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TABD 4 30.98 +5.40 [t 308.40 +78.12, ¥ P<0.01 ). 45 1S 5HT H sh KT Excel HLT M5 BEPLE | MEHH
X B DK LS 53 BT A T R B A 2 A (1 T D

(A1 M FRBCHT ;  Excel HFFAE;  THEVLT

EETH : TS RN RFAR A R E S ] (2% ) 13435 (KC18185)

DOI : 10.3760/cma.j.cn121430-20200217-00186

Clinical application of Excel spreadsheet with blood gas analysis in automatic judging the type of acid-base
balance disorder
Zhai Jingfang', Wu Zijian’, Wu Jiebin®, Zhou Bin’
"Xuzhou Clinical School of Xuzhou Medical University, Prenatal Diagnosis Center of Xuzhou Center Hospital, Xuzhou
221009, Jiangsu, China; *Computer Science and Technology, Xuhai College of China University of Mining, Xuzhou
221008, Jiangsu, China; *Department of Neonatology, Xuzhou Clinical School of Xuzhou Medical University, Xuzhou
Center Hospital, Xuzhou 221009, Jiangsu, China
Corresponding author: Wu Jiebin, Email: ranbow8459@126.com

[Abstract] Objective To judge the type of acid-base balance disorder automatically according to the results of
arterial blood gas analysis by using the IF function editing formula in an Excel spreadsheet. Methods The four-step
analysis was used to carry out programmatically through establishing acid-base balance disorder analysis process:
(D the acid and base types were determined according to pH value and the primary or main type of acid-base bhalance
disorder was determined according to the pH value combined with blood carbon dioxide pressure (PaCO,), HCO;™ and
their change rate; ) the expected compensation formula was selected to determine whether there was mixed acid-base
imbalance, according to the primary or main acid-base imbalance type; 3 the potential HCO,™ should be calculated to
replace the measured HCO;™ when the primary acid-base imbalance was divided into two parts according to the prior two
steps: respiratory acidosis or respiratory alkalosis accompanied with anion gap (AG) increased-metabolic acidosis and
compared with the compensatory interval calculated by the predicted compensatory formula for acid or alkali to determine
whether there were triple acid-base imbalance (TABD); @) while the following two parts were judged: metabolic acidosis
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accompanied with AG increased-metabolic acidosis according to the prior two steps, AAGT/AHCO; | should be
calculated to determine whether there was metabolic alkalosis or metabolic acidosis with normal AG. The results of
arterial blood gas analysis were judged by using the editing formula of IF function in Excel 2003 spreadsheet. A total of
96 patients admitted to the department of intensive care unit (ICU) of Xuzhou Central Hospital were enrolled. According
to the results of arterial blood gas analysis, the type of acid-base imbalance of patients was judged by both artificial
judgment (artificial group) and Excel spreadsheet automatic judgment (Excel spreadsheet group). The artificial group was
composed by 2 associate chief physicians from neonatal intensive care unit (NICU) and 1 attending respiratory physician.
If the results were inconsistent, the decision should be made after discussion. In the Excel spreadsheet group, data were
input by one NICU attending physician and checked by another. The differences in the results and the time spent in
judging the type of acid-base imbalance between the two groups were compared. Results  Forty-two types of acid-base
imbalance were obtained by using the four-step analysis method and inputting relevant parameters such as pH, PaCO,,
actual HCO;, Na”, CI” and compensation time limited into the Excel spreadsheet for blood gas analysis. Data analyses
of 96 patients showed that the accuracy of using Excel spreadsheets to automatically determine the type of acid-base
imbalance was higher than artificial group, but there was no statistically significant difference between the two groups
[normal and simple acid-base imbalance: 100% (26/26) vs. 100% (26/26), mixed acid-base imbalance: 100% (51/51)
vs. 96.08% (49/51), TABD: 100% (19/19) vs. 89.47% (17/19), all P > 0.05], and it took less time to judge the results of
blood gas analysis by the Excel spreadsheet group compared with the artificial group (s: normal and simple acid-base
imbalance: 31.13 +4.70 vs. 74.20+ 16.53, mixed acid-base imbalance: 31.59+5.49 vs. 138.10+22.26, TABD:
30.98 £5.40 vs. 308.40 +£78.12, all P < 0.01). Conclusion The automatic judging Excel spreadsheet with blood gas
analysis can quickly and accurately determine the type of acid-base imbalance in arterial blood gas analysis.
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WIS R | B P R BT 25 L 0B i , HEATAE . pKa+lgHCO,/(0.03 X PaCO,) 1 % pH {, 7£ D11
FEACIAT M Excel HLF3RA&H IF sREE AKX, B ICH i A “6.1+LOG (D6/D5/0.03)" . 7E D14
HFE IS oM B Sh IR 7246 A pH L SKIL  JC 48 i A PaCO, 28 b 2R (I 45 XJ {H) “ABS (40 —
TR 2 (PaCO,), S2BR HCO, ™, Na™, CI” #1418 D5)/40” (ABS 2 718 4 X% {H), 78 D15 B ST A% f A
PR (207 180k, BVRT Bk | /R IR IR 2 HCO, AR (B4 X {f) “ABS (24 —D6) /24" . #K
I AT S STy (1 R I W AW /N NG ) 7 N B TR W AW =2
1 ERF K& 2B HI T R, AR 1 R 3 (IR R : PaCO,=1.5X HCO, +
1.1 FEA @ K4 Henderson-Hasselbalch 77 4 6 ~ 1.5 X HCO, +10 ; 1Rl a7 (f8HR) : PaCO,=

