . SIERAIEOFARR T (BEFOTH, SEOEYH



ARV b RIS ISR 2 s 3 AN BE S 2 N7 2 & ) . ARERERS & sl AR o & OFHiE,
EaROAER YR E I, BRRICEEL I THEANL, arvFaxTof V] JEEMPUREHIRE
WA THFAL FREH, ¥/ n v R¥EH, 7= 4 v EER L, AIHER AR ICH 2 IR S

TEHFRRICRE L. ABERTICHATE L 720 R B IRBRAN L 72, SEC L 2 BFIC O W TIISER b Eik L 72,

B2 H7

AT T — X ORHEICIG U TPl (£ SD : FRERZE) B X o (IQR = U ALHiIF) <L,
AT Y BRI N— v T — VTR L 7, BRIRHE S X Nils % 4 BF (HHS 3 X CEREE cfghilft
L7 DKA @ 3 1) THIRL 72, ABSRIR ORI & & IC8BEH L 72, 7 — X OIERMRICH O % | i
ZHT ANOVA % 7213 4 BRI ILER D 72 9 O Kruskal-Wallis fE THWT L7z, 77TV —F —XIZDWT
(X, A4 ZFEBEZ V. PE<0.05 ZHEHNICHERE L A L, TXTOMHTIERN—Y 2403 (R
Foundation for Statistical Computing, Vienna, Austria) % Fi\>TfT - 7z,

1-3. #ER

WFzeiAf . DKA (545 \) HX U HHS (226 N) DEH 771 ABSNEICABLL 7z, DKA BED 9
B BEIX 19% (0=104). FEEREE 23.7% (n=129). HfElL 572% (n=312) TH o7z, EEH OV Fihn
1% 58.3 % (SD19.3), HHEDOEIA L 54.7% TH - 72, Tablel ICEETHE 7T, DKA B & [ L T, HHS
BEEERTH Y (527 /& vs 71.9 7K. p<0.001). AN OAPHERSHEICS 5o 72: &IE (31.9% vs
57.2%. p<0.001). MMM CIEE (4.9%%F 16.1%. p<0.001). 1EMHL0A4% (3.6% 5 18.0%. p<0.001).

fizad (5.8%%f 25.0%. p<0.001),



Table 1. Patient baseline characteristics

Mild DKA Moderate DKA Severe DKA HHS P value
(n=104) (n=129) (n=312) (n=226)
Age, years, mean (SD) 56.0 (18.8) 56.3 (18.7) 49.9 (17.1) 71.9 (14.9) <0.001
Female gender, n (%) 47 (45.2) 60 (46.5) 141 (45.2) 103 (45.6) 0.99
Body-mass index, mean (SD) 23.3(6.1) 22.1(5.0) 21.9 (4.8) 21.6 (4.7) 0.04
Diabetic retinopathy, n (%) 20 (27.8) 26 (28.6) 40 (18.4) 37 (28.9) 0.07
Diabetic nephropathy, n (%) 32 (41.6) 25 (26.6) 75 (32.1) 50 (35.0) 0.20
Diabetic neuropathy, n (%) 22 (31.0) 20 (22.0) 68 (30.9) 26 (20.5) 0.10
Hypertension, n (%) 44 (45.8) 43 (35.8) 73 (25.9) 123 (57.2) <0.001
Dyslipidemia, n (%) 26 (27.1) 34(29.3) 62 (21.7) 56 (27.2) 0.32
Ischemic heart disease, n (%) 4(4.3) 8 (7.1) 12 (4.2) 33 (16.1) <0.001
Chronic heart failure, n (%) 33.2) 4 (3.5) 11 (3.8) 37 (18.0) <0.001
Stroke, n (%) 11 (11.7) 8 (7.1) 10 (3.5) 52 (25.0) <0.001
Peripheral artery disease, n (%) 3(3.3) 2(1.8) 4(1.4) 2(1.0) 0.54
Mental disorder, n (%) 16 (15.4) 21 (16.3) 51 (16.3) 20 (8.8) 0.07
Duration of diabetes, n (%) <0.001
New onset 29 (28.2) 34 (26.6) 79 (25.3) 40 (17.8)
<1 year 2(1.9) 8 (6.2) 10 (3.2) 8 (3.6)
1-5 years 9 (8.7) 11(8.6) 47 (15.1) 12 (5.3)
5-10 years 9 (8.7) 14 (10.9) 38 (12.2) 19 (8.4)
> 10 years 39 (37.9) 39 (30.5) 98 (31.4) 78 (34.7)
Unknown 15 (14.6) 22 (17.2) 40 (12.8) 68 (30.2)
Fulminant type 1 diabetes, n (%) 4(3.9) 8 (6.2) 25(8.2) 1(0.4) 0.001
Type of diabetes, n (%) <0.001
Type 1 37 (35.9) 54 (42.2) 163 (52.2) 24 (10.7)
Type 2 62 (60.2) 71 (55.5) 126 (40.4) 184 (81.8)
Others 2(1.9) 2 (1.6) 12 (3.8) 7@3.1)
Unknown 2(1.9) 1(0.8) 11 (3.5) 10 (4.4)
Treatment before admission, n (%) <0.001
Insulin 29 (27.9) 50 (38.8) 120 (38.6) 31 (13.8)
Oral medications 18 (17.3) 19 (14.7) 30 (9.6) 79 (35.3)
Insulin + Oral medications 12 (11.5) 12 (9.3) 47 (15.1) 28 (12.5)
No medication 45 (43.3) 46 (35.7) 110 (35.4) 83 (37.1)
Unknown 0(0.0) 2 (1.6) 4(1.3) 3(1.3)
Admission route, n (%) 0.17
Emergency department 77 (74.0) 101 (78.3) 252 (80.8) 179 (79.2)
General outpatient 13 (12.5) 18 (14.0) 24 (7.7) 29 (12.8)
Transfer from other hospitals 14 (13.5) 10 (7.8) 36 (11.5) 18 (8.0)

