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Abstract

Introduction: Acute haemodynamic complications are common after cardiac surgery and optimal perioperative
use of inotropic agents, typically guided by haemodynamic variables, remains controversial. The aim of this study
was to examine the relationship of inotrope use to hospital mortality and renal dysfunction.

Material and methods: A retrospective cohort study of 1,326 cardiac surgery patients was carried out at two
university-affiliated ICUs. Multivariable logistic regression analysis and propensity matching were performed to
evaluate whether inotrope exposure was independently associated with mortality and renal dysfunction.

Results: Patients exposed to inotropes had a higher mortality rate than those not exposed. After adjusting for
differences in Parsonnet score, left ventricular ejection fraction, perioperative intraaortic balloon pump use, bypass
time, reoperation and cardiac index, inotrope exposure appeared to be independently associated with increased
hospital mortality (adjusted odds ratio (OR) 2.3, 95% confidence interval (95% CI) 1.2 to 4.5) and renal dysfunction
(adjusted OR 2.7, 95% CI 1.5 to 4.6). A propensity score-matched analysis similarly demonstrated that death and
renal dysfunction were significantly more likely to occur in patients exposed to inotropes (P = 0.01).

Conclusions: Postoperative inotrope exposure was independently associated with worse outcomes in this cohort
study. Further research is needed to better elucidate the appropriate use of inotropes in cardiac surgery.

Introduction
Low cardiac output syndrome is a common complica-
tion in patients undergoing cardiac surgery [1]. The
aetiology is multifactorial and is believed to be related
to a combination of myocardial ischaemia, reperfusion
injury, cardioplegia-induced myocardial dysfunction and
preexisting cardiac disease [2]. The administration of
fluids and inotropes and the use of ventricular assist
devices are common therapies in the management of
low cardiac output syndrome. Physiological variables
such as cardiac index, mixed venous oxygen saturation,
oxygen delivery and lactate levels, obtained either from
a cardiac output monitoring device or by measuring

oxygen consumption and delivery, are often used to
guide therapy. Inotropic agents are frequently used and
titrated to achieve certain target levels of these physiolo-
gical variables [3].
However, there is no consensus regarding low cardiac

output syndrome in terms of both the physiological para-
meters that define it and the interventions used to treat it
[2]. The use of inotropes has been described to be both
centre- and physician-dependent and as being adminis-
tered to as few as 5% or to as many as 100% of patients
undergoing elective coronary bypass surgery [4-6].
Although inotropes have been demonstrated to improve
haemodynamics and measured physiological variables
[2], they may be a source of increased mortality and mor-
bidity as they can increase cardiac arrhythmias and
ischaemia [7]. Very few randomised, controlled trials
comparing the different agents used and their effects on
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clinical outcomes have been performed in patients who
undergo cardiac surgery [2]. In a recent observational
study, the receipt of dobutamine perioperatively was
associated with increased mortality [8]. In addition,
investigators in randomised, controlled trials of inotropes
in patients with heart failure and left ventricular dysfunc-
tion have reported increased side effects and increased
mortality [9].
While the use of inotropes as part of a protocol to tar-

get physiological parameters within the first six hours
after cardiac surgery has been shown to improve out-
comes in patients with sepsis [10], it is unclear whether
their use in the postoperative cardiac care setting is
favourable with respect to morbidity and mortality. This
study was undertaken to evaluate the relationship of
inotrope use to morbidity and mortality in a cohort of
consecutive patients undergoing cardiac surgery.

Materials and methods
Setting and study population
This study was conducted at two adult tertiary care uni-
versity-affiliated hospitals. Data were collected retrospec-
tively between 1 January 2005 and 31 December 2005 by
trained reviewers using standardised data collection sheets.
Consecutive patients who had undergone coronary artery
bypass graft (CABG) surgery, valve replacement or repair
or combined CABG and valvular or aortic procedures
were included in the study. Patients who had undergone a
heart transplant, pulmonary thromboendarterectomy or
placement of a ventricular assistance device were
excluded.
All patients had been admitted postoperatively to the

ICU. A Swan-Ganz catheter had been used perioperatively
at both hospitals to guide patient resuscitation. Serum lac-
tate and mixed venous oxygen saturation levels had been
measured in all patients at one site, and selected patients
at the other site. To avoid bias, only the data from the
patients treated at the hospital with routinely measured
serum lactate and mixed venous oxygen saturation were
used for the analysis of those variables.
All research was conducted in keeping with the princi-

ples outlined in the Declaration of Helsinki. The research
ethics committee of the McGill University Health Centre
Research Institute approved the study. The hospital’s
ethics committee waived the need for informed consent as
the data were collected retrospectively.

Exposure, covariates and end points
The primary drug exposure studied was postoperative
inotrope use. Epinephrine, milrinone and dobutamine
were the main inotropes used in the study centres. The
definition of ‘postoperative inotrope use’ varied for each
medication. Milrinone exposure was defined as adminis-
tration of any dose for any length of time in the ICU.

