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[Abstract] Objective To investigate the association between early central venous pressure (CVP)
measurement and mortality in patients with sepsis. Methods The adult patients with sepsis were identified from
the health data of Medical Information Mart for Intensive Care- Il v1.4 (MIMIC- Ill v1.4). Data of all adult patients with
sepsis were collected, including gender, age, comorbidities, length of survival, total length of hospital stay and intensive
care unit (ICU) stay, sequential organ failure assessment (SOFA) score, vital signs, laboratory test results on the first
day, vasoactive agents usage, fluid input, urine output and fluid balance on the first day, need for renal replacement
therapy and mechanical ventilation, diagnosis of sepsis, and the time and value of the first CVP measurement in
the ICU. Patients were divided into early measurement and control groups based on whether or not they had a CVP
measurement within the first 6 hours of ICU stay. According to the time of the first CVP measurement, the patients were
subdivided into four subgroups: < 3 hours, 4-6 hours, 7-12 hours and no measurement within 12 hours. The primary
endpoint was 28-day mortality. The relationship between initial CVP and mortality was analyzed by Lowess smoothing
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method. Kaplan-Meier survival analysis and Log-Rank test were performed for univariate analysis. Cox regression
analysis was performed for multivariate analysis to estimate the relationship between timeliness of CVP measurement
Results A total of 4 733 sepsis patients were enrolled, 1673 of whom had CVP measured within

6 hours of admission to the ICU, and the other 3 060 patients served as the control group. There were no differences in

and mortality.

demographic characteristics and underlying diseases between the two groups, except that the early CVP measurement
group had less underlying renal failure compared with control group. The early CVP measurement group had higher lactic
acid (Lac) levels and SOFA scores, indicating worse severity of disease as compared with control group. The 28-day
mortality in the early CVP measurement group was significantly lower than that in the control group (34.2% vs. 40.7%,
P < 0.01). The early CVP measurement group had shorter length of total hospitalization and longer length of ICU stay,
higher rate of mechanical ventilation and vasoactive agents dependent, and more fluid input and fluid balanced in the
first day of ICU stay compared with control group. Lowess smoothing analysis showed that a "U"-shaped relationship
between initial CVP and mortality was identified, suggesting that too high or too low initial CVP was associated with worse
survival. Kaplan-Meier survival analysis showed that compared with the patients without early CVP measurement within
12 hours, the cumulative survival rate of patients with CVP measured within 3 hours was significantly higher (66.7% vs.
59.1%; Log-Rank test: y * = 15.810, adjusted P < 0.001); while no significant difference was found in patients with CVP
measured between 4 hours and 6 hours and between 7 hours and 12 hours compared with the patients without early CVP
measurement within 12 hours (64.4%, 60.3% vs. 59.1%; Log-Rank test: y * values were 5.630 and 0.100, and adjusted
P values were 0.053 and > 0.999, respectively). Cox multivariate analysis showed that the Cox proportional risk model
was established by taking patients without CVP measurement within 12 hours as reference, timely CVP measurement
after ICU admission was associated with reduced 28-day mortality of patients with sepsis [ < 3 hours: hazard ratio
(HR) = 0.65, 95% confidence interval (95%CI) was 0.55-0.77, P < 0.001; 4-6 hours: HR = 0.72, 95%CI was 0.60-0.87,
P =0.001; 7-12 hours: HR = 0.80, 95%CI was 0.66-0.98, P = 0.032] after the confounding variables (gender, age, SOFA
score, initial Lac, renal failure, maximal blood glucose and white blood cell count, and minimal platelet count within 24 hours)
were adjusted. Conclusions Early CVP measurement is associated with decreased 28-day mortality in patients with
sepsis. CVP should be considered as a valuable and easily accessible safety parameter during early fluid resuscitation.
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HLE (AL - 202124),
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[ 3eA T AHSCHIBIFFEAL R (UEF345 « 35606844,
36014736 ). 1/ PostgreSQL 10.0 {4 UG . i
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SRIBCEHE - Vol | AF S L BRRIPEN | A A7 ] | BB
] . ICU {3 Bt [a] | 3 5t 28 B a2y BE 4y ( sequential
organ failure assessment, SOFA ), ZEAF{AIE | A ICU B
H Scme s A 4 20 | 8 T2 Y s o0 . & H
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AR MEBEAE 12K LLAE 1ICU 34T B K CVP
- ) T RS
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1.4 Giit=a00 8T« ] STATA 15.1 SE 8 AFSE
BT 22004 8 Kolmogorov-Smirnov 7
XS AR AT IE S A S, IES ORISR + #5
HEZE (X +s) R, FEIES TR 7 50 (U 53057 550
(MCQ., Q) FIN 5 I AN OCR A ¢ k55 GES
TERE) B Wilcoxon REAKE S (AEIEASTERL), 0248
o DUIBORE 0 R - x 2 K31 T e
fdt FH RIS INASCE 1 (Lowess -4 ) A HHZE 91 86 VP
H SRR Z MR . [ Kaplan-Meier 2E£743
BT LA K Log-Rank #3%f 8 # 28 d AEAFIH LA T 2R
AT il Cox [BIARERIEFT 2 R R 4347, LA
Al CVP Il i S B SRR R . P<0.05
HEFHGEIHE L,

