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Abstract 

Purpose:  In shock, hypotension may contribute to inadequate oxygen delivery, organ failure and death. We con‑
ducted the Optimal Vasopressor Titration (OVATION) pilot trial to inform the design of a larger trial examining the 
effect of lower versus higher mean arterial pressure (MAP) targets for vasopressor therapy in shock.

Methods:  We randomly assigned critically ill patients who were presumed to suffer from vasodilatory shock regard‑
less of admission diagnosis to a lower (60–65 mmHg) versus a higher (75–80 mmHg) MAP target. The primary objec‑
tive was to measure the separation in MAP between groups. We also recorded days with protocol deviations, enrol‑
ment rate, cardiac arrhythmias and mortality for prespecified subgroups.

Results:  A total of 118 patients were enrolled from 11 centres (2.3 patients/site/month of screening). The between-
group separation in MAP was 9 mmHg (95 % CI 7–11). In the lower and higher MAP groups, we observed deviations 
on 12 versus 8 % of all days on vasopressors (p = 0.059). Risks of cardiac arrhythmias (20 versus 36 %, p = 0.07) and 
hospital mortality (30 versus 33 %, p = 0.84) were not different between lower and higher MAP arms. Among patients 
aged 75 years or older, a lower MAP target was associated with reduced hospital mortality (13 versus 60 %, p = 0.03) 
but not in younger patients.
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For the Canadian Critical Care Trials Group.

Take-home message: This pilot study supports the feasibility of a larger 
trial comparing MAP targets below those applied in the SEPSISPAM trial. 
Further research may help delineate the reasons for vasopressor dosing 
in excess of prescribed targets and how individual patient characteristics 
modify the response to vasopressor therapy.

http://crossmark.crossref.org/dialog/?doi=10.1007/s00134-016-4237-3&domain=pdf


Page 543 of 550

Keywords:  Vasopressors, Shock, Blood pressure targets, 
Resuscitation

Introduction
Hypotension associated with excessive vasodilation may 
contribute to inadequate oxygen delivery, organ failure 
and death [1, 2]. Medications used to increase blood pres-
sure (vasopressors) may increase blood flow by restoring 
blood pressure [3] but may also hinder blood flow by induc-
ing vasoconstriction and cause net harm [4–6]. The opti-
mal vasopressor dosing strategy for hypotensive, critically 
ill patients is thus unknown. Expert opinion and practice 
guidelines suggest tailoring vasopressor dosing to surrogate 
markers of organ function [2, 7], but the association between 
these intermediate outcomes and survival is also unclear [8–
10]. Meanwhile, clinicians must balance the risks of hypo-
tension with the adverse effects of vasopressors.

A concurrent randomized trial comparing mean 
arterial pressure (MAP) targets of 65–70 versus 
80–85  mmHg in critically ill adults with septic shock 
receiving vasopressors [11] found no difference in 
28-day mortality. Higher rates of atrial fibrillation in 
the higher MAP group (7 versus 3  %, p =  0.02) high-
lighted arrhythmias as an important and previously 
documented complication of vasopressor therapy [12, 
13]. In the subgroup of patients with chronic hyper-
tension, the higher (versus lower) MAP approach was 
associated with less renal replacement therapy in the 
first week (32 versus 42  %, p  =  0.046). This finding 
underscores the concept that optimal MAP targets may 
vary across specific patient subgroups [14]. However, 
this subgroup effect on a secondary outcome does not 
establish the superiority of higher versus lower MAP 
targets for chronically hypertensive patients, particu-
larly when knowledge of group assignment may have 
influenced clinical decisions to initiate renal replace-
ment therapy [15]. Further trials are needed to confirm 
or refute the observed effect in chronically hyperten-
sive patients as well as other vulnerable subgroups. In 
this context, we conducted the Optimal Vasopressor 
Titration (OVATION) pilot trial to inform the design of 
a larger trial examining the effect of lower versus higher 
MAP targets in shock. To guide further investigations, 
we report the results of exploratory subgroups analyses 
based on age, chronic hypertension, congestive heart 
failure and prior duration of vasopressor therapy.

Methods
Study design 
From May 2013 to August 2014, intensive care units 
(ICUs) at 11 academic hospitals in Canada and the USA 
participated in this open-label randomized controlled 
trial with approval from their local research ethics boards.