Dobutamine exposure was defined as delivery of any
dose as long as it was administered for at least three
hours in the ICU. Epinephrine exposure was defined as a
minimum duration of three hours in the ICU if the dose
was < 5 μg/minute or any duration if doses ≥ 5 μg/min-
ute were used. Consistent with the definitions used by
other authors [2], norepinephrine and vasopressin were
not considered inotropes.
The primary study outcomes were hospital mortality

and the occurrence of postoperative renal dysfunction.
Renal dysfunction was defined by an increase in creati-
nine ≥ 200% from baseline in the first five postoperative
days or new renal replacement therapy at any point dur-
ing hospitalisation. These definitions are consistent with
stages 2 and 3 of the Acute Kidney Injury Network clas-
sification system [11]. Secondary outcomes were ICU
length of stay and hospital length of stay.
Data were collected regarding patient age, sex, Parsonnet

score, medical history, procedure-related variables and
six-hour postoperative physiological variables. Medical his-
tories were abstracted from patient records. Conditions
considered were any prior cardiac surgery, hypertension,
diabetes, atrial fibrillation, preoperative hospitalisation for
heart failure, preoperative renal dysfunction, preoperative
dialysis, preoperative left ventricular ejection fraction and
left ventricular dysfunction. Preoperative renal dysfunction
was defined by a preoperative creatinine level ≥ 150 μmol/
L. Left ventricular dysfunction was defined as left ventricu-
lar ejection fraction < 30%. Procedure-related variables
consisted of cardiac procedures, perioperative intraaortic
balloon pump use, reoperation, emergency operation,
mean bypass time and severe postoperative bleeding. Car-
diac procedures were separated into a CABG-only group
and a group who had undergone other procedures, defined
as (1) valve repair or replacement or (2) combined CABG
and valve repair or replacement. An emergency operation
was defined as a cardiac procedure occurring within 24
hours of acute coronary syndrome or immediately after a
percutaneous intervention. Reoperation was defined as the
need for reoperation 48 hours after the initial cardiac pro-
cedure. Severe postoperative bleeding was defined as
blood loss > 2.5 L within 24 hours after the initial cardiac
procedure. The six-hour postoperative physiological vari-
ables consisted of mean arterial pressure, cardiac index,
mixed venous oxygen saturation and serum lactate. These
tests were performed in the ICU six hours after the
operation.

Data analysis
Preoperative variables, intraoperative variables and out-
comes in patients exposed or unexposed to inotropes
were compared using Student’s t-test and the Wilcoxon
rank-sum test for continuous variables and a c2 test for
categorical variables. Multivariable logistic regression
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was performed to test the association between inotrope
exposure and outcomes after adjusting for possible con-
founding variables. A forward stepwise procedure was
first used to assess inotrope exposure in the model.
Variables were kept in the model if they were believed
to be clinically important or if they altered the associa-
tion between inotrope exposure and outcome by ≥ 10%.
Covariates included in the model were Parsonnet score,
left ventricular dysfunction, perioperative intraaortic bal-
loon pump use, bypass time, reoperation, postoperative
bleeding, preoperative renal dysfunction, treatment hos-
pital, aprotinin use and cardiac index < 2.2 [3]. Variables
included in the Parsonnet score were not included in
the model, other than a low left ventricular ejection
fraction, as we thought this might strongly influence
decision making with respect to inotrope use, and its
weighting in the Parsonnet score might not reflect this.
Colinearity between left ventricular ejection fraction and
Parsonnet score was excluded as the variance inflation
factor was < 2.5.
A second analytic method, propensity score matching,

was performed to evaluate the association between ino-
trope exposure and outcomes. A one-to-many greedy
five-to-one digit technique was performed to match one
control in the no agent group (control group) by one
case (inotrope-exposed). A ‘greedy five-to-one digit
match’ means that the cases were first matched to con-
trols on five digits of the propensity score. For those that
did not match, cases were then matched to controls on
four digits of the propensity score. This continued down
to a one-digit match on propensity scores for those that
remained unmatched. If a one-digit match was not possi-
ble, the case remained unmatched and was not included
in the matched case control analysis. Matching variables
included Parsonnet score, low left ventricular ejection
fraction, age, sex, bypass time, procedure type, CABG
only or other procedures, and perioperative intraaortic
balloon pump use. In this matched sample, baseline char-
acteristics and outcomes were compared between ino-
trope exposed and unexposed groups by performing
paired t-tests for continuous variables and McNemar’s
test for categorical values.
Because of previous literature correlating patient out-

comes with physiological goals [10] and recommendations
that certain levels of physiologic variables be targeted [3],
we examined the relationship between measured six-hour
physiologic variables and outcomes. Specifically, oxygen
delivery, cardiac index, serum lactate and mixed venous
oxygen saturation were examined. The six-hour post-
operative physiological variables were categorised with
cutoffs based on recommendations in the literature [3,10],
with the exception of oxygen delivery, which was based on
the median value derived from the data. We examined the
relationship between inotrope exposure and outcomes

after stratifying by the six-hour physiological variables. All
data processing and analyses were performed using SAS
version 9.2 software (SAS Institute, Cary, NC, USA).

