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Clinical analysis of different sepsis phenotypes guided by pulse indication
continuous cardiac output monitoring

YE Fang, LI Linnan, WANG Jiao. YANG Hongfeng
(Department of Critical Care Medicine, The People’s Hospital Af filiated to Jiangsu University s Zhenjiang 212002, Jiangsu, China)

[Abstract] Objective To analyze the clinical features of different sepsis phenotypes and their impact on prognosis
under the guidance of PICCO monitoring. Methods A retrospective analysis was performed for the clinical data of pa-
tients with sepsis admitted to Department of Intensive Care Medicine from January 2018 to December 2023, and a total of
98 patients were included. All patients were monitored with PICCO within 1 hour of admission, and the phenotypes were
derived by K-means cluster analysis, and the patients were divided into cluster 1 (very low cardiac output sepsis group,
n=14), cluster 2 (low cardiac output sepsis group, n=31), and cluster 3 (normal cardiac output sepsis group, n=53).
The data of complications, related serum index levels, duration of mechanical ventilation, length of hospitalization, time
of vasoactive drugs, and 28-day survival of different hemodynamic sepsis phenotypes were analyzed, and the age, under-
lying disease, and SOFA score of patients were collected, and their clinical characteristics, prognostic differences, and in-
fluencing factors were analyzed. Results Significant differences were observed among the sepsis phenotypes in 28-day

survival and the duration of vasoactive agent use. Compared to the normal cardiac output group, the low cardiac output
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phenotype showed a tendency for prolonged vasoactive agent use, while the extremely low cardiac output phenotype was

distinctly associated with significantly increased pulmonary vascular permeability, improved oxygenation, and a markedly

lower 28-day survival time. Patients with extremely low cardiac output sepsis suffered a significantly increased early mor-

tality (on days 3 and 5). However, this effect did not persist into the later phase (beyond day 7). Furthermore, the dura-

tion of mechanical ventilation was identified as a consistent independent risk factor for mortality, both in the short and

long term. Specifically, the pulmonary vascular permeability index (PVPD and cardiac index (CI) were key determinants

of mid-term mortality risk, particularly on days 5 and 7. Conclusion Under the guidance of PiCCO monitoring, different

sepsis phenotypes show obvious differences in clinical features and prognosis, which have important guiding value for the

selection of clinical treatment strategies.