2 F R

2.1 RELRVORL . Shah A 4 733 (] B MR AE
Hr 1673 filfEA ICU 58] 6 h NI T CVP, 534k
3 060 i A 1 F A A RRAE (] 1), % 1 R,
R ETER | AR 2 RE F A 22 RS T2
B (3 P>0.05); CVP LI i 41 B LAtk B v £
HE LA /DM (P<0.01), PIZHASPEC )7 5208
CVEERE O R RS | I | R | P A
o5 R PR | U 0 AR A 9 45 L Rl 22 5
WG4 X (3 P>0.05), CVP R &2 &
HAICU 24 h PN 1E B0 BRZH 0 o, SR80 R0 1 1.
#LiR (lactic acid, Lac ). SOFA TE43 . f i A%
(white blood cell count, WBC ) FlH 5 MU 7K -5 &
MR A% A2 1 (albumin, Alb) 7K FIEAR 1L/ MR
L (platelet count, PLT) B (3 P<<0.05).

MIMIC-III v1.4H146 476f] %61 532k AICU

l

R IRFRAE Wb (n=4734)

AR >18% (n=4 733)
‘)\ICU() hA& & ECVP

! !

6 hAMIEECVP 6 hN A& CVP
(CVPHIAMIEA, n=1673) (38841, n=3060)

T
(n=1101)
I : MIMIC- T v1.4 Ry s W dr B2 A5 D AR R - T vi4,

CVP ML ERIKIE , ICU Sy FE Wi dris b
HT MIMIC- BRI MRERIE B R E CVP

SRERMNRFT RIS IR

BET
(n=572)

T
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BT
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2.2 HIPFIAITRENL (3R 2) « CVP FLI a2 i
28 d ALK i E AL T XTI (P<0.01), SXTHE4
FHLE, CVP FII 2 8 S B i ) 5, {H 1CU
A BE s ] BE 1 (34 P<<0.05) 5 CVP R 41300 55 2 HLAK
AR B IR B T = (P<<0.01), {H 4L
BRGE AU 8] 25 5 BG4 B L (P>0.05), CVP R
SO0 e 2 T Lol Y LA T R 2 ) B Lk TR
R (P<0.01), {H P 2 I8 35 1 24 Wy i F st ) 22
SRHGE L (P>0.05), WIZH B F 2k S
(acute kidney injury, AKI) &A= R K75 2 B ERAR IR
T LB 25 R T2 B (3 P>0.05),

2.3 CVP H59FEHRM IR : Lowess 1t 73 Hr R
(I# 2), 9746 CVP SRR Z A E “U” JEXR R
R EGHIRARILE CVP ¥ 58 RIS G A7l
LWAHMH TR (K 3),<3h. 4~6hF17~12h il
i CVP B & 12 h R 28 d REBVEAER 5