Results
In total, 1,326 patients were initially included in the
study. Their mean age was 66 years, with 10% of the
cohort being older than 80 years of age and more than
two-thirds being male. The majority of the procedures
were CABG operations, and the mean Parsonnet score
(± SD) was 13.4 ± 10.6 (Table 1). Over 97% of the
patients had Swan-Ganz catheters inserted. Fifty percent
of patients were exposed to inotropes intraoperatively,
and forty-two percent were exposed postoperatively. The
hospital mortality rate was 7.8%, and renal dysfunction
occurred in 8.3% of the patients (Table 2). As shown in
Figure 1, hospital mortality increased progressively with
Parsonnet scores > 20.
Twelve patients who died within six hours of admis-

sion to the ICU were excluded from further analysis,
leaving a total of 1,314 patients finally included in the
study.
Patients exposed to inotropes differed from those

unexposed in that they were older; had higher Parsonnet
scores, more comorbid illnesses and lower preoperative
left ventricular ejection fractions; were more likely to
have undergone valvular or combined procedures; and
had longer bypass times. However, at six hours after
ICU admission, aside from serum lactate, which was
higher in the group of patients exposed to inotropes,
postoperative physiological parameters were very similar.
The hospital mortality rate was seven times higher in
the group of patients exposed to inotropes compared to
those not exposed. Similarly, the rate of severe renal
failure was significantly higher in the patients exposed
to inotropes (Table 2).
We also examined the association of hospital mortality

and renal failure with the six-hour postadmission phy-
siological variables. As expected, the mortality was lower
in patients with higher measured cardiac indices, mixed
venous saturation, normal lactate values and higher cal-
culated oxygen delivery at six hours. However, the mor-
tality was significantly lower in patients unexposed to
inotropes even in the presence of six-hour measured
physiological variables lower than recommended thresh-
old values. The odds of dying in the hospital were four
to eight times higher in the inotrope exposed group
than in the unexposed group for similar levels of mea-
sured physiologic variables (Figure 2). A similar relation-
ship was found for renal dysfunction (Figure 3).
As a low preoperative left ventricular ejection fraction

may have increased the likelihood that a patient would be
treated with inotropes, the effect of inotropes on mortal-
ity in the 232 patients with preoperative left ventricular
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Table 2 Postoperative variables and outcomesa

Variables and outcomes Total cohort
(N = 1,314)

Inotrope-unexposed (n = 783) Inotrope-exposed
(n = 531)

Postoperative inotrope and vasopressor use, n (%)

Norepinephrine 674 (51.3) 279 (35.6) 395 (74.4)

Vasopressin 73 (5.6) 5 (0.6) 68 (12.8)

Epinephrine 308 (23.29) 0 308 (58.0)

Dobutamine 75 (5.7) 0 75 (14.1)

Milrinone 332 (25.3) 0 332 (62.5)

Six-hour postoperative physiological variables

Mean arterial pressure, mmHg (± SD) 75.9 (10.0) 76.7 (10.0) 74.5 (9.7)

Mean oxygen delivery, mL/minute/m2

(± SD)
353 (101) 363 (100) 341 (98)

Mean cardiac index, L/min (± SD) 2.9 (0.7) 2.9 (0.7) 2.8 (0.7)

Mixed venous oxygen saturation, n (%) 70.7 (9.0) 71.3 (8.2) 70.1 (9.3)

Mean serum lactate, μmol/L (± SD) 3.2 (2.7) 2.1 (1.6) 4.1 (3.0)

Outcomes

Died, n (%) 103 (7.8) 15 (1.9) 76 (14.3)

Renal dysfunction, n (%) 105 (8.3) 25(3.2) 87 (16.8)

Median ICU length of stay, days (IQR) 1.1(1.8) 1.0 (0.9,1.6) 2.1 (1.0,4.7)

Median hospital length of stay, days (IQR) 8 (6) 7.0 (5.0,9.0) 10.0 (6.0,18.0)
aIQR, interquartile range; SD, standard deviation.

Table 1 Baseline characteristics for total cohort and patient subgroupsa

Characteristics Total cohort (N = 1,326) Inotrope-unexposed (n = 783) Inotrope-exposed (n = 531)

Demographics

Mean age (± SD) 66.1 (11.0) 64.6 (10.7) 68.3 (11.0)

Age ≥ 80 years, n (%) 123 (9.3) 51 (6.5) 72 (13.6)

Females, n (%) 404 (30.5) 188 (24.0) 207 (39.0)

Mean Parsonnet score (± SD) 13.4 (10.6) 10.5 (8.3) 17.2 (11.7)

Medical history

Prior cardiac surgery, n (%) 78 (5.9) 26 (3.3) 48 (9.0)

Hypertension, n (%) 904 (68.2) 534 (68.2) 362 (68.2)

Diabetes, n (%) 417 (31.5) 220 (28.1) 193 (36.4)

Atrial fibrillation, n (%) 135 (10.2) 53 (6.8) 80 (15.1)

Preoperative CHF, n (%) 179 (13.5) 79 (10.1) 99 (18.6)

Preoperative renal dysfunction, n (%) 94 (7.1) 31 (4.0) 61 (11.5)

Preoperative dialysis, n (%) 21 (1.6) 9 (0.7) 12 (2.3)

Mean LVEF (± SD) 49.7 (11.8) 53.3 (11.8) 44.4 (15.8)