HCO, . Na". ClI". AG H1{ii & mmol/L, PaCO, HL{i A

K314 pH 1, pH=pKa+lg HCO, 7H,CO; ", X1 pKa
AR TR FEL TS P 3 B0 K I 5704 (pKa=6.1) 5 @ B
BFBR(AG) =Na' —(SZbr HCO, +C1)'' ;3 AAG=

0.9X HCO; +16.9 ~ 0.9 X HCO, +19.9 ; 2 14 I 1 7
fiz 2 (IR ) : HCO, =0.07 X PaC0,+19.7 ~ 0.07 X
PaC0,+22.7 ; I8 VEIFR : HCO,” =0.35 X PaC0,+4.42 ~

AG—12 7 R A R
{8 ; @ WAE HCO, =5LFr HCO, +

F1 BEXETHUEAR

s ) . R R SA R AN WA FRAZAR R

AAG 75 AHCOy =24 —5 JRianl® HCO, L1 PaCO, | PaCO, = HCO, X 154852 10 mmHg
b HCOy 7°) ® PaCO, A5 fk  fUBHERR#  HCOS 11 PaCO, T APaCO, = AHCO, X09+15 55 mmHg
PR #E PaCO, 1T HCO, T 2 : AHCO, = APaC0,%x0.07+1.5 30 mmol/L
R (RAXHE ) = (40 — PaCO,)/ {8k . AHCO, = APaC0,x035+558 45 mmol/L,
40, HCO, 8L (M4 Xl ) =  PPbEsirh#  Paco, || HCO. | Z#k: AHCO, = APaC0,x02+2.5 18 mmol/L
184 . AHCO, = APaC0,X0.5+2.5 12 mmol/L

(24 —5ZFr HCO, ) 24 5 @ TR %

) 1 : PaCO, M ki S8 ALER 3 E 5 1 mmHg=0.133 kPa; | | 8¢ T TR L FERYL
J A AL A R L 110

ML, | o T R R R, A A
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4 pH 7.52
I PaCO, 28/ mm Hy o A
[& HFFHCO, 22} mmol L
L3 Na© 140} mmol L. WrEEREEPELFNEETR

8 [«} S6immal L WAGILMHEMD K. THENTE
[o] feizma wigs | CLELT
{10 |®28, pHMERESpHIEREMESE. OBHE, KNMA! D pHMRE SpHTT HEELR,. DR0x, #ra U REsEr—2. 8
|11 pHitEMI__ 7.5181 BTHE. BRFEMA!
|12 |33 PeCOSHOOERLTRNE: MEl DR mEi SETRW. oF: SETERW. =3X

