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Abstract

Purpose Propofol concentrations that produce labora-

tory-based cardioprotective effects are generally greater

than those produced under routine anesthesia during car-

diac surgery. It is unknown whether experimental

cardioprotective propofol concentrations can routinely be

achieved during cardiopulmonary bypass (CPB) using

continuous infusion.

Methods Twenty-four patients scheduled for primary

aortocoronary bypass grafting with CPB were allocated to

receive one of three propofol infusion rates; 50, 100, or

150 lg � kg-1 � min-1 in an open-label pilot study. Data

were described using a line of best fit to derive an exper-

imental clinical maneuver predicted to produce a whole

blood concentration of 5 lg � mL-1 at reperfusion. A

predetermined interim analysis of 30 patients who were

receiving the derived maneuver in an ongoing study was

used to evaluate the maneuver. Cardiac index (CI),

systemic vascular resistance index (SVRI), and left ven-

tricular stroke work index (LVSWI) were recorded.

Results The infusion rate-concentration curve had an

equation of y = 0.215e0.0279x, where y represents the whole

blood concentration and x represents the infusion rate

(r2 = 0.781). The predicted infusion rate to achieve a mean

concentration of 5 lg � mL-1 was 113 lg � kg-1 � min-1.

The nearest practical rate is 120 lg � kg-1 � min-1, pro-

ducing a concentration of 5.39 (1.45) lg � mL-1. The values

for CI, SVRI, and LVSWI were similar between groups at

corresponding time periods.

Conclusions An infusion rate of 120 lg � kg-1 � min-1 is

clinically practical and capable of achieving experimental

cardioprotective propofol concentrations at reperfusion.

Résumé

Objectif Les concentrations de propofol qui provoquent

des effets cardioprotecteurs lors des tests de laboratoire

sont en général plus élevées que celles produites sous une

anesthésie de routine lors d’une chirurgie cardiaque. Nous

ne savons pas si des concentrations expérimentales car-

dioprotectrices de propofol peuvent être atteintes de façon

routinière pendant la circulation extracorporelle (CEC)

avec une perfusion continue.

Méthode Vingt-quatre patients devant subir un pontage

aortocoronarien avec CEC ont été randomisés à recevoir

l’un des trois vitesses de perfusion de propofol suivantes :

50, 100 ou 150 lg�kg-1�min-1 dans une étude pilote

ouverte. Les données ont été décrites à l’aide d’une droite

de régression afin de dériver une manœuvre clinique

expérimentale qui devrait produire une concentration de

sang total de 5 lg�mL-1 au moment de la reperfusion. Une
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analyse intérimaire prédéterminée de 30 patients recevant

la manœuvre dérivée dans une étude en cours a été utilisée

pour évaluer la manœuvre. L’index cardiaque (IC), l’index

de résistance vasculaire systémique (SVRI) et l’index de

travail ventriculaire gauche (LVSWI) ont été enregistrés.

Résultats La courbe taux de perfusion – concentration a

eu une équation de y = 0,215e0,0279x, où y représente la

concentration de sang total et x la vitesse de perfusion

(r2 = 0,781). La vitesse de perfusion prédite afin d’attein-

dre une concentration moyenne de 5 lg�mL-1 était de

113 lg�kg-1�min-1. La vitesse pratique la plus proche est

120 lg�kg-1�min-1, ce qui produit une concentration de

5.39 (1,45) lg�mL-1. Les valeurs de IC, SVRI et LVSWI

étaient comparables entre les groupes aux périodes de

temps correspondantes.

Conclusion Une vitesse de perfusion de propofol de

120 lg�kg-1�min-1 est pratique d’un point de vue clinique

et peut atteindre des concentrations expérimentales car-

dioprotectrices au moment de la reperfusion.

