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Background and Objectives Measurement of cardiac output (CO) during off-pump 
coronary artery bypass grafting (OP-CABG) is useful to assess the impact of displace-
ment of heart during surgery. FloTrac uses the pulse-contour analysis algorithm to 
derive stroke volume (SV) and CO. This study was aimed to determine whether the site 
of monitoring of arterial pressure influences the CO measurement using Flotrac/Vigileo.
Methods The authors recorded 75 sets of observations in 15 patients who under-
went elective OP-CABG. Each patient had the radial and femoral artery cannulated 
and connected to FloTrac/Vigileo. The hemodynamic parameters were monitored at 
specified points of time intraoperatively.
Results The CO, cardiac index, SV, stroke volume index, and stroke volume variation 
measured from radial artery did not differ from those of femoral artery at all points of 
measurement.
Conclusion Either of the sites of monitoring of arterial pressure (namely radial and 
femoral artery) is acceptable for monitoring CO during OP-CABG.
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Introduction
Off-pump coronary artery bypass grafting (OP-CABG) has 
revolutionized the surgical approach for the treatment of 
coronary artery disease. OP-CABG avoids the use of extra-
corporeal circulation, and hence all the detrimental effects 
of instituting cardiopulmonary bypass (CPB), especially 
the systemic inflammatory response syndrome, are elim-
inated in patients who undergo this technique of coronary 
revascularization. Essential to the performance of OP-CABG is 
the use of mechanical stabilizers, for example octopus II and/
or starfish, which make the distal anastomotic site immobile 
during grafting. In addition to mechanical stabilization, man 
ipulation of the heart to provide access to the distal anas-
tomotic site is necessary for optional visualization. Use of 
mechanical stabilizers and manipulation of the heart for opti-
mal position prior to grafting makes the hemodynamic state 
unsteady and is associated with fall in cardiac output (CO) 

and systemic hypotension. Hemodynamic assessment involv-
ing CO measurement is of particular importance in patients 
undergoing OP-CABG. The intermittent thermodilution bolus 
techniques using a pulmonary artery catheter is still accept-
ed as a standard method for measurement of CO, despite its 
invasive character and associated risks. Recently, less inva-
sive methods and hardware to assess CO have become avail-
able. One of these alternatives is the FloTrac/Vigileo system 
(Edwards Lifesciences), which determines CO by analyzing 
the peripheral arterial waveform of an artery. FloTrac is easy 
to install, safe to use, and does not need any specific cathe-
ter or external calibration. FloTrac is based on the following 
equation: stroke volume (SV) = pulsatility × kappa. Pulsa-
tility is calculated by using the standard deviation (SD) of a 
peripheral arterial pressure wave. Kappa is a number that 
represents the vascular tone of the patient’s arterial tree, and 
it takes into account the age, weight, height, and sex.
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The FloTrac sensor has been proven accurate and reliable 
in monitoring CO in clinical studies when compared against 
continuous cardiac output (CCO) and intermittent cardiac 
output (ICO).1 A prior study found satisfactory agreement of 
the new device with intermittent and continuous thermo-
dilution.2 Good agreement was found between CO values 
obtained by arterial pulse contour analysis and thermodi-
lution technique using PAC in the intraoperative period in 
patients undergoing OP-CABG.3 Rose-Marieke have demon-
strated that CO measured by a new arterial pressure wave-
form analysis using FloTrac/Vigileo is clinically applicable 
after cardiac surgery and performs well at low CO.4

Physiologically speaking, arterial pressure measured in a 
more peripheral artery is different from the central aortic 
pressure, because the arterial waveform becomes progres-
sively more distorted as the signal is transmitted down the 
arterial system. The high-frequency components, such as 
the dicrotic notch, disappear, the systolic peak increases, the 
diastolic trough decreases, and there is a transmission delay.5 

These changes are caused by decrement in arterial compli-
ance as we progress to periphery and reflection/resonance 
of pressure waves in the arterial tree. However, despite this 
distortion, the mean arterial pressure (MAP) measured in 
the peripheral artery is similar to the central aortic pres-
sure under normal circumstances. So far, few studies have 
examined the impact of the site of arterial cannulation on 
the accuracy of the CO measurement using the FloTrac/
Vigileo system in patients undergoing OP-CABG. This study 
was performed to evaluate whether CO measurement at two 
different sites of arterial cannulation namely radial and fem-
oral will influence the determination and whether the two 
sites can be used interchangeably in terms of monitoring CO 
in patients undergoing OP-CABG.

