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Comparison of Continuous, Stat, and Intermittent Bolus Cardiac Output Measurements during Cardiac Surgery

Ji Yeon Lee, M.D., Jae-Kwang Shim, M.D.*, Yong Seon Choi, M.D.*, Seong Wook Hong, M.D.*, Hyeon-Min Park, M.D.*, and
Young Lan Kwak, M.D.*

Department of Anesthesiology and Pain Medicine, Gil Hospital, Gachon University of Medical and Science, Incheon; *Yonsei University
College of Medicine, Seoul, Korea

Background: Off-pump coronary artery bypass (OPCAB) patients often require fluid, vasopressor, or inotropic support. It
is therefore important that vigilant monitoring be undertaken to guide intervention and monitor the effects of therapy. Continuous
monitoring of cardiac output (CO) is advisable. The aim of this study was to compare continuous cardiac index (CCI) and stat
cardiac index (SCI) with intermittent bolus cardiac index (ICI) in patients undergoing OPCAB surgery.

Methods: Matched sets of CI measurements among CCI, SCI, and ICI were collected in 35 patients undergoing elective
OPCAB at specific time periods. Bland-Altman analysis was used to compare the agreement among the different methods.

Results: Bland-Altman analysis of CI measurements yielded a bias, precision, and percent error of 0.09 + 0.63 L/min/m’
(46.2%) for CCI and 0.09 + 0.60 L/rnin/m2 (44.0%) for SCI, compared with ICI measurements.

Conclusions: We found that the agreement of CCI, SCI, and ICI was poor. This disagreement increased during periods of
open thorax and open pericardium when compared to the period of closed thorax. Continuous CO measurements through
pulmonary artery catheter should be interpreted with caution during OPCAB. (Korean J Anesthesiol 2008; 54: 603~ 8)

Key Words: cardiac surgery, continuous cardiac index, intermittent bolus cardiac index, stat cardiac index, volumetric pulmonary
artery catheter.
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Table 1. Demographic Data

Variable Values (n = 35)
Age (yr) 62 + 10
Gender (M/F) 30/5
BSA 1.72 £ 0.15
DM 11
Hypertension 21
Medication

Vasodilator 25

B blocker 21

CC B 14

ACE inhibitor 13

Diuretic 2
LVEF (%) 614 + 9.6

All values are mean * SD (range) or number of patients. BSA:
body surface area, DM: diabetes mellitus, CCB: calcium channel
blocker, ACE: angiotensin converting enzyme, LVEF: preoperative
left ventricular ejection fraction.
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Table 2. Mean Cardiac Index, Correlation, Bias, Precision, Limits of Agreement and Percent Error (%) between Intermittent Cardiac Index

(ICI) and Continuous Cardiac Index (CCI)

Time Mean ICI Mean CCI P value Bias Precision Percent
(L/min/m?) (L/min/m®) (L/min/m’) (L/min/m®)  error (%)

Tl 2.88 (2.0—4.6) 297 (2.0—4.2) 0.437 0.016 0.09 0.57 39.0
T2 2,64 (1.8—3.8) 2.78 (1.7—3.6) 0.358 0.038 0.18 0.52 38.1
T3 232 (1.5-3.5) 244 (1.7-3.1) 0.584 0.000 0.13 0.46 38.7
T4 2.60 (1.5—5.0) 226 (15-3.2) 0.529 0.001 —0.34 0.58 47.8
T5 2.98 (1.6—5.0) 2.57 (1.6—3.4) 0.485 0.001 —0.44 0.77 55.8
T6 2.76 (1.6—4.2) 2.68 (1.8—3.8) 0.350 0.053 —0.08 0.72 52.7
T7 2.69 (1.6—4.9) 2.65 (1.9—4.3) 0.826 0.000 —0.02 0.49 36.6
Close thorax

127 2.89 2.90 0.619 0.000 0.09 0.53 35.7
Open thorax 2.46 235 0.466 0.000 ~0.10 0.57 475

o . . ) ! ) ) .
Open pericardium 2.88 2.63 0374 0.002 ~026 0.76 55.3

(T5,6)
Total 2.80 2.70 0.599 0.000 —0.09 0.63 46.2

All values are mean (range). ICIL: intermittent bolus cardiac index, CCI: continuous cardiac index, r: correlation coefficient, T1: 15 minutes
after induction, T2: 30 minutes after induction, T3: 15 minutes after sternotomy, T4: 30 minutes after sternotomy, T5: 15 minutes after
pericardiotomy, T6: 30 minutes after pericardiotomy, T7: 15 minutes after sternal closure.