Ischemia reperfusion injury during aortocoronary bypass

grafting (ACBP) is a source of intraoperative cardiac

injury.1 Therapeutic pharmacologic options to preserve the

viability of ischemic myocardium during surgery include

volatile anesthetic pre- and post-conditioning and antioxi-

dant therapies.2–5 Unfortunately, the clinical reproducibility

and effectiveness of volatile anesthetic preconditioning

have recently come into question.6,7 Preconditioning has not

translated easily to the clinical scenario and is not univer-

sally effective. Patient factors, including diabetic status8,9

and aortic cross-clamp intervals exceeding 30 to 40 min,10

could mitigate the effects of the preconditioning stimulus.

Research into alternative approaches of cardioprotection is

required.

Conditions at reperfusion significantly contribute to

tissue injury and repair.11 The antioxidant12 and cell sig-

nalling properties13,14 of propofol, as well as its ability to

inhibit mitochondrial permeability transition,15,16 are well

suited to reduce reperfusion injury. Unfortunately, clinical

anesthetic conditioning studies have demonstrated that

target-controlled infusions of propofol that were set from 1

to 4 lg � mL-1 failed to protect against myocardial

injury.2,17 Based on work from our lab and others using

both simulated models of ischemia reperfusion and studies

in patients,18–25 we postulated that propofol confers car-

dioprotection when a target range of 4.5–8.9 lg � mL-1

(25 to 50 mM) is achieved.

There has been limited in vivo study evaluating the

effect of increased propofol dosing to achieve the thera-

peutic concentration range defined in vitro. Recently, a

clinically relevant swine model of normothermic blood

cardioplegic arrest with cardiopulmonary bypass (CPB)

demonstrated that a 1 mg � kg-1 bolus followed by a

100 lg � kg-1 � min-1 continuous propofol infusion was

cardioprotective without negative hemodynamic conse-

quences.24 The authors estimated a whole-blood propofol

concentration of 3.7 lg � mL-1 based on other clinical

studies with similar operative procedures.26–28 We previ-

ously found that a 2 to 2.5 mg � kg-1 bolus of propofol

followed by an infusion of 200 lg � kg-1 � min-1 produced

drug concentrations associated with increased antioxidant

capacity (8.2 ± 2.1 lg � mL-1) but showed signs of

intraoperative cardiac depression compared with conven-

tional propofol or isoflurane anesthesia maintenance.29

More recently, increasing propofol anesthetic maintenance

from 60 to 120 lg � kg-1 � min-1 intraoperatively was

associated with a reduction in biomarkers of cardiac injury

and oxidative stress, although the range of values was

consistent with those expected during cardiac surgery.30

Clinically relevant differences in hemodynamic variables

and left ventricular function were not detected in this study,

and drug concentrations were not measured. Further

investigations are needed to evaluate the role of propofol in

cardiac surgery.

It is unknown if experimental cardioprotective propofol

concentrations can routinely be achieved at reperfusion

during ACBP with CPB using short-term continuous

infusion, or if such concentrations are associated with an

increased risk of cardiac instability upon emergence from

CPB. To address this question, we conducted a pilot dose-

finding study to develop predictive mathematical model-

ling for optimal dosing in patients.

In this pilot study, we hypothesized that a whole-blood

propofol concentration of 5 lg � mL-1 could be achieved

clinically with continuous drug delivery during ACBP with

CPB. We focused our treatment interval to the CPB interval

of ACBP and measured the resulting propofol concentra-

tions in whole blood 15 min after reperfusion. We also

sought to identify any evidence of clinically significant

cardiac depression upon separation from bypass and meas-

ured intraoperative hemodynamic performance using

cardiac index (CI), systemic vascular resistance index

(SVRI), and left ventricular stroke work index (LVSWI).

Methods

Study design

We report on two successive studies with the aim of

establishing a clinical anesthetic maneuver that reliably

yields a target concentration of 5 lg � mL-1.

The first study (Study 1) was an open-label pilot dose-

finding study in 24 patients who received one of three

propofol doses by continuous infusion during CPB.
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Propofol concentrations were mathematically described as

a function of the infusion rate with an empirical line of best

fit constructed using nonlinear regression followed by

Akaike’s Information Criteria comparison. The line was

not modelled on pharmacokinetic or physiological princi-

ples. We used this line to determine the infusion rate

predicted to yield our target propofol concentration.

