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PNIGBINRT IR T EH . RIE28RIGRE /5 NEFS (n = 59)ME T4 (n = 37). S.FHCADFlowid
B IRIACREN ZRZ W MRS 1 ESH. Bl R F R &% F R Cox Hufl KUK 5] AR 15 1% 7 5 B 7 f&
MER; 652 E T/ERME (ROC) I 285 cVTI A BR AR AL T2k /e, THEL LR T A (AUC) R Bt
BWr{E; XFKaplan-MeieriZ&H|AEF LR, Bl Log-ranki % LEA FH cVTIK-FAHR K AEFRER.
Fi@id Bootstrap H Bhi% (n = 1000/K) AFHERIR BE . &R SAEFHAMEL, FTHBEZ0 hfficVTIK
B E 1K (28.57 + 5.65 vs 34.86 + 7.66, P <0.001). £ FECox|E|[HAHESE, 0h cVTIR BEICUK
P37 KR (HR = 0.916, 95%CI: 0.869~0.965, P = 0.001). ROCHIZ AT &R, FET0h VTR
BAPIMEZIAUCH0.87 (95%CI: 0.80~0.95), HIUMIFETH) R EBMTEH33.5 cm. Kaplan-Meier4:
FothExR, fRcVTIAH(<33.5 cm) BE HICURFIE TR EZEH T HcVTI4 (Log-rank P < 0.0001). 4
W AZERHCVTI < 33.5 cemBRFIBHEATEERIETXRMBITERFS, “RRE” RETHE
RrREEEER, BFEENKKYESTEITFEMME.
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Abstract

Objective: The early hemodynamic status of patients with septic shock is closely correlated with
prognosis. However, traditional invasive monitoring is complex to implement, while conventional
transthoracic echocardiography is limited by acoustic windows. This study aims to evaluate the re-
liability of non-invasive carotid hemodynamic parameters based on CADFlow technology—Partic-
ularly, the Carotid Velocity-Time Integral (cVTI) demonstrates significant predictive value for ICU
mortality risk in patients with septic shock. Methods: A single-center, prospective observational
study was conducted involving 96 patients with septic shock. Patients were stratified into a survivor
group (n = 59) and a non-survivor group (n = 37) based on 28-day clinical outcomes. Hemodynamic
parameters were acquired immediately upon ICU admission using a CADFlow ultrasound monitor.
Univariate and multivariate Cox proportional hazards regression models were utilized to identify
independent prognostic risk factors. Receiver Operating Characteristic (ROC) curves were plotted
to assess the predictive efficacy of cVTI and a combined model, calculating the Area Under the Curve
(AUC) and the optimal cut-off value. Survival curves were generated using the Kaplan-Meier method,
and the Log-rank test was employed to compare survival differences between cVTI groups. The
model performance was validated through the bootstrap resampling method (with 1000 repeti-
tions). Results: Compared with the survivor group, the Oh cVTI levels in the non-survivor group
were significantly lower (28.57 + 5.65 cm vs. 34.86+7.66 cm, P < 0.001). Multivariate Cox regression
analysis confirmed that Oh cVTI is an independent risk factor for ICU mortality (HR = 0.916, 95% CI:
0.869~0.965, P = 0.001). ROC curve analysis indicated that the combined predictive model con-
structed based on 0 h cVTI achieved an AUC of 0.87 (95% CI: 0.80~0.95), with an optimal cut-off
value for mortality prediction of 33.5 cm. Kaplan-Meier survival analysis demonstrated that the cu-
mulative survival rate of patients in the low cVTI group (<33.5 cm) was significantly lower than that
of the high cVTI group (Log-rank P < 0.0001). Conclusion: An early admission cVTI < 33.5 cm serves
as an independent warning signal for high mortality risk in patients with septic shock. This “low
flow velocity” state may suggest occult hypoperfusion and holds significant value for clinical strati-
fication and prognostic assessment.
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Campaign, SSC)” & HRALIGIT TR AW s B, BE IR ESA F[1] [2]. FHHR A H SRR IF S it
FEAER MR BN /)2 2 5 72 G TS I OCHR[3] [4]. SR, I PR IAG P ths 0 57 B i e v e PR 052 i ik
LA ERE R, (HREE R B EARAN, MUE 2N = R IREHE 5] [6]: 1M-FshikE
(mean arterial pressure, MAP). H.0E#fik i (Central venous pressure, CVP). FLERZ: & GidE b iE A7 E S vE
T, W o BRI S I3 AR “BaFE AR w7 RS [7]. R A M A O3 B SEEL T Al AL VP Al
R ZAUMOE S T ARBORE S R P 75 2 R BRI, DA SR 55 2L 5 25 Wl [8] [9] -