LVEF < 30%, n (%) 241 (18.2) 74 (9.5) 162 (30.5)

Procedure-related variables

CABG only, n (%) 912 (68.8) 601 (76.8) 303 (57.1)

Other procedure, n (%) 414 (31.2) 182 (23.2) 228 (42.9)

Perioperative IABP, n (%) 132 (10.0) 30 (3.8) 96 (18.1)

Received inotropes intraoperative, n (%) 666 (50.7) 219 (28.0) 447 (84.2)

Emergency operation, n (%) 132 (10.0) 58 (7.4) 74 (13.9)

Reoperation, n (%) 78 (5.9) 20 (2.6) 35 (6.6)

Mean bypass time, minutes (± SD) 101.2 (45.7) 86.8 (32.8) 120 (52)

Severe postoperative bleeding, n (%) 50 (3.8) 15 (1.1) 35 (6.6)
aCHF, congestive heart failure; LVEF, left ventricular ejection fraction; CABG, coronary artery bypass graft; IABP, intraaortic balloon pump; SD, standard deviation.
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fractions < 30% was examined. In this subgroup, patients
who received inotropes had significantly higher mortality
than patients who did not, with an odds ratio OR of 14.7
(95% confidence interval (95% CI) 2.0 to 11.1).
After adjusting for differences in Parsonnet score, left

ventricular ejection fraction, perioperative intraaortic
balloon pump use, bypass time, reoperation and cardiac
index, exposure to inotropes was associated with
increased hospital mortality (adjusted OR 2.3, 95% CI
1.2 to 4.5; P = 0.01) (Table 3). Receipt of inotropes was
also significantly associated with increased odds of renal
dysfunction (adjusted OR 2.7, 95% CI 1.6 to 4.7; P <
0.001) (Table 4). There were no differences in these
associations when treatment hospital, preoperative renal
dysfunction or aprotinin use was included in the regres-
sion analysis. As these variables did not confound the
association between the exposures and outcomes, they
were not included in the final regression model.
Using greedy one-to-five matching, 123 inotrope-

exposed patients were matched to 123 unexposed patients
using one-digit matching only. Only preoperative left ven-
tricular ejection fraction was statistically significantly dif-
ferent between the two groups, although equal numbers of
patients had left ventricular ejection fractions < 30%. Hos-
pital mortality, renal dysfunction, ICU and hospital length
of stay were significantly worse in the patients exposed to
inotropes (Table 5).

Discussion
In this observational study, postoperative inotrope expo-
sure was associated with increased hospital mortality
and renal dysfunction in cardiac surgery patients. Hospi-
tal mortality and renal dysfunction were consistently
lower in patients unexposed to inotropes, even when

their six-hour physiological variables were lower than
the targets recommended in the literature [3,10]. The
relationship between inotrope exposure and poor out-
comes remained significant after adjusting for differ-
ences in Parsonnet score, left ventricular ejection
fraction, perioperative intraaortic balloon pump use,
bypass time, reoperation and cardiac index. In addition,
an analysis using propensity score matching produced
similar results.
The demonstration of poorer outcomes in patients

exposed to inotropes is consistent with the results demon-
strated in several previous studies. An observational study
of patients who received dobutamine after cardiac surgery
demonstrated increased cardiac morbidity after the data
were adjusted for confounders [8]. Milrinone has also
been described as being associated with an increased risk
of postoperative atrial fibrillation in a cardiac surgery
population [12]. Further evidence that inotropes may be
harmful can be found in the heart failure literature. Ran-
domised, controlled trials of patients with decompensated
heart failure treated with phosphodiesterase inhibitors ver-
sus placebo revealed that those in the treatment group
experienced more episodes of hypotension and cardiac
arrhythmia and had higher mortality rates [13-15].
Furthermore, despite promising initial results, levosimen-
dan, a new class of inotrope, was not shown to be superior
to dobutamine in a randomised, controlled trial of patients
with acute heart failure and left ventricular ejection frac-
tions < 30% [16]. Researchers who conducted a systematic
review of controlled trials of b-adrenergic agents com-
pared to either placebo or an active agent in patients with
heart failure concluded that there is very little evidence
that treatment improves symptoms or patient outcomes
and may in fact be harmful [9]. Inotrope use was also asso-
ciated with increased mortality in a recent observational
study of heart failure with an effect size similar in magni-
tude to that found in our study [17].
Since the 1970s, a number of randomised trials have

been undertaken in medical and surgical patients to inves-
tigate whether targeting specific resuscitation goals, such
as cardiac output and oxygen delivery, would improve
patient outcomes [18]. Achieving the prespecified goals
often involved the use of inotropic medications to increase
cardiac output and oxygen delivery. Such therapy, referred
to as ‘goal-directed therapy’, has been associated with
improved outcomes, primarily in patients with sepsis and
in certain high-risk surgical patient populations [10,19].
However, these trials differed with regard to patient mix,
physiologic targets, therapies used and management of
control arms [20].
Four controlled studies have been published in which a

goal-directed therapy protocol was used in the cardiac
surgery setting [21-23]. The trials differed with regard to
targeted goals, therapeutic protocols and use of inotropic

    