The infusion rate derived from Study 1 was employed in a

subsequent and ongoing randomized controlled trial entitled

PRO-TECT II (www.clinicaltrials.gov NCT00734383).31

We planned an analysis of propofol concentrations at the

midpoint of the PRO-TECT II trial (n = 72) in those patients

randomized to the propofol treatment arm (n = 30). The

purpose of this interim analysis (Study 2) was to assess the

reliability with which our clinical maneuver achieved our

target propofol concentration at reperfusion.

Both studies focused on propofol concentrations in

whole blood sampled 15 min after reperfusion, which

precluded pharmacokinetic analysis. Intraoperative hemo-

dynamic measures of CI, SVRI, and LVSWI were also

recorded in both studies.

Study population

This investigation conforms to the principles outlined in the

Declaration of Helsinki. Following institutional approval

and informed patient consent, we enrolled hemodynami-

cally stable patients scheduled for revascularization of three

or more coronary vessels where a minimum continuous

aortic cross-clamp time of 60 min was anticipated. We

excluded patients who were younger than 18 or older than

80 yr of age, those who refused consent, and those who had

co-existing valvular heart disease, an acute or evolving

myocardial infarction, or a history of hypersensitivity to

propofol or any formulation component.

Perioperative procedures

Perioperative monitoring (arterial, central, and pulmonary

catheterization) and surgical and cardioplegia techniques

(warm, intermittent, antegrade delivery of blood: crystal-

loid [8:1 ratio]) were standardized. The antifibrinolytic

therapy of choice was tranexamic acid 0.05 mg � kg-1 then

0.10 lg � kg-1 � min-1. Cardiopulmonary bypass was con-

ducted at 34–37�C. Intraoperative hematocrit was main-

tained at 0.25 to 0.27 during CPB and facilitated by

retrograde autologous prime procedure.

Anesthesia protocol

Anesthesia was standardized to induction with fentanyl

10–15 lg � kg-1 iv, midazolam 2–4 mg iv, and sodium

thiopental, as required for loss of consciousness. Muscle

relaxation and tracheal intubation were achieved with ro-

curonium 0.1 mg � kg-1. Anesthesia was maintained with

isoflurane (0.5–2%, end-tidal), except during CPB when

propofol was administered. Post-CPB anesthesia was as per

clinical practice.

Experimental maneuver: application of propofol during

CPB

Delivery of isoflurane was discontinued approximately

10 min prior to aortic cross-clamp. Propofol was then

applied as a 1.0 mg � kg-1 bolus followed by a continuous

infusion of 50 (n = 8), 100 (n = 9), or 150 lg � kg-1 �
min-1 (n = 7) in Part One, or 120 lg � kg-1 � min-1

(n = 30) in Part Two, until 15 min after release of the

aortic cross-clamp (reperfusion).

Measurement of propofol concentration

Four millilitres of whole blood was sampled from the

central venous line 15 min after reperfusion and stored at

-80�C for subsequent quantitative propofol analysis by

capillary electrophoresis.32

Hemodynamic data collection

Intraoperative central venous pressure (CVP) and mean

pulmonary catheter wedge pressure (PCWP) were main-

tained to within ±20% of baseline values by volume

transfusion from the CPB reservoir. Transesophageal

echocardiography was employed during the perioperative

period to facilitate volume loading and to rule out cardiac

tamponade and pneumo- or hemothorax as possible causes

of cardiac depression. Intraoperative cardiac function (CI,

SVRI, and LVSWI) was measured and derived at three

timepoints: pre-CPB, post-CPB emergence, and just prior

to admission to the intensive care unit (pre-ICU).

Inotropic and vasoactive drug protocol

Intraoperative hemodynamic management included the use

of phenylephrine (1–2 lg � kg-1 prn) for blood pressure

below 85 systolic or for mean arterial pressure below

50 mmHg. Blood pressure greater than 140 mmHg systolic

or mean arterial pressure above 80 mmHg were treated by

deepening anesthesia using fentanyl (1–2 lg � kg-1) fol-

lowed by the vasodilator of choice prn at the discretion of

the attending anesthesiologist. If pre-CPB heart rate was

above 85 beats � min-1 and if adequate anesthesia and

analgesia was felt to have been achieved, patients were

treated with metoprolol iv prn.

