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Abstract

Background: Vasopressors are commonly applied to restore and maintain blood pressure in patients with sepsis. We
aimed to evaluate the current practice and therapeutic goals regarding vasopressor use in septic shock as a basis for
future studies and to provide some recommendations on their use.

Methods: From November 2016 to April 2017, an anonymous web-based survey on the use of vasoactive drugs was
accessible to members of the European Society of Intensive Care Medicine (ESICM). A total of 17 questions focused
on the profile of respondents, triggering factors, first choice agent, dosing, timing, targets, additional treatments, and
effects of vasopressors. We investigated whether the answers complied with current guidelines. In addition, a group
of 34 international ESICM experts was asked to formulate recommendations for the use of vasopressors based on 6
questions with sub-questions (total 14).

Results: A total of 839 physicians from 82 countries (65% main specialty/activity intensive care) responded. The
main trigger for vasopressor use was an insufficient mean arterial pressure (MAP) response to initial fluid resuscitation
(83%). The first-line vasopressor was norepinephrine (97%), targeting predominantly a MAP >60-65 mmHg (70%),
with higher targets in patients with chronic arterial hypertension (79%). The experts agreed on 10 recommendations,
9 of which were based on unanimous or strong (> 80%) agreement. They recommended not to delay vasopressor
treatment until fluid resuscitation is completed but rather to start with norepinephrine early to achieve a target MAP
of =65 mmHg.

Conclusion: Reported vasopressor use in septic shock is compliant with contemporary guidelines. Future studies
should focus on individualized treatment targets including earlier use of vasopressors.
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Background

Circulatory shock affects about one-third of patients
admitted to intensive care [1] and is associated with
increased mortality rates [1-3]. Four pathophysiologi-
cal mechanisms of shock (i.e., distributive, hypovolemic,
cardiogenic, and obstructive) have been distinguished [3,
4], which can be present alone or in combination [5]. In
patients requiring vasopressor therapy, the majority are
diagnosed as having septic shock (62%), followed by car-
diogenic and hypovolemic shock (both 16%), and other
types of distributive shock (4%) and obstructive shock
(2%) [6]. In this work, we focused on septic shock, as the
most common form of distributive shock.

The essential step in the management of patients with
septic shock is to increase systemic and regional/micro-
circulatory flow. Increasing arterial blood pressure
(ABP) with vasopressors when patients are hypoten-
sive is used to improve the input pressure driving organ
perfusion. However, except for the choice of the first-
line agent (norepinephrine), there is no clear consensus
regarding the use of vasopressors in septic shock. For
instance, for life-threatening sepsis-induced hypoten-
sion, the 2012 Surviving Sepsis Campaign (SSC) guide-
lines recommended early initiation of norepinephrine in
patients with low diastolic blood pressure (as marker of
low arterial tone) [7]. However, the most recent 2016 SSC
guidelines are less precise about the appropriate time to
initiate norepinephrine [8] so the question about opti-
mal timing remains. The guidelines recommend a mean
arterial pressure (MAP) of at least 65 mmHg should be
used as an initial target value [8] and that vasopressors
should be started immediately if patients remain hypo-
tensive during or after fluid resuscitation (strong recom-
mendation, moderate quality of evidence) [9]. Higher
targets should be considered in patients with chronic
arterial hypertension, although this remains controversial
[2, 8, 10]. However, some data suggest that individualiza-
tion of the MAP target alone may not improve outcome
[11], so other measures should be considered to increase
systemic blood flow. Furthermore, it is still a matter of
debate whether vasopressin or other agents should be
added to norepinephrine in cases of refractory hypoten-
sion [12]. Vasopressin use may be associated with a lower
risk of atrial fibrillation and mortality [13]. Finally, infor-
mation on vasopressor tolerance, side effects, and poten-
tial effects on cardiac function is scarce.

Therefore, hemodynamic management of early septic
shock is a perpetual work in progress with unresolved
questions and low quality of evidence [14], and further
research on the optimal use of vasopressors is needed.
Yet, to aid the design and interpretation of future stud-
ies, it is imperative to establish a knowledge base of what
can be considered standard of care. We thus aimed to
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evaluate current practice, preferences, and therapeu-
tic goals on the use of vasopressor drugs in the treat-
ment of patients with septic shock. Furthermore, based
on the answers, we identified areas of interest for which
we approached international experts in the field for their
opinions/recommendations.

Methods

A survey was developed by the Cardiovascular Dynam-
ics Section of the European Society of Intensive Care
Medicine (ESICM). The survey consisted of 27 questions
on the use of vasoactive drugs. This article focuses on
17 questions related to the use of vasopressors in septic
shock, defined as persistent hypotension despite fluid
resuscitation [15-17]. These were organized into two
main sections: (1) the profile of respondents and their
centers (Table 1) and (2) triggering factors, first-line
drug choice, dosing, timing, targets, additional treatment
strategies, and effects of vasopressors (Table 2).

Survey development

The questionnaire was developed by TWLS and JLT. The
Research Committee of the ESICM endorsed the sur-
vey. It was not pretested beforehand. Data were collected
automatically using SurveyMonkey Inc. (www.surve
ymonkey.com). No personal information was collected,
and no log-in was required to participate. Completion
or internal consistency of items was enforced by display-
ing an alert before the questionnaire was submitted and
by highlighting mandatory but unanswered questions. It
was not possible to review and change the given answers
after submission. The 17 questionnaire items related to
this study are provided in Tables 1 and 2.

The survey was announced on the ESICM website and
was open for participation between November 2016 and
April 2017. Members of the Cardiovascular Dynam-
ics section of the ESICM were additionally encouraged
to participate via an email linking to the survey sent to
email addresses in ESICM’s membership database in
November 2016 with two subsequent email reminders in
February and March 2017. No incentives were offered for
participation.