DKA Diabetic ketoacidosis, HHS Hyperosmolar hyperglycemic syndrome, SD Standard deviation
P values are results of the ANOVA or the Kruskal-Wallis test for four-group comparisons

BEPRIN DRI B E 1T X o TR A TH o 7o FIRFIERIINOE AT 23.6% TH - 7225, 10 4F
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Table 2. Precipitating factors identified in patients with DKA and HHS

Mild DKA Moderate DKA Severe DKA HHS P value

(n=104) (n=129) (n=312) (n=226)
Precipitating factors
Poor adherence 39 (39.0) 65 (51.2) 156 (51.7) 71 (32.1) <0.001
Excessive sugar sweetened beverages 25 (25.3) 33 (26.2) 69 (23.2) 47 (21.4) 0.74
Excessive alcohol beverages 6(5.9) 15(11.7) 32 (10.7) 4(1.8) <0.001
Cessation of diabetes medication by 3(2.9) 1(0.8) 5(1.6) 11 (4.9 0.057

treating physician

Infectious disease 38 (36.9) 39 (31.0) 108 (35.2) 96 (42.7) 0.14
Ischemic heart disease 0 (0.0) 2(1.6) 4 (1.3) 3(1.3) 0.69
Heart failure 0(0.0) 0(0.0) 3(1.0) 7@3.1) 0.03
Stroke 6 (5.8) 3(2.3) 1(0.3) 4(1.8) 0.004
Pancreatitis 2(1.9) 3124 15 (4.8) 2(0.9) 0.048
Trauma 329 3(2.3) 2 (0.6) 8(3.5) 0.12
Surgery 0(0.0) 0(0.0) 0(0.0) 1(0.4) 0.49
Medications
Corticosteroids 1(1.0) 4@3.1) 4(1.3) 14 (6.2)  0.006
Thiazides 0(0.0) 1(0.8) 3(1.0) 6(2.7) 0.16
Beta blockers 0(0.0) 0(0.0) 2 (0.6) 4(1.8) 0.19
Olanzapine 0(0.0) 1(0.8) 0(0.0) 1(0.4) 0.44
Quetiapine 1(1.0) 1(0.8) 2 (0.6) 1(0.4) 0.95
Clozapine 0(0.0) 0(0.0) 0(0.0) 0(0.0) NA
Asenapine 0(0.0) 0(0.0) 0(0.0) 0(0.0) NA
Quinolones 0(0.0) 0(0.0) 0(0.0) 0 (0.0) NA
Phenytoin 0(0.0) 0(0.0) 0(0.0) 0(0.0) NA

All data are presented as number (%)

DKA Diabetic ketoacidosis, HHS Hyperosmolar hyperglycemic syndrome

P values are results of the ANOVA or the Kruskal-Wallis test for four-group comparisons

EdaE B L T, 5260 (6.7%) S AT Z2Z1F, 68 5l (8.8%) MSIMETEENER 2GR L. 24 1

(3.1%) 2ARRT #FEE L7z, BIERICHER B2 LB L LE2EEIZ6H (0.7%) THo7z, k&L

T, HJE DKA #FOBE IZORFCH R TALIFS 2 232 & 3 2 23 & 5o 72 (p<0.001),

far— MIBWT, 316 4%) BABETICHTE L 72, BENIELT 1T DKA T 2.8%. HHS #C

71% TdH - 7-, DKA BRI CHESEIZ A DN > 72 (p=0.94), % b % D> > 7= O HHE 1ZBYE (18%) T,

K THiZKIE (2.7%). Ber (2.1%) . DEWEAREIR (1.6%) . FEESEIRMSLE (1%) TH - 7z, Figure
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Fig.2 Percentage of mortality and complications by group. Each bar-
chart represents a group of diabetic ketoacidosis (DKA) or hypergly-
cemic hyperosmolar syndrome (HHS). Mortality and complications
are combined and expressed with black and gray, respectively

Table 3 Outcomes

Mild DKA Moderate DKA Severe DKA HHS P value

(n=104) (n=129) (n=312) (n=226)
In-hospital mortality, n (%) 3(2.9) 3(2.3) 9(2.9) 16 (7.1) 0.05
Infection, n (%) 17 (16.3) 13 (10.1) 57 (18.3) 52 (23.0) 0.02
Acute coronary syndrome, n (%) 1(1.0) 1(0.8) 0 (0.0) 1(0.4) 0.45
Pulmonary edema, n (%) 2(1.9) 2(1.6) 7Q2.2) 10 (4.4) 0.30
Ventricular arrhythmia(%) 2(1.9) 2(1.6) 2 (0.6) 6(2.7) 0.31
Stroke, n (%) 3(2.9) 1(0.8) 8(2.6) 4(1.8) 0.60
Deep vein thrombosis, n (%) 1(1.0) 1(0.8) 3(1.0) 3(1.3) 0.96
Hospital stay, days, median [IQR] 16 [10, 26] 15[8,22.5] 16 [10, 24] 19.5 12, 31] 0.001
ICU admission, n (%) 28 (26.9) 53 (41.1) 172 (55.1) 89 (39.4) <0.001
ICU stay, days, median [IQR] 312,5] 31(2,4] 312,5] 312,5] 0.19
HCU admission, n(%) 31 (29.8) 39 (30.2) 106 (34.0) 51 (22.6) 0.04
HCU stay, days, median [IQR] 31[2,4] 312,5] 31[2,5] 4102,7] 0.41
SOFA score on admission, median [IQR] 010, 2] 0.5 [0, 3] 210, 4] 2.510, 5] <0.001
Organ support
Mechanical ventilation, n (%) 6(5.8) 3.3 34 (10.9) 9 (4.0) 0.001
Vasopressor use, n (%) 3(2.9) 32.3) 42 (13.5) 20 (8.8) <0.001
Renal replacement therapy, n (%) 1(1.0) 2 (1.6) 16 (5.1) 5(2.2) 0.06
Renal replacement therapy on discharge, n (%) 0(0.0) 1(0.8) 2 (0.6) 3(1.3) 0.62