Methods
After obtaining institutional review board (IRB) approval, 
ethical clearance, and written informed consent, 15 adult 
patients scheduled for elective CABG without the use of 
extracorporeal circulation (OP-CABG) were studied. Those 
patients with permanent pacemakers, need for mechanical 
cardiac support, severe peripheral vascular disease, and val-
vular dysfunction were excluded from the study. All patients 
underwent thorough preoperative examination and evalua-
tion, which included echocardiography and coronary angi-
ography. Preanesthetic medication consisted of 5 to 10 mg  
of oral diazepam the night prior and on the morning of 
surgery. All antihypertensive and antianginal medication 
was continued till the day of surgery with the exception of  
angiotensin-converting enzyme inhibitors and angioten-
sin-receptor blockers. After establishment of peripher-
al venous access, the right radial artery and right femoral 
artery were cannulated using 20G arterial cannula and 18G 
cannula, respectively, under local analgesia after supple-
mental sedation while patients breathed oxygen (O2) though 
facemask. If the right radial/femoral artery had been utilized 
for the preoperative coronary angiography, contralateral 
radial/femoral artery was cannulated. Both the arterial lines 

were simultaneously connected via a dedicated FloTrac pres-
sure transducer (►Figs. 1–3) to Vigileo monitor (Edwards 
Lifesciences; software version 1.14, with improved automat-
ic vascular tone adjustment 1 minute averaging with added 
fluid optimization screen enhancements and broader patient 
range to include high-risk surgical patients).

Fig. 1 Simultaneous monitoring of radial and femoral arterial pressure 
through FloTrac.

Fig. 2 Picture of FloTrac transducer 

Fig. 3 Simultaneous monitoring of cardiac output/cardiac index, SVV, 
and SV for radial and femoral arteries using FloTrac/Vigileo.
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Table 1  Basic demographics of the study patients

Sl.
No.

Age 
(y)

Sex DM HTN EF SCr 
(mg%)

IPPV 
(min)

ICU stay 
(d)

Hospital 
stay (d)

Others

1 37 M Y Y 60 0.9 11.3 2 12 Nil

2 49 M N N 45 0.8 16.3 2 9 Smoker, dyslipidemia

3 39 M N Y 55 1 25.45 7 19 Nil

4 48 M N Y 60 1 19.45 2 8 Asthma

5 45 M N N 55 0.8 24.15 2 7 Smoker

6 70 F N N 60 0.7 18.45 2 10 Nil

7 47 M Y Y 45 0.6 24 2 15 Asthmatic
H/o syncope

8 57 M Y Y 60 1 23 6 16 Nil

9 68 M Y N 52 1 72 4 10 Nil

10 72 M N Y 55 1.3 17 2 8 Nil

11 55 M Y Y 40 0.9 16.5 2 7 Nil

12 58 M Y Y 53 0.9 23 4 9 Smoker

13 63 M N N 55 1.6 22.3 3 14 Smoker

14 59 F Y N 60 0.8 20 3 11 Nil

15 65 M Y Y 50 1 18.3 3 12 Smoker

Abbreviations: DM, diabetes mellitus; EF, ejection fraction; F, female; HTN, hypertension; ICU, intensive care unit; IPPV, intermittent positive-pressure 
ventilation; M, male; N, no; SCr, serum creatinine; Y, yes.

After intubation of the trachea, the lungs were ventilated 
with 50% oxygen in air and isoflurane. Ventilation was con-
trolled with a tidal volume of 10 mL/kg, and the ventilato-
ry rate was adjusted to maintain an arterial partial pressure 
of carbon dioxide (CO2) of 32 to 42 mm Hg and arterial pH 
between 7.35 and 7.45. The heart rate and arterial blood 
pressure were maintained within 20% of basal values. The 
central venous pressure was maintained between 10 and 14 
mm Hg. OP-CABG was done after median sternotomy under 
normothermic conditions with CPB standby. Heparin was 
used in a dose of 400 U/kg to maintain activated coagulation 
time (ACT) of at least 400 seconds. Proximal anastomosis 
was done with aortic partial clamping, and distal grafting 
was performed using octopus-II tissue stabilizer. OP-CABG 
was converted to conventional CABG with CPB, if the patient 
could not tolerate the procedure off-pump. After anastomo-
ses, heparin was neutralized with protamine in a ratio of 
1 mg protamine for every 100 units of initial dose of hep-
arin. No antifibrinolytic agents were used. Blood and blood 
products were not used until hematocrit was less than 27%. 
Patients were electively ventilated at the end of surgery, and 
early extubation protocol was applied to all patients.

Postoperatively, all patients were transferred to the inten-
sive care unit (ICU), and controlled mechanical ventilation was 
continued for at least 4 hours. Peak airway pressures were 
adjusted to deliver a constant tidal volume of 10 mL/kg body 
weight; inspiratory-expiratory time ratio was set to 1:2, and 
a positive end-expiratory pressure (PEEP) of 5 mm Hg was 
used. Sedation consisted of a continuous propofol infusion of  
0.5 to 1.5 mg/kg/h. Tracheal extubation was performed when 
hemodynamics were stable, body temperature was greater 
than 36°C, patients breathed spontaneously with adequate 
blood gas variables, and there was no excessive bleeding.

