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[Abstract] Objective To develop a diagnostic analysis software for determining the type of acid-base balance
disorder. Methods Mathematical models were built based on Henderson-Hasselbalch equations and compensation
formulas, to determine the important parameters of acid-base balance disorder, and to develope acid-base balance
disorder analysis process. The software was compiled using the Visual Basic.NET programming language, and the
installation package was generated after debugging. Acid-base balance disorder cases were searched by PubMed,
Wanfang and CNKI databases from 1980 to 2015, and the blood gas parameters [pH, arterial partial pressure of carbon
dioxide (PaCO,), HCO;™ and anion gap (AG)] and the types of acid-base imbalance (literature results) were recorded. All
cases were reanalyzed by software and the type of acid-base balance disorder was determined (software diagnostic type).
Kappa-test and McNemar-test were performed for the two diagnostic results. Results The "four parameters-
four steps" analysis method was used as the analysis process to judge the types of acid-base balance disorder. "Four
parameters" included pH, PaCO,, HCO,™ and AG. "Four steps" were outlined by following aspects: (D according to the
pH, combined with PaCO, and HCO,", the primary types of acid-base balance disorder was determined; @) according
to the compensation situation, double mixed acid-base balance disorder (DABD) was determined; 3 according
to AG value, three mixed acid-base disorders (TABD) were determined; @ the ratio of AAG T/AHCO, | was
also calculated to determine whether there was normal AG metabolic acidosis or metabolic alkalosis. The software
had the characteristics of simple interface, convenient operation, rapid judgment, and comprehensive analysis. It could
judge all acid-base balance disorder types excepted "AG normal metabolic acidosis combined metabolic alkalosis". The
software was used to reanalyze 112 cases of acid-base balance disorder reported in the literature, with a consistent rate
of 87.50% and better consistency of the diagnostic results (Kappa test: & = 0.84, P < 0.01; McNemar test: y ° = 0.87,
P =0.65). Conclusion The software can be used as an important tool to judge the type of acid-base balance disorder,
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and provide clinicians with diagnostic reference, which have practical value and application prospect.

[Key words] Acid-base balance disorder; Analysis of arterial blood gas; Software design
Fund program: Research Project of Suzhou Ninth People's Hospital of Jiangsu Province (YK202019)
Copyright: Computer Software Copyright of National Copyright Administration of the People's Republic of China

(2017SR386417)
DOI: 10.3760/cma.j.cn121430-20201012-00667

PR N PR B RS AR T 2 fE e SR B
R lfe AR 388 S, B VA 1 D 7 - 747 25 L (PR B2k
1) ZERUIF 45T IR A I R T 10, W] DA — 2P 4R
BFIEROFIGY Y IR . (HIRTR AT B (12 Wy
R N—FR S s, Bl AR A HoA
ETICAL R Sl X0 TR G 2R TR Bk S A6 248 A4 ) 1 D
BB P Sy R R R A T e
BAHROA T, NIk, AHFEE g i Az
R B 5T TR 3K TR T 2K L A3 B Bk
P A% 1M S BN IR R A5 8 2R R A A | DS ]
MAHIT
1 #MREFE
11 JFRMEF TR« PRI 25 &L o0 B 4
JEAE Windows 7IVE RS [ FHIE T Microsoft. NET
Framework [f] [1] X} 2 421 75 Visual Basic 2010.NET
(VB.NET) #4745, S A e A 12 2 4, T 7
Windows XP I 5 5 A (U454 E R G0 e e fdi H .
1.2 UL SR
120 BRI SEA - BB T B A N, RO fE
25 o5 (H) B9 %) ot 5 el 2 RE % #5632 ot 1 (H)
OB B0 RS 4 R B A A R
HA () = H"+A™ (5 ). HIL AR 2 455 R B~ 87 1) AL XS
R MO T IA R % W 2 98 L I JE AR U g 8045 1)
Ao RV 22 i 2R 0 S A4 0T IR i K 46 11 25—
B2k, Horp Ik SR 2 b R e M2 (A 1),
IR S AR 2% 1o 22 0 T2t R BRI AT F R el 2 A6 114 B
GERLiC = RN

CO+H,0 = H,CO,= H'+HCO, (451)

1.2.2 HUFRRL: S B BSREBE Y B e H' Yk
(R D, A1 SBR[ H 1A (A 2),
LR H [HT ] HE B K (FE nmol/L 7K %), #E 1
2 pH {8 A9, Ho SOk [HT TR a4
Ze it it —20 4 45 H 25 2 19 Henderson-Hasselbalch
J R (H-H 2020 (AR 3), H-H 243U 4
A TR Tk < 745 25 2 ) L Tk i A Y, 8 g S TR i
T2 BE (36 bR (pH) 15 | S 198 W 2K 46 1) i PR 7 48 B
(Bhki — A A6k 53 Fk (arterial partial pressure of carbon
dioxide, PaCO,), fii TR = MR (HCO,) ) K R 7E — k.