DKA Diabetic ketoacidosis, HHS Hyperosmolar hyperglycemic syndrome, GCS Glasgow coma scale, SBP Systolic blood pressure, SOFA
sequential organ failure assessment, /CU Intensive care unit, HCU High care unit, /QR Interquartile range

P values are results of the ANOVA or the Kruskal-Wallis test for four-group comparisons

FECJR K % Table 4 12783, 31 filH 20 65 (65%) 2MEPIC X 2 ETH o7z, % DRI A=
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e WKIE, SPERERE, OCEEABIRA ETH - 1,

Table4 Causes of mortality MildDKA  Moderate DKA  Severe DKA*  HHS* P value
n=3) n=3) (n=9) (n=16)
Infection 1(33.3) 1(33.3) 5 (55.6) 13 (81.2) 0.19
Stroke 1(33.3) 1(33.3) 0(0.0) 0(0.0) 0.03
Acute coronary syndrome 0 (0.0) 0(0.0) 1(11.1) 0(0.0) 0.47
Pulmonary edema 0(0.0) 0(0.0) 0(0.0) 2 (12.5) 0.57
Ventricular arrhythmia 0(0.0) 0 (0.0) 0(0.0) 1(6.2) 0.81
Pulmonary embolism 0 (0.0) 0(0.0) 1(11.1) 0(0.0) 0.47
Others 1(33.3) 1(33.3) 4 (44.4) 2 (12.5) 0.35

All data are presented as number numbers (%)

DKA Diabetic ketoacidosis, HHS Hyperosmolar hyperglycemic syndrome

*Some patients with severe DKA and HHS had multiple causes

P values are results of the ANOVA or the Kruskal-Wallis test for four-group comparisons
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AWFFETIZ, BARDER DR O/ b7 —# 2 VT, m il B EUE B ORRRIR S 2 Flid L

77o DKA BILOVHHS BRE DT RIZZN LTI 2. 8% B LN 7. 1% Th>7-, DKA DEJEE L TR E DR

WCHHBIITRRD B o Tz, B Y — FOERFERIN AL IBRICHT 27T Re T 70 AR, K

JE. WEEOEEAY B OBETH 72, ICU ABRIIHiHIZ L - TR -> T,

DKA 35 K OVHHS BBRE DO RITEIZ K - TEAR Y | Bt E & DIZEL LTV D, FdOHE TiX, DKA

HBEOHTRIT 0.16% 000 4. 1% ThHho7=D 2kt L[23][24][25], HHS DAHTEHRIL 1020% Th o 7=

[3]026], AHFFEORERIT, DKA ([ZBHF HiEORE LB L TW D525, AWFJEICE T 5 HIS A DT

FKIHED 2T, ZOEWVOHBITIZ->E ) LRV, BERFIBREO MR RERIZ L > TR L 9 2,

HHS O T2 2B 2 0P98I D 7, KIEO REFAEICHE S S HEIC L D & DKA B O =136

LTS T, ABRRIZHIML TWA[24], ZOFHROWEIT., ZORBICKHTHEFHDEED . &

AR BIERE ORI T DML SN A RIA UBREIGS NI Z EICERT L LB BND,

DKA D EFEENIE LR EFHET 20 E I I ARHTH 5, W< ONDOHFFE TIEmE OMICEEN B 5
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TEDTRENTWAN25][27], OBFFE TIZ, DKA OEIEE LV HOERFOFREETHH E LT