Systolic blood pressure below 90 mmHg and/or a CI

below 2.2 L � min-1 � m-2, despite a PCWP range of
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12–15 mmHg at the time of separation from CPB, were treat-

ed with dopamine or dobutamine ([4 lg � kg-1 � min-1),

epinephrine or norepinephrine ([0.04 lg � kg-1 � min-1),

alone or in combination with milrinone (0.25 to 0.75 lg �
kg-1 � min-1) at the discretion of the attending anesthesiol-

ogist. Inotropic support, as described in Table 1, exceeding

30 min in duration was considered clinically significant.

Sample size and statistical analysis

Based on two of our previous studies,12,29 we anticipated a

one-sided difference in whole-blood propofol concentra-

tions of 2.2 lg � mL-1 between doses in Study 1, with a

standard deviation of 1.4 lg � mL-1. The type 1 error rate

was set at a = 0.05 and the power at 0.9. Accordingly, we

determined a minimum sample size of seven patients per

group. At the midpoint of PRO-TECT II, 72 patients had

been randomized, 30 of those to the propofol treatment arm.

This comprised the sample size available for analysis for

Study 2; no formal sample-size calculation was performed.

All data are reported and presented as mean (SD) except

for predicted values and constant of proportionality, which

are described using 95% confidence intervals. Hemody-

namic parameters from Part 1 were analyzed using a two-

way repeated-measures analysis of variance. Bonferroni/

Dunn post-tests for pair-wise comparisons of averages for

doses across time were performed when the variance of the

dose-time interaction reached a significance level of

P B 0.05. Hemodynamic parameters from Part 2 are pre-

sented descriptively. All analyses were performed using

GraphPad Prism� 4.0c software (San Diego, CA, USA).

Results

Patient and operative characteristics

Patient and operative characteristics according to experi-

mental group are described in Table 2. Insufficient

anesthesia, as evidenced clinically by elevated mean arte-

rial pressure (exceeding 80 mmHg) and low mixed venous

oxygenation (less than 65%) on CPB, was suspected by the

attending anesthesiologist in three patients receiving

50 lg � kg-1 � min-1 of propofol during CPB. These

patients received supplemental isoflurane. Two patients

receiving 150 lg � kg-1 � min-1 and one receiving 100

lg � kg-1 � min-1 were described as clinically unstable at

separation from CPB. They required two or more inotropes,

alone or in combination with norepinephrine, for hemo-

dynamic stabilization prior to transfer to the intensive care

unit (ICU).

Propofol concentrations in whole blood

Part one

The whole blood concentrations in patients treated with 50,

100, and 150 lg � kg-1 � min-1 of propofol were 2.10

(1.20), 2.96 (1.87), and 14.28 (4.79) lg � mL-1, respec-

tively (Fig. 1). The empirical line of best fit for the

relationship between propofol concentrations and infusion

rates was determined using non-linear curve fitting.

According to an Akaike’s Information Criteria comparison,

an exponential growth non-linear model was preferred over

the alternative power series model. The equation is descri-

bed mathematically by y = a�eKx, where y represents the

achieved whole-blood concentration, x represents the infu-

sion rate, and a (0.215; 95%CI = -0.088 to 0.519) and K

(0.0279; 95%CI = 0.0181 to 0.0376) are constants of pro-

portionality. The line had a coefficient of determination of

r2 = 0.781 and predicted that 113 lg � kg-1 � min-1 was

required to achieve a mean concentration of 5 lg � mL-1.