WE pH T BN REAEETEE, pH | SR AT REAE
FE TR T EE 5 T HCO,™ 1838 i 2 AR 1k R R AR 4k,
PaCO, 1CR M ZMEMPE R Z AR b, I H-H 2 :0]
PIA5 Y pH {E i HCO, /PaCO, FUAE e , BRAR & 14
T+ 24 HCO,™ 5 (o X PaCO,) Y FUAE Ky 20, ] pH=7.4
().

L [meo]
[H] =K x [Aco ] (A2)
HCO/ i
pH=-log,, [H+] = pKa+log,, <£Ta(1]02> (A33)

2, pKa i s 5T i 5 A (KD i 4,
a K CO, %R EE 2% (0.03 mmol/L ).

1.2.3 RO A AL AR A MR 32
i 4 oy YRR R 5 N PR EE AR E B« AR R v
G5 il p RS B R AR T | ZH 2R
I e LA R A o R 9
SR T o SO i e A, TS 0 I PaCO, 7K
- BT A BN AR AR NH,T L o3 HY
FE W HCO,™, FE M5 0 L H HCO,™ W, Jifi
Thtie 5 5 e nl AR EAEE, AR H A2 4E HCO,
55 (a X PaCO,) Y L HE T 20 = 1, AT pH {EA
23 K BE W B, AE R LA IR B A PR 458 A AR AR
AR BR B2 ] DLad AU A U T 38, H i T
(g fC A28 XA WA, B : Carroll FUREA (1)
I Narins fEEAS (3 2),

124 FRBEIATA 52

1.2.4.1 AR FREE KA (simple acid-base disorders,
SABD) : £ 4 I W 14 192 v B (I 152 ), I 182 A i v
B (P ) A5 R v B (FUIR ). A3 1 o6l v B
AR

1.2.4.2 X HE R A B R 5% 2% 4 (double acid-base
disorders, DABD) : (D FREH—0H : AR + MR AL
0+ WP ) BRTRIE 5 2 - AR + Pk, B8 + PR
Rz + A ; @ WEAER AL « P25 7B (anion gap,
AG) IEH IR +AG = RURER (AG T BIR ),
1243 = HE R & B R k2 i (wiple acid-base
disorders, TABD) : 0 4&IF & + fCHK +AG T BUACHR
(PP L) PEAE + A8 +AG T AULHR (FFAg ),



- 218 -

FRAEFE TG A B EE S 2021 4F 2 H 45 33 3545 2 18] Chin Crit Care Med, February 2021, Vol.33, No.2

F® 1 BAREKETITREAR (Carroll REATK ™)

Ji 2 R Al pH & B AR R F A AR A=A Ta] AR
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Dim pH As Single, HCO3 As Single, PaCO2 As Single, Result As String
Select Case pH

Case Is > 7.4

If PaCO2 > 40 And HCO3 > 24 Then
Result = DJ(HCO3, PaCO2, AG)

Elself PaCO2 > 40 And HCO3 <= 24 Then
Result = " 45 "

Elself PaCO2 <= 40 And HCO3 >= 24 Then
Result = " fRH# + P68 "

Elself PaCO2 <= 40 And HCO3 < 24 Then
Result = HI(HCO3, PaCO2, AG)

End If

Casels=74

If PaCO2 > 40 And HCO3 > 24 Then
Result = " fUH + PRREZ "

Elself PaCO2 > 40 And HCO3 <= 24 Then
Result = " 45 "

Elself PaCO2 <= 40 And HCO3 > 24 Then
Result = " 45 "

Elself PaCO2 <= 40 And HCO3 <= 24 Then
Result = " PER + {LR "

End If

Case Is<7.4

If PaCO2 >= 40 And HCO3 > 24 Then
Result = HS(HCO3, PaCO2, AG)