[Key words] Pulse indicating continuous cardiac output; Sepsis; Sepsis phenotype; Clinical features; Hemodynam-
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Figure 1 K-Means clustering typing
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Table 1 Clinical baseline characteristics of patients in three clusters
FELFRAE PARC i B AE A (n=14) RO R B AE AL (n=31) TE 3 04 2 (n=53) /42 /F P
P57 2.112 0. 348
Bk 9(64.3) 24(77. 4) 33(62.3)
/g 5(35.7) 7(22.6) 20(37.7)
AR () 75.14+9. 62 73 (66,81) 74. 00(64. 5,80. 00) 1. 443 0. 486
& I I 1. 206 0. 547
i 4(28.6) 14(45.2) 23(43.4)
B 10(71. 4) 17(54. 8) 30(56. 6)
& IR R 3.763 0. 152
i 10(71. 4) 15(48. 4) 36(67.9)
2 4(28.6) 16(51. 6) 17(32. 1)
APACHE Il ¥43 (4) 29.5+8. 32 31 (23,38) 28.00(18. 00,36.00) 1. 575 0. 455
SOFA P43 (41 8.86+4. 50 10.39+4. 01 10. 49+4. 91 0. 730 0. 485
TR TR AL
it 345 9(64. 3) 24(77. 4) 38(71.7) 0. 866 0. 649
=N 7B 1(7. 1D 4(12.9) 6(11.3) 0. 322 0.851
TR it 00. 0) 1(3.2) 2(3.8) 0.536 0. 765
JIEES 3(21.4) 0€0.0) 3(5.7) 7.748 0.021
2 ASERALLL 1 1(7. 1D 2(6.5) 4(7.5) 0.035 0. 982
PCT(ng/mL) 7.66(0. 36,15.57) 5. 08(0. 82,29. 46) 4.14(0.51,21.13) 0. 455 0.796
WBC(x10°/L) 14.5245. 60 15.21+8. 51 13.19+7.58 0.71 0.493
CRP(mg/L) 43.74(8.48,115.51) 76.10(19. 94,127. 52) 75.09(12.44,133.51) 1. 260 0.533
LAC(mmol/L) 4.50+2. 80 3.5(2.6,6.5) 4.10(2. 40,8.90) 0. 820 0. 664
APTT(s) 45. 80(38.05,56.18) 47.80(34.9,70. 1) 42.00(31.20,62. 00) 1. 286 0.526
PT(s) 14.85(11.98,17. 63) 14.5(12.7,17. 4) 15.50(12.55,19. 30) 0. 863 0. 650
Tnl(ng/mlL) 0.82(0.02,7.04) 1.04(0.06,7.70) 0.60(0.02,9.20) 0. 146 0. 930
BNP(pg/mL) 9 029.37+7 576. 24 3016.99(1 392.37,10 810.51) 4 743.59(789. 68,11 442.77) 1. 409 0. 494
HEH(g/L) 32.37+4.83 30. 9244. 65 31.2945. 01 0. 430 0.651
WLEF (emol /L) 125. 29+46. 00 113(69,203) 136. 00(93. 00,234. 00) 1.134 0.567
JR % %A (mmol/L) 11.35(7. 8,19. 25) 11.20(7.78,18.55) 11.72(7.10,18.05) 0. 205 0.903
BN AU/ 57.00(30. 25,76. 75) 62(17,158) 45.00(24.5,208. 5) 0. 481 0.786
BEEE R (U/L)  89.00(52.75,208. 75) 80. 00(31.00,290) 107.00(41.5,571) 0. 885 0. 642
PVPI 2.71+1. 06 1.80(1. 40,2. 8) 1. 70(1. 40,2. 35) 6.915 0.032
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Table 2 Comparison of 28-day survival, mechanical ventilation, ICU length of stay, and mortality among the three clusters
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ICU fE B i 1] (D 3.5(2.75,11.25) 7(4.00,13.00) 502,11 1.992  0.369
I 465 395 1 245 4 4 T ) (D 3(2,6.00) 5(4,8) 3(1,5.5) 6.754  0.034
AA B (mmH) 325.42+137.18 209. 50(171. 67,312. 50) 209. 75(164. 17,317. 50) 5.373  0.068
PETCH
3d 35. 70 22. 60 7.50 7.73 0. 021
5d 64. 30 22. 60 26. 40 8.855  0.012
7d 64. 30 41. 90 30. 20 5.614  0.060
14 d 71. 40 54. 80 49.10 2.243  0.326
28 d 85. 70 61. 30 58. 50 3.608  0.165

R 15 1 Je b A7 TE 1 3 1Y G2 2 22 5 (log Ranky” =
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Table 3  Pairwise comparison of mechanical ventilation time, survival

time, and vasoactive drug use time between different clusters
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Figure 3 Survival curves of each cluster at different time cut-offs
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Table 4 Analysis of factors affecting median survival time at different time points using a multivariate Cox proportional hazards model

. ‘%336 ‘%536 ‘%736 ‘Eﬁzgi
95%CI  Exp(B) P 95%CI  Exp(B) P 95%CI  Exp(B) P 95%CI  Exp(B) P
SVRI(dynesscm Pem~2)  0.999~1.001 1.000 0.972 0.999~1.000 1.000 0.555 0.999~1.000 1.000 0.277 1. 000 1. 000 0. 783
PVPI 0.942~1.982 1.366 0.100 1.032~1.698 1.324 0.027 1.106~1.664 1.357 0.003 1.007~1.488 1.224 0.042
CI(Lemin '+m %) 0.119~1.312 0.395 0.129 0.188~0.858 0.401 0.019 0.175~0.680 0.345 0.002 0.418~1.041 0.660 0.074
U R E(D 0.539~0.933 0.709 0.014 0.652~0.904 0.768 0.001 0.74~0.947 0.837 0.005 0.868~0.995 0.929 0.035
JRZ A (mmol/L) 0.999~1.045 1.022 0.059 0.997~1.041 1.019 0.087 0.998~1.040 1.019 0.083 0.991~1.034 1.012 0.251
PCT(ng/mL) 0.999~1.026 1.012 0.071 1.001~1.021 1.011 0.031 1.003~1.021 1.012 0.007 0.995~1.011 1.003 0.457
3 itie MARH R BREEAE (9 S R AL T 2 4 1 I PR AN