Part two

There were four study protocol violations; two patients

received propofol 2.0 mg � kg-1 bolus (propofol concen-

trations: 10.6, 11.0 lg � mL-1); two additional patients

Table 1 Suggested dose

regimen for attending

anesthesiologist

SVR systemic vascular

resistance, mPAP mean

pulmonary arterial pressure,

NTG nitroglycerine

Inotrope Starting dose Dose range

Epinephrine 0.5–2 lg � min-1 0–8 lg � min-1

Milrinone 0.125–0.25 lg � kg-1 � min-1 0–0.75 lg � kg-1 � min-1

Dobutamine 3.5–7.5 lg � kg-1 � min-1 0–10 lg � kg-1 � min-1

1.5–3.5 lg � kg-1 � min-1 0–10 lg � kg-1 � min-1

SVR \ 600

Levophed 2–4 lg � min-1 0–8 lg � min-1

SVR [ 1200

Milrinone 0.125–0.75 lg � kg-1 � min-1

mPAP [ 25

NTG and/or milrinone 0.125–0.75 lg � kg-1 � min-1
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received no loading dose (propofol concentrations: 2.6,

2.6 lg � mL-1). Three cases had operative aortic cross-

clamp intervals below 60 min (propofol concentrations:

2.4, 4.0, and 6.5 lg � mL-1), thus intraoperatively violat-

ing study inclusion criteria. These seven patients were

excluded from subsequent analysis.

The whole-blood propofol concentration from the

remaining 23 patients was 5.39 ± 1.45 lg � mL-1 with a

range of 2.60 to 7.54 lg � mL-1. The 25, 50, and 75%

quartiles were 4.36, 5.63, and 6.34 lg � mL-1, respectively.

Propofol concentrations were 4.45 lg � mL-1 (25 mM)

or higher in 18/23 patients (78%) and were above

5 lg � mL-1 in 15/23 patients (65%). In this series, prop-

ofol concentrations showed no apparent correlation with

patient age, weight, body surface area, or aortic cross-

clamp duration (Fig. 2).

Intraoperative hemodynamic function

Figure 3 depicts intraoperative profiles for CI, SVRI, and

LVSWI in patients receiving 50, 100, and 150 lg � kg-1 �
min-1 propofol infusions alongside those from patients

Table 2 Patient demographic and perioperative characteristics

Experimental group

50 lg � kg-1 � min-1 100 lg � kg-1 � min-1 150 lg � kg-1 � min-1 120 lg � kg-1 � min-1

N 8 9 7 30

Age (yr) 59 ± 7 70 ± 4 62 ± 10 63 ± 8

Weight (kg) 71.0 ± 17.0 76.9 ± 12.9 77.8 ± 16.4 89.4 ± 13.9

Height (cm) 162.5 ± 8.5 165.7 ± 7.3 166.4 ± 9.8 173.1 ± 7.2

BSA (m2) 1.78 ± 0.23 1.88 ± 0.19 1.86 ± 0.24 2.03 ± 0.17

Gender (m/f) 4:4 7:2 4:3 29:1

LVEF (%) 50 ± 17 45 ± 13 51 ± 9 50 ± 14

ACC (min) 65 ± 29 101 ± 39 73 ± 20 89 ± 28

CPB (min) 89 ± 35 140 ± 59 140 ± 59 119 ± 35

Data are expressed as mean ± standard deviation or patient numbers

BSA body surface area, LVEF left ventricular ejection fraction, ACC aortic cross-clamp interval, CBP cardiopulmonary bypass interval

Fig. 1 Propofol concentrations in whole blood at reperfusion during

aortocoronary bypass grafting with cardiopulmonary bypass in 24

patients receiving one of three infusion rates; 50, 100, or 150

lg � kg-1 � min-1. The solid line represents the empirical line of best

fit (r2 = 0.781); the dotted line represents its 95% confidence interval.

All concentrations were determined using capillary electrophoresis

from 400 lL of whole blood sampled 15 min post-reperfusion during

cardiopulmonary bypass

Fig. 2 Scatter plots of propofol concentration and a age, b weight, c body surface area, and d cross-clamp times for 23 patients receiving

120 lg � kg-1 � min-1 of propofol during cardiopulmonary bypass
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123



receiving 120 lg � kg-1 � min-1 infusions. We did not

detect significant variance in the dose-time interaction for

any hemodynamic parameters (Fig. 3a, c, and e).