Elself PaCO2 >= 40 And HCO3 <= 24 Then
Result = " FER + QR "

Elself PaCO2 < 40 And HCO3 >= 24 Then
Result = " 45 "

Elself PaCO2 < 40 And HCO3 < 24 Then
Result = DS(HCO3, PaCO2, AG)

End If

End Select

T« HOPSRAT 55 12 FhE5ER 5 HCO, SHBRIR SR, PaCO,
Bkl — AR, DY S AREHPERRE , Error {RFHEIR,
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5 kAR B T AR EE R K BE AT — 2B 2R
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SR (BT ) BRRRSR AR ST AR B AR

fH A SRR RE , B AR A 2T X7 11 R R,
SR AR R R DL 2R Ry 41 (fif
SUERFR Y Carroll fREEA ), I “ph k£ (S50
A “HS (PaCO,, HCO,™, AG)”, BRER 014 g Tk bk
RAMTIHAL” MR S AR DL 3,

1.3.2.4  SE DU - AR X280 i = A W ) Bl

>Max
AG< — HS+DJ
16 mmol/L i
HCO, [Min, Max] —
<Min
HS+DS
HS(PaCo,, |
HCO,", AG) “ Max
HS+DJ+DS(AG 1)
i Min, M;
HF&C? (Min, Max]_ 1oy ns(aG 1)
AG> : <Min
16 mmol/L HS+DS+DS(AGT)

Public Function HS (ByVal HCO3 As Single, ByVal PaCO2 As Single,
ByVal AG As Single) As String

Dim min As Single, max As Single

min =24 + 0.07 * (PaCO2 - 40) - 1.5

max =24 + 0.07 * (PaCO2 - 40) + 1.5

If AG > 16 Then

HCO3 = HCO3 + (AG - 12)

Select Case HCO3

Case Is < min

HS =" SPEITRR (%) + fRRR + 1RRR (AG T)"

Case min To max

HS =" AHEVFRG (8 ) + OB (AG 1)

Case Is > max

HS =" 2 PERPIR (%) + fUB + 10 (AG T)"

End Select

Else

Select Case HCO3

Case Is < min

HS =" ZUPEIPmR (%) + Ul

Case min To max

HS =" 2R (F%)"

Case Is > max

HS =" 2B (%) + (R0

End Select

End If

End Function

T AR E] 6 FhLEE | LU T3 (FFRR) A48,
HS (PaCO,, HCO5™, AG) NNR pEECIZEL, PaCO, S aliikifiL
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Max J9AURE K 1] FBR , Min AACELIK ] FBR , HS HIFHEL,
DI AR TR, DS b AG TEH A CHHER P,
DS(AG 1) AG B Rt R v i
B3 “PBTAERLAEL TRIEAAARMN AG Xkt
REHFENER =R A BBMBARE N AR

AG T BUR TR AN — 250 #, W2 B FRHEA AG
TEH BT B ACH 5 A BRA T X &Ry =2 FIWT A
A AG T B RS — 2 M, B R AR
JFARHS WL 4
1.3.2.5 HJadAT BT KOS AR TAE, ek
il VE AR 2284
2 HEERELEIE
21 WFFEEA R . FHITE ALK E PubMed . 7
77 R E 0 PR 2 1980 F 2015 4F & FEIITRTK
R A STk T e S e 112 49, PR R
FHN KT A TR B IS AT 2 Y (i PRS-y 25 5L AT
B XF R R B T R T, A5 O T Y iR
BRSBTS XA M S 5 Sk 45 kT — 3%
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AAG/AHCO; <1

DS(AG1)+DS
1< AAG/AHCO, <1.6
DS (AG>16) DS(AGT)
AAG/AHCO, >1.6
DS(AG 1)+DJ

Public Function Result (ByVal HCO3 As Single,
ByVal AG As Single) As String

Dim Ratio As Single

Ratio = (AG - 12)/(24 — HCO3)

Select Case Ratio

Case Is < 1

Result =" 18R (AG 1) + 1QfiR "

Case 1 to 1.6

Result =" fCfR (AG 1T)"

Case Is > 1.6

Result =" fCFR (AG 1) + {05 "