PRHMRRE AE 32 3 95 B 7R M BRI 196 )T 5 A Y
AT 1 1 A 0 HG o i R R S HL R X A R AR
JT IR TS A B . FE ProCESS #il ProMISe
WEFE 2k AL T B0 H AR 48 S MR 97 (Early goal
directed therapy, EDGT) b & A& AT IR T IESET- R
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AW AL L 3k SRR AIE ) A [R] 4 R BE 2R AR AN [R] 1Y
AR R R T X 48 Y A s R R ] R B AN TR B TS
4524 I HonlBE R B AN 1R A9 3R 97 SO . [ A Ah Ak 2
W58 2B TR e RE AT B A [R) 45 AE BE 47 20 2, 9
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Lo SOFA P53 45, X SEWFFE 78 T A [) 2 B 1 fik 25
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— BRI H BN R o7 B PE AL R E A RO
PSR S W AR T3 A A SR M AR 5 3R 97 I A% 0 281
WML B m] B TCU A B s [ 386 Jn 5 & e K FE T
PR

AR M R 2 U I S B e s L R I
PR b 1 AR 4 8 0 4 ) B B A A5 D0 X AR Bk
O AT AR AL TEAS . b Ah B E A O i 2 A
S A 1F, Q0 5 50 A ol AN BB AR B A LK 5 3L
FRa g E A LUEENY IR R L, PICCO Wi CI
5 SVRI /] 535l s e JUE 22 Dy e A0 e i 8 B . R
AL AR AT F B B 24 DARUR 6] 9 1 R 2%
TS T A ) FRE W A S8 R G IE T R i ) v A
I 5 — 2, T R e AT A R R A AR
MPEARIRYT OGP R . HETXT PICCO W £ AR 1Y)
5% 2 F1F FL W48 br T8 5 V0 1A 45 30 R 9 0 9 )5 -
EL7E 45 S e 5 0E S5 JoRRRAE 7 T AR 5T o 0L DL AR AR
AT ARG K ¥ R 20 0 i 07 U 3 R 1 3R
AL, 854 CLM SVRI ¥ M 43 Ry 3 24 . — 24 &R
HE i 5t = BH, FLAREAE & CL A KR SVRI & 3 3 fin
PVPT 5, 7 i 41 28 25 5 H At 79 21 58 A mT e il R
B VI K i, I L% R Y AE T R LY R AR
AE R BT AF T OB 9 02 3 41 AR LA B T
T, — 7 A i AL A 14 B R HEBR RE AR
SRR T B SRR 2, 53— O AR R CE B U I, A
FB R S R [R] £ 3 i 45 ) R T BE G &5 SR 1
T —E W 5 55 A — R ARHERS & BH L CT AL, SVRI H
1R X H T B S PR 1) i AR A T B K R T 1 i
Y YRR I BT X 2 R, W] BE T B A AR v
S RU R a1 A 3 P 2 %o R R R AT 4 OF s B
— 4 E R 0 A I R AR A A5 B 38 7E I R
W 78 PICCO MM R , A AIF 5% AN [v] e B i 2 24 114
JEWAFE B 2R SRR A B -8, W
AR AV 0 HE 5 1% M B0 AR G R AP, A A A T
B, WU e 25 A T OE 5 O b i IR E R S
ECHEF 2 BHLZHF- # AR ARt ) E e geit2E 22 5

AT I ZR SR, IEH O R IE 4 A 28
d BBV FEE 2R 1 2 i T O A P A, 5 3 AN ] 3R
S P A AE N A B 25 S R 0 LR R
A . FEABETE b, 3 dIHLAGE <R E L ICU A B i (]
P 22 R G 2F 2 3, X 0] BB 5 KO o e R
JiE 20 T AR BB T R A v A O, DT X R R L
ICU 1A B s [1] 1B AR 38 A= 1) AR X 48 . st Ab s A
Vo i+ k2 A % O A 24 ) i R R TR, T B
U P R o i BT TR X B BRI T AL R
I AEIRIT IS I . BeAh AR 58 B A ) 38 70 A 35
WIEAF R 5 B3 X 5 e m i o 25 SR AHAF ), i
S5 5 Wos KA R DB B 25 5 X v] BB 2 i Tk
ICCo i R AL AR A S /NI B, ()R b, B A F 5
RIEE CI>3 Lemin ' em " A BEWNLLEY
M43 BB 40 %61 J5 A AT 4k i [ IS i IA
I7 H it e LA AR A 1 7 A 5 2 AH N 2, 2R R
T RE I JE T AR R B Y A = A O B Y AT
TR R A AN A HE B ARG B R RS W] B A
PR E BT & — Fh o 4 FF I3 3h R i B
PRI IE B, DI Bk S8 I A0 R, AR AR I R
BB T B9 52 e DR 2R B, i Cox B i) XU A5 784 Ay
TEAMHT  IF 5 K BRAIL A 38 <R BN T A B ) 4 e Y 2R
FEW0UG Y LA 3 5, 45 SR B R PRI T BEAS 4 5 ik
BEAE A TS 25 D0 AH O o BRI 7 I PR 52 8 b 1 oy B
PRI B3 S5 3 0 LRI A B S PR IR S AR R MG .
46 PVPL,CI.PCT 2% 5 K55 7 KIET- KK A9 1h
SERGM R E 3k — & B BE AR O 45 e A AL TE
% 28 RIWAEFTE /AP .CLYE PCT & WoR ih i 3%
A I T 20 e 5 o N 7 N T G 2 11 22 N e
SOFA 5 APACHE I ¥¥43 75 4 i} 1] s ¥ R 5 2R A7
i [0 57 52 1 A ST G B R S BE TR A R A IR A
FIAN TR0 ik — 22 S5 0] BB AZ BT AR B 5% 1 FE A i, R
Al HE 5 R O A e 7 0 T AL i B R B B R R B
BB ERAL,