FBNKAE 1) AR FR 2 R G I PR OC B B, FE R v o AR BDIRAS R 2 WA “ A Je bl 4.
g b, MW BB K LR B ) AR e EE A RGP T R R g s A e A 2R Dl e A R A H
48101 [11]. CADFlow (Continuous Auto Doppler Flow)i# 7 IfIL it W Ul A @ i T mh Fr#8 k,  mlE sk
HY 35 ks & - 5[] AR 3 (Carotid velocity-time integral, cVTN25Z%, ok VAL it A (HRERER, sk
BN “H 37 ) R Sn” BRI T HORERA . SR, H ATER XS CADFlow HA M 5% it
ZRT HA O S HON SRR S0 B KA TS MBI R B IEIRIEYE . Rl R AN ZE RN cVTI KPR
TAE NS FIUEAS 5 T R FET AE, MAIIRG . PR, ABFFo@t prist s, el 2R
REIERTT FI VT AP BREE VAR 0 858 1ICU FET 2R I TR AN S S AR W (B, Rl PRORS HE o 2 4 3
FRALARAE .

2. MREFHE
2.1. RMR

AR ALLATIEE LS 9T, YR 2024 42 8 H & 2026 4 2 H NF LRI R 558 IR EE 2%
Bt S R 2 RS NIRRT I B . INARHES ] Sepsis-3.0 i2Wikritk. HEBRbRME: T A
P ISR A L DR (W ) TR I . AN 96 BIEEE, IR E G 28 RIMIKE 57N
A (n = B9)MIFL T 20 (n = 37),

2.2. M7k

PRSI AN A E N B = 2NV ¥ 6 e S N 707 2R B =R v SR o S i R - G K D 2SN 1| RANY i
. MR MUUEF. SR ISR TIREE, THEEF N ICU INHER ™ ERR VR, B
FE A H 518 M BE VR 4> R 4058 —fit(Acute Physiology and Chronic Health Evaluation 11, APACHEII)F!
7 B 2% B B 5 VA (Sequential Organ Failure Assessment, SOFA)YE4y, UAE 3 AT ICU A ICU Fil)5
THEOLEEFE PR . N CADFlow i A Oy th E IR AL, T BFFIZMEMEIR A ICU J5 1) 0h (FEZR)#4T I
W, WCERAH G MRS 7 546 b5 S it 2B A AR AE AN L 20 BT 45 5

23. Gt FERE

KH SPSS 27.0 &t RIEF 4.2.0 478 o4, tHETTRMEF LLECR A t #2558 Mann-Whitney U £
5o NEFH Cox Hu g AU (a1 AR G e 6 T2 OB SZ S B R 3R . 4l ROC i 4% v 5 il 4 R T AL (AUC) F:ff 32
AR . A7 KM Kaplan-Meier % 2 Log-rank 165 . J£5% 1] Bootstrap [ Bk AT R Py #5596
UE MR HEE VPN . LA P < 0.05 N2 57 HA Gt 2 Lo

24. RIEBWHE

RSN —RTIENE . B, WEEMERAFIRI 5T . BIF 9 5 28 Ol 22 B 128 B K 22 4 — [ & E B A 7
T ASRIHEZALE(S TR S [YX2025-243]), FH /™8 5F (/R R 5 5 ) LB IT IR AE S48 BRAE I
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3. &R
3.1. BELFTRIELE:

AW FEILGIN 96 Bk FE AR v g, bR 59 5, AET-4L 37 ). SAEAFALMILL, JEToA
AENEEZI0 h) IS ENGEE, HAARIA SOFA 115 M i FL /K14 & 2 T+ & (P < 0.05). fEIMzEN
SO7TH, FETZH 0 h /) cVTI Je A 2 F5 5 (Stroke Volume Index, SV B E K TAGFH, ERAGSI

FRN(P<0.01); MMRAEMN S —KETR FRREZER, BAAMNNE 1.