End Select

End Function

Y BB AT 3 R4 5 DS (AG) KBIBSTH (AG) 175 A
RIHERR P (R BB EORIZHL; AAG=AG—12;
AHCO, =24—HCO; ; DS(AG 1) i AG BEE AL,
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AT R0, B o3 B 45 2R 5 SCRR & R ) — BOR Oy
87.50% , 7T 45 R — Bk 4T (Kappa K : k. =0.84,
P<0.01 ; McNemar K25 : y *=0.87, P=0.65),
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SABD 39 4 0 43
DABD 2 48 3 53
TABD 0 2 14 16
A1t 41 54 17 112

¥+ SABD Dy B4R, DABD 4y WL £ AR
TABD 4 = T A BRI S 7 5 28 Kappa K23 : k=0.84, P<0.01;
% McNemar K46 : y *=0.87, P=0.65
2.4 PR CTRBECT A EEEL AT A R TR
PLAA T B Ja A R, CIBAS AR G R 25
VERL (B0 5 : 2017SR386417). ZAAFIEE S A
O %t BT AL RAE R G B A
PR 5 Q) R FUE R A 2 R R DA S
ME R @ s TP PERERRE | 3B 25 Rk

WAl 58 ; @ Al 3 AR “AG IEH RURER + fUm” L
HMNITA I (TR A R AT
3 3

P B e S 2 A iy B L, o 2 I A PRI
HAIEH EEMWE XL R A T 2 e E
SBE ARG AR A, B AR TR R R A 2
JELT IR B PR T 100, T DA4R 8 e T A AR
TR, SR, BR B A A 0 T R s ZEdE AT
R T R AAL, i R R R, i B R T AR
X PR ARy B IR SR K AR TR, 258 5 4. i
FRAHIR 2R I RIRYT , S EUHAN RE R
PR, e PR b 30 U105 B — b n] AR | o fff 41 Doy i
BRSBTS A3 T B . B {5 B R AR TR By Sl
e KN FH AR B T B 45 N B AR,
LA 2 PRI SR A AT A ik T e

TR 8, A 3 BT D P R R T AR A% O R A
AR R RSO EAR T B, Wi R BT i
P 2 3 R AR A A 56 S 8501 1 32 5 Ab BT
B BRI R A 2B o3 b 7 i N i LA B E M 1
P R 5 A P SR L, B 28 e T T R A B S A
0 A 45 SN T IR B A 2 5L, RIS 43 285 SR
AR PRI BT A T A 2SR, I RS T KA o
H AR AR T “WUSE - AR ik, S
B F8 0 W R e 2 A i S AR A S5, B pHL, HCO;™
PaCO, Fl AG. BRES AL 73 il LA T JEASD TR

S5—2F AR pH YU R B SRIF 45 A HCOy
F1 PaCO,, i Jit & M (B8 3222 1Y)) I i 2k Al S 70
pH 1F % 2 % (5 I [l 7.35 ~7.45, B 8K pH J2& [z ke
N P B 1 T B A A, (EAR A H-H A AT 1%
H pH J& i HCO,™ 5 (a X PaCO,) (Y Fb Pt % 1Y,
T2 pH B4k 1 4R 8 R R PaCO, 38 HCO;™ 281k,
pH 7 1E 5 2 % (15 [l N 1T RE A7 76 BR O -1 1042
ST B4 PR Bl A YRS R I A A LR O, B LAAS
RE R AR pH H) W7 2 75 A7 76 IR B 2K A 5 [WIAE, B
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AFEAENFI P S AR R R A . P LA R &
P I B 2 A A A BT [ ) PR AR R e (B HC O, |
PaCO, | , 5% HCO,” 1 . PaCO, 1), HA 5 & VA2
BLAR AL > AR L, LR BE R e 52 08, R &
e, BT DU K (B2 ) BR AR AR A S AU 52 )
pH B8k % pH . PaCO, . HCO, ¥{H 435 K 7.40
40 mmHg . 24 mmol/L, Hi# & H-H A3, L 3 24k
PIE R4 FOR S, 24 pH < 7.40 4827 J5 & Pk (B 2
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1)) FR B Al — 2R rh g (FRFR TR IVFR ) 5 24 pH>
7.40 7R Bk M (i S ARG ) R B A — R S A
F (RBETETR ). 75 SABD 1, 24 PaCO, M il & 728
fE B}, <40 mmHg — %€ J2& PFAf, >40 mmHg — & &
PR 5 4 HCO, I 84K, <24 mmol/L — & /&
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