Study participants 
Adults over 16  years of age receiving vasopressors in 
ICU for presumed vasodilatory shock regardless of 
admission diagnosis were eligible for enrolment if the 
treating physician judged that they were adequately 
fluid resuscitated and that ongoing vasopressor therapy 
was expected for at least 6 h. We did not specify a mini-
mum amount of intravenous fluids before enrolment. 
We excluded patients who had received vasopressors 
for more than 24  h, were expected to die within 48  h, 
or required vasoactive agents for reasons unrelated to 
hypotension (e.g. intracranial hypertension, allergic 
angioedema). Patients were also ineligible if the treat-
ing ICU physician believed the main cause of hypoten-
sion was overt cardiogenic, haemorrhagic or neurogenic 
shock or if hypotension occurred in the immediate post-
cardiac surgery period.

Study procedures 
Dedicated research personnel in each ICU screened 
patients for eligibility. Upon confirming eligibility, they 
solicited written consent from the patients or their legal 
representatives. When patients were incapacitated and 
their representatives were unavailable, we used a deferred 
consent model in all but two participating sites. Ran-
domization was stratified by centre and used permuted 
blocks of variable and undisclosed size. Group assign-
ment was accessed by the local research personnel 
through a secure Web-based system that ensured con-
cealment. Patients were allocated 1:1 to the two study 
groups.

Study interventions 
We randomly assigned study participants to a lower (60–
65  mmHg) versus a higher (75–80  mmHg) target MAP 
range. Immediately following randomization, the allo-
cated blood pressure target was prescribed by the treat-
ing ICU physician. Study MAP targets were followed 
for the entire period of vasopressor infusions (including 

Conclusions:  This pilot study supports the feasibility of a large trial comparing lower versus higher MAP targets for 
shock. Further research may help delineate the reasons for vasopressor dosing in excess of prescribed targets and 
how individual patient characteristics modify the response to vasopressor therapy.
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during transports and surgical interventions) and ended 
when patients maintained a MAP within or above the 
prescribed range without vasopressors. When ICU phy-
sicians judged that a patient was no longer in need of 
vasopressor therapy, the infusion was stopped even if 
the resultant MAP was no longer in range. If vasopres-
sor therapy resumed, the assigned MAP range was reap-
plied. The duration of the study protocol was capped at 
28 days. Administration of fluids, inotropes and corticos-
teroids was at the discretion of ICU physicians. Research 
personnel recorded MAP and vasopressor data hourly 
during infusion and daily thereafter until ICU discharge. 
They also recorded data related to life support, monitor-
ing devices, cointerventions, laboratory tests and clinical 
outcomes on a daily basis.

Outcomes 
The primary feasibility outcome was the between-group 
difference in mean MAP during vasopressor therapy. 
Specifically, we reasoned that a larger study would not be 
feasible if the separation in MAP was less than 5 mmHg. 
We also assessed patient accrual, number of protocol 
deviations, duration of vasopressor therapy and choice of 
vasopressor as secondary measures of feasibility. Devia-
tions were defined as MAP out of range for four consecu-
tive hours if vasopressor infusions were not modified to 
achieve target MAP (i.e. MAP below target did not con-
stitute a deviation if MAP remained low despite increas-
ing vasopressors). Other process of care measures include 
dose and duration of vasopressor therapy. We recorded 
clinical outcomes relevant to a larger trial, including 
mortality at ICU discharge, 28  days, hospital discharge 
and at 6  months. We also measured a composite out-
come consisting of death or persistent organ dysfunction 
(POD) [16], which was recorded each day to day 28, and 
the occurrence of potential vasopressor-induced adverse 
events that developed after randomization (i.e. cardiac 
arrhythmias, myocardial injury, bowel ischemia, digit 
or limb necrosis, gastric intolerance, venous thrombo-
embolic events, vasopressor extravasation, major haem-
orrhage). Along with intravenous fluid use and urine 
output over the course of the ICU stay, the change in 
renal Sequential Organ Failure Assessment (SOFA) score 
[17] during the first 2 days in the study captured the early 
effect of the interventions on renal function. At 6 months, 
we verified the occurrence of stroke and change in func-
tional autonomy from baseline by telephone interview. 
We assessed functional autonomy using the alpha Func-
tional Independence Measure (alphaFIM instrument), 
which measures cognitive and motor disability and helps 
predict functional status at discharge [18]. For FIM meas-
ures at baseline, we asked the patients’ representatives to 
assess their functional status before the onset of the acute 

illness that resulted in the ICU admission. The 6-month 
FIM interview was completed by the same person.