ARBFFE L BAE T A PICCO W il 1fiL 37 3 /71 2%
B L % T0 A B BCE s T O E AR, JF BLET I O T
PiCCO Wi I 75 e 3 A v 9 o7 I AF 9% 22 6 7 F IR
HILJ5 T o (HFE e 55 A 26 78 43 R RO [ 36 R R 4 1Y) R AE
PER D AN B IT 8 /D . B AR BF 5% ] A abb 400 s
fie— 2 ISR S %, B TR [ ik 3 i 28 78 X 36 97 R
W 119 52 IO AT BB AN [ o B 9 0 M e SO B E S 0T M 4 I
PRAFAE ] g 2 AT HEAT “ ARV 977 1 58 — 0T
SRAT o A 5% rp A AR o G 20 o SRy T KBRS 0 14 I 3K
gy J3 2 AN [ 3 AU 0 s PR R i B 1) . AT T 5L R R
A Z b RO — DRI Z R .



e 1788 - B EF 2025 F 12 A % 37 %% 128  Med ] West China,December 2025, Vol. 37,No. 12

4 g

AW R, T PICCO ) e 154E 43 % e A 2 %
SELA N R s KU A R AL O i A AR Y
FH 55 2R AR A 16 TR 45 Jm A DG A 48 A8 K 1Y I A TR
PE 25 W) 408 | i 0 SR DI BE T XU DA K B R Y 28 K
Az A7 I ] 33X B 7R 1 B A B S AR A R T, TR
A AL AR B0 1 A Sy O Ak S U TR R
I PiCOO 43 BV A A 297 W Re . A B T il 3 2
BEXTPE B ARG TR TT R L 33X — M (B 75 17 BE 1 2 ol
W58 ik — RS,

(&% 30ik]

[1] SINGER M, DEUTSCHMAN C S, SEYMOUR C W, et al.
The third international consensus definitions for sepsis and septic
shock (sepsis-3)[J]. JAMA. 2016. 315(8) . 801-810.

[2] FLEISCHMANN C, SCHERAG A, ADHIKARI N K J.,et al.
Assessment of global incidence and mortality of hospital-treated
sepsis. current estimates and limitations[J]. Am J Respir Crit
Care Med, 2016, 193(3): 259-272.

[3] LIUY C, YAOY, YUMM, etal. Frequency and mortality of
sepsis and septic shock in China: a systematic review and meta-
analysis[J]. BMC Infect Dis, 2022, 22(1): 564.

[4] THOMPSON K, VENKATESH B, FINFER S. Sepsis and sep-
tic shock: current approaches to management[ J]. Intern Med J,
2019, 49(2): 160-170.

[5] YEALY D M, KELLUM J A, HUANG D T, etal. A random-
ized trial of protocol-based care for early septic shock[J]. N En-
gl J Med, 2014, 370(18): 1683-1693.

[6] PAPIN G, BAILLY S, DUPUIS C, etal. Clinical and biological
clusters of sepsis patients using hierarchical clustering[J]. PLoS
One, 2021, 16(8): e0252793.