%£1 ANICU6h ARANE CVP HAMRBEREELEME 24 h HLBEWEISIRRELLE

B B R — SR )

By a aeo onocmr BF P ean e B gy T B
R degp mmers TR PR e POORRRE s ey
X EZH 3060 1372 6694159 190 1080 1065 302 575 134 664 1031 787 401 397
CVP HLH 4 1673 714 67.6+155 111 594 563 160 278 63 348 570 350 203 231
X t1H 2045 -1544 0329 0.021 0.636 0.115 3460 1.020 0.519 0.068 13.645 0915 0.653
P1i 0.153 0.123  0.566 0.885 0.425 0735 0.063 0312 0471 0793 <0.001 0339 0.419
B SOFA 4 WA Lac 53 VZ/BC ffik Hb ik IZLT % Alb e Cr S e IARE
2051 ) Gy 5+s) [ mmol/L, [ X10°/L, [g/L, [ x10/L, [g/L, (umol/L, [ mmol/L,

T M(0,00)  M(0,00)  M(Q,00) ML, Q)] M0, 0,)) xts) M(Qy, Qy))

X IR 2 3060 6.8+38 1.9(1.3,3.3) 144( 9.5,209) 93(81,107) 178(104,275) 27(23,31) 194.5+168.0 84(6.7,11.4)

CVP LI &4 1673 82+3.8 23(1.4,3.7) 159(10.7,23.4) 93(82,105) 171(104,250) 26(22,30) 194.5+159.1 9.3(7.3,12.2)
11 ZAH -11.563 —4.342 -6.069 0.140 2.170 4.661 -0.607 -7.057
P <0.001 <0.001 <0.001 0.889 0.030 <0.001 0.544 <0.001

L ICU S ESE Wi 5, CVP Ul ik e, CHF Sk J1 38y, SOFA 7 BEES B 143, Lac MIMFLER ., WBC A H AN T4,

Hb A IM£EE A, PLT A/, Alb &, Cr LS
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a1l B 28 d AL ICU LRkt SRR [R] AKI MUGES BAIEERIAYT T2
- ) (%)) (d,MQ, Q) [d,M(Q, Q)] (HI(%)]) [#I(%)) (il (%)) [41(%))
X REZH 3060 40.7(1246) 4.0(1.9, 95) 124(6.0,24.6) 2469(80.7) 1671(54.6) 292( 9.5) 1810(59.2)
CVP HHE4 1673 342( 572) 4.6(22,104) 11.5(6.0,22.4) 1384(82.7) 1119(66.9)  180(10.8) 1403(83.9)
x /71l 19.489 —-4.415 2.340 2.972 67.380 1.783 302.957
P1a <0.001 <0.001 0.019 0.085 <0.001 0.182 <0.001
5 g HUBCESRTE TSR R HIRA R E HRR R B H IR HHIRE
- () Ch,M(Q., Q)] (h,M(Q.,00)) (mL,x+s) [(mL,M(Q,,Qu)) (mL,x+s) [mL,M(Qp, Q)]
Xt HE 2 3060  118(37,260) 31(12,68) 295942290 793(420,1360) 2021+2512 1188(590,2010)
CVP BYE4H 1673  110(38,250) 31(13,63) 4302+3057 862(462,1496) 3256+2977 1168(560,2 110)
AR 0.862 0.654 -16.502 -3.558 -14.317 0.110
P 0.389 0.513 <0.001 <0.001 <0.001 0.912

TE : ICU SAFSEWT 5, CVP AT LOFRIKER , AKL 2 B 5

Bk 66.7%, 64.4% . 60.3% F1 59.1%, 55 4016 22 F A
it # 7 X (Log-Rank /55 : y *=18.660,P<0.001 ).
512 h PRI CVP A HEL, 3 h IllEH 28 d
SRR (Log-Rank K555 ¢ y *=15.810, /% 1F
P<0.001), 4 ~6h ¥ 28 d BRVELERA T
# (Log-Rank K% : y *=5.630, % IE P=0.053), 1fii
7~12 h i 28 d REVEFRE R TSI E XL
(Log-Rank K& : y *=0.100, 4 1E P>0.999),