Study oversight 
All investigators contributed to the study design. The 
Canadian Institutes for Health Research and the Fonds 
de Recherche du Québec–Santé funded this project but 
were not involved in its design, conduct or interpretation. 
The investigators reported to an independent data moni-
toring committee.

Statistical analyses 
We report continuous variables using means and stand-
ard deviations (SD) or medians and quartiles, depending 
on the distribution. We report the between-group differ-
ence in the patient-averaged MAP during vasopressor 
therapy with the corresponding 95  % confidence inter-
val (CI). The patient-averaged MAP was the average of 
all hours for days where some vasopressor was received. 
As prespecified, we used a two-sample t test with a one-
sided alpha of 0.025 to test the null hypothesis that the 
mean difference in the patient-averaged MAP was less 
than 5 mmHg. Other comparisons between groups used 
the non-parametric Wilcoxon rank-sum test for continu-
ous variable or Fisher’s exact test for dichotomous clinical 
outcomes. We transformed doses of dopamine, epineph-
rine, phenylephrine and vasopressin to norepinephrine 
equivalents as per similar trials [19].

We prespecified four subgroup analyses of the primary 
outcome (hospital mortality) planned for a subsequent 
confirmatory trial. Following the publication of the SEP-
SISPAM trial, we elected to report prespecified subgroup 
analyses following the conclusion of the pilot study to 
inform the design of future trials. These subgroups were 
defined by age (greater than or equal to 75 years versus 
less than 75 years), chronic hypertension (as reported in 
the medical record), chronic congestive heart failure (as 
reported in the medical record) and duration of vasopres-
sors at enrolment (greater or less than 6 h). Although the 
specific age cut-off of 75 years was arbitrary, we hypoth-
esized that older patients have a greater risk of suffering 
from vasopressor-associated harm due to cardiovascular 
senescence. We assumed that in patients with congestive 
heart failure, lower MAP targets would result in reduced 
afterload and better cardiac output but that chronically 
hypertensive patients would benefit from higher MAP 
targets. If any treatment effect was observed, we hypoth-
esized that it would be greater in patients enrolled within 
the first 6  h of vasopressor therapy. We tested for sub-
group interactions by applying a Wald test to the treat-
ment by subgroup product term estimated from linear or 
logistic regression models for continuous and binary out-
comes, respectively.
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Except for the primary feasibility outcome, which is 
one-sided, we considered observed differences between 
groups to be statistically significant at a two-sided, nomi-
nal alpha of 0.05. All analyses conformed to group assign-
ment and were performed using SAS 9.4 (Cary, NC).

Originally a sample size of 40 patients per arm was 
proposed to achieve 80  % power at a one-sided alpha 
of 0.025 to reject the null hypothesis that the average 
MAP in the higher arm was not at least 5 mmHg higher 
than the average MAP in the lower arm. This calcula-
tion assumed that the true mean MAP in the higher arm 
would be 10  mmHg higher than the lower arm, the SD 
of the MAP would be 7.5 mmHg in both arms and that 
at least 37 patients per arm would be evaluable. Prior to 
trial initiation, we increased the target sample size to 120 
to assess feasibility across more centres and increase the 
external validity of the study results.

Role of funding sources 
The funders had no role in the design and conduct of the 
study; collection, management, analysis and interpreta-
tion of the data; preparation, review or approval of the 
manuscript; and decision to submit the manuscript for 
publication.