The hemodynamic variables presented in Fig. 3 were

similar for the patients in Study 1 and Study 2.

Discussion

The current study describes conditions under which labo-

ratory-based propofol-mediated cardioprotection was

translated to an experimental clinical maneuver. In order to

minimize alterations to the operative procedure and to

facilitate clinical investigation, the method employed a

loading bolus followed by constant infusion focused to the

CPB interval. The primary research question relates to

whether cardioprotective concentrations could be reliably

achieved in vivo without undue risk of cardiac depression.

Following are the principal findings of this study: (1) The

constant infusion rate predicted to achieve a mean con-

centration of 5 lg � mL-1 was 113 lg � kg-1 � min-1; (2)

The propofol concentration achieved with the nearest

practical rate of 120 lg � kg-1 � min-1 was 5.39

(1.45 lg � mL-1) with quartiles of 25% = 4.36 lg �

mL-1; 50% = 5.63 lg � mL-1; and 75% = 6.34 lg �
mL-1. At this infusion rate, our model predicted a con-

centration of 6.10 (1.76) lg � mL-1; (3) Patient age,

weight, body surface area, or aortic cross-clamp duration

were not found to influence propofol concentration at

reperfusion; (4) There was no evidence of depressed left

ventricular function at emergence from CPB in patients

receiving 120 lg � kg-1 � min-1 propofol infusions during

CPB.

The dosing groups in Part 1 of our study were partly

modelled after a pharmacokinetic study that Gepts et al.

conducted in a nonsurgical setting.33 The mathematical

model we used represents an empirical means to fit our data

in order to predict the infusion rate most likely to produce a

given propofol concentration under similar operative and

anesthetic conditions. As a result, a 1 mg � kg-1 propofol

bolus followed by a 120 lg � kg-1 � min-1 continuous

infusion was chosen for our PRO-TECT II protocol. Given

its primary importance to tissue injury and repair, our

sampling coincides with the early stage of reperfusion.

The method of drug application in our study produced a

wide range of blood concentrations for a given infusion

rate. This variability appears to be in line with that of

several other studies where propofol concentrations were

Fig. 3 Intraoperative profiles of

cardiac index (a, b), systemic

vascular resistance index (c, d),

and left ventricular stroke work

index (e, f). Left panels (a, c, e)

show profiles from patients

receiving one of three propofol

infusion rates (50, 100, and

150 lg � kg-1 � min-1; n = 24)

during cardiopulmonary bypass.

Right panels (b, d, f) show

profiles from patients

randomized to receive

120 lg � kg-1 � min-1 of

propofol (n = 23) during

cardiopulmonary bypass. Data

for each treatment group are

presented as the mean and

standard deviation
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measured under similar operative conditions.27,34–37 It is

clear that steady state conditions were not achieved, but it

is also clear that steady state conditions for propofol cannot

reasonably be anticipated within the context of cardiac

surgery. We suggest that a significant reduction in the

variance of propofol concentrations in the absence of

steady state conditions will require monitoring of the

concentration achieved during the course of surgery. By

extension, drug level monitoring may be required to

appropriately evaluate the role of propofol in cardiopro-

tection, and its absence in experimental clinical studies

makes interpretation of findings difficult.

We are satisfied that the experimental clinical maneuver

derived in this study is capable of producing a propofol

concentration associated with laboratory-based cardiopro-

tection. Indeed, the effect of increased propofol dosing to

achieve the therapeutic concentration range associated with

laboratory-based propofol mediated cardioprotection (25–

50 mM) was achieved clinically in 78% of patients in our

study. The highest level we measured was approximately

7.5 lg � mL-1 (45 mM), as seen in 17% of cases. This

concentration is clinically and experimentally relevant,

given these levels have been previously associated with the

range expected to inhibit both lipid peroxidation38 and

mitochondrial permeability transition.16 The absence of

high drug levels among patients in Study 2 suggests that a

large dose of propofol applied during CPB had no detri-

mental effect on early post-bypass functional recovery

relative to lower infusion rates. This contrasts with reports

where total intravenous anesthesia with propofol and

remifentanil was used for cardiac surgery.17

Consistent with our definition of cardiac depression, we

did not observe a decrease in CI across dosing groups upon

emergence from CPB. This pattern was associated with a

decrease in SVRI and the maintenance of LVSWI (Fig. 3).