13 PsCOHCO, L FEinF. WHAM LT B L6. LIMAHTERXEHCO,-HOO, Ttk i 5 (tw,
[14] |pacomisinnim | 030 D HAGe 6ol LESLFEEE TR AAG AHCO, H 3 B RTENCO, - HOO,
| 16| | OOy IR ME) 0.08 R RENNREERAGTR. MEHRAMER, Lo, LTRTR
| 16 PR R T PO o RO R TLER T
[17] |MRfmR, itRPCOERTR 3900} 1 #3.00 mm Hp B EEFETRAGHR RS EoneERRS
|18 |ERi{UM. it WPCOERER 3670} ~ | 30.70 o Hg B W AR, R & AR L R aha A M MU !
[19| |m%mteerme. stHHCO, TiLER (21661 ~ i 24.66 immoll
[20| |W¥ki@teoPae. iHHCO, BILEHE 1422}~ 2538 mmoll || MRER

21| |[ERAbsFM. FRHCO, FikiER 12004 ~ 1 2410 immolL B A B R B R A T W)
[22| |WxmtEsrs, irEHCO, ZiLHE 1550} ~| 2050 frmsolL [FTT] Bt 2t feEmm
[28] [Wi®. TR AG | 22.00 jmaal L L Em T PaC0=[HC0, ]<1.5+8 £ 2 | 10mmHg
4 AAG 10,00 {mmol 1. L APACO= A[HCO, ]0.9 = 1.5 | SSmmHg
|25 AHCOy 200 {mmolL [rmimmm (@i AHCOy]=APaCO-0.07 £ 1.5 30 mmol L
| 26 TR ERCO, 32.00 {mmoal L it AHCOy = APaCOy0.35 £ 5.58 45 mmol L
27| | AT e CEmtEachl B A[HCOy|= APaCO02 £ 2.5 18 mmol L
|28 |DAG-16. HIFHWAGHKE Wit AHCO,]= APaCO:05425 | 12mmellL
20| |DAG=168f, MELCFRCFMNEETHHLN, WEHCO, >HOO, TiEH
20 M. St #ERCO, <HCO, FIBE TR, HEiREXAGHKE || AG=ra"- HCOy-CI MTEHCO, = SAG+HFHCO,
:3!_ FAG-168. MUKRATETEEIS. JAGAHCO, >16, MEFRH AAG=AG -12 AHCO, =24-5FFHC Oy
| a2 Wi SAG/SHCO <1, Ml B ERAGIRE PaCOLT (LR (NLE T (i)~ APaCO40  HCO, 3 (3R (LR )= AHCO, 24

5wl GG g R L 0, I m
 : PaCO, MBI — A LTS, AG FEHEFBE 5 | mmHg=0.133 kPa
1 IfiSS5HT B SIEIWT Excel BT 3R4

0.35 X PaCO,+15.58 5 2 11 I W 4 i 2 (P i) 1.2.2  HBHIWE S

HCO, =0.2XPaCO,+ 13.5 ~02XPaCO,+18.5; 18 1 1.2.2.0  HlFEEREE . RAWAE Mk (K 2) : O R
M- i : HCO;”=0.5 X PaCO,+1.5 ~ 0.5XPaC0,+6.5. 4l pH EFIE R . 5, 455 PaCO,. HCO;” S H AR fk
SR J5 7R R BT RS TR A ORI L, B A R e IR B R RS A S A 5 ) MR IR R Bl
F17.H17.F18, H18.F19, E—

H19. F20. H20. F21. H21 . : ! |

F22., H22 255 4% 1 43 3 i A E# B

“D6X1.5+6” “D6 X 1.5+10” . ' '

“D6X0.9+16.9” “D6x0.9+19.9” | |

“D5x0.07+19.7” “D5 % 0.07+ fiehe B T flk ik

22.77 "D5x0.35+4.427 “D5 X e . I,
0.35+15.58” “D5x0.2+13.5”