80 -
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T T

28 dgE=E (%)
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=3
T

<0 0~3 4~7 8~1112~1516~1920~2324~27 =28
WHACVP (mmHg)

T - ICU NEAEW IG5, CVP bk 5
1 mmHg=0.133 kPa

2 ICU MRFSAE R EWIIA CVP 5 28 d LRI KR

100 — <3h

— 4~6h

— 7~12h

— 12 Al

Log-Rank#&4 :
x*=18.660

P<0.001

90 [~

80 -

70 -

ZREAE (%)

60

50 1 1 1 1 1 1 1 1 1 1 1 1 1 )
10 12 14 16 18 20 22 24 26 28

HAEIHR] ()
1 ICU SHEAENEA T, CVP Sl # ik

3 A ICU ARIN ELRIE CVP HeShE B
28 d Kaplan-Meier A= 77 B4R

24 Cox ZINZSMT(F3) : L 12 h AR CVP
()R HEAE NS BT Cox FUBI XU AR AL, 7 IE R
ZAHRTT, A ICU Ji5 Kl 5E CVP 5 28 d st ks
ARAH G FEACIE TER] | AR L SOFA TS W46 Lac |
T FEBILI S 24 h P S0 58 A6 5 5 SR AL I 8 L
Ik PLT A4S WBC) I, A ICU Ji Sl CVP
5 28 d FIERFERABIFTEMI R (3 P<0.05)

x3 ANICUAEREEANE CVP BREESE

FET R A Cox S EEHT

TR R AR
HR i 95%C1 P1E

<3 h llHE CVP 0.79 0.70 ~ 0.89 <0.001
4~6h g CVP 0.84 0.73 ~0.97 0.021
7 ~12h & CVP 0.98 0.84~1.14 0.757

. 1 1E T IR AR PR K (i Asi 1y

= HR 95%CI PAH
<3 h & CVP 0.65 0.55~0.77 <0.001
4~ 6 h i CVP 0.72 0.60 ~ 0.87 0.001
7 ~12 h JllHE CVP 0.80 0.66 ~ 0.98 0.032
P 1.02 0.89 ~ 1.16 0.820
A 1.02 1.01 ~ 1.02 <0.001
SOFA 1743 1.13 1.10~1.15 <0.001
WIf Lac 1.12 1.10~1.14 <0.001
e i LA 1.00 1.00 ~ 1.00 0.139
FA% PLT 1.00 1.00 ~ 1.00 0.770
fir WBC 1.00 1.00 ~ 1.00 0.900
5 pE 0.94 0.81 ~ 1.09 0.419

3 ICU HERENEHYG 5, CVP O # KT, SOFA ShIF 5T
BEEIESY, Lac M IMFLER , PLT 4 i/ IMRH%L, WBC b A 44,
HR AL, 95%CT A 95% RIFIX[R] 52 4~ Cox LA KUK AL LS L
12 h AE CVP 1EhE%

RIS i B
Ao FE LD A ICU 6 h Nl CVP (i
BRAEARE 28 d AR E LT 6 h R ;@ #)
H CVP 5 28 d LR Z Al 5 “UT B L £ ;B Fm
it CVP 2 28 d RSB R FEAR Al SRAP vE R 3R
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i IR0 38 64 5 1) T, R T e B 0 R 3 B
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LUK B BB RE AT . I, 7R AR RSN
HEEFTERRIE T, CVP I MG Lr . BT SSC
FRr BT IR E 95 3 h ik e 270 30 ml/kg
R AT, FR BT I OHEIE D AR INIX > 4 B
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HE ARG R, L0 VP XA P R Bl
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Wi, 75 EEUEATRTBEPERT ST, LLBAHG CVP Wl 5 ih)7
JEEEZ 0], LA RIR T VR 5 45 Rt bn 2 R A SE &
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