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inotropic therapy in cardiac surgery, we believe that meth-
odological problems significantly limit the validity of their 
conclusions.

1. �Insufficient information about the result of the matching 
process is provided, but enough to indicate what appears 
to be a significant flaw in methodology. First, their match-
ing algorithm discarded a large number of both treatment 
and control patients (n = 6,005 patients were identified to 
be “included” in analysis; after propensity matching, only 
n = 2,340 [39%] remained). This implies a considerable 
lack of common support (overlap between the propensity 
score distributions of the two cohorts), which, even in the 
presence of a good match, increases risk of bias through 
unmeasured confounders and makes the estimate of the 
treatment effect unreliable.2 Second, the authors cite 
Donald Rubin (coinventor of propensity score matching), 
but use only one of the three metrics he recommends to 
judge the quality of a match: absolute standardized differ-
ence. Neither the variance ratios of the propensity scores 
between groups, nor the ratio of variance of the residu-
als of each covariate is reported.3,4 These are important, 
because the match is vulnerable to systematic differences 
in how the propensity scores were assigned. Finally, greedy 
matching depends on the order of patients, so it should 
be preceded by randomizing the order of patients in the 
dataset, which the authors do not report.

2. �These design decisions in the propensity matching algo-
rithm leave the study open to the possibility that these 
unmeasured confounders—and not the effect of inotropic 
therapy—are responsible for the observed outcome dif-
ference. Some variables were treated as overly simplistic 
dichotomous variables, which fail to capture important 
differences between patients, such that inotropic support 
may continue to act as nothing more than a marker for 
sicker patients with less well-functioning ventricles. Left 
ventricular ejection fraction was treated as a binary vari-
able: less than or equal to 30% or greater than 30%. There-
fore, their propensity matching would not differentiate 
between a patient with a baseline left ventricular ejection 
fraction of 35% and one with a baseline left ventricular 
ejection fraction of 65%. Duration of myocardial insult 
was captured only by cardiopulmonary bypass (CPB) 
time, again treated as a dichotomous variable (>120 min 
or ≤120 min). There are two problems with this decision: 
first, the need for inotropic support is more closely related 
to the duration of myocardial ischemia, i.e., the aortic 
cross-clamp time, than the time on bypass. Although 
CPB time is correlated with cross-clamp time, differ-
ent surgeons may adopt different temporal approaches 
to weaning from bypass such that two surgeons with 
the same cross-clamp time will have very different CPB 
times. Indeed, the use of CPB time without cross-clamp 
time would prevent differentiation of a patient who had 
no aortic cross-clamp and no myocardial ischemia (e.g., a 

1. � Standards are needed for the evaluation of continuous 
noninvasive blood pressure monitoring systems.

2. � These standards should probably define separate 
benchmarks for systolic, diastolic, and mean arte-
rial pressure. Because systolic, diastolic, and mean 
arterial pressure are inherently different by nature, 
different acceptability threshold should be applied.

3. � These standards should probably develop a method-
ology for assessing the trending ability of these sys-
tems. Because these systems will be used as continuous 
monitors in the clinical setting, their trending ability 
is as important as their instantaneous accuracy.

4. � When such standards exist, clinician scientists should 
follow them carefully when conducting clinical stud-
ies testing these systems.

In conclusion, we would like to thank Fortin et al. for echo-
ing our main message and reinforcing it. We truly believe that 
the development and validation of this next generation of blood 
pressure monitoring systems is promising, but will require close 
collaboration between industry, clinician scientist, and regula-
tory agencies to make them beneficial to our patients.
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Inotrope Use in Cardiac Surgery: 
A Cause of Worse Outcomes, or Just 
a Marker of Patients Who Are at Risk?

To the Editor:
Although Dr. Nielsen et al.1 are to be commended for their 
efforts to investigate the potential detrimental effects of 
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In Reply:
We thank Dr. Maxwell et al. for their interest and comments 
on our study,1 and we will try to address some of their con-
cerns regarding the methodology that was used in the study 
and our interpretation of the findings.