“D5X0.2+418.57 “D5x 0.5+ [l Mg SRR R - R

1.57.“D5X0.5+6.5" . HHEAG. | jemarorsk - R - Rk S
AAG. AHCO, . ¥ f£ HCO,

~ AR

. - AG 1 AIRER = AG T BUfRER - AG T AIRER = AG 1 AIRER
23, 4 BI1E D23, D24, D25, | | |
D26 BT i A “D7 — D8 — FRARSIE # AGHER FRARSIE # AGER FRARSE # AGHER
D6” “D23 — 12" “24 — D6” V1 AG BB AG T AR AR T AG IR

“D6+D23 — 127, B2 mSoMTEsRERORER ERE
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FEFR O 2 M 2 AU B A A S, # e A TETR
G TR 3 @ 24 AG 1w RUACER I, %317 9 45
DRI Ji A kB TRk A Ay I T, 31 7k
1E HCO,, T 7E HCO, AR 3EBR HCO,™ 5 IR R
I 6 2 4 R Xl AT e
HE T H WA JC = BRI (TABD) ; @ 4 AG 3
e LA R IS, X 7 VP A 4 DR D A ik B IR 2 1y
R, 8 AAG T /AHCO, | T 2
FIWHZR A IR R AG R,

B2l R B YR A R R 2 i TF PR R A 5K
L (3 2) « BRLALTR TR 2K A5 43 S AR R | AR B P
TR A 4 25, HC b i vh 8 AL 5 AR R AN 1R, Bk h
TSI, Y pH<7.4, RS fEAEAC IR A
(T8) WP S & o B 356 5 24 pH>7.4, A&
AEFEACHRORN (B8 WA A B 32 22 ()P i 25 L. AR
T 2 0 70 R A 2 A 4k o AR AR AL 5 R M 2R L
I 1], {HL 4 A AR A2 788 A — 52 /N T & M 35
ALY B4 HCO, A4k > PaCO, 284k R (A X i)
B, AP R e A (AR AR AR AR ) St [ ol 32
P 2556 5 PaCO, 28628 > HCO,™ AR ke (R4 xf
{EL) B, I IR e R 2 A7 P ol Pk ) gl JE 4
FEPAT AL B 3 S A pH<T7 4,
HCO,™ 8463 > PaCO, 28403 (4 XA ). HCO, <
24 mmol/L, JF & Bl 3 B 1 - 5L ARHR s pH<
7.4, PaCO, 7% fb £ >HCO, 728 b A& (M4 X ).
PaCO,>40 mmHg, Jit & 5% 3= 22 %) - 25 B2 IR
pH>7.4 HCO; 84k > PaCO, 28 b3 (L XHE ).
HCO; >24 mmol/L, J5i & %, = B 1) A 25 H LA U0
pH>7.4, PaCO, 4L >HCO, B8 (B RHE )
PaCO, <40 mmHg, Jii & a8 3 B2 (1) -5 25 L2 PF-6
4 pH=7.4, HCO;™ Z& fk . =PaCO, 2 fk. % (1) 15 1L

T, 4 PaC0O,>40 mmHg, {8 A MR Fl G245
PaC0,<40 mmHg, fX APFILTT AL A PaCO,=
40 mmHg, W JC R % 2% i (AG <16 mmol/L i} ),
P D R B T B R 2 A A AR I AR A
L PEAT X5 © FE WA A X E N, pH<
7.4 B, pH<7.35 N FRAiTRARIR (PR ) A0t
pH=7.35 R i B R (ST R ) 1AM s pH>7.4
iF, pH>7.45 Sy 5 2 YA B (B80T 50 26 AR 1
pH<7.45 Sy FRAETRUAR G (BP0 AU, @ FET
THREEAGEFIZ A8, WIAEAETR A B RR R A