Results
Participants 
We identified 238 eligible patients, of whom 120 were 
enrolled (Fig. 1). The number of patients enrolled in each 
centre ranged from 3 to 25. We completed the pilot trial 
on schedule, enrolling an average of 2.3 patients per cen-
tre per month of screening. Most (n = 82, 68 %) patients 
participated using a deferred consent model. Patient 
representatives declined deferred consent for two ran-
domized patients and no patients declined or withdrew 
consent after they regained capacity. Thus, the remainder 
of this report is based on 118 patients. Baseline charac-
teristics appear in Table  1. Mean (SD, min–max) age 
was 65 (13, 25–92)  years and APACHE  II score was 25 
(7, 10–48). Before enrolment, patients received vasopres-
sors for a median (first–third quartiles) of 11 (4–17) h. A 
higher proportion of patients had chronic hypertension 
in the lower MAP group compared with the higher MAP 
group (57 versus 33  %, respectively); otherwise the two 
groups were balanced with respect to important prog-
nostic variables.

Vasopressors 
The separation in MAP between groups during vasopres-
sor therapy exceeded our prespecified threshold for study 
feasibility (9 mmHg, 95 % CI 7–11). The mean (SD) MAP 
was above target in the lower MAP arm [70 (5) mmHg] 
and on target in the higher MAP arm [79 (5)  mmHg, 

Fig. 2]. We observed similar separation in all the prede-
fined subgroups except in patients with chronic con-
gestive heart failure where the high MAP arm was only 
2 (95  % CI −5 to 10)  mmHg higher than the low MAP 
arm (test for interaction between MAP separation and 
chronic congestive heart failure p =  0.03). In the lower 
and higher MAP groups, we observed deviations on 12 
versus 8  % of all days on vasopressors (p =  0.059) and 
10  % of all deviations occurred on the last vasopressor 
day. However, 68 and 69 % of hourly MAP measurements 
were out of range in the higher and lower MAP arm, 
respectively. Half of the MAP measurements that were 
out of range were above target in the higher MAP arm 
and 12 % were below target in the lower MAP arm.

The median (Q1, Q3) number of hours from start of 
vasopressors to enrolment was 9 (3, 17) in the lower MAP 
versus 11 (3, 17) in the higher MAP arm (p = 0.63) and 
30 versus 36 % (p = 0.56) of the patients in the lower and 
higher MAP arms were enrolled within 6 h of vasopressor 
initiation. The median (Q1, Q3) number of days receiving 
vasopressor was 3 (2, 5) days in the lower MAP arm com-
pared to 5 (3, 8) days in the higher MAP arm (p = 0.0075). 
In 8 % of the cases (15 % in lower MAP arm versus 0 % in 
higher MAP arm, p = 0.003), vasopressors were discon-
tinued within less than 6 h of initiation. The daily dose of 
norepinephrine equivalent for days on vasopressors was 
10 (2, 19)  mg in the lower MAP arm compared with 14 
(8, 29) mg in the higher MAP arm (p = 0.017). Selection 
of vasopressor agents was similar in the two groups, with 
norepinephrine administered more frequently (92  % of 
patients) than other agents (vasopressin 48  %, phenyle-
phrine 14 %, epinephrine 14 %, dopamine 4 %).

Other resuscitative measures
We observed no difference in the overall fluid balance 
during vasopressor therapy [lower MAP  1337 (744, 
2285)  mL versus higher MAP  1179 (299, 2222)  mL, 
p  =  0.40] or after discontinuation [lower MAP −286 
(−975, 437)  mL versus higher MAP −337 (−1169, 
328) mL, p = 0.94]. Daily urine output during vasopres-
sor therapy was not statistically different [1009 (255, 
2046) mL versus 1696 (555, 2541) mL, p = 0.07). Blood 
products were used in 49 and 71  % of the lower and 
higher MAP arms, respectively (p  =  0.024). Colloids 
(albumin solutions) were used in 49 and 64 % of the lower 
and higher MAP arms, respectively (p  =  0.14). Use of 
the following were similar in the lower and higher arms: 
central venous catheters (97 and 100 %, p = 0.50), arte-
rial catheters (97 and 98 %, p = 1.00), sedatives (propo-
fol, midazolam or lorazepam 85 and 83  %, p  =  0.81), 
systemic corticosteroids (51 and 52 %, p =  1.00), dobu-
tamine (12 and 14 %, p = 0.79) and milrinone (3 versus 
7 %, p = 0.44).
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Clinical outcomes
Mortality rates were 28 % in ICU, 30 % at 28 days, 31 % 
in hospital and 39  % at 6  months. Differences between 
groups were not statistically significant. Similarly, 
the proportion of patients who had died or had POD 
at day  28 were not different between groups (lower 
MAP  44  % versus higher MAP  46  %, p  =  0.21). The 
median (Q1, Q3) number of POD-free days to day  28 
was 21 (1, 25)  days in the lower MAP arm and 20 (4, 
25) in the higher MAP arm (p = 0.61). Although fewer 
patients had cardiac arrhythmias in the lower MAP 
arm (20 versus 36  %), the difference was not signifi-
cant (Table 2). The average day 1 and day 2 renal SOFA 
scores were 1.3 and 1.1 in both groups, respectively. The 

median (Q1, Q3) change in FIM among survivors from 
baseline to 6 months was also identical in both groups at 
0 (−10, 0).