%o BIZIE, DKA BEDTRTUET MBI 25T 8 TIEL OHFT 2 BIERADSECROK H HE R

THIRFTH D &ilEwmOT T 5 [28], BIOHZETIE, BAFERR & AR, mif & Eik L~V OB

WSRO EBEL TR T CTHD I ERREIIT29], AFEClL, EAE DKA BEZftho> DKA BE L kbl L

TH L Iz e EOPAARBOA PR LR~ Tz, AFFEORER LBEOHREEZZET D &, BHOF

OB D X 5 728 F L Hole LT DKA O FE T B TRV ATREMED B 2,

2009 HKEFERIFR D OREEINTZTA RT A4 NZGEH STV D L 912, ICU TOIREITE T

EF O @M R AVEDBEICHEHY TH D L ZEZ BN TE[30], EMBERTVEDTRROE AL, Wik

B, EREMITE, A AV RETHY N EZAYA v BRE, IEORERE=41 T

TWTHD, Ll BEOHFETIE, DKA IFTREHH 5 WIE—IRIKR TLERBIZBEBTE 5 2 LARENT

WA [31][32], T 0BFITHT D ICU OFHAZFIL, HiXIZ L > T2 IZ6 22X B3H 0, 0% 5

100% TH o7z, DX 72MEL, BRFEOBIFRSCEREDOENE ML TWDDO0E LRV, KED

159 P kg & U7-HF92 T, ICU AZERIT 2. 1-87. 7% L 5 X LTV A28, TCU FI| R L 3F (- R R07E

B H$ & ORI BEEMEIZERD b7 v o 72 (7], DKA H3E 15, 022 A& x5 & L7=Bo K714 Ah & iF

FETIE, ICU OFBE A WA TIE = A IS, BT RITSE LW Z R Enrz([33],

WY U 7=V LEBEBMTONLIRY, ZTNODOBREE L THRIET 20T UE EEE TR0

HLNRY, SV, BEY AR — FE2XLE LT LRESCEELRAINEEZ AT D HEE 1L, ICU TOERIC

WL TWDZ &2l L TR LN H 5 [25], AHFFET HA Y EOBH N LTI, FEROMA, &

RERIEE VL Ulc, WEOWRSE TIE, &ifn, BULE, &, B AEIEL-LOKT, BEOHHT
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RN EROERKAFTH D Z ENTRBRENTWS([28], [34], L7z~ T, ICU TOF T ZERT 5

BRICIE, e A — P OEHACEE DT REZET NS TH D,

AWFZETIE, B D 20% L LA & MAF B SUE O RTICHEA O BBt O RHEIRZ M e LT\ 5, BED

1TE) & EFHEB O H D, SIMFEFREIEDOBEERFHK TH 5 [35][36], ZNFETOHRETIE, 7 e T

T U ARR L BEISER— RN TH D L S5 [21[371[38], HATOBFFETIE, HWHHAE K

DERPIEZ D & A R ARFUENEL U B MIaOERENE 2 5 2 L AVR S [39][40],

Zaud, AREMES R OFRRARICEE L TV D, LARTOMIE TIEEM R AR RIS L TR -

705, ABFZEOFESIL. FEA D FCELOBREHERS DKA 35 L OV HHS RIAED B E/03E8| & 70 B A REM: & RIe

LTWo,

ARBFFETIE, BRI 2 B S E D WREMED & 2 2 IR L T B B OFIG 2R Lo, HIITRIER

HATuA RAl], B EEWrE[42], FUSHREEI43], F7 ¥ FRERI[44], &/ v kptmH45], B

FO7 == A B18, BERFI= S br— L DEALLBE L TWD ZENBERITHRESNTVD, Y

FHIMRE IR OB R EGRRIIAATH L0, aLFazrToAf RERALTWAEREDK 15-50%.

PO 2 I LT 2 38 DR 10%03FERP 2 FIE L T 5 [46] [47], F7z, HMahFik DKA F K

O HHS DA s L72AE S 8 % (481 [49], BEBABEN LE/LREIRPIEE OWTT 2 Bat Lic & 25,

O XD RERNZRT L T BETVETH -7, BIBSEAT v A NI HHS B3 D 6%I2LT7 ST

W, BRI ICR R L RAE T A REME D & DO A2 IR L CW 2B 3b B ch - 7=, oIk

FOFPHEENGN L 2B DL RUEETE Y — FORENSZUL, 210 OFERDOREITE

MEERETIIRVONE LILRuy,
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DO OMBIRY | Z AL E MmpERSUEICBE T 258 O Tl b i E e D — o Th b, =

DWFFROEFTL, o TP A XRRENWT & & BIER T M SNZERER, ABh oA HER &

DEEOREN LB SN TND Z L Th D, L L, AFZEICHRADRH 5, 5 112, FELHRD

FAERMEN2O, ZEERRIIT 2 ERTERNoTo, TORE, FEERO FHIRFR ICU AZE LA

i & OBEITRE Sh R -7, LERDRS 2EET L & SEABRIROIT 2T 57201213, 2E

B DT — 2 RX—=27p & L0 REURZREH 25 & LI ERLETH A 5, RIT, MAANEEIS

MAEE N TV eTodh, ABFFETIE, B 2B-E L 72> T 2 IBEETE R O DKA OBE 288k L

7272501, LaxL, AFEOIFE A EOMIMIL, MHEEER O DKA OFERF R THDH T R UL

Jb o — Z AR 2 IHEENESHEH SN LRI Th o272, TR METH A H. £7-, DKA O

W EEL LCTRT BRI S 2 AW, ENEND EDOREDOEIG THRAE I L2 IR

HTH D, —EBITIRT b DEMMEDH TBW SN TWTZRREMENRH Y | BWr O IEFEMEIZERER DK D,

MMA T ABFZETITH LU X7 K& LT A ZCBt o EE A RE L7203, 1% A & B R

2 6B OFCE IR 2 RIS ER TE TRV, B OREPEIREICE L T, 4%

VETHDLEEZEZLND, KEZIZ, ARSI 2EPIBHRIR (ICU/HCU) O EF TR PRI O doE

WKV HFELZSELTEY . RO & B/E T RIGEWRHDH00E LI, AL

RENZ I T b BEIEBIE D ZVFFETIZA, RO NI DT — 2 IZEESNW TR D | ARBOE %

ETRADNTND B D LIIRL R, A% OHTE TIIHMERETREIRNIROERZTR T LT, 2

EH 727 — 2 2ETRE Th D,
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e 2  RMEEEE LS AR MERSIEICE T 2 BB ART L RE AT O ik