By extension, elevated doses of propofol during cardio-

plegic arrest do not appear to increase the risk of cardiac

instability on emergence from CPB. The benefit of this

method with respect to clinical outcomes and cardiopro-

tection cannot be extrapolated in the current study and

remains to be determined.

Patient characteristics of age, disease state, and weight

have been identified as significant covariates that influence

propofol pharmacokinetics.33,39 Their effect on data-spread

effects is likely to be amplified in non-steady-state condi-

tions. We did not find any systematic influence of these

parameters on propofol concentrations at reperfusion

(Fig. 2), suggesting that non-steady-state conditions and

variability in total infused drug volume have a larger

influence.

We used capillary electrophoresis to quantitatively

analyze propofol in whole blood.32 The separation is

completed in less than 8 min, but the length of the

preparative step still precludes its use for point-of-care

target-achieved type dosing. Quantitative analysis that

provides target-achieved drug infusion would likely facil-

itate perioperative care of high-risk patients. Technologies

that enable target-achieved dosing could then be adopted

for routine use in studies designed to determine clinical

outcomes.

There are limitations to the present study. First, propofol

concentrations were only measured in central venous blood

collected at one point in time, which limits any pharmac-

okinetic interpretations of the data. Central venous

sampling was used for quantitative propofol analysis. Site-

effect studies have confirmed that venous sampling is

equally representative of arterial drug concentrations,

provided the infusion interval prior to sampling is longer

than 20 min.39–44 Second, the mathematical model descri-

bed in this study is inherently susceptible to changes in the

anesthetic maneuver and is incapable of predicting propo-

fol concentrations in routine clinical practice or beyond the

infusion rates used in our study. In the absence of controls

that omit propofol anesthesia, we are unable to attribute

either the magnitude or the pattern of hemodynamic

changes to the administration of propofol. The volume of

propofol delivered in our study prior to sampling is entirely

dependent on patient weight and cross-clamp interval.

Cross-clamp intervals are neither consistent between sur-

gical cases nor sufficient to establish near steady-state

pharmacokinetic conditions.33,45 For these reasons, our line

of best fit has no pharmacokinetic basis; its constants do

not represent any physiological parameters, and there is no

basis for the apparent log-linear relationship between the

infusion rate and the concentration that its equation sug-

gests. The current study focused on the intraoperative

interval. Any patterns of hemodynamic performance are

not known to extend to the postoperative period. Finally,

our hemodynamic findings are not known to apply to

patients with severe ventricular dysfunction and profoundly

low cardiac output, or to patients treated with drugs used to

treat low cardiac output, such as milrinone.

The current study introduces an experimental clinical

maneuver focused to the CPB interval that is capable of

yielding an elevated propofol concentration at reperfusion.

In summary, the administration of a 1 mg � kg-1 bolus

propofol dose followed by a 120 lg � kg-1 � min-1 con-

tinuous infusion during CPB produced relevant

cardioprotective drug concentrations in whole blood at

reperfusion. These concentrations were associated with an

increase in CI at emergence from CPB in the absence of

additional inotropic support. The achieved drug concen-

trations have previously been associated with enhanced red

cell and tissue antioxidant capacity in vitro and in vivo,

enhanced recovery from experimental ischemia reperfu-

sion, and reduced endothelial and cardiomyoblast
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apoptosis. Failure to prevent cardiac injury with conven-

tional propofol doses could be explained by inadequate

concentrations and timing of administration. It remains to

be determined if achieving a target concentration of

5 lg � mL-1 will improve clinical outcomes (morbidity

and mortality) in high-risk patient populations undergoing

cardiac surgery.
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