The measurements and the data collection were per-
formed by an independent observer who was not involved in 
the anesthesia care of the patients at 11 different intraoper-
ative time points. The measurements were recorded during 
a hemodynamically stable phase. The measurements were 
recorded at the following: (1) prior to anesthesia induction, 
(2) after anesthetic induction, (3) after endotracheal intu-
bation, (4) at skin inclusion, (5) sternotomy, (6) during left  
internal mammary artery (LIMA) harvest, (7) during first 
distal grafting, (8) during second distal grafting, (9) during 
proximal anastomosis, (10) after grafting, and (11) at skin 
closure. Data were expressed as mean (SD) and subjected 
to statistical analysis using one-way analysis of variance 
(ANOVA) for comparing radial with femoral data over time.

Results
Fifteen patients were studied, of whom 13 were male. The 
mean age was 52.8 ± 11.8 (SD) years and weight 67.7 ± 10.6 
(SD) kg. Complete basic demographic details are presented 
in ►Table 1. The mean left ventricular (LV) ejection fraction 
was 53% ± 5.6% (SD). ►Table2 shows the means values of the 
hemodynamic variables in two arterial systems. Though the 
radial artery systolic pressure was higher than that of femoral 
artery, there were no differences in any other parameter at 
any point of measurement. The CO, cardiac index (CI), stroke 
volume variation (SVV), SV, and stroke volume index (SVI) 
were similar at both sites of measurement.

Discussion
Arterial pressure waveform analysis to determine CO has 
already been introduced into clinical practice. Commercially 
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wavailable devices include the PiCCO system (PiCCO, Pulsion 
Medical Systems) or the LiDCO system (LiDCO-plus, LiDCO 
Ltd.), which both require invasive calibration and recalibra-
tion by either transpulmonary thermodilution or lithium 
dilution after a certain time to compensate for interindi-
vidual differences in vascular compliance.6,7 The Modelflow 
technique (Finapres Medical Systems) requires calibration 
by thermodilution or determination of the aortic diameter.8 
With pulse contour analysis, there are many issues such as 
vessel impedance, peripheral vascular resistance, and arterial 
compliance that are the basis of arterial waveform analysis 
for measuring CO.9 Sources of error include interindividual 
differences in aortic impedance, an important variable to 
calculate SV, or reflections of the arterial pulse contour due 
to vessel tapering, bifurcations, and caliber changes, which 
may corrupt the peripheral arterial pulse wave signal.10,11 A 
recently developed device (FloTrac/Vigileo) offers the possi-
bility of uncalibrated continuous CO measurements on the 
basis of arterial waveform analysis combined with simple 
usability.12,13 A recent software improvement of FloTrac con-
sists of a more frequent recalculation of an internal variable 
estimating vascular tone combined with reduction in pulse 
wave detection noise.

The meta-analysis conducted by Mayer et al confirmed 
that FloTrac second generation is more accurate (lower bias) 
and more precise (lower percentage error) than FloTrac first 
generation.14 In a multicentric study of FloTrac versus esoph-
ageal Doppler to measure SV in patients undergoing surgery 
and critically ill patients in ICU, the authors showed that the 
FloTrac second generation is more precise and reduces per-
centage error.15 A yet another study assessing the CO charges 
showed that second-generation FlorTrac is more precise.16

The authors strongly feel that the CO measurement using 
pulmonary artery catheter (PAC) or transesophageal echo-
cardiography (TEE) during an off-pump procedure when the 
heart is displaced is inaccurate for the following reasons: 
with PAC, the accuracy of the CO measurement is question-
able when the heart is displaced as the catheter is likely to 
contact the right ventricular (RV) wall; hence, both intermit-
tent and continuous CO measurements using thermodilution 
will be invalid during the period of cardiac displacement. 
In addition, the kinking of RV outflow tract will impede the 
free passage of the cold injectate. With TEE, the placement of 
swab behind the heart during LAD (left anterior descending 
artery) grafting and vertical displacement of the heart during 
OM (obtuse marginal artery) grafting will distort the image 
and accurate determination of the volumes for CO will not 
possible. Hence, during distal grafting in OP-CABG, there is 
a definite place for CO measurement based on pulse contour 
analysis as this is not rendered inaccurate by displacement/
virtualization of the heart or placement of swab behind the 
heart.

A recent study by Maddali et al has shown that both the 
radial CO and femoral CO measurements are reliable and 
comparable with the TEE measurements at various stages of 
cardiac surgery.17

Conclusion
This study demonstrates that CO measurement at either of the 
brachial artery or femoral artery sites pressure using FloTrac 
provides similar data in patients undergoing OP-CABG.
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