- 800 - rhfE 2RI 2026 4F 6 A 35 54 6 3] Chin J] Emerg Med, June 2026, Vol. 35, No. 6

- i PR

ST AR BHYT O Rl e TR 202
EH DR 2B BUR M ET5
BRmW FTH Wk

BHEHKRFRELTARREERESH, LT 100035
WAEMEA: W%, Email: tzx@126.com

)

[WE)] B (L2082 M A AR S0 Ve A —F8 R BE, MELL SR P B,
AN I I T A Y L B BT R S WA DGR B J 23 28, JRIRUE IR RS . sk [l ik
WAE 2024 -9 A 1 HE 2026 4F2 A 1| HE 2 ABRNFR = 65 5 2F LI AERE, T
ALOHEW I = 24280 . ONFFEEL (cardiac index, CI). Ml iAA&KE (thoracic fluid content, TFC ).
SANEBH 148 %% (total peripheral resistance index, TPRI) #EfT K-means %25, 7558358 L 31Kl
A NT-proBNP [WERUEW L, /AT M5OI REFS AR OCH & 30 d TG . &R FL4hA 290 fil.0s
DA 4B, WAl 4 AR sh J 25 3R . RHERBEAY (18.6%, n=54): CIK&{IK (2.13 +0.48
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[ Abstract ] Objective Conventional emergency hemodynamic assessment relies on empirical
single-parameter thresholds and fails to capture multidimensional physiological interactions. This study
aimed to develop non-invasive hemodynamic phenotypes using bioelectrical impedance and cluster
analysis, and to validate their clinical utility in elderly emergency patients. Methods A retrospective
study was conducted in elderly patients (aged = 65 years) with cardiac insufficiency who were admitted

to the emergency department between September 1, 2024 and February 1, 2026. Three-dimensional
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hemodynamic parameters—cardiac index (CI), thoracic fluid content (TFC), and total peripheral resistance
index (TPRI)—were acquired via non-invasive cardiac output monitoring (NICOM) and subjected to
K-means clustering. In the validation subcohort (patients who underwent transthoracic echocardiography
and N-terminal pro-B-type natriuretic peptide [NT-proBNP] testing within 24 hours of admission),
associations between phenotypes and cardiac function indices as well as 30-day all-cause mortality
were analyzed. Results A total of 290 patients with cardiac insufficiency were enrolled. Four distinct
hemodynamic phenotypes were identified: (1) Low-flow high-resistance (18.6%, n=54): characterized
by reduced CI (2.1340.48 L-min'-m2) and elevated TPRI (4173766 dyn - s - cm™ - m?); (2) High-
flow low-resistance (24.1%, n=70): featuring increased CI (3.88+0.49 L-min'-m2) and decreased
TPRI (1857+432 dyn - s - cm™ - m?); (3) Hypervolemic/wet (14.5%, n=42): marked by significantly
elevated TFC [91.2+13.7 (/kQQ)]; and(4) Normal compensatory (42.8%, n=124): with parameters within
normal ranges. Significant inter-group differences were observed for CI, TPRI, and TFC (all P<0.001),
with large effect sizes (1>=0.36—0.51). The silhouette coefficient was 0.335, and bootstrap resampling
yielded a Jaccard index of 0.82, indicating stable clustering. In the validation subcohort, phenotypes
differed significantly in left ventricular ejection fraction (LVEF) (H=8.169, P=0.043) and NT-proBNP
levels (H=18.05, P<0.001), with the hypervolemic/wet phenotype showing the highest NT-proBNP
concentrations [5391.09 (991.32, 9370.00) pg/mL]. Thirty-day all-cause mortality varied significantly
across phenotypes (*>=7.991, P=0.046), being highest in the hypervolemic/wet group (25.00%, 10/40)
and lowest in the normal compensatory group (8.0%, 9/113). Conclusions Cluster analysis of three-
dimensional non-invasive hemodynamic parameters effectively identifies distinct phenotypes in elderly
emergency patients with cardiac dysfunction. The hypervolemic/wet phenotype identifies high-risk
patients with poor prognosis. This data-driven classification framework provides a novel tool for precision
hemodynamic assessment, enabling early risk stratification and individualized therapeutic strategies.
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HEFRBELAY 70 4] (24.1% ), CIR#K, TPRI Jhi, &
ZENDHY 42 1511 (14.5% ), IEFACEERY 124 41(42.8% ).
PUZHE] CI ( F=162.78,P<0.001 ), TPRI ( F=160.60,
P<0.001). TFC ( F=147.31, P<0.001) 2% %4 %
e k1, K 2~4,

F 1 MR 2RI A RRE
Table 1 Distribution characteristics of hemodynamic
phenotypes
3 ;??F%l‘ﬁ Eﬁﬂfﬁl‘ﬁ %?ﬁ?‘f‘kﬂ iﬁjﬁ’é Pl Pl
B (n=54) B (n=70) (n=42) H(n=124)
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Table 2 Cardiac function characteristics in the validation subgroup patients
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(1) 30 d 4RI L2 25 7 oS 14 5 L (,2=0.000,
P=1.000), /EAFrMr 22 R G #E L (=0.618,
P=0.167 ).

R4 NT-proBNP 7K V-4 i # 437 NT-proBNP
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S (2=5.056, P=0.025), {HAELE 2R TE0T
2R (=7.176, P=0.936),
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Table 3 Analysis of prognosis in patients with different
hemodynamic phenotypes

ERE TR Lo FER
toh R g PO O
w=) =19 "0 i)

AUEERRE (D) 8(3, 200 10(5, 20) 14(7, 26) 10(5, 20) 3.932 0269
30d 2FEIER (%) 10(161)  6(125  10250)  9(8.0)  7.991 0.046
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