Table 1. Statistical summary of patient demographics

F 1 BE-RERGI R

A KA (n = 96) A 741 (n = 59) BT 4 (n = 37) PA
UNEELE3iE
£ i (cm) 167.00 (160.00, 172.00) 165.00 (160.00, 172.00) 169.00 (161.50, 170.50) 0.609
A 5 (kg) 65.00 (59.00, 74.00) 67.00 (59.00, 72.50) 62.00 (59.50, 76.00) 0.707
T, 61.96 + 14.40 59.41 + 16.34 66.03 +9.43 0.014
APACHEIL /> 22.27+5.15 20.76 +5.71 24.68 +2.79 <0.001
SOFA &4y 9.35+4.39 7.97 +4.06 11.57 +4.02 <0.001
Fenti b A iR AiE
MAP 83.83+19.91 84.83 +21.30 82.24 +17.65 0.538
VIS 8.59 + 4.45 8.1+4.75 9.36 £3.85 0.158
OF 109.40 + 24.61 111.86 + 26.02 105.46 + 21.94 0.216
I 24.24 +10.78 24.19 +11.99 2432 + 8.65 0.952
i 38.04 + 8.60 37.91+7.80 38.23+9.86 0.862
S EARbR
1A 141.84 +7.11 142.21 +8.07 141.26 +5.39 0.538
Mg 4.04 (3.62, 4.50) 4.03 (3.68, 4.46) 4.04 (3.53, 4.61) 0.676
JULRF 194.37 + 162.75 156.91 + 123.97 251.61 +197.03 0.013
MABL R 16.60 (9.85, 31.25) 20.50 (10.70, 36.25) 12.10 (7.88, 23.43) 0.050
Bl 73 148,52 + 125.83 138.09 +99.75 164.44 +157.91 0.331
SEii] 12.55 +9.06 10.97 +7.39 14.96 +10.81 0.058
2120 AR 30.00 (24.50, 38.50) 31.00 (25.50, 38.50) 28.00 (23.75, 35.25) 0.231
S 4845(0 h)
LAC 472+252 4.04+2.10 5.79 +2.78 <0.001
PH 7.37 £0.14 7.39 £0.12 7.36 £0.17 0.353
PO 109.99 + 60.39 107.31 + 65.09 114.10 + 53.03 0.602
PCO> 32.15+9.68 32.01+8.21 32.35+11.70 0.873
HCOs 18.50 (15.15, 22.25) 19.90 (15.25, 23.05) 17.90 (15.02, 19.85) 0.211
PIF 244.37 +132.62 240.34 +117.51 250.53 + 154.46 0.722
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CADFlow f§#%(0 h)
cVTI 32.44 +7.58 34.86 +7.66 28.57 +5.65 <.001
CPV 6.42 + 1.59 6.83 + 1.59 5.76 + 1.36 0.001
Vmax 113.50 (92.0, 132.0) 118.00 (105.5, 136.0) 106.00 (88.0, 122.0) 0.017
Vmin 27.62+11.88 28.25+12.14 26.65 + 11.56 0.532
sV 60.48 + 16.01 64.88 + 15.42 53.46 + 14.52 <0.001
sVi 35.85 +9.70 38.71 £9.02 31.30 +9.09 <0.001
co 6.22 + 1.52 6.42 + 1.59 5.91 +1.36 0.106
Cl 3.68 +0.81 3.83+0.81 3.44 +0.76 0.020
TAV 53.00 (40.00, 61.50) 53.00 (44.00, 60.00) 51.50 (37.75, 64.50) 0.906
CcFT 308.68 + 42.15 304.18 +41.93 315.56 + 42.12 0.210
ACDPV 12.48 +7.71 12.60 + 5.44 12.29 +10.55 0.900
PI 1.53+0.53 1.51+0.49 1.55 +0.58 0.688
RI 0.73 (0.67, 0.82) 0.73 (0.65, 0.82) 0.72 (0.68, 0.82) 0.661
dvMAX 15.39 +5.32 15.29 + 4.94 15.55 + 5.92 0.816
AVTI 11.50 (6.75, 18.00) 12.00 (7.90, 17.00) 9.90 (6.10, 21.00) 0.778
SVV 13.00 (7.00, 18.00) 13.00 (8.00, 17.00) 11.45 (6.33, 21.75) 0.841
SVR 1219.25 + 453.92 1221.04 + 467.59 1216.53 + 438.73 0.963
SVRI 2063.58 + 787.95 2081.85 + 823.93 2035.67 + 740.13 0.786
DO2 787.84 + 308.77 811.11 + 320.72 752.94 + 290.84 0.384