E MLFE R RIE DR BH TV T, Wikkr L TR G- Lot & & BREOR & ORREA R T 5 2

2-2. HiE

vl e

ABFFEIIF7EQ@ (CLORINE BF7E) DOF — % N— R Z W= L fak R A & a2k — MR TH 5,

BE

201245 1 H 1 M5 2016 412 H 31 HOMBIZ DKA 721X HES 12 L W ARE L7 18 L. ED R A B E oo

TIRBRRIZEREIZ AKT 2 385E L CW=HBE 2558 L L=, AKI @2 Wi, KDIGO (Kidney Disease Improving

Global Outcomes) DIEUE|IZHES CMIEY LT F=lEE WO CTERE - 0% L7-[51],

MG 7 V7 F = MEIZ XL 5 AKL ORI ZFEIFLL T O@ Y Tholz, AT —V 1IFN—AT7 4D 1.5-1.9

0 F£720%0.3mg/dL LA EDOEEIN, AT —V 21T R_R—R T4 D 2.0-2.9(%, AT — 3 |FN—ATF A

?D 3.0 fELA L dmg/dL LA E~OBN, £IXBEAERTE (RRT) Obta s L7c, 1BMEBENR ORI 72 <

N=2AF A DI VT F=AMERRE L T L5E1E, LT OFERZ W TRA L7z[52],

1752 L7 F=2=0. 74-0. 2 (BEPLIEDLEE) +0. 08 (BEPEADEE) +0. 003X il (5%),

BROMEVEIT, RYIEEIS JOVAKT OB 1 & BHRED[RIE OHIWTZ B+ 27— K#E & LT,

TS YREE & TR B

HIIBIMERRRDET T bt S, IESNET—ZI12id, k. KE, @EOWE, A
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Beai DT DZE (N—RA T A ) PHIBFEE TOMOBRAERE, WiBE% 48 R LINIC&R 5 S vl

AR, BEDZIT IO (BT, RRT, AT, FESK) . ABHhOEFAHEIHEN S Ehiz, W

BT CERRREEK, FLER Y » 7 ViR, WRIR YD > 7 Vil EERER D  7ViR) L= A BiE (T

TIv, ERRR TR —F) NEENT, RO ERE T8 & 3R SR T,

R AN 2 7o LT BE 2 JRBRRIE R 48 RRfICR G- SN D &Ik - T 2 FRCHIE LT,

T70mEq (AEBERIE/K 5L ICHHY) DL EOE M & BIRNE G SN BEIXEE/EHC OE I, Do

BE IR S Tz, WR A P O B OFEIL, A—T—D T VIR H STV D

A Z2 W TIT o7 (B AP b /K 3L X 154mEq/L=462mEq O L) .

EEZT U MU LE AT OEYERGE (T AR & AT 2L DlEE L O

BETH o7, AKIL 2B DRE LT, 7 LT F =i _R—Z2F A > +0. 3mg/dL LANIZE YD | 7> RRT 23

ARBLL 720 AKT 2SN DA S D Z L LEFR LT2[63], BIRIIT U k1 AT, &5

SNtk oLl 30 BUNOTFEZ2BAEES (MAKE30) & OBENE £i7z, MAKE30 1%, 30 HLL

WNOBENSEL, RRT OFHHRIE, F6 L OB EORE (IE 27 L7 F= U fERR—R T A ED 2 f%

HLEFR) OBAET U ML THS[64][65], HBHED 30 ARMNZIEEE LG A1E, IBEERTO Kk OBAT

— & A U7-, AKI O[E4E & MAKE3O |ZB#E 32 F DM F T 384 L=,

a2

R— 2T A O BRERFED 1L, BEEA ST Student @ t fF2EFR L O Mann—Whitney UKEA . 7

T3 Y =B A ZRREE W, BIER 72 R O MBI ERE X, RrEREEE ATt

L7z,
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THET U B LIZHOWTIE, Kaplan-Meier #5% VT AKT [BHEO RFFEAR AR L, JERTEITICIX

log—rank fE Z V=, ENTIZIFZREERI 2R, B X O AKI W X » TREBHL L= TIT o 72, SETE L

BT HH 7 =2 & LT Tz, ZO%, KHERTF 2T 572012 Cox N — FET L 2AfE

R U7, MR E U8, b AaeT (RGERF £ 72 1 3mEme) . Fin, PR, & mpEECSUEDTERE (DKA

FE72IFHES) . CKD, 18MOR4r, BIREHRFORYYIE £ 72 1 HMRME, B EEDH 2 FA DM, &E5Sh

TR ORE, BIOAKI B TH -7,

MAKE3O (ZOWTCIESZEET VAT 4 v 7RO &21T> 7=, M), Cox BNV — RKET )V CHEH L

LD LR LAEBEZRHT L TFETHo7, LinL, AFEFEROFEERMENZO, ZHITRETITH S &

T U 7=, HefErIci b &atr. s, SR SIED X A 7', CKD, AKI AT — T 2284 L L GRIRL

770 Cox LN —RETFTAB IO VAT 4 v 7 [RFET /LTI, TXTOEETHEIERF S0 4 K

i T D Z & DR S 7z,

DIRESITZ AT 212 1 D RIZ NRN—AT A DI LT F o MEORBRER ENE LN BEIZONT,

Kaplan-Meier ¥4 & Cox HbfflW— RET /L& AT EEIR)G & RO 217> 72, &IZ. AKL 7250

[B18 & MAKE3O (2B 5 LA BEIGET V2L L, kA2 EELNE L THh-o7-, 2O AKI 7

SOEEICET A EIFET LV TIE, ZEEBEDOZD BHOOES>THD TR E) ZHIRLR TN

X7 670> 7=, Wil PAE<O. 06 ZHEetHICA B E A7 LTz, T XRTOMITIEIR V7 b =T "~ g

> 4.0.3 (R Foundation for Statistical Computing, Vienna, Austria) ZH\Tir-o7=,
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2-3. ®E

