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ABSTRACT: Objective To assess the accuracy of cardiac output ( CO) measured by transpulmonary
thermodilution technique (TPTD) and explore the validity of intrathoracic blood volume index (ITBVI) for as-
sessment of circulatory volume status. Methods Ten immature pigs with a mean weight of (20.6 +1.9) kg
were studied during the conditions including normovolemia, hypervolemia, and hypovolemia. Simultaneous CO
was measured in each condition using pulmonary artery thermodilution ( PATD) method and TPTD. More specif-
ically, CO (CO,,) was determined with PATD, while CO (CO,,) and ITBVI were determined with TPTD.
All measurements were repeated 3 times. Central venous pressure (CVP) and heart rate were measured at the
same time. The potential correlations of CVP and ITBVI with cardiac index ( CI) and stroke volume index

(SVI) in each blood volume status were analyzed. Results A total of 90 simultaneous measurements of CO,,
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and CO,, in 3 different blood volume conditions were made. The correlation coefficient between the two measure-
ments was 0. 977 (P <0.001) and the mean difference was (0.25 +0.26) L/min (95% CI. 0.20-0.30 L/min,
P <0.001). The coefficient of variation of CO,, was 3. 7% , while CO,, was 5.4% . Compared with those in
normovolemia, CVP and ITBVI in hypervolemia significantly increased (P =0.002, 0.019), ITBVI in hypov-

olemia decreased significantly (P <0.001), and CVP in hypovolemia decreased insignificantly (P =0.05).

Correlation analysis revealed a significant correlation between ITBVI with CI and SVI in normovolemia (r =
0.741, P=0.014; r=0.885, P =0.001). In contrast, correlations between CVP with CI and SVI were

poor. Conclusions

TPTD can accurately and precisely measure CO in different blood volume conditions. ITBVI

measured by TPTD has better validity for the assessment of circulatory volume status than CVP.
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5kl s Bk % H5 B (pulmonary artery thermodilution,
PATD) 1) CO LA Bt 5t i 78 8 e g b Lo i ik
J& (central venous pressure, CVP) F3%, ¥4y TPTD
R B HER P RO Rk

w77 %

KWW ES YERKI0 X (WA EEE
WY ), Hrbid 4 H, Mtk 6 H; FIHER
(9.0+1.2) & (6.5~10.5 J&); FH{kE (20.6 +
1.9) kg (17.0~23.0 kg) .,

JULPA) 32 55 U B 30 my/ kg AT BERL R . 3 75 451
PN Bl KRN 30 N e k. IO 35008 3l kA A 4Fr PiCCO #4
Wil 34, M4 PICCO plus FEFRUEINAL (FE[E Pulsion
ocdl) s PIFFEINERIKIE A 7. 5Fr Swan-Ganz P [ #4757
B3 (RE Baxter 24 H]) , 4% SCO000 FAM B
A SRAL (P Siemens A F]) , Hz v LA % 42 i
FRIBE PICCO i FZ A7 2% 9F 3% $2 31) PICCO plus 7 24 1
WAL

MR NFREME A Swan-Ganz FEH AL
ORYGE, fHmsmL A TNk, LA T e
wibKAT By E R . il 0C ¥ AR R K (SR e koK
BAYHHR 30 min DL L) 5 ml, ZERFUEJE I Rl HL

250 June, 2014

Acta Acad Med Sin, 2014,36(3) :249 - 254

AP H 3 o L Ah 2 4 S TE A, W] 2P #E 4T PATD Al
TPTD i i, SC9000 W5 {X [ s PATD fif £ It i3
H CO (CO,;, ), PICCO plus &4 H 12 TPTD i 2k 3t
ie% CO (COyp) M ITBV, FEZEMNE 3 WK, [A] B &
CVP. Bl il A2,

BIYREMASHWRE D& IR 8 i
I EARRRE, 1E 15 ~20 min P[] o Dk ACAE B
bk (50 ml/kg) , HENTE M RARS S YRR, E 5
#1473 X PATD A1 TPTD i £ .

TEAEREIRERG 1 ~2 h, fR0E 3 =48 bR
(CVP, Zhfikiii . PICCO plus il {SGEZE ) CO)
WRIZ B FERHE TR E S, 72 15 ~ 20 min N AR 3l ik
il (25 ml/kg) , ESARIM A EARSZHYBAL, HHIR
AT 3 X PATD A1 TPTD i .

FitFAE R SPSS 18.0 Gt ikl Frf%L
TR UAEE + bR 22 RO, A OCHE b I 4 0 (L BR DA AR
HA [ RETER (m®) =0.094 x (KE (kg)™’]
R SR E ; TPTD F1 PATD il CO il — &b fn s &
P AR Bland-Altman 534772, H oy 252 Pk G047 R
FHEA R SRS 1, 2 NS AFEA RS T
CVP J; ITBV 5% (ITBV index, ITBVI) Ay XK H
FOXTREAR ¢ #5506, ITBVI, CVP 5.048%% (cardiac in-
dex, CI). &H#HHyHEIEE (stroke volume index, SVI)
AR G >R FH Spearman AH5C 734 P <0.05 A2ERA
it o