Subgroups
Among patients 75 years of age and older (n = 25), but 
not in those under 75 years of age, the lower MAP target 
was associated with reduced hospital mortality (Fig.  3). 
The test for interaction between age and MAP target was 
statistically significant (p =  0.015). The treatment effect 
did not differ significantly between patients in the sub-
groups defined by chronic hypertension, congestive heart 
failure and duration of vasopressor therapy before enrol-
ment (Fig. 3).

Fig. 1  Flow diagram
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Discussion
This multicentre, open-label pilot randomized con-
trolled trial comparing lower (60–65  mmHg) to higher 
(75–80 mmHg) MAP targets for fluid resuscitated hypo-
tensive patients treated with vasopressors confirmed the 
feasibility of a larger randomized controlled trial. There 
was a clear separation in MAP, comparable to the one 
achieved in the SEPSISPAM trial [11], which can reason-
ably be regarded as clinically relevant and this separation 
paralleled differential vasopressor use. Larger volumes 
of blood products were also used in the higher MAP 
arm, which suggests that raising MAP may signify more 
intensive use of other therapies as well. Measured clinical 
outcomes and exploratory subgroup analyses are poten-
tially unreliable because they are based on a small num-
ber of clinical events. We did not measure an increase in 
adverse effects that would preclude a larger trial designed 
to delineate the risk–benefit trade-off of lower MAP tar-
gets among older patients who are also more likely to suf-
fer from chronic underlying hypertension.

Strengths of this trial include its pragmatic eligibility 
criteria and interventions reflecting usual care in general 
adult critical care units, complete follow-up for consent-
ing patients, rigorous concealment of the randomiza-
tion sequence, strict application of the intention-to-treat 
principle and the highly accurate monitoring of protocol 
adherence.

The fact that achieved MAP was frequently above the 
prescribed range (even in the higher MAP arm) is a limi-
tation. Interestingly, the SEPSISPAM investigators faced 
similar issues which suggests that nurses and physi-
cians take great care to avoid underdosing vasopressors 
but may underappreciate or undervalue the potential 
risks of excessive vasopressor therapy in excess of pre-
scribed MAP targets. Hourly MAP values represent dis-
crete measurements every hour, not the hourly average. 
Moreover, the interventions being compared were MAP 
targets, not actual MAP measures. Accordingly, we pre-
defined protocol deviations as a failure to adjust vaso-
pressor infusions when MAP measurements were out of 

Table 1  Baseline characteristics

Ideal body weight extrapolated from height for a body mass index of 22. Unless otherwise specified, continuous variables represent means ± standard deviations

MAP mean arterial pressure, IBW ideal body weight, BMI body mass index
a  Median (interquartile range)

Higher MAP (75–80 mmHg) (n = 58) Lower MAP (60–65 mmHg) (n = 60)

Age (years) 63 ± 13 66 ± 13

Sex (female) 25 (43 %) 29 (48 %)

Weight (kg) 84 ± 27 87 ± 25

Ideal body weight (kg) 63 ± 8 61 ± 8

Body mass index 30 ± 9 33 ± 13

APACHE II score 25 ± 6 24 ± 8

Medical (versus surgical admission category) 43 (74 %) 50 (83 %)

Admission diagnoses (LIST)

 Sepsis 37 (64 %) 46 (77 %)

  Respiratory 7 (12 %) 14 (23 %)

  Urinary 3 (5 %) 5 (8 %)

  Abdominal 5 (9 %) 6 (10 %)

  Other 22 (38 %) 21 (35 %)

 Pancreatitis 0 3 (5 %)

 Drug overdose 0 1 (2 %)