BE

WFFEHIE T, 771 N BFE D S MAE SR SE TARE Ui, SRMEZ 72 S 7o To B8 Z IRAh L1242 A5 390

ANDEE PRI GR LT, B WeRE% 48 ReRILINICER G- Sk D &I S\ T 2 Bl

DR LT, EOREE, mEERE 218 N, REERE 172 N 7o 7= (Figure 1),

Fig.1

Patients enrolled

N=771 Patients excluded (N = 381):

No AKIl on arrival (N = 264)
Insufficient data (N = 110)
End-stage renal disease (N =7)

Eligible for study
N =390

Grouped by the amount of chloride
administered *

i N

Low Chloride load High Chloride load
N =218 N =172

WFIERTRE D_X— AT A VR % Tablel (2”9, ABFSETIX, DKA A 268 f5] (69%) & HHS

B 122 5] (31%) Z%tE e L1, EHERIL62.4 5T, 162 A (42%) BNE&METHoT-, XR—RAF A4

VDU LTI MEE. BRAEREREA R 184 il (47%) [ZHOWTEH Xz, CKD OFWHZIT 30% Th

577, KDIGO HHAE|Z IS L AKT 27— 1, 20 3 13FNF4 159 1 (41%) . 121 %51 (31%) . 110 45

(28%) THRIE LT,
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Table 1. Patient baseline characteristics.

Chloride load
Overall Low High P-value
n=390 n=218 n=172
Age, mean (SD) 62.4(16.8) 65.4 (16.0) 58.7(17.0) <0.001
Female gender, n (%) 162 (41.5) 811 (39.0) 77 (44.8) 0.296
Body mass index, mean (SD) 22.1(4.8) 21.8(4.5) 22.4(5.2) 0.260
Diabetic ketoacidosis, n (%) 268 (68.7) 139 (63.8) 129 (75.0) 0.023
Hyperosmolar hyperglycemic syndrome, n (%) 122 (31.3) 79 (36.2) 43 (25.0) 0.602
Type of diabetes, n (%)
Type 1 127 (32.6) 65 (29.8) 62 (36.0)
Type 2 237 (60.8) 138 (63.3) 99 (57.6)
Others 13 (3.3) 8(3.7) 5(2.9)
Unknown 13 (3.3) 7(3.2) 6(3.5)
New onset diabetes, n (%) 123 (31.5) 65 (29.8) 58 (33.7) 0.475
Treatment before admission, n (%) 105 (26.9) 0.121
Insulin 105 (26.9) 58 (26.6) 47 (27.3)
Oral medications 86 (22.1) 57 (26.1) 29 (16.9)
Insulin + oral medications 60 (15.4) 35(16.1) 25 (14.5)
No medication 131 (33.6) 63 (28.9) 68 (39.5)
Unknown 8(2.1) 5(2.3) 3(1.7)
Diabetic retinopathy, n (%) 74 (19.0) 40 (18.3) 34 (19.8) 0.822
Diabetic nephropathy, n (%) 101 (25.9) 63 (28.9) 38 (22.1) 0.159
Diabetic neuropathy, n (%) 65 (16.7) 33 (15.1) 32 (18.6) 0.438
Hypertension, n (%) 162 (41.5) 97 (44.5) 65 (37.8) 0.218
Ischemic heart disease, n (%) 33(8.5) 26 (11.9) 7(4.1) 0.010
Chronic heart failure, n (%) 29 (7.4) 24 (11.0) 5(2.9) 0.005
Stroke, n (%) 55(14.1) 36 (16.5) 19 (11.0) 0.163
0.8 (0.7, 0.8 (0.7,0.9) 0.8 (0.6, 0.9) 0.022
Baseline creatinine, mg/dL, median (IQR) 0.9)
Chronic kidney disease, n (%) 118 (30.3) 77 (35.3) 41 (23.8) 0.019
Admission route, n (%) 0.383
Emergency department 31(7.9) 21 (9.6) 10 (5.8)
General outpatient 33 (8.5) 18(8.3) 15 (8.7)
Transfer from other hospitals 326 (83.6) 179 (82.1) 147 (85.5)
Infectious disease on arrival, n (%) 161 (41.3) 90 (41.3) 71 (41.3) 1.000
Hypotension on arrival, n (%) 63 (16.2) 20(9.2) 43 (25.0) <0.001
Findings of postrenal renal failure, n (%) 4 (1.0) 3(14) 1(0.6) 0.789
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Use of nephrotoxic drugs, n (%) 123 (31.5) 70 (32.1) 53 (30.8) 0.870
Contrast agents, n (%) 18 (4.6) 5(2.3) 13 (7.6) 0.027
Nonsteroidal anti-inflammatory drugs, n (%) 15(3.8) 9(4.1) 6 (3.5) 0.951
Aminoglycosides, n (%) 14 (3.6) 8(3.7) 6(3.5) 1.000
Vancomycin, n (%) 15 (3.8) 2(0.9) 13 (7.6) 0.002
Sulfamethoxazole and trimethoprim, n (%) 2(0.5) 2(0.9) 0 (0.0) 0.585
Diuretics, n (%) 6 (1.5) 4(1.8) 2(1.2) 0.904
ARB or ACEL n (%) 79 (20.3) 51(23.4) 28 (16.3) 0.108
Other nephrotoxic drugs, n (%) 4 (1.0) 3(1.4) 1 (0.6) 0.789