Survey reporting

The methodology and results of the questionnaire are
reported according to the Checklist for Reporting Results
of Internet E-Surveys (CHERRIES) statement [18]. Ethi-
cal approval was not requested as this was a voluntary
survey, and no individual patient data were collected.

Experts’ recommendations
Based on the analysis of the results, three authors
(TWLS, IVDH and JLT) identified areas of interest and
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Table 1 Baseline characteristics of survey respondents

Response rate

Total Europe  Outside Europe

Valid respondents 839 (100%) 546 (65%) 293 (35%)
Main specialty area

Intensive care 545 (65%) 313 (57%) 232 (79%)

Anesthesiology 197 (23%) 164 (30%) 33 (11%)

Internal medicine 53 (6%) 44 (8%) 9 (3%)

Surgery 8 (1%) 3(0.5%) 5 (2%)

Other 36 (4%) 22 (4%) 14 (5%)
Experience as intensivist

Full time > 5 years 445 (53%) 282 (52%) 163 (56%)

Full time 2-5 years 98 (12%) 49 (9%) 49 (17%)

Full time <2 years 46 (5%) 26 (5%) 0 (7%)

Part time intensivist 41 (17%) 6 (21%) 5 (9%)

Not specialized (yet) 08 (13%) 73 (13%) (12%)
Type of institution

University hospital 353 (42%) 262 (48%) 91 (31%)

Non-university public 183 (22%) 149 (27%) 34 (12%)

hospital
University affiliated 178 (21%) 100 (18%) 78 (27%)
hospital

Private hospital 113 (13%) 31 (6%) 82 (28%)

Other 2 (1%) 4 (1%) 8 (3%)
Type of ICU

Mixed ICU 627 (75%) 408 (75%) 219 (75%)

Surgical ICU 88 (10%) 68 (12%) 20 (7%)

Medical ICU 83 (10%) 50 (9%) 33 (11%)

Other 41 (5%) 20 (4%) 21 (7%)
Number of ICU beds

<5 23 (3%) 16 (3%) 7 (2%)

6-10 21(26%) 176 (32%) 45 (15%)

11-15 188(22%) 135(25%) 53 (18%)

16-20 150 (18%) 89(16%) 61 (21%)

>20 257 (31%) 130 (24%) 127 (43%)
Number of patients admitted per year

<500 188 (22%)  135(25%) 53 (18%)

500-1000 91 (35%) 193 (35%) 98 (33%)

1001-1500 178 (21%)  11521%) 63 (22%)

1501-2000 92 (11%) 58(11%) 34 (12%)

>2000 90 (11%) 45 (8%) 45 (15%)

developed six questions, including sub-questions and
approached a group of 34 experts who are active mem-
bers of the Cardiovascular Dynamics Section of the
ESICM, and who all have published research as first or
last author in an international peer-reviewed journal
in articles identified by the PubMed subject headings
“vasopressor” These experts were asked to formulate
recommendations for the optimal use of vasopressors.
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Definitions of degree of consensus and grades of recom-
mendations were based on the RAND algorithm (Fig. 1)
[19]. Perfect consensus (all experts agreeing) and good
consensus (> 80% agreement) were considered as strong
grades of recommendation. Conditional recommenda-
tion was used when 70—-80% of the experts agreed.

The questions posed to the experts are presented in
Table 3. Sub-question 5e on the use of corticosteroids
in refractory hypotension [20] was resent to the experts
following the results of the ADRENAL [21] and APROC-
CHSS trials [22] to see whether these study results had
changed their opinion.

Statistics
Data were evaluated as the total distribution of single
answers and then divided according to the geographical
area of respondents within Europe and outside Europe
using descriptive statistics. Answers to the questionnaire
items are reported as numbers (percentage). Contin-
gency tables and corresponding Chi-square statistics are
reported to describe the pairwise associations between
selected demographic variables (European vs. non-Euro-
pean ESICM member, high-income vs. lower-income
countries, intensive care unit (ICU) experience more vs.
less than 5 years full time, intensive care (IC) as primary
specialty vs. other specialties, and university hospital vs.
non-university hospital) and the responses regarding
vasopressor use. We used the World Bank definition of
a “high-income country;” i.e., a per capita gross national
income of $12,056 or more [23].

All descriptive and statistical analyses were performed
in R (R studio version 1.1.453, running R version 3.5.0).

Results

A total of 839 physicians from 82 countries partici-
pated in the survey. A response rate could not be cal-
culated as the invitation to the survey was posted as
a link on the ESICM open website. In addition, mem-
bers of the CD section of the ESICM (n=10,780 at
the time of the survey) received an email invitation to
participate. From these addressees, 3111 (29%) opened
this email (according to Mail Chimp). Baseline char-
acteristics of responders and their ICUs are presented
in Table 1. Of the 839 participants, 546 (65%) were
European (Fig. 2), 227 (27%) were from lower-income
countries, and 353 (42%) were working in a university
hospital. Four hundred and forty-five (53%) had more
than 5 years of experience as an intensivist, and 545
(65%) had Intensive Care as their main specialty or
activity area. All ten survey questions and answers of
the physicians on arterial blood pressure and vasopres-
sors are summarized in Table 2. Arterial blood pres-
sure was always measured invasively by 707 (84%) of
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Table 2 Survey questions and answers on vasopressor use  Table 2 (continued)
in septic shock

Respondents
Respondents No (%)
No (%) )
A mean arterial pressure >80-85 mmHg 24 (3%)
How do you measure arterial blood pressure in septic A systolic blood pressure > 100 mmHg 12 (