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Abstract: Objective To explore the clinical value of the combined application of modified fetal biophysical
profile score (BPS), non-stress test (NST), and fetal blood flow spectrum detection in the diagnosis of intrauterine
fetal distress. Methods A total of 157 singleton pregnant women who visited the hospital due to self-reported
"decreased fetal movement" from January 2020 to December 2023 were selected as the research objects. All subjects
underwent modified BPS, NST, and color Doppler ultrasound to detect the blood flow spectra of fetal umbilical
artery (UA) and middle cerebral artery (MCA), including systolic/diastolic ratio (S/D), pulsatility index (PI),
resistance index (RI), and the MCA-PI/UA-PI ratio was calculated. According to the diagnostic criterion of a
1-minute Apgar score < 7, the enrolled neonates were divided into a fetal distress group (22 cases) and a non-fetal
distress group (135 cases). The diagnostic efficacy of each index and combined detection was analyzed by receiver
operating characteristic (ROC) curve. Results This study included 157 pregnant women, of whom 22 (14.01%)
were diagnosed with fetal intrauterine distress. Among the indicators of the modified BPS, the scores for fetal
movement, muscle tone, and amniotic fluid volume in the distress group were lower than those in the non-distress
group (P < 0.05), whereas there was no statistically significant difference in the score for fetal breathing movements
between the two groups (P > 0.05). Compared with the non-distress group, the distress group showed significantly
lower values in modified BPS, MCA-PI/ UA-PI (P < 0.05), while demonstrating a significantly higher UA-S/D (P <
0.05). Additionally, the distress group was associated with a significantly higher NST classification (P < 0.05). In
comparison to the non-distress group, the distress group showed significantly lower values for modified BPS and
MCA-PI/UA-PI, while UA-S/D was significantly higher (P < 0.05). Additionally, the distress group exhibited a
higher NST classification compared to the non-distress group (P < 0.05). ROC curve analysis revealed that among
the single detection indicators, NST had a sensitivity of 77.3% and specificity of 63.0%; modified BPS had a
sensitivity of 72.7% and specificity of 88.9%; UA-S/D had a sensitivity of 81.8% and specificity of 84.4%; and
MCA-PI/UA-PI had a sensitivity of 86.4% and specificity of 90.4%. Among the combined detection strategies,
modified BPS combined with NST achieved a sensitivity of 90.9% and specificity of 75.6%; modified BPS
combined with MCA-PI/UA-PI yielded a sensitivity of 86.4% and specificity of 87.4%; modified BPS combined
with UA-S/D showed a sensitivity of 81.8% and specificity of 88.9%; and UA-S/D combined with MCA-PI/UA-PI
demonstrated a sensitivity of 81.8% and specificity of 92.6%. Among the single detection indicators, MCA-PI/UA-PI
demonstrated favorable sensitivity and specificity. In combined detection, the combination of modified BPS and
NST performed notably well in sensitivity, while UA-S/D combined with MCA-PI/UA-PI demonstrated relatively
high specificity. Conclusion The modified BPS, UA-S/D, MCA-PI/UA-PI, NST and combined all have diagnostic
value for fetal intrauterine distress. Combined diagnosis shows potential to further improve diagnostic performance.
Different combinations show different characteristics in sensitivity and specificity, allowing clinicians to choose an
appropriate strategy based on the need to either minimize missed diagnoses or control misdiagnoses.

Keywords: intrauterine fetal distress; modified fetal biophysical profile score; non-stress test; fetal blood
flow spectrum
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FH 75 I 7 67 T B R 3l Ik BR B MCA 0 A%
0 AT TR (D) US4 300 i O B2 (S) L # gl 4
v (pulsatility index, PI) . BH 77 38 %X (resistance index,
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(pulsatility index of the middle cerebral artery, MCA—PI )
5 Bt 3h Bk 89 5 3h 78 £ (pulsatility index of the
umbilical artery, UA-PI) , #7 MCA-PI/UA-PI<1.08 5{ i}
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04y 14 243 04 143 24y 04y 155 24% 04y 14y 24y

'%",W 22 1(46) 20(90.9) 1(46) 1(46) 21(955) 0(0.0) 7(31.8) 10(45.5) 5(22.7) 0(0.0) 8(364) 14(63.6)
Fia4
;?Ijg 135 2(15) 64(47.4) 69(51.1) 1(0.7) 93(68.9) 41(30.4) 0(0.0) 17(12.6) 118(87.4) 0(0.0) 31(23.0) 104(77.0)

pl=k=

HAH 4.086 3.181 7.195 1.820
PAE 0.000 0.001 0.000 0.177
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BHNEE 22 4.00(4.00,5.00) 3.27(2.83,3.98) 1.07(1.04,1.07) 5(22.7) 10(45.5) 7(31.8)
HRAEEa A 135 7.00(6.00,7.00) 2.20(1.92,2.50) 1.77(1.46,2.10) 85(63.0) 42(31.1) 8(5.9)
U/H 375.5 535.5 4475 -4.048
Pl 0.000 0.000 0.000 0.000
2.3 FAERRWN T LMW H 2R L F5 SRR 63.0% 5 B0 B BPS (19 R R 72.7% RS

BNEFINA5AEE 04 B BPS, UA-S/D . 4 88.9% ; UA-S/D 1 S & PE hy 81.8% . F 5 1 0
MCA-PI/UA-PIT 2 NST PH A % LA, & A 5, 84.4% ; MCA-PI/UA-PI i BURR A 7 86.4% ¢ 7 VE R
LRGSR X (P<0.05) ;S NEAA Fikfs  90.4%; NST By &8 M 77.3% ., 8 5 1 0 63.0%.