Figure 1 Hospital mortality by Parsonnet score in a cohort of
1,326 cardiac surgery patients. Error bars indicate 95% confidence
intervals (95% CIs).
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medications. Two of the trials, which employed mainly
fluid infusions, demonstrated improved physiological
goals with minimal catecholamine use. The largest trial,
which targeted mixed venous oxygen saturation, demon-
strated shortened hospital stay and less morbidity, but
these outcomes were associated with increased catechola-
mine use. The last trial, which enrolled 30 patients in
total, demonstrated no significant difference in outcomes
but did require a more intense inotrope regimen to attain
the specified goals. Despite demonstrating improved clin-
ical outcomes, all four studies were underpowered to
detect any difference in mortality. Furthermore, two of
the four protocols required greater catecholamine doses
to achieve their goals.
Several mechanisms may explain the increased mortal-

ity observed in patients exposed to inotropes. The two
most common side effects of inotropic medications are

increased myocardial oxygen consumption and cardiac
arrhythmia. Both of these side effects may lead to poor
cardiac performance [7]. Alternatively, low cardiac out-
put may be due to mechanical obstruction, as in cardiac
tamponade, which may require surgical intervention.
The use of inotropes in these situations may transiently
improve the haemodynamic state but ultimately lead to
further harm, as appropriate diagnosis and treatment
may be either delayed or missed altogether. Further-
more, catecholamine use has been associated with
reduced metabolic efficiency by promoting fatty acid
oxidation over that of glucose. This may be a further
impediment to optimal cardiac performance. Catechola-
mine use has also been associated with bacterial growth,
increased bacterial virulence, biofilm formation, insulin
resistance and hyperglycaemia, all of which may contri-
bute to poor outcomes [25].

Figure 2 Hospital mortality stratified by (A) oxygen delivery, (B) cardiac index, (C) serum lactate and (D) mixed venous oxygen
saturation. Two groups of patients are represented (inotrope-exposed and inotrope-unexposed). The adjusted odds ratios for the association
between inotrope exposure and mortality were 8.5 (95% CI 4.8 to 15.0) after adjusting for oxygen delivery and 7.7 (95% CI 4.4 to 13.7) after
adjusting for cardiac index. The adjusted odds ratios for the association between inotropes exposure and mortality were 5.7 (95% CI 2.4 to 13.5)
after adjusting for serum lactate and 5.3 (95% CI 2.4 to 11.4) after adjusting for mixed venous oxygen saturation. Error bars indicate 95% CI. Data
from only one hospital were used for analyses of serum lactate and mixed venous oxygen saturation, resulting in wider 95% CIs.
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Our study has several strengths. First, our results are less
likely to be biased by a single centre’s practice pattern, as
the patients were recruited from two centres. Second, as
we routinely collected postoperative physiological data, we
were able to adjust for important haemodynamic variables.
Finally, because extensive preoperative, intraoperative and
postoperative data were collected, we were able to control
for many potential confounding factors.
The study’s main limitation is that it is an observa-

tional study, and thus the associations could be due to
residual confounding. Specifically, we may not have fully
adjusted the data for confounding by indication and
confounding due to severity of illness. To minimise con-
founding, we performed multiple different analyses,
including a propensity-matched analysis.

Conclusions
The results of our study demonstrate that inotrope
exposure was associated with increased hospital mortal-
ity and renal dysfunction in cardiac surgery patients.
The observational nature of the data and the potential
for confounding precludes any final conclusions about a
causal relationship. Nevertheless, the significant practice
variations reported in the literature, and the consistency
of our results with those reported in the cardiac surgery
and heart failure literature, demonstrate the need for
future research [4-6,26]. As inotropes may be associated
with increased morbidity and mortality, adequately pow-
ered, randomised, controlled trials are needed to clarify
the risks and benefits of inotrope use in cardiac surgery
patients.

Figure 3 Renal dysfunction stratified by (A) oxygen delivery, (B) cardiac index, (C) serum lactate and (D) mixed venous oxygen
saturation. Two groups of patients are represented (inotrope-exposed and inotrope-unexposed). The adjusted odds ratios for the association
between inotrope exposure and renal dysfunction were 6.0 (95% CI 3.8 to 9.5) after adjusting for oxygen delivery and 5.9 (95% CI 3.7 to 9.6) after
adjusting for cardiac index. The adjusted odds ratios for the association between inotrope exposure and mortality were 5.6 (95% CI 2.8 to 11.2)
after adjusting for serum lactate and 5.3 (95% CI 2.5 to 10.9) after adjusting for mixed venous oxygen saturation. Error bars indicate 95% CI. Data
from only one hospital were used for analyses of serum lactate and mixed venous oxygen saturation, resulting in wider 95% CIs.
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Table 3 Multivariable analysis of association between inotrope exposure and hospital mortalitya