3.2. BE%E coX MASH

Dk 30 VT A R P I AT M AR I SR B I LR B ) A e b o iU B AN {8, 4 A= BIZI(0 h)r)AH
KSENNHZER Cox LLFI KBS RIEMBR . i 45 R W3 2 Frox, HEZR, cVTI [HR = 0.908, 95%CI
(0.863~0.955), P < 0.001]. SVI [HR = 0.919, 95%CI (0.877~0.963), P < 0.001]; cVTI 5 SVI ¥ 5% ICU

SET ARG S A K (RIS, oA S o 2R 10 2 fig A i 0 IR P R B R 2 i Seit 2 3 Ko

% CPV (HR = 0.711, P = 0.002). SV [HR = 0.959, 95% CI (0.935~0.983), P = 0.001]#1 Vmax (HR = 0.985, P
=0.013). CI (HR=0.580, P =0.017). iR fatsiti AR L/ T 1, $#RRX L i s 1 S HBUKF 1)
PR S EUR SR B SR T BB R R, BISEUE R, B30 ICU ZET UG s .

Table 2. Single-factor COX regression analysis of CADFlow indicators
Fz 2. CADFlow #E#RE E % COX [E)3

Variables
CvtiOh
CpvOh

Vmax 0 h
SVOh
SVIOh

Cloh

B
~0.096

—0.341
—0.015
—0.042
—0.084
—0.545

S.E
0.026
0.111
0.006
0.013
0.024
0.228

—3.753
—3.065
—2.493
—3.288
—3.526
—2.389

<0.001
0.002
0.013
0.001

<0.001
0.017

HR (95%Cl)
0.908 (0.863~0.955)
0.711 (0.571~0.884)
0.985 (0.974~0.997)
0.959 (0.935~0.983)
0.919 (0.877~0.963)
0.580 (0.370~0.907)
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3.3. ZEE Cox BV HT

FEFRRRL SR E, BRI R ER SV, CO. Vmax 2N EMH BB Gt X, BB MR
IV FSHRAFAE = IR, S ORUEREAY (AR e 1, R T B L ARRIEM cVTI AN Z R FEBAL, W
Kl 20 NRRIEIETEIR AL N 3 52, WA EIRFEFR ST FNANE, ASBEFLANN T A DA 0 e 3505 195 AH %
G RFERR: FFRRRAEFAE %, SOFA VPR E IR mfEE, DA MRMARRHALSUREREE K. M
BEZREK Cox LB . ¥4 0 h A SCFRFRINBELRY, 7% 3 45 IR SOFA 114 [HR = 1.147, 95%Cl
(1.062~1.238), P <0.001]'5 c¢VTI_0 h [HR = 0.916, 95%CI (0.869~0.965), P = 0.001]%1y ICU FE T ({437 /&
S{PS

Table 3. Multivariate Cox regression analysis for 0 h CVI, SOFA, 0 h LAC, and age
%23.0hcVTIl, SOFA, 0hLAC. age Z[F% COX [E)7

Variables B S.E Wald P 95%Cl HR
CvtiOh —0.088 0.027 —3.285 0.001 0.869~0.965 0.916
SOFA 0.137 0.039 3.513 <0.001 1.062~1.238 1.147
LACOh 0.085 0.049 1.749 0.080 0.990~1.198 0.080
age 0.015 0.015 0.981 0.327 0.986~1.045 1.015