FRBI PR R s TR, k4, MCA-PI/UA-PI 3% Bt R g 9 S50 8% Pk R Sk o AL
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nE FERE A A T ZE v, B R BPS B A NST 1) iUk

63— K MIAE BR o, NST BORURYE H 77.3% . TEDH 90.9% VRE S 75.6% s IR BPS k& MCA-PI/

£4 RERNSEEMGEEES 6 (%) UA-PI B BBy 86.4% (51 g 87.4% 5 24 EL BPS

I & UA-S/D 11 UM R 81.8% ¢ 5 14 Ol 88.9%

5 n BCEBPS UA-S/D MUC:':’ e UA-S/D 4 MCA-PI/UA-PI (¥ U84 2 81.8% |45 5

4 92.6% ., P K BPS B4 NST W) 78 Ss M 1) &
g, T UA=S/D B4 MCA-PI/UA-PI B 41 & 26 90
MR, WReFIK 2,

IAE=SEE ) 22 16(72.7) 14(63.6) 18(81.8) 17(77.3)
i 135 15(11.1)  14(104)  13(9.6)  50(37.0)

XA 45322 36.628 62210 12.519

P 0.000 0.000 0.000 0.000
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EiEan TMT{E AUC ned RN % Ped SR % 2
BN JRY o Seanl 0
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R BPS 44y 0.874 0.802 0.945 72.7 0.515 0.870 88.9 0.823 0.932
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MCA-PI/UA-PI 1.1 0.820 0.686 0.953 86.4 0.656 0.959 90.4 0.841 0.944
*6 BEIERKRNIZERILENEEBHEES T
sk G 95% C1 OB 95% C1 Py 95% C1
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TBR R TR B T RR R
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B BPSEES UA-S/D 0913 0.841 0.986 81.8 0.607 0.889 88.9 0.823 0.932
UA-S/D B4 MCA-PI/UA-PI 0.863 0.740 0.985 81.8 0.607 0.931 92.6 0.867 0.960
1.0 1.0
[ 1 [ [—
i 7 o | ;
0.8 0.8
0.6 0.6 |/
ol Ful .‘
B8 B .‘
0.4 0.4 |
f |
— B BPS .‘ P E BPS A NST
o/ MCA-PI/UA-PI | — MK BPSI{S MCA-PI/UA-PI
02 / — UA-S/D 0.2 P B BPS A UA-S/D
o/ —NST i UA-S/D 4 MCA-PI/UA-PI
I/ BHL BHL
L 00
0.0 0.2 0.4 0.6 0.8 1.0 0.0 0.2 0.4 0.6 0.8 1.0
1= Sk 1= Sk
1 B—IEHRENERNEER ROC MZ&E E2 BE&EHERENENEERNROCHE&E
3 it M T ERERT R K Gl H 75 2230 min) , EEY7 i 41

Jig LB N B 2 TR LA B o R el A B R v i o
By — FR G0 B A R, SRy B AR ™ T ANE
AFERILRM . DIEE 2R TR, CEHE
AT 3 s . R, R R O BB B
JUE WL, s LG ECE

% 55 11 BPS J& — Fp = wi R L W 4 F B,
NST. e JLALSK 3 o WPIEE 2 . 2F K & X i 8 45
ST EAE bR ARG S, B R TR R L E
P U 0 o FLAT A B AIG L B iR L Bl 801 T R
PRI, A% 58 BPS ALAEPE 434645 1 A 24
05F IARIE, 2B AEAE “Au e WAL R, H

BOE, BRE T HAENR R IZ 0 o 10 min 25 R
BPS AMUAERS ] L Aofe 7 By B, i ELAE T 45
br B AL B . AR R B, Fiadh
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Wl RELE T3l . Wlak 12 P R geda il . R L
X2 R GRS ERES T, R sh S WLsK 1 B
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MRER BN, BNEFEAHSIEFHELANST KL
B, FHadnkEEm., AIRSGRERR, BN
Fid ok B BPSIRFIEE A4, 5 CkiiER N —
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SRR, MR E, FNFBH4h
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k) Wi, B0, KR i g BE A R,
MCA-PI/UA-PLZE A S B 13X A “rpute ™ i 3 43
A B9 EE A R AT = i LA 25 i A i 22
EAF S, ARG S Rt — i T iX —HIS7E
Il PR 12 Wi v 04 o7 F AR EL

S NST 2 I PR FH )2 i iR LI 30 B
AW 45 R R AR SR R R B AR 4y
K 77.3% 5 63.0% . X 1] g5 KL #E AR JE 30 T 48
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WA B9 MCA-PI/UA-PI W B3R T &84 132 Wt iy
Ho [RIAF ek B BPS i 2 S 80074, B A S5
88.9%, AL %t BPS 12 Wi ke 5 1 60.86% 4 T 2
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ZRHMSBMEHRESEES, KM
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5 B — R I G AR 0T BEAEAE (0 R B, AR
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AT FE T B A 28 88 R B B AT A2 W 1L
Horpr, ok B OBPS BE A NST & I 76 SR ME (90.9% )
JHE I, M UA-S/D B4 MCA-PI/UA-PI (1941
HAURIH TR R SFE (92.6%) . XL
e R T 2R e PR, B AR T AR I R 52
Br, 700 EHEBR T2 5 1 i 1R 12 2 18 38 FAH R 1
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MCA-PI/UA-PL % 46 W 75 58 7 850 B2 e S 1k 22 ]
IR E NS WREE, oA 80> A B
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EREE LMy TR e S R IRA A,
B Em L, AR T 0mRHET R
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