& B

TPTD 5 PATD fllZ# CO b8 10 H4hME1E 3
FANTR] L 75 PR 2SR LR AT 90 Y TPTD A1 PATD i



O FH 2 i 3R BB PO Bl O i ) F A it 90

e, MSE A M R B R 5 3E A CO YR G RECH
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MEMA RS TR EMELE, SEERETH
CVP F1 ITBVI ¥ . 2 J} % (CVP, P =0.002; ITBVI,
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&1 TPTD 5 PATD il CO fy—Z M E LM (n=10)
Table 1 Analysis of agreement and repeatability of TPTD and PATD in measuring CO (n=10)

. R . N COTPE,“ COp,\*Hjﬁ/‘?ﬁ( CO'FP5 COP—\‘MEﬁﬁ C()Tpig%ﬁ
JIIRES5 /AN COrp COpy . - . . -
Blood vol Correlation coefficient Difference between COqp Repeatability coefficient
> status X+ L/mi X+ L/mi
ood volume status (x£s, L/min) (x+s, L/min) between COyp and COpy  and COp, (2 %5, L/min) of COpp (L/min)
JEA 1 25 Normovolemia 3.94 £0.50 3.72 £0.59 0.945 0.21 +0.20 0. 36
i %5 &8 Hypervolemia 4.38+0.72 4.07 +0.73 0. 885 0.31+0.35 0.19
iK1l %¥ 5 Hypovolemia 1.97 £0.41 1.75 +0.42 0. 899 0.23 +0.19 0.20
S Total 3.43+1.19 3.18+1.18 0.977 0.25 +0.26 0.26
P COn 5 5K COp A FH COp RN
FRS Coefficient of variation of Repeatability coefficient of Coefficient of variation of P1 P2
Blood volume status
COwp (%) COp, (L/min) COpy (%)
FLiift it 455 Normovolemia 4.6 0. 47 6.3 <0.001 <0.001
Tl %5 & Hypervolemia 2.1 0.32 3.9 <0.001 <0.001
{i%1fiL 2 £ Hypovolemia 5.0 0.21 5.9 <0.001 <0.001
A Total 3.7 0.34 5.4 <0.001 <0.001
TPTD: ZflifAMiRE; PATD: MhZhfkAFRE; CO. LfiliE; B RARE G MA IR TWE 3 %G PLR COmp 5 COp AHIERE PH, P2 COqp
5 COpy M AR 221 P {H
TPTD: transpulmonary thermodilution; PATD: pulmonary artery thermodilution; CO: cardiac output; measurements were repeated 3 times in each immature pig in

each blood volume status; Pl is the P value of the correlation coefficient between COpp and COyp,, P2 is the P value of the difference between COqp, and COp,
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Fig1 Linear regression analysis figure (A) and Bland-Altman scatter diagram (B) of CO4p and COyp,
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ITBVI 55 CI, SVI7Edkfb A HARE T R&EIE  SlAE RS ERE TR EM . CVP 13
SR (r=0.741, P=0.014; r=0.885, P=0.001) {H7E  FAEARS TS CLL SVIHTCREMRIE(SELS) .
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CVP: central venous pressure; ITBVI. intrathoracic blood volume index; 1 mmHg =0. 133 kPa
210 HAETE 3 Fi A SRS T Y CVP 5 ITBVI 2 L& H &

Fig 2 The changes of CVP and ITBVI in 3 different blood volume statues in 10 immature pigs

£2 3FMARRET CVP M ITBVI [e4E (n=10)
Table 2 The changes of CVP and ITBVI in 3 blood volume statuses (n=10)

Cvp ITBVI
MRS ] ’ .
Sl e S EL Z5 % il B ZE
Blood volume status WA SIS LS A5 A
Measured value (x+s, mmHg) Coefficient of variation (% ) Measured value (% +s, ml/m?) Coefficient of variation (% )
FERl 1M 25 Normovolemia 3.1+2.0 64.5 499.4 +67.8 13.6
w45 Hypervolemia 8.0 4. 0" 50.0 568.9 +65.3" 11.5
k1ML A4k Hypovolemia 1.422.3¢ 164.2 292.2 +56.0° 19.2

LR AR e, P =0..002,P P =0.019,°P =0. 050, P <0. 001
ap=0.002,"P=0.019,°P =0.050,"P <0. 001 compared with the values in normovolemia status

3 CVP, ITBVI 5 CI, SVI Ay Hras
Table 3  Analysis of the potential correlation of CVP and ITBVI with CI and SVI

CVP  CI CVP ws. CI CVP L, SVI CVP vs. SVI ITBVI t, CI ITBVI »s. CI
e
Blood volume status HRFREL p HRFRE p LIPS p
Correlation coefficient Correlation coefficient Correlation coefficient
L 1 25 5 Normovolemia -0.190 0.599 -0. 165 0. 649 0.741 0.014
1A Hypervolemia -0.577 0. 081 -0.176 0. 626 0.299 0. 401
iK1 25 i Hypovolemia -0.274 0. 444 0. 115 0.751 0.252 0.482
JBA Total 0.376 0.041 0. 452 0.012 0. 880 <0.001
MAERA ITBVI b, SVI ITBVI vs. SVI CVP [t ITBVI CVP vs. ITBVI
Blood volume status e R B Correlation coefficient P FHE R Correlation coefficient P
JERH M 254 Normovolemia 0. 885 0.001 0. 066 0. 855
E M7 Hypervolemia 0. 357 0.312 -0.087 0. 812
{1t 2 Hypovolemia 0. 306 0. 389 -0.391 0.264
JBA Total 0. 884 <0.001 0. 505 0. 004

CL: 8% SV ik h L

CI: cardiac index; SVI: stroke volume index
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