Variable Crude odds ratio Adjusted odds ratio (95% CI) P value

Inotrope status

Inotrope unexposed (ref) 1.0 1.0

Inotrope exposed 9.1 2.3 (1.2 to 4.5) 0.01

Parsonnet score

0 to 9 (ref) 1.0 1.0

10 to 14 2.4 1.8 (0.7 to 4.6) 0.24

15 to 19 3.1 1.8 (0.7 to 4.9) 0.23

20 to 29 8.3 4.6 (2.0 to 10.9) < 0.001

≥ 30 24.6 11.2 (4.6 to 27.5) < 0.001

Ejection fraction

LVEF ≥ 30% 1.0

LVEF < 30% 2.2 1.5 (0.9 to 2.7) 0.15

Intraaortic balloon pump use

No perioperative IABP use 1.0

Perioperative IABP use 8.2 3.3 (1.9 to 5.8) < 0.001

Bypass timeb 1.6 1.3 (1.1 to 1.4) < 0.001

Reoperative status

No reoperation 1.0

Reoperation 6.1 4.7 (2.3 to 9.3) < 0.001

Cardiac index at six hours, L/min

Cardiac index ≥ 2.2 (ref) 1.0 1.0

Cardiac index < 2.2 2.8 1.7 (0.93 to 1) 0.09
aLVEF, left ventricular ejection fraction; IABP, intraaortic balloon pump; ref, reference value; CI, confidence interval; bmodelled linearly as an increase in bypass
time of 30 minutes.

Table 4 Multivariable analysis of association between inotrope exposure and renal dysfunctiona

Variable Crude odds ratio Adjusted odds ratio (95% CI) P value

Inotrope status

Inotrope unexposed (ref) 1.0 1.0

Inotrope exposed 7.5 2.7 (1.5 to 4.6) < 0.001

Parsonnet score

0 to 9 (ref) 1.0 1.0

10 to 14 1.5 1.2 (0.7 to 2.4) 0.59

15 to 19 2.1 1.4 (0.7 to 2.9) 0.35

20 to 29 3.6 2.3 (1.2 to 4.3) 0.01

≥ 30 6.5 2.8 (1.3 to 6.1) 0.007

Ejection fraction

LVEF ≥ 30% 1.0

LVEF < 30% 1.6 1.0 (0.6 to 1.7) 0.97

Intraaortic balloon pump use

No perioperative IABP use 1.0

Perioperative IABP use 5.4 2.7 (1.6 to 4.7) < 0.001

Bypass timeb 1.5 1.2 (1.1 to 1.4) < 0.001

Reoperative status

No reoperation 1.0

Reoperation 4.5 2.3 (1.2 to 4.5) 0.02

Renal dysfunction

Normal preoperative renal function 1.0

Preoperative renal dysfunction 3.7 1.7 (0.8 to 3.6) 0.14

Cardiac index at six hours, L/min

Cardiac index ≥ 2.2 (ref) 1.0 1.0

Cardiac index < 2.2 1.7 1.0 (0.6 to 1.9) 0.88
aLVEF, left ventricular ejection fraction; IABP, intraaortic balloon pump; ref, reference value; CI, confidence interval; bmodelled linearly as an increase in bypass
time of 30 minutes.
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Key messages
• Postoperative inotrope exposure was independently
associated with hospital mortality and renal
dysfunction.
• The increased hospital mortality and renal dys-
function in patients exposed to inotropes are
observed even when recommended six-hour physio-
logical variables are achieved.
• Patients unexposed to inotropes with six-hour phy-
siological variables below recommended targets had
lower mortality than patients exposed to inotropes
who achieved these targets.

Abbreviations
CABG: coronary artery bypass and graft; CI: confidence interval; SD: standard
deviation.

Acknowledgements
We thank Dr Richard Menzies for his help in the analysis of the data and the
drafting of the manuscript. We also thank Barbara Verhoef for all her work in
data acquisition.

Author details
1Division of Critical Care, McGill University Health Centre, 687 Pine Avenue
West, Montreal, QC, H3A 1A1, Canada. 2Division of Cardiac Surgery, McGill
University Health Centre, 687 Pine Avenue West, Montreal, QC, H3A 1A1,
Canada. 3McGill University Faculty of Medicine, 845 Sherbrooke Street West,
Montreal, QC, H3A 2T5, Canada. 4Respiratory Epidemiology and Clinical
Research Unit, Montreal Chest Institute, McGill University Health Centre, 3650
St-Urbain, Montreal, QC, H2X 2P4, Canada. 5Department of Critical Care,
SMBD-Jewish General Hospital, McGill University, 845 Sherbrooke Street
West, Montreal, QC, H3A 2T5, Canada.

Authors’ contributions
JS and SD contributed to the study design and analysis as well as the
drafting of the manuscript. JS, BD, CWT and AA contributed to the
acquisition of data. All of the authors approved the final manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 20 January 2011 Revised: 27 March 2011
Accepted: 7 July 2011 Published: 7 July 2011

References
1. Ahmed I, House CM, Nelson WB: Predictors of inotrope use in patients

undergoing concomitant coronary artery bypass graft (CABG) and aortic
valve replacement (AVR) surgeries at separation from cardiopulmonary
bypass (CPB). J Cardiothorac Surg 2009, 4:24.