Initial laboratory data, median (IQR)

Creatinine, mg/dL 1.7 (1.3,2.4) 1.6 (1.3,2.3) 1.8 (1.4, 2.6) 0.010
Sodium, mEq/L 132 (126, 141) 133 (127, 143) 131 (124, 138) 0.059
Chloride, mEq/L 92 (85, 100) 93 (87, 101) 91 (84, 100) 0.025
Potassium, mEg/L 5.4(44,6.2) 5.3 (44,6.0) 5.4[4.4,6.4] 0.128
Glucose, mg/dL 801 (662, 1024) 735 (602, 909) 888 (735, 1133) <0.001

pH 7.22[7.08,7.35]  7.27[7.16,7.36]  7.15[6.99, 7.32] <0.001

Base excess, mEg/L -15.5[-23.7,-5.5] -12.9[-19.9,-4.6] -19.9 [-25.5,-7.3] 0.001

AKI stage (%) <0.001
Stage 1 159 (40.8) 111 (50.9) 48 (27.9)

Stage 2 121 (31.0) 64 (29.4) 57 (33.1)
Stage 3 110 (28.2) 43 (19.7) 67 (39.0)

ACE]I, angiotensin-converting enzyme inhibitor; AKI, acute kidney injury; ARB, angiotensin receptor blocker.

WREZ i 2 & | AR RRE TSR REICEE~T CKD (35%%F 24%) 8 K OMEMOA4 (11%%f

3%) DAFENED > To, SR, FRPERIEREOMRMIE I, KE R & ik U Catibitc L v

% o7z (25%%f 9%), AKL A7 — 3 OFBEEFOEIE L, @b TE o727 (39%%F 20%) . Fcf&IZ.

A CRE CIMRALRE & i U, IR 7 — 2 2B 517 L7 F = Em < (e,

1.8 %f 1. 6mg/dL) . MLIEHALEDMED > 72 (P RAE, 91 %F 93mEq/L),

T

BEPZ T T FREER ORI, EBRERAKDOA (30%), NT  AREEO A (10%), EIZIiTmT5
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(60%) T - 7=, P B & 48 IR O FailaE & O Hh Il (1QR) 1, ARG L ¥ #EC 5235mL (4164-6318mL) |

AL EET 9292ml (8040-12203ml) Th o7z, &G SN EOPRAEIL, &HEEEEMEEA L

WFEDK) 2 % (1088mEq X 542mEq) T&dH - 7-,

EHACRED BE I TARIEALIRE O BE LV b ICU AEEZLELTHREREN-T2 (L 656%%f

44%), F1-, ETEEEZVLE LT OHE S E < RRT (9%%F 1%) . AN TR (18%x%t 5%) . FIEFOfE

H (21%%t 8%) 7p &G Fiiz (Table 2),

BFE. BGETHE, 2L 7F=

2 1%, BEOMIEEME, BIEHENT 2, BLOZ LT F=0 LU BRFITR LTV 5, mii

e 7 —7"Cix, AP B O L L~V ii@mhoTe, 72720, BRITIFERER2EBWIRD e o

Too HEHaERIG KO pH 13, BRANESEALRE DT IMED > T2, Lo, ZFED L, 48 BFHLINICHE

Eix e g ot &Y V7 F=MEIE. BONEEEALMEEO T BN E - T205, BIENS 48 BRI

THEMTCEN YRR LT, 2L ZOET B L THERETIIR 2T,
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Fig.2 Serum electrolyte and creatinine concentrations in the first 72 hours after arrival.
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Table 2. Fluid administered for treatment and outcomes.

Chloride load
Overall Low High P-value
n=390 n=218 n=172
Fluid volume within 48 h of hospital arrival
6843 (5023, 9055) 5235 (4164, 9292 (8040, <0.001
Total, mL, median (IQR) 6318) 12203)
Total per body weight, mL/kg, median (IQR) 121.3(87.5,173.3)  97.3(72.1, 122.8) 177.3 (134, 229) <0.001
2000 (1000, 3768) 1560 (1000, 3500 (1500, 5906)  <0.001
Normal saline, mL, median (IQR) 2500)
Balanced crystalloids, mL, median (IQR) 1000 (0, 3500) 750.0 (0, 2075) 2725 (375, 6478) <0.001
Other fluids?, mL, median (IQR) 2226 (1013, 3555) 2092 (945,3295) 2414 (1231, 4071) 0.009
Total chloride administered within 48 h of 713 (529, 1028) 542 (426, 657) 1088 (876, 1380) <0.001
hospital arrival, mEq, median (IQR)
Outcomes
In-hospital mortality, n (%) 23 (5.9) 15 (6.9) 8 (4.7) 0.477
Recovery from AKI during admission, n (%) 346 (88.7) 189 (86.7) 157 (91.3) 0.208
Prolonged renal dysfunction on discharge®, n (%) 25 (6.4) 16 (7.3) 9(5.2) 0.525
Renal replacement therapy on discharge, n (%) 1(0.3) 1(0.5) 0 (0.0) 1.000
Hospital stay, days, median (IQR) 18 (11, 28) 18 (10, 28) 18.5(12,27) 0.211
ICU admission, n (%) 208 (53.3) 96 (44.0) 112 (65.1) <0.001
ICU stay, days, median (IQR) 43,6) 3(2,95) 43,6) <0.001
HCU admission, n (%) 121 (31.0) 57 (26.1) 64 (37.2) 0.025
HCU stay, days, median (IQR) 3(2,6) 32,4 3(3,6) <0.001
Organ support
Renal replacement therapy, n (%) 19 (4.9) 3(1.4) 16 (9.3) 0.001
Mechanical ventilation, n (%) 42 (10.8) 11 (5.0) 31 (18.0) <0.001
Vasopressors, n (%) 54 (13.8) 18 (8.3) 36 (20.9) 0.001
Complications during admission
Infection, n (%) 91 (23.3) 41 (18.8) 50 (29.1) 0.024
Stroke, n (%) 12 (3.1) 4(1.8) 8 (4.7) 0.192
Acute coronary syndrome, n (%) 3(0.8) 2(0.9) 1(0.6) 1.000
Pulmonary edema, n (%) 18 (4.6) 6(2.8) 12 (7.0) 0.083
Ventricular arrthythmia, n (%) 10 (2.6) 73.2) 3(1.7) 0.557
Deep vein thrombosis, n (%) 5(1.3) 1(0.5) 4(2.3) 0.240

