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Introduction:
We conducted a study to validate three different cardiac output measurement devices in patients undergoing 
extensive abdominal surgery. In contrast to the pulmonary artery catheter, alternative measurement devices were 
introduced with different degrees of invasiveness.[1] The will evaluate the accuracy of the ClearSight (CS), the 
FloTrac (FT) and the ProAQT (PA) derived cardiac index (CI) compared to transpulmonary thermodilution 
(TPTD) derived CI (CITD) during the extensive abdominal surgery and hyperthermic intraperitoneal 
chemotherapy (HIPEC). 
Methods:
In this prospective observational study we included 25 adults between March 2016 and February 2017. On 
predefined moments during and after surgery we performed serial paired CI measurements in CS, FT, PA and 
TPTD. All devices were used according to the manual. CS, FT and PA were not calibrated against TPTD. 
Agreement was assessed with Bland-Altman plots. The repeatability coefficient (RC), corrected limits of 
agreement (LOA), bias and percentage errors (PE) were calculated.[2] Trending was assessed with polar plots 
and concordance analysis.[3] 
Results:
Mean CI were 3.2, 3.1, 3.2 and 3.3 mL∙min⁻ ¹∙m⁻ ² (CS, FT, PA, TD). RC was comparable between CS, FT, PA and 
TD (RC of 0.5, 0.5, 0.6 and 0.1 mL∙min⁻ ¹∙m⁻ ²). Bias was -0.1, -0.3, -0.2 mL∙min⁻ ¹∙m⁻ ² and LOA were ±1.6 (PE 
50%), ±1.6 (PE 51%), ±1.7 (PE 53%) vs. ±1.1 (8%) mL∙min⁻ ¹∙m⁻ ² (CS, FT, PA, TD (ref vs. ref.)), which were only 
partially explained by the lack of repeatability (table 1, fig. 1). Concordance was <95% and radial LOA was ±<30° 
for all devices; mean polar bias was <5° for FT only (table 2, fig. 2). 
Conclusion:
CS, FT and PA are not interchangeable with TPTD, because of inaccuracy[2]. When considering limitations they 
may be used for trending. 
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Table 1 : 

CS FT PA TD 

Mean (mL•min⁻ ¹∙m⁻ ²) 3.2 3.1 3.2 3.3 

Bias (95%-CI, mL∙min⁻ ¹∙m⁻ ²) -0.1 (-0.5 – 0.1) -0.3 (-0.6 – -0.1) -0.2 (-0.5 – -0.1) 0 (0 – 0) 

LOA (95%-CI, mL∙min⁻ ¹∙m⁻ ²) ±1.6 (1.5 – 1.8) ±1.6 (1.5 – 1.8) ±1.7 (1.6 – 1.9) ±1.1 (1.0 – 1.3) 

PE (95%-CI, %) 50 (45 – 55) 51 (46 – 56) 53 (48 – 59) 8 (8 – 9) 

RC (95%-CI, mL∙min⁻ ¹∙m⁻ ²) 0.5 (0.5 – 0.6) 0.6 (0.5 – 0.6) 0.6 (0.6 – 0.7) 0.1 (0.1 – 0.2) 
Analysis of agreement using Bland-Altman statistics. Test devices vs. TD and TD vs. TD (reference vs. reference).



Table 2 : 

CS FT PA 

Angular bias 27° 2° 11° 

Radial LOA ±24° ±28° ±19° 

Concordance 90% 64% 82% 
Analysis of trending. Concordance analysis suggests inability to track changes in CI, while polar plot analysis shows adequate ability 

considering systematic error in CS and PA.

Image 1 : 

 
Bland-Altman plots of the three test devices and TD vs. 
TD. Data of 25 patients at up to nine points in time are 

plotted. Solid lines indicate bias and limits of agreement, 
dotted lines indicate 95%-CI of each solid line. These 

plots indicate similar performance of CS, FT and PA vs. 
TD.

Image 2 : 

 
Polar plots showing trending capability of CS, FT, PA vs. TD between T4 

(start HIPEC) and T6 (end of HIPEC). Exclusion zone is 14% (least 
significant change in CITD). All devices show satisfactory radial LOA 

(±<30°), but only FT shows acceptable radial bias (2°).