Table 3. Mean Cardiac Index, Correlation, Bias, Precision, Limits of Agreement and Percent Error (%) between Intermittent Cardiac Index
(ICI) and Stat Cardiac Index (SCI)

Tim Mean ICI Mean SCI . P value Bi Precision Percent
¢ (L/min/m?) (Ljmin/m?) (L/min/m?) a (Lmin/m?)  error (%)

T1 2.88 (2.0—4.6) 290 (1.5—42) 0520 0.003 0.02 055 37.1
™ 2.64 (1.8—3.8) 278 (1.6—3.6) 0.450 0.008 0.16 048 353
T3 232 (1.5-3.5) 238 (1.5—3.1) 0591 0.000 0.07 0.46 39.1
T4 2.60 (1.5—5.0) 227 (1.8-32) 0552 0.001 —033 057 46.9
T5 298 (1.6—5.0) 2.69 (1.6—3.6) 0578 0.000 —031 0.72 50.9
Té 276 (1.6—42) 262 (1.7—3.8) 0.476 0.007 —0.12 0.65 48.1
T7 2.69 (1.6—4.9) 272 (1.8—4.7) 0.808 0.000 0.06 0.49 36.0
Close thorax
T2 2.89 2.90 0.657 0.000 0.08 051 343
Open thorax _
r34) 2.46 232 0.508 0.000 0.13 055 46.0
Open pericardium ) ¢¢ 2.66 0522 0.000 —022 0.69 50.0
(T5,6)
Total 2.80 270 0.650 0.000 —0.09 0.60 44.0

All values are mean (range). ICIL: intermittent bolus cardiac index, SCI: stat cardiac index, r: correlation coefficient, T1: 15 minutes after
induction, T2: 30 minutes after induction, T3: 15 minutes after sternotomy, T4: 30 minutes after sternotomy, T5: 15 minutes after
pericardiotomy, T6: 30 minutes after pericardiotomy, T7: 15 minutes after sternal closure.
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Table 4. Changes in Hemodynamic Variables at Various Time Points

T1 T2 T3 T4 T5 T6 T7

HR (beats/min) 62 £ 10 58 £ 6 65 £ 13 63 £ 9 65 £ 9 65 £ 12 73 £ 10*
MAP (mmHg) 73 £ 9 75 £ 11 81 £ 9% 81 £ 13* 75 £ 11 77 £ 10 80 £ 9
MPAP (mmHg) 17 £ 3 17 £ 18 £ 3 18 £ 3 18 £ 4 19 £ 18 £ 3
PCWP (mmHg) 12 £+ 3 13 £3 14 £ 3 14 £ 3 14 £ 3 14 £ 3 14 £ 3
CVP (mmHg) 8 £2 9 £2 11 £ 2* 10 £ 2% 9 £2 10 £ 3 10 £ 2
CI (L/min/m%) 288 + 057 2.64 + 048 232 + 0.53* 2.6 + 0.69* 298 + 0.88* 2.76 £ 0.69 2.69 £ 0.84
SvO, (%) 79 £ 5 79 £ 5 76 £ 6 76 £ 6 78 £ 8 76 + 7 74 £ 6
SVRI 5. 1,893 £ 523 2,089 + 533 2508 + 563* 2,334 + 746 1,952 + 639 2,104 + 591 2,311 + 776
(dynes * sec * cm ")
PVRI

_s 125 £ 59 126 + 56 121 + 47 128 + 46 117 £ 35 143 + 66 149 + 54
(dynes * sec * cm ")
All values are mean * SD. T1: 15 minutes after induction, T2: 30 minutes after induction, T3: 15 minutes after sternotomy, T4: 30

minutes after sternotomy, T5: 15 minutes after pericardiotomy, T6: 30 minutes after pericardiotomy, T7: 15 minutes after sternal closure,
HR: heart rate, MAP: mean arterial pressure, MPAP: mean pulmonary arterial pressure, PCWP: pulmonary capillary wedge pressure, CVP:
central venous pressure, CI: cardiac index, SvO»: mixed venous saturation, SVRI: systemic vascular resistance index, PVRI: pulmonary

vascular resistance index. *: P < 0.05 compared to TI1.
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