L7] R, i i 3 7 5 e DB e ik 2 1 Ok 5 5835 o iy B T o e
WEFELI]. PRSI EEZY, 2024, 19(9): 169-171,

[8] LUO Y X, ZHAN S D, ZHU L J, etal. The role of pulse indi-
cator continuous cardiac output (PiCCO) and critical care ultra-
sound in volume status assessment during fluid resuscitation for
and prognosis of septic shock patients[J]. Pak ] Med Sci, 2023,
39(1): 214-218.

[9] MUKHTAR A M, FAHMY E T, ELADAWY A A, et al.
Effect of norepinephrine on blood volume, cardiac output, and
systemic filling pressure in patients undergoing liver transplanta-
tion[J]. Minerva Anestesiol, 2022, 88(12): 1013-1020.

[10] BOTTARI G, RANIERI V M, INCE C, etal. Use of extracor-
poreal blood purification therapies in sepsis: the current para-
digm, available evidence, and future perspectives[ J]. Crit Care,
2024, 28(1) . 432.

[11] MITCHELL K H, CARLBOM D, CALDWELL E,et al. Vol-
ume overload: prevalence, risk factors, and functional outcome

in survivors of septic shock[J]. Ann Am Thorac Soc, 2015, 12

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(12): 1837-1844.
SURE, W, a0 RN MR IE 4 BB oY R LT
MR B AR, 2023, 48(9): 1107-1112,
ZHU J L, YUAN S Q. HUANG T,et al. Influence of systolic
blood pressure trajectory on in-hospital mortality in patients
with sepsis[J]. BMC Infect Dis, 2023, 23(1): 90.
KNOX D B, LANSPA M J, KUTTLER K G.et al. Phenotypic
clusters within sepsis-associated multiple organ dysfunction syn-
drome[ J]. Intensive Care Med, 2015, 41(5) . 814-822.
MALBRAIN M L N G, VAN REGENMORTEL N. SAUGEL
B, etal. Principles of fluid management and stewardship in sep-
tic shock: it is time to consider the four Ds and the four phases
of fluid therapy[J]. Ann Intensive Care, 2018, 8(1): 66.
e, BoarAh, IR, A B IR I k4 b AR HOM NT-
proBNP 75 3 45 Jf Ye Mk Ok 5 £ 3 WM 48 B b g v (L. v
HREEE, 2023, 35(12): 1766-1771.
BB R B R R S ) ], AR e R
W5 B BE 2, 2015, 27 (1) 72-75. DOI: 10. 3760/cma. j. issn.
2095-4352. 2015. 01. 017
ST, BRI, MR . S, PICCO 78 Ik 85 5E WU VR &2 95 1% I
BERELT]. BE2EWEFE Rk, 2019, 48(4): 164-167.
BZR . SRR, UM, AEL BRFERE A IR R0 D REE BUEH PICCO
ZREMRFESHLI]. PARFIEESH F4E, 2024, 10D
25-30.
NOWAK R M., REED B P, NANAYAKKARA P.et al. Pres-
enting hemodynamic phenotypes in ED patients with confirmed
sepsis J]. Am J Emerg Med, 2016, 34(12): 2291-2297.
VIEILLARD-BARON A, PRIN S, CHERGUI K,et al. Hemo-
dynamic instability in sepsis: bedside assessment by Doppler
echocardiography[J]. Am J Respir Crit Care Med. 2003, 168
(11): 1270-1276.
REUE, B, BIBR . A, HRE WS B IR TEAE B K A A
2 A I B R KBS Ay A L)), e e O A R E
2023, 35(8): 834-838.
BRAG . AR, ZEIAE . AE. L MK 4R E0 S O 48 O TR
SERHE TR AWM MELT]. P EER A E, 2014, 29C11) .
895-898.
NGAN C, ZENG X Y, LIA T, et al. Cardiac index and heart
rate as prognostic indicators for mortality in septic shock: a ret-
rospective cohort study from the MIMIC-1V database[ J]. Hel-
iyon, 2024, 10(8): e28956.
AR, FOAOR, E22, 5. ki FLIR RS R KA oSOFA
V53 7 e 22 A J8 2 I TP AR B (LT . P EREE AR, 2022, 34
(12): 1783-1787.
PRz, BT, A [RT 20 & G075 e B A TS 37 Al of 19 0F 58
BlI]. hEEEZ S, 2021, 18(32): 4245, 57.
PAPATHANAKOS G, ANDRIANOPOULOS 1, XENIKAKIS
M,et al. Clinical sepsis phenotypes in critically ill patients[ ]].
Microorganisms, 2023, 11(9): 2165.

(W% B H1:2024-12-17: 48 [ B #1:2025-12-01; %48 - R 39)