Table 5 Baseline characteristics and outcomes for propensity-matched groupsa

Characteristics No inotropes (n = 123) Inotropes (n = 123) P value

Demographics

Mean age (± SD) 67.2 (11.5) 67.3 (10.9) 0.97

Age ≥ 80 years, n (%) 18 (14.6) 14 (11.4) 0.45

Females, n (%) 49 (39.8) 43 (5.0) 0.48

Medical history, n (%)

Prior cardiac surgery 5 (4.1) 6 (4.9) 1.0

Hypertension 84 (68.3) 78 (63.4) 0.53

Diabetes 40 (32.5) 43 (35.0) 0.78

Atrial fibrillation 17 (13.8) 15 (12.2) 0.84

Preoperative hospitalisation for CHF 20 (16.3) 11 (8.9) 0.12

Preoperative renal dysfunction 9 (7.3) 10 (8.1) 1.0

Preoperative dialysis 1 (0) 0 (0.8) 0.32

LVEF < 30% 25 (20.3) 25 (20.3) 1.0

Mean LVEF (± SD) 50.6 (13.9) 45.8 (15.2) 0.02

Procedure-related variables

Mean Parsonnet score (± SD) 14.1 (8.7) 14.4 (9.2) 0.78

CABG only, n (%) 82 (66.7) 85 (69.1) 0.80

Other procedure, n (%) 41 (33.3) 38 (30.9) 0.80

Perioperative IABP, n (%) 3 (2.4) 4 (3.2) 1.0

Emergency operation, n (%) 14 (11.4) 17 (13.8) 0.70

Reoperation, n (%) 4 (3.3) 9 (7.9) 0.23

Mean bypass time, minutes (± SD) 99.3 (28.7) 98.6 (32.9) 0.83

Severe postoperative bleeding, n(%) 2 (1.6) 6 (4.9) 0.29

Outcomes

Died, n (%) 1 (0.8) 10 (8.1) 0.01

Renal dysfunction, n (%) 2 (1.6) 12 (9.8) 0.01

Median ICU length of stay (IQR) 1.0 (0.9,1.8) 1.8 (0.9,3.2) < 0.0001

Median hospital length of stay (IQR) 8.0 (6.0,11.0) 9.0 (6.0,18.0) 0.03
aCHF, congestive heart failure; LVEF, left ventricular ejection fraction; CABG, coronary artery bypass graft; IABP, intraaortic balloon pump; SD, standard deviation;
IQR, interquartile range.

Shahin et al. Critical Care 2011, 15:R162
http://ccforum.com/content/15/4/R162

Page 9 of 10

http://www.ncbi.nlm.nih.gov/pubmed/19519919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19519919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19519919?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19519919?dopt=Abstract


2. Gillies M, Bellomo R, Doolan L, Buxton B: Bench-to-bedside review:
Inotropic drug therapy after adult cardiac surgery: a systematic literature
review. Crit Care 2005, 9:266-279.

3. St André AC, DelRossi A: Hemodynamic management of patients in the
first 24 hours after cardiac surgery. Crit Care Med 2005, 33:2082-2093.

4. Kastrup M, Markewitz A, Spies C, Carl M, Erb J, Grosse J, Schirmer U: Current
practice of hemodynamic monitoring and vasopressor and inotropic
therapy in post-operative cardiac surgery patients in Germany: results
from a postal survey. Acta Anaesthesiol Scand 2007, 51:347-358.

5. Butterworth JF: Dobutamine: Too dangerous for routine administration?
Anesthesiology 2008, 108:973-974.

6. Hernandez AF, Li S, Dokholyan RS, O’Brien SM, Ferguson TB, Peterson ED:
Variation in perioperative vasoactive therapy in cardiovascular surgical
care: data from the Society of Thoracic Surgeons. Am Heart J 2009,
158:47-52.

7. Parissis JT, Rafouli-Stergiou P, Stasinos V, Psarogiannakopoulos P,
Mebazaa A: Inotropes in cardiac patients: update 2011. Curr Opin Crit Care
2010, 16:432-441.

8. Fellahi JL, Parienti JJ, Hanouz JL, Plaud B, Riou B, Ouattara A: Perioperative
use of dobutamine in cardiac surgery and adverse cardiac outcome:
propensity-adjusted analyses. Anesthesiology 2008, 108:979-987.

9. Thackray S, Easthaugh J, Freemantle N, Cleland JG: The effectiveness and
relative effectiveness of intravenous inotropic drugs acting through the
adrenergic pathway in patients with heart failure: a meta-regression
analysis. Eur J Heart Fail 2002, 4:515-529.

10. Rivers E, Nguyen B, Havstad S, Ressler J, Muzzin A, Knoblich B, Peterson E,
Tomlanovich M, Early Goal-Directed Therapy Collaborative Group: Early
goal-directed therapy in the treatment of severe sepsis and septic
shock. N Engl J Med 2001, 345:1368-1377.

11. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, Levin A,
Acute Kidney Injury Network: Acute Kidney Injury Network: report of an
initiative to improve outcomes in acute kidney injury. Crit Care 2007, 11:
R31.

12. Fleming GA, Murray KT, Yu C, Byrne JG, Greelish JP, Petracek MR, Hoff SJ,
Ball SK, Brown NJ, Pretorius M: Milrinone use is associated with
postoperative atrial fibrillation after cardiac surgery. Circulation 2008,
118:1619-1625.