 Pulmonary embolism 1 (2 %) 2 (3 %)

 Burn 2 (3 %) 1 (2 %)

 Other 8 (14 %) 5 (8 %)

 Admission diagnosis initially unrelated to hypotension 10 (17 %) 2 (3 %)

Functional comorbidity index 1.4 ± 1.4 1.6 ± 1.5

Days in hospital before randomizationa 1 (1, 3) 1 (1, 3)

Hours on vasopressorsa 9 (3, 16) 11 (5, 17)

Hours from ICU admission to randomizationa 13 (8, 19) 13 (8,21)

Chronic hypertension 19 (33 %) 34 (57 %)
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Fig. 2  Average hourly MAP per arm from randomization. Average hourly mean arterial pressure (MAP) with 95 % confidence intervals and number 
of patients in each arm from randomization

Table 2  Adverse events

a  Fisher’s exact test
b  Adverse event data unavailable for one patient
c  The total of any cardiac arrhythmia is two less than the sum of supraventricular and ventricular because one patient in each arm had both

Higher MAP (75–80 mmHg) (n = 58) Lower MAP (60–65 mmHg) (n = 59)b p valuea

Cardiac arrhythmiac 21 (36 %) 12 (20 %)  0.07

 Supraventricular 18 (31 %) 10 (17 %) 0.09

 Ventricular 4 (7 %) 3 (5 %) 0.72

Myocardial injury 9 (16 %) 11 (19 %) 0.81

Bowel ischemia 2 (3 %) 4 (7 %) 0.68

 Confirmed 2 (3 %) 3 (5 %)

 Suspected 0 1 (2 %)

Digit or limb necrosis 1 (2 %) 3 (5 %) 0.62

Gastric feeding intolerance 7 (12 %) 6 (10 %) 0.78

Venous thromboembolic event 2 (3 %) 1 (2 %) 0.62

Vasopressor extravasation 0 0

Major bleeding 3 (5 %) 4 (7 %) 1.00
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range for four consecutive hours. This explains why the 
number of deviations is lower than the high percentage of 
hourly MAP measurements that were out of range. The 
arbitrary definition for protocol deviations is a limitation. 
In this trial, vasopressors were not adjusted according 
to markers of organ function such as serum lactate lev-
els or urine output. The justification for a strictly MAP-
based protocol is that MAP remains the most readily 
available and pragmatic endpoint to guide vasopressor 
therapy. Moreover, there are no validated and treatment-
responsive markers for tissue perfusion. Recent trials of 
perfusion target-directed resuscitation did not find that 
this approach improved survival compared to current 
protocols of care [8–10]. This evidence collectively sug-
gests that while individualized vasopressor management 
may modify physiologic outcomes such as urine output, 
these do not correlate with more meaningful clinical out-
comes. Although a single MAP target may not be optimal 
for all patients with presumed vasodilatory shock, dosing 
vasopressors in relation to age, a reliable baseline char-
acteristic documented at admission, may have the great-
est chance of avoiding harm while improving the chance 
of survival. While this trial targeted patients suffering 
from vasodilatory shock, we relied on the treating ICU 

physicians’ clinical judgement and initiated the research 
protocol after the clinical decision to initiate vasopressor 
had already been made. This pragmatic approach reflects 
usual care but results in a more heterogeneous study 
population and introduces the possibility that vasodila-
tion may not have been the only or even the dominant 
cause of hypotension. Abnormal left ventricular func-
tion, which could be acute and therefore unaccounted 
for in the subgroup defined by chronic congestive heart 
failure, may be over-represented among older patients 
and explain excess mortality in the higher MAP arm. By 
design, patients could be enrolled later than in the SEP-
SISPAM trial. Considering that vasopressors were con-
tinued for many days, we believe that this represents a 
good balance between feasibility imperatives and early 
initiation of the study protocol. However, delayed initia-
tion of a superior intervention may reduce the probability 
of observing a benefit.

In summary, this pilot study supports the feasibility of 
a larger trial comparing MAP targets below those applied 
in the SEPSISPAM trial. Further research may help delin-
eate the reasons for vasopressor dosing in excess of pre-
scribed targets and how individual patient characteristics 
modify the response to vasopressor therapy.

Fig. 3  Subgroup analyses for hospital mortality
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