3.4. BEEE ROC R4

O ULV AT S LA 5 T TR) 8 75 L0 M 0 e A 4 ot o 25 1 AR S 105 0 T ke, AR il T
ROC MR FF TS AHM 1) AUC 18 K SR8 E, W& 4 Fon, H[HZ 0 h cVTI 1 AUC 2 0.75 (95%CI:
0.65~0.85), RBUZ N 58%, FEFEEHy 86%, fetEMibi{(Cut-off)>y 33,5, ROC HIZEE LI 1. yitk—
P v TS PO AR, AEF ST 2 R E Cox Bl A ST e DR 2, R T P LA M
FARTER . FLER. SOFA VP4 AR IS IR TR AL, it 5L ROC 4R NTHAR . ZHabrie A8 1 il
MIRE & 0 T8 — R Ar 2 5 Fion, ZIE. “OhcVTI+0h Lac + SOFA +age” BE&#A, H AUC
{1k 0.87 (95%Cl: 0.80~0.95), WLI%] 2. iZ A B ALAE PR IUE 73% R B 1) [R] IR, 2 30 e Bl vy 1005 57 52 (95%)) »
PEORZL A RN E RVl B S0 T RS 1 B T R

Rocili 2k
1.0

0.8

sensitivity
g
[=))

o
~

. AUC (95%CI): 0.75 (0.65 - 0.85)
02 -

0.0
0.0 0.2

0.4 0.6 0.8 1.0
1-Specificity

Figure 1. cVTI single-factor ROC curve at 0 hours
[E 1. cVTI 2 [E 3 ROC #hZk[E 0 h
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Table 4. Results of single-factor ROC curve plots
# 4. B[FZ%E ROC Fh&EILER

fatn AUC 95%Cl UK 1% E 5 1% Cut-off
0hcVTI 0.75 0.65~0.85 58 86 335
Table 5. Multifactorial ROC curve results
% 5. %[FE%E ROC ph:EL%E R
iz AUC 95%Cl UK 1% %
0hcVTI+0h Lac + SOFA + age 0.87 0.80~0.95 73 95
1.00
0.754

P
=
% 0.50 1
c
)
()]

0.254 ,

7 AUC: 0.87
e 95% Cl: 0.80-0.95
// ’
/, ’
0.00 45 ; . .
0.00 0.25 0.50 0.75 1.01
1 - Specificity

Figure 2. cVTI multi-factor ROC curves at 0 hours
[ 2. cVTI Z[E % ROC HiZ[E 0 h

35. &l K-M & FHZEE ICURTERER

PL ROC £k 73 b iff 5 1) e AR BT (A (Cut-off) SRR, 75 I it M I R A% O R B e N — 3 2
AR (AR Cut-off H7E W7 4), AT Kaplan-Meier 217 #2853 #71, F4ER] Log-rank 656 bb s 41 7] 2 5
Wk 3R, 0hcVTI < 335 (MK cVTI 45 cVTI > 33.5 [ cVTI 2 (Al 28 RAEGFRGFALEZE

(P <0.0001), fik cVTI 4 28 RAAFHEK.

DOI: 10.12677/acm.2026.163956 1712

[MANFSE St A/


https://doi.org/10.12677/acm.2026.163956

Figure 3. ICU survival curves for patients grouped by cVTI cut-off at 0 hours

Strata=—<33.5 cm~+>33.5cm

1.00-
2 0.75-
=
=
=)
g
£ 0.50-
g
=
S
@ 025 HR = 0.17 (0.06 - 0.43)
p<0.0001
0.00-
0 14 21 28
Time (days)
s=| 57 35 25 25 23
<
k=]
A=| 39 34 34 34 34
0 7 14 31 28