Dr. Maxwell et al. express concern about the propensity 
score–based matching process. We were able to match 56% 
of the patients treated with inotropic therapy with a non-
treated patient. The fact that it was not possible to match 
100% of the patients indicates that the distribution of the 
propensity score among the treated and nontreated patients 
did not fully overlap. However, we do not agree that dis-
carding patients in the matching process from the original 
cohort per se implies that the internal validity of the study 
is affected. It may, however, imply that concern should be 
taken before extrapolating the findings to patients that differ 
from the characteristics of our matched population. When 
matching our patients, we assessed the balance using both 
absolute standardized differences and variance ratios.

The variance ratios of the individual covariates in the 
matched population ranged from a low of 0.86 (critical pre-
operative state) to high of 1.18 (off pump surgery; table 1). 
Along with the standardized differences of less than 10%, we 
find strong indications of a well-balanced matching. Nota-
bly, the covariate postinfarct septal rupture had a very low 
variance ration of 0.6, which is probably due to the very 
few patients characterized by this covariate (five patient in 
treated group and three with no inotropic therapy).

right-sided procedure done with the heart perfused and 
beating continuously) from one with the same duration of 
bypass but with a cross-clamp and cardioplegia. Second, 
the dose–response pattern of a need for greater inotropic 
support with longer periods of cross-clamping is unlikely 
to be a simple threshold effect at 120 min. The dichoto-
mous treatment of CPB time is unable to distinguish, for 
instance, between patients on bypass for 125 min versus 
325 min. Linear or at least multilevel treatment of left 
ventricular ejection fraction and cross-clamp time would 
have improved the ability to adjust for the potential con-
founding effect of differences in baseline function and of 
longer periods of myocardial ischemia.

3. �The two cohorts are separated only by the presence or 
absence of inotrope use; there is no ability to study the 
dose–response of low- versus high-dose inotropes, multi-
ple inotropes, and so on. A subsequent logistic regression 
in the inotrope group could have assessed the relationship 
between inotrope dose (for instance, using a scoring sys-
tem such as Vasoactive-Inotropic Score)5 and mortality. 
Also, why was the use of norepinephrine excluded (result-
ing in 967 patients excluded from analysis)? It has positive 
inotropic qualities in addition to being a “vasopressor” (as 
the authors state), and in many institutions is the first-line 
agent in heart surgery.

4. �The larger design flaw in this study is that the retrospective 
approach fails to compensate for the differences between 
patients that would lead anesthesiologists and surgeons to 
make the decision to use an inotrope in the first place. Pro-
pensity matching (even with better variable selection) prob-
ably cannot ever capture important variables that affect this 
decision: the quality of cardioplegia and myocardial pro-
tection, the presence of air emboli to the coronary arteries 
during or immediately after weaning from CPB, and most 
importantly, the appearance (by gross visualization and 
echocardiography) of ventricular function before weaning 
from CPB. Although it is probably true that at least some 
surgeons and anesthesiologists use inotropes routinely even 
in patients who have no objective evidence that they need 
them, the retrospective design does not isolate this subgroup. 
The concomitant use of a vasodilator (to control blood pres-
sure in the setting of hyperdynamic and/or hypertensive 
physiology when an inotrope is added to an already well-
functioning ventricle) might be a better marker for patients 
who do not need the inotrope. That comparison—inotrope 
plus vasodilator versus neither—would be a more interest-
ing guide for clinicians, as it could answer a more impor-
tant question: does raising cardiac output (independent of 
changing blood pressure) improve or worsen outcomes?

As is, the Nielsen study mostly can be said to demonstrate 
that inotrope use is a marker for poor cardiac function after 
bypass and hence worse outcomes (hardly surprising), and it 
risks broadly discouraging the use of an important therapy 
that is lifesaving in selected patients.
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