24 AG>16 mmol/L B B2 B% 2 7 IF bR 5% 2 45
A - W AG>16 mmol/L, F5E Ky AG 1 25 )
2. @© QiR sl o A Ik 5l 28 A7 25 L
B, K PaCO, 1A MR sl PP 7310 A2 A =X, T
7E HCO; 5 HCO,™ TREHEAR LA e < TR
HCO, >HCO,” FUEE R, Aem ) e
HCO, <HCO; Wl TR, H5E MR AG IR .
@ AR R I ol 32 B A 2 LR, AAG T
AHCO, | Fb ) % : AAG T /AHCO; | >1.6 ¥
FE R AAG T/AHCO,™ | < 1.0, HE R IEHR AG
KT @ M pH=74. PaC0,>40 mmHg, 1t
APFRRFHR LA R s pH=7.4 . PaC0,<40 mmHg,
AR I X I TE HCO,™ 5 HCO,™ il
PEAEAH LB T R R AR AURE IEF AG R
2. pH=7.4. PaC0,=40 mmHg H|5E K AG =5
IR G IFACHR
1222 ] IF eREU A X, SR TR I S A 2 Y
W pH=7.4, B HCO,"=0.6 X PaCO,.HCO, < 0.6 X
PaCo, i, pH<7.4;HCO;” >0.6 X PaCO, i) ,pH>7.4,
W5 2% 2 M Ry ) e 3 % R e A S R A A
W, P A KT G 91, 12 1P sREdn iR

®2 FHERRNEZEREKELIL T

i HCO, PaCo, PaCO, ZE4b3 @ 5 HCO, SRR R AT
P (mmol/L)  (mmHg) QLN P T FRTA AT VAN
<74 <24 <40 HCO,™ 284k 2% > PaCO, A5k % fRER (fUE2k sl A ) s CBR © + IR oA
<74 <24 >40 HCO,™ Z84k2 > PaCo, 25 fk % fRER ©+ MR RIRA
<74 =24 >40 PaCO, L >HCO, ZEfb& WPER ([UEEP R AR ) BT AR © + 1R A IFER S 3K
<74 <24 >40 PaCO, LR >HCO, bR IR © + R PR 3K
>74 >24 =40 HCO, 28fk3 > PaCO, A5 fL3 FRAR (RAZE BRI A R ) BARAR © + MFRR FOI A
>74 >24 <40 HCO, Z8fk3 > PaCO, A5 k3 fRBE © + W-Hi AR
>74 <24 <40 PaCO, 25k % >HCO, A5k P (fo ek gt ) s as © + 1Rz A K
>74 >24 <40 PaCO, Z5k3 >HCO, 25k P © + 1 WP 2

7.4 >24 >40 HCO, Z5fk# =PaC0, 25k PEVEITRR () B ENTRR © + 105 PR A
7.4 <24 <40 HCO,™ ZEfbH =PaCO, 22k % PEITAR () B2 TR © + fRR I 23 =X
74 24 40 HCOy 254k =PaC0, 25{k% TEmRH A

H a SR I AR S E (PaCO,) 281628 (U484 ) = (40 — PaCO,) /40, b HCO,™ A5 Ak (R4 %HE ) = (24 —52F% HCO, ) /24 5 ¢ K
TR Bl T BRI A2 5 I JCERBRIAET A BH B TR (AG) <16 mmol/L BYTEI T 5 1 mmHg=0.133 kPa ; 25 IR TC LI
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IS H AP BR < 3 d, M A PERERR / AR =3 d,
e VENERR /RO, IR R SR K, B ICHK
75 A BRI, 43 S = R O ) T 5 SR A
L6 ~ L8 FAITHE (o AG > 16 mmol/L B AHCHR T o
MBI L8 BATCHE ),