& 3. BLcVTI Cut-off 3¢HEE ICU £7FHZE 0 h

3.6. Bootstrap PIEBL&E

1.00

0.75

Sensitivity
o
w
o

0.25

0.00

AUC: 0.87

95% CI: 0.80-0.95

0.00

0.25

0.50
1 - Specificity

0.75

1.00

Figure 4. Internal validation of the cVTI combined model using 1000 bootstrap resamples at 0 hour
4. cVTI BR& 1R BRI BRIEE bootstrap 1000 JX 0 h
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N T AR IR 2 R K BEA TS Y (AR I A vl S, VP A BB AERE AR B2 IR AF L N R AR e
A XS, ASHE 5T % A Bootstrap HE ili#i%:(Re-sampling, n = 1000 %)% Bt S ALHEAT 7 N BRI IE. W& 4
FliR, WAFSEL R SR ROC T4 R E A —8: cVTI BEARIAIGIEAE 1000 R EMERIES, T
CVTI B BALE N BP0 h) -7 AUC {RFF 4 0.87 (95%CI: 0.80~0.95), HESE 1 AHF T A4 & i G
BRI AEREAR MR S BN G S5 R, 3SR T8 oVTI QIR ERPEAR S TS PRAl AR 2R IR 1

CEIE 20
4. Vig
4.1. CADFlow H AR IRFE A 7 e W4k P AV AR E

FREEPEARSEAE A ICU P93 LI BOEE A BRAS AR A /E TR E L 3835 S8 2 LU AR

FANMAR M 2 EL[12] [13]. H TR E 7 BAR KW MAP. CVP &K hZ3UE MRS, HERACE
WAL T B RS EBR” B B MRy at[14]. BTk, ATRETIE P A BB S IR T
CADFlow iR, B R RGVTAL T HAEMREEVER oo B G R B b K S B e . Ul o i dis, A= RIZI
(0 hy#J cVTI 5E# 28 RIGRG R AFEERENINERR. BAMS, SETHEEENZYIN
cVTI KF 23 H B E RS RAS, MBI 28.57 + 5.65 cm, (& TA1FE4H 1 34.86 + 7.66 cm (P <
0.001). BIEFEAHNERS. SOFA Vo3 K FLIRSEAL STl G R F-iE1T 2 [ 2 Cox [FIHEZIESG, MK cVTI KSR
RN ICU FET: AT fERE N 2 (HR = 0.916) . #E— 2B AU RME /B 85 33.5 cm N AN, 4T
ZKE LR R AR AF I 2O B T k. (R CEMZ, Y oVTI S & 0% . SOFA K FL
TR PR IEE A PR R B, LB AR TN 2k BE (AUC) R T 28 0.87, 38R 1 AR o —F8 bR i W il . b aRiIE
28, ¥ CADFlow AR 51 AR AR v A AR T IR AR, MR NIRIR R SR A4 B T A, HA RS
(A IE 5 2 Sk il

4.2. FENRKINFRE B FNTFUE AR IR S EA

BN K ML B 715 2802 B ARE R 4= S A R PG Bt “ms a7, HORIRAE TR SIS T LA
A LA B A3 A e “ AR Se ORGP ML (Vs AR R [15] [16] AL TR AR, A0k - B FIREE T &R
RIS 30 LR i R SR, IRBh BTk A S B VLSS A1 I s ZU W, DA 4ERR O EVE
BT3B BKAE NAREE ) I (0Re e, 78 B S THLRIER T, BRI %0 S (CO) I3, MiiErE 2t
A RARFEAERTRRAS, L I AR T i DA BB [17] [18]. SRTHT, ASHIF FU A H S B A A [ R
PR S SR R NSRRI TR AR EOIRES, cVTI M 28.57 cm.o IX P 3 1) L4 1) 48
TN T AN TR H S —— U IRt AREBZ B AL K cVTIHE S I HEL, MUBRE ORI
e v BN 5 BT T DRI T AR TR TE IR IR, BAR EENR I AT E R B, B2 Tk
(R % a8 B D) Re v 50T S ORI . BdE o 1 — 9l AIEH RIS . RELHRITFERP =
0.538), AAFH 5ALT-HAENZER 1] MAP 7K1 F 1LUFH 24(84.83 vs 82.24 mmHg), (HPRZHH) cVTI £ 2 3%
SRS X —GERE M ENE T IRKE 2R R SRES R WR. EEFE FIRRE EE
PEZSAERE T, BRI “ MR bR BB A, TS i b ) AR g B (R ) Pl Re AL T
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5. &g
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