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Introduction
Measurements of cardiac index (CI) are of interest in critically ill patients as well as in patients with chronicheart disease. Magnetic Resonance Imaging (MRI) has been proposed as the new reference method for cardiac output and cardiac index measurements, but reference values are still lacking.

Purpose
The purpose was therefore to compare CI in healthy subjects to patients with congestive heart failure and to obtain reference values for CI.

Methods
CI was measured in 124 healthy volunteers (40 ± 16 years, range 21–81 years, 48 females) and in 184 patients with congestive heart failure and ejection fraction (EF) below 40% (60 ± 13 years, range 24–85 years, 144 males). All subjects were imaged in the supine position with flow quantification of the ascending aorta during free breathing. Two MRI-scanners were used, a) 1.5 T Magnetom Vision (Siemens, Erlangen, Germany) and b) Philips Intera CV (Philips, Best, the Netherlands). Blood flow was measured through a plane perpendicular to the ascending aorta with ECG-triggered phase-encoded velocity-mapping sequences. Typical imaging parameters for Siemens Vision were: repetition time 40 ms, echo time 5 ms, slice thickness 8 mm, velocity encoding factor 150 cm/s. The time resolution was typically 40 ms. Velocity information was acquired by prospective ECG-triggering. Typical imaging parameters for Philips Intera were: repetition time 10 ms, echo time 6 ms, slices thickness 6 mm, velocity encoding 200 cm/s. The time resolution was typically 30 ms. Flow was measured using a freely available software (Segment 1.4 http://​segment.​heiberg.​se) in healthy controls and by vendor provided software in patients, Argus for patients imaged by Siemens Vision and ViewForum for patients imaged by Philips Intera. 20 controls were analyzed by both ViewForum and Segment to calculate intermethod variability and 2 observers analyzed the flow data from 20 controls to calculate interobserver variability. CI is presented as mean ± SD.

Results
CI in patients with congestive heart failure (2.2 ± 0.5 l/min/m2) was lower compared to the healthy population (3.2 ± 0.5 l/min/m2, p < 0.001), Fig 1. In patients, CI was weakly related to decreasing EF (r2 = 0.11, p < 0.001). In the normal population there was a slight decrease of CI with age (8 ml/min/m2 per year, r2 = 0.07, p < 0.01), Fig 2. CI in normals aged 20–29 years was 3.3 ± 0.4 l/min/m2, in 30–39 years 3.2 ± 0.6 l/min/m2, in 40–49 years 3.1 ± 0.5 l/min/m2 and above 50 years CI was 3.0 ± 0.4 l/min/m2. Cardiac index in males (3.2 ± 0.5 l/min/m2) and females (3.1 ± 0.4 l/min/m2) did not differ (p = 0.24). The interobserver variability of cardiac output measurements was 0.2 ± 0.2 l/min or 3 ± 4%. The intermethod variability of cardiac output measurements was 0.4 ± 0.1 l/min or 6 ± 3%, slightly larger values of cardiac output was seen with the commercial software (ViewForum) used for patients compared to the freely available software (Segment) used for normals.[image: A12968_2008_Article_69_Fig1_HTML.jpg]
Figure 1Cardiac index (CI) is lower in patients with congestive heart failure and depressed LV systolic function compared to healthy subjects.
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Figure 2There is a decrease in CI in healthy subjects with age but CI does not differ between males and females.





Conclusion
CI is lower in patients with congestive heart failure and depressed left ventricular systolic function compared to healthy subjects. There is a decrease in CI in healthy subjects with age but CI does not differ between males and females. Values of CI over a wide age range have been established, this can be used as reference values for MRI.
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