AKI, acute kidney injury; HCU, high care unit; ICU, intensive care unit; IQR, interquartile range
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7T RGA

AKT 75 O[EE O BRI A RIT W CRIEE TH - 7= (Figure 3), AKI EERE o F Rl (IQR) 1. 1K

YA REC 22. 6 BERE (13. 1-48 Wif)) . EHEAbMRE T 24 BFE (15.5-48 Bifll]) T o7-, Log-rank HiE

DFERITARE TIER Mo 72 (P=0.64), AKT I TREBUE L7 D log-rank BE DRFIR b AR TIE7h->

770 ZAEIR T Z & U=, Cox HupI Y — REF /L Cl, Bk aTfT & AKI x5 DEE & ORICHEEL

BT S 0y- 7= (GH#& HR=0. 92 ; 95%CI. 0.72-1.28 ; P=078) (Table 3),

Fig. 3: Cumulative incidence of recovery from acute kidney injury (AKI) within 72 hours arrival.
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Table 3. Cox proportional hazard models for recovery from acute kidney injury.

Univariable Multivariable®

HR 95% CI P-value HR 95% CI P-value
Age 1.01 1.00-1.01 0.007 1.01 1.00-1.01 0.136
Female gender 1.06 0.85-1.31 0.604 0.98 0.78-1.20 0.861
Hyperosmolar hyperglycemic
syndrome (reference = DKA) 1.34 1.07-1.69 0.012 1.21 0.93-1.58 0.158
Chronic kidney disease 1.24 0.98-1.56 0.071 1.08 0.82-1.41 0.587
Chronic heart failure 1.19 0.79-1.79 0.407 0.93 0.60-1.44 0.731
Infection on hospital arrival 1.13 0.91-1.40 0.275 0.99 0.79-1.24 0.935
Hypotension on hospital arrival 1.22 0.91-1.62 0.186 1.08 0.79-1.47 0.631
Nephrotoxic drugs 1.33 1.06-1.67 0.015 1.25 0.99-1.59 0.062
AKI Stage 2 (reference = AKI Stage
1) 1.31 0.79-1.31 0.884 1.04 0.80-1.34 0.782
AKI Stage 3 (reference = AKI Stage
1) 1.72 1.32-2.24 <0.001 1.83 1.39-2.42 <0.001
Total fluid administered (L) 0.99 0.97-1.02 0.587 1.00 0.97-1.03 0.832
High chloride load (reference = low
chloride load) 0.98 0.79-1.22 0.874 0.96 0.72-1.28 0.782

AKI, acute kidney injury; DKA, diabetic ketoacidosis

a: Adjusted for other variables in this table.

MAKE30 1 51 | THA L. & bt 25 4], KA ALEE T 26 Bl CHoT-, ZEER VAT v 7 [Al)F

AT ORE R, AL ERT & MAKE3O & ORNCH B REIEITRO SZes->7- GH%E OR, 0.91 ; 95%CI,

0.45-1.76 ; P = 0.80), AKI A7 —< 3 [ MAKE30 OME—D T HIK T Th -7,

2]

BEDHT THRBROFE RGO, X=X T4 D7 LT F=ENHIE SN2 BFH T, AKL 2260

B m b 5-7F & RS LR GRE CAH B AT o Tz, Btk 5828 iE s LT o &, AKI

[FIE D HR 1% 1. 00 (95%CI, 0.98-1.02 ;P = 0.81), MAKE30 @ OR {% 1. 05 (95%CI, 0.99-1.12;P = 0. 11)

ThoT-,
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bhbhOL stk S S HTETIE, RAORMERSIEICIS W T, ke P ic kb Sh ey &

EAKI 2O oEE & ORNCHEZREIEIZRD b ho 7z, £7-. ZOEMCIIE/LE & MAKE30 & D

BE HZ0D Lo T, JRFERIERED 25— 3 O AKT 1. AKT OEIE X O ME— DA E RN+ Th

V. MAKE30 & B L Cu 7z, BE OFE, B RREE ORI, CKD OB E 2 & et oK 11X, BE lis

Jir & AR LB R o T,

ERFMAE & AKT & OERICHOWTIT MR E L TER ORI B 5, B e 12 B8 L 72 AKT

T, RMEREKIE T 4 — Ry 72K o THI SN 2B MENFEIC L > TH SR I ShDLEZBNT

W5 [66], LU, SEATHFRORRIT—EH L Thwy, miFHE(EmEiE s AKT & OBEIx, HiEEE
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