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In Reply:
Drs. Fan and Faraday write with concerns about the Vaso-
pressin and Cardiac Surgery Trial1 and my editorial2; I agree 
with some, but not all, of their points. My first point of 
agreement is the criticism that clinical treatment was not 
protocolized; however, in most randomized controlled tri-
als, nonrandomized care is most often not protocolized for 
simple logistical reasons. The point is that nonprotocolized 
care was used in both masked arms of the Vasopressin and 
Cardiac Surgery Trial. Greater use of dobutamine in the 
norepinephrine group in the Vasopressin and Cardiac Sur-
gery Trial could have been because vasopressin had less neg-
ative inotropic effects than norepinephrine, as vasopressin 
has some vasodilation action due to release of nitric oxide.3,4

Another point of agreement is Drs. Fan and Faraday’s “cau-
tion against generalizing these results across centers and to bias 
against specific drugs classes.” Indeed, I stated: “in settings such 
as the study hospital [my italics for emphasis herein], vasopres-
sin infusion for treatment of vasodilatory shock after cardiac 
surgery may improve some clinically important outcomes.”2 
I also stand by my recommendation that “this trial deserves 
replication in other multicenter healthcare settings [my italics for 
emphasis herein] to create confidence about generalizability.”

Drs. Fan and Faraday state that in the Vasopressin and Car-
diac Surgery Trial masked infusion doses of vasopressin and 
norepinephrine were not equivalent, and that norepinephrine 
doses (10 to 60 μg/min) were about five times higher than 
those used in their center (a citation or a table of their actual 
data would be helpful here). They state that in the Vasopressin 
and Septic Shock Trial5 norepinephrine doses were 5 to 15 μg/
min, but that is not correct. Supplemental Digital Content 
(http://links.lww.com/ALN/B337) shows mean doses of 15 to 
17 and upper SD of 27 μg/min in the Vasopressin and Septic 
Shock Trial. The literature regarding norepinephrine doses in 
vasodilatory shock after cardiovascular surgery helps some-
what here6–9: norepinephrine doses were up to (upper SD) 40 
μg/min,6 10 μg/min,8 and 30 μg/min,9 suggesting that nor-
epinephrine doses may have been lower in previous studies 
of vasopressin versus norepinephrine in cardiovascular surgery 
than in the Vasopressin and Cardiac Surgery Trial.

My points of disagreement include unequal dosing regi-
mens for vasopressin and norepinephrine having the potential 
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to unmask the clinical care and that “differences between 
treatment groups in duration and alternative pressor/ino-
trope usage would also be noticeable to clinicians.” I am not 
sure how one can ever prove that masked treatment arms 
were effectively unmasked in blinded, randomized controlled 
trials. Drs. Fan and Faraday assume that the vasoconstriction 
and increased blood pressure effects would have been greater 
in the norepinephrine arm; however, they do not mention 
that in both arms, patients are also randomly improving or 
deteriorating, so mean arterial pressure is changing indepen-
dent of vasopressin or norepinephrine effects, therefore mak-
ing efforts to unmask a risky business at best.

Another point of partial disagreement is in the assertion 
that “overall complication rates reported in this study are 
much higher than expected.” I am not entirely sure this is true 
because one has to review such rates in the remarkably few 
reported cohorts and randomized controlled trials of patients 
with vasodilatory shock after cardiovascular surgery. The 60 
to 80% incidence of atrial fibrillation in the Vasopressin and 
Cardiac Surgery Trial does seem high and may indicate that 
patients in the Vasopressin and Cardiac Surgery Trial were 
sicker than those in other vasodilatory cohorts and random-
ized controlled trials. I also previously stated that “mortality 
rates were high—16 and 15% at 28 days and 17 and 16% at 
90 days (norepinephrine vs. vasopressin)—in the Vasopressin 
and Cardiac Surgery Trial; remarkably, mortality rates were not 
reported in previous smaller trials of vasopressin versus norepi-
nephrine for vasodilatory shock after cardiac surgery.”6,8–10

To conclude, I recommend that Drs. Fan, Faraday, and 
others: (1) create multicenter registries of vasodilatory shock 
after cardiovascular surgery to understand risks and outcomes 
of same; (2) do proof-of-principle randomized controlled tri-
als of novel compounds, such as the selective V1a agonist 
selepressin11,12 and angiotensin 213; and (3) do large, pivotal, 
randomized controlled trials of vasopressin versus norepi-
nephrine in North America to see whether the Vasopressin 
and Cardiac Surgery Trial results are applicable in this setting.
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In Reply:
We appreciate the comments from Dr. Jha. According to the 
study protocol, all patients received a cardiac output moni-
tor aiming to optimize fluid status and cardiac index. There-
fore, as our data show, with norepinephrine or vasopressin, 
we did not observe either a reduction in the cardiac index or 
a worsening of tissue perfusion and oxygenation parameters 
as lactate and central venous oxygen saturation.1 Further-
more, the incidence of low cardiac output and cardiogenic 
shock in the norepinephrine and vasopressin groups was not 
different. We attribute this to the fact that we assessed the 
fluid status and used inotropes regularly, in accordance with 
an established protocol of care. Dobutamine is our inotrope 
of choice in vasoplegic syndrome because both levosimen-
dan and milrinone have inherent vasodilating properties that 
result in hypotension in these cases. In the Vasopressin and 
Septic Shock Trial (VASST) substudy, Gordon et al. showed 
similar effects of both vasopressin and norepinephrine in 
septic shock patients in hemodynamic and cardiovascular 
biomarkers.2 We postulate that vasopressin is as safe as nor-
epinephrine in terms of cardiovascular effects in this group 
of patients, because we correct hypotension early and ade-
quately monitor these patients in anticipation of inotropes 
needing a correction in fluid deficit.

We also appreciate the comments from Drs. Fan and Fara-
day about our article. They raised concerns about the doses 
and efficiency of the study vasopressor. The drug concentra-
tion we used was a final blind solution of either 0.12 U/ml 
vasopressin or 120 μg/ml norepinephrine. The vasopressor 
infusion was titrated to maintain a mean arterial pressure of 
at least 65 mmHg. This does not mean that our patients used 
the highest dosage of drugs; however, if the arterial pressure 
targets were not reached, the trained physicians and nurses 
titrated the drugs according to protocol. All patients were 
monitored with a minimally invasive cardiac output monitor, 
a protocol of volume status analysis was done regularly, and 
a bolus of fluids was administered if there was prediction of 
fluid responsiveness. We do not believe that we should com-
pare our patients with patients from the VASST and Ven-
tricular Tachycardia Ablation versus Escalated Antiarrhythmic 
Drug Therapy in Ischemic Heart Disease trials; these tri-
als included patients with septic shock who were already 
resuscitated and the VASST included only patients after 
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