13. Cohn JN, Goldstein SO, Greenberg BH, Lorell BH, Bourge RC, Jaski BE,
Gottlieb SO, McGrew F, DeMets DL, White BG: A dose-dependent increase
in mortality with vesnarinone among patients with severe heart failure.
Vesnarinone Trial Investigators. N Engl J Med 1998, 339:1810-1816.

14. Cuffe MS, Califf RM, Adams KF Jr, Benza R, Bourge R, Colucci WS,
Massie BM, O’Connor CM, Pina I, Quigg R, Silver MA, Gheorghiade M,
Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations
of Chronic Heart Failure (OPTIME-CHF) Investigators: Short-term
intravenous milrinone for acute exacerbation of chronic heart failure: a
randomized controlled trial. JAMA 2002, 287:1541-1547.

15. Packer M, Carver JR, Rodeheffer RJ, Ivanhoe RJ, DiBianco R, Zeldis SM,
Hendrix GH, Bommer WJ, Elkayam U, Kukin ML, Mallis GI, Sollano JA,
Shannon J, Tandon PK, DeMets DL, the PROMISE Study Research Group:
Effect of oral milrinone on mortality in severe chronic heart failure. The
PROMISE Study Research Group. N Engl J Med 1991, 325:1468-1475.

16. Mebazaa A, Nieminen MS, Packer M, Cohen-Solal A, Kleber FX, Pocock SJ,
Thakkar R, Padley RJ, Põder P, Kivikko M, SURVIVE Investigators:
Levosimendan vs dobutamine for patients with acute decompensated
heart failure: the SURVIVE Randomized Trial. JAMA 2007, 297:1883-1891.

17. Mebazaa A, Parissis J, Porcher R, Gayat E, Nikolaou M, Boas FV, Delgado JF,
Follath F: Short-term survival by treatment among patients hospitalized
with acute heart failure: the global ALARM-HF registry using propensity
scoring methods. Intensive Care Med 2011, 37:290-301.

18. Giglio MT, Marucci M, Testini M, Brienza N: Goal-directed haemodynamic
therapy and gastrointestinal complications in major surgery: a meta-
analysis of randomized controlled trials. Br J Anaesth 2009, 103:637-646.

19. Boyd O, Grounds RM, Bennett ED: A randomized clinical trial of the effect
of deliberate perioperative increase of oxygen delivery on mortality in
high-risk surgical patients. JAMA 1993, 270:2699-2707.

20. Grocott MPW, Hamilton MA, Bennett ED, Harrison D, Rowan K:
Perioperative increase in global blood flow to explicit defined goals and
outcomes following surgery. Cochrane Database Syst Rev 2006, 2:
CD004082.

21. Kapoor PM, Kakani M, Chowdhury U, Choudhury M, Kiran U: Early goal-
directed therapy in moderate to high-risk cardiac surgery patients. Ann
Card Anaesth 2008, 11:27-34.

22. McKendry M, McGloin H, Saberi D, Caudwell L, Brady AR, Singer M:
Randomised controlled trial assessing the impact of a nurse delivered,
flow monitored protocol for optimisation of circulatory status after
cardiac surgery. BMJ 2004, 329:258.

23. Pölönen P, Ruokonen E, Hippeläinen M, Pöyhönen M, Takala J: A
prospective, randomized study of goal-oriented hemodynamic therapy
in cardiac surgical patients. Anesth Analg 2000, 90:1052-1059.

24. Goepfert MS, Reuter DA, Akyol D, Lamm P, Kilger E, Goetz AE: Goal-
directed fluid management reduces vasopressor and catecholamine use
in cardiac surgery patients. Intensive Care Med 2007, 33:96-103.

25. Singer M: Catecholamine treatment for shock-equally good or bad?
Lancet 2007, 370:636-637.

26. Bastien O, Vallet B, French Study Group AGIR: French multicentre survey
on the use of inotropes after cardiac surgery. Crit Care 2005, 9:241-242.

doi:10.1186/cc10302
Cite this article as: Shahin et al.: The relationship between inotrope
exposure, six-hour postoperative physiological variables, hospital mortality
and renal dysfunction in patients undergoing cardiac surgery. Critical Care
2011 15:R162.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Shahin et al. Critical Care 2011, 15:R162
http://ccforum.com/content/15/4/R162

Page 10 of 10

http://www.ncbi.nlm.nih.gov/pubmed/15987381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15987381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15987381?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16148484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16148484?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17096667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17096667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17096667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17096667?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18497594?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19540391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19540391?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/20711077?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18497597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18497597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18497597?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12167393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12167393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12167393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/12167393?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11794169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11794169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11794169?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17331245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17331245?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18824641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18824641?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9854116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9854116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9854116?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11911756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11911756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11911756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1944425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/1944425?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17473298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17473298?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21086112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21086112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21086112?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19837807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19837807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/19837807?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7907668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7907668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7907668?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18182756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18182756?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15242867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15242867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15242867?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10781452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10781452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10781452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17119923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17119923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17119923?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17719998?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15987409?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15987409?dopt=Abstract

	Abstract
	Introduction
	Material and methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Setting and study population
	Exposure, covariates and end points
	Data analysis

	Results
	Discussion
	Conclusions
	Key messages
	Acknowledgements
	Author details
	Authors' contributions
	Competing interests
	References