1AL, B3R AR 22 i T TR o, A
e H SIS S {8 Excel AE 5 E R IfE,
P A5 A R B OTAR I LA IX 4. D11 BRI
WE R 3 AN AR BTk I B 2 A/
Bij 1F FL TR A% kol i OR3P TAE R Dhhg, JAR R
D4 ~ D9 HITHE A LUk ABdE . L 7E D4 ~ D9
JUHE 4 )% A pH . PaCO, ., S FR HCO, . Na'™, CI” &
FRAZITBRENAT B SR LR 3 42 FhiR eSS S .
TR R A | AR / AR U E SR A 2/ 18
PEVERR / WFRdA Ut sl R AR | QR /7 ARH 5 IFIF
iR / AR, 2/ 1S PERRRR / AR A ITERER /ARAR . AG
B BARIR . AG 38 S B ER G IT AR / I AG AR
2. 2/ S EITPER / N (R s R AR M) &1
AG B AR IR . 2/ 12 IR / e (A2 B
AR B I AG 3 S AV S ACHE / 1E# AG 1RRR
2 I&FRRFA
2.1 BRI TERAS EE B AR 2 51 St A I DL
T (H S« XZXY-LJ-20170328-006 ), HE B4 M 7
U IR g T W P B3 (ICU) 98 1] s, AR I 3 ik
LA M 25 R4 AT N TR0 (AN T4 A
M5 A S HIBE Excel HL T 248 (Excel LT 4%
2 ) F TR AR A P IS 78 R AL P A ) i 2
WA, RS A S TABD HIW )y seAllal, A
T2 2 £480HE JLEAE 5% B (NICU) #l 4T B
Ui K 1 24 PRGBS 36 B U 5 i, HRRFRIE S A H
WSS [i] , BRI 5 angs /AN —2, 3 ATieJa e A
Wi 2t 5 Excel FLFRASALHH 1 44 NICU EIR BRI
BB, 75— N R A 1R
2.2 GeitsEorHr . N SPSS 16.0 B kT4t
3HTe IEAS TR GORNAIIEL + bR (R +s)
FOR A EUBCR T ¢ K56 5 THECRORR T v * K.
P<0.05 A ESAGIFE L
23 %5 R
231 PHALRR B iy 2 RUH T I R A (R 3) -
R 2Bl ki o BT A R SR 22 2 ], % 96 11l
B KN A AT AT RR AR A S TR T, Excel HY
- L W R a2 A S R E A SR A TN AL (H
WL IEA R A 5 S RG22 L (¥ P>0.05). A

T AR FEF R < pH 7.35 ~ 7.45 B FRAS I A
T A AT R S TABD 2SR5
Excel HLFRA& 4 2 g4 A A it HEH AL
PETCIR , RO R AR WA 25t R 1R

xR 3 ERAREFGER 96 flEEMSHHER

HATERB KRB HI MR E R R L AR

PR AR RLFITE A (% (] / 1))

2151
el IEH BOpARIRI A IRA IR = ER A
AT 100.00(26/26) 96.08(49/51)  89.47(17/19)
Excel 1
) .00(51/5 X

et 100.00(26/26) 100.00(51/51)  100.00(19/19)
x 0.510 0.528
P 0.475 0.468

T 2 A

232 PHZE RN A S IS W B) bR (36 4): AT
e R A A AR AT A
K ITE IR, 5 A S5 RA—3,3 Ahe)E
HeE FIWrEE 5L 45 B HIWE TABD HIRFAE 2 . Excel
HL - A T B A A B, AT 8 3l W R ik
2 TR R BA 5 T N T4 (3% P<<0.01).

F 4 ERALRETTER 96 flEEMSHHER

BEATERRR SR BT S BYFI T A B L 22 (x = 5)

FRAR A2 RS S [1] ()
R I KA RA TR EGCHATYR )
Kt (n=26) (n=51) (n=19)
AT 41 74.20+16.53 138.10+22.26 308.40+78.12
Excel 1
3113+ 4. 3159+ 5. 30.98+ 5.
SHhdl 1.13+ 4.70 159+ 549 0.98+ 5.40
(il 12.780 33.180 15.440
P{d <0.001 <0.001 <0.001
R & B

BUAR T 43 pH (A IE 5, 24 J5 % 1 B i %
it , Ak e MAREE S [ml 1 284k (A dh e AR A AR b —
SES/NT R R mLa A Ak e e LU S
IF RS R 4R P8 pH {454 PaCO, Fll HCO,
R ARG H 5 B TR AT, P T
A — 25 FIW A TCIR & TR R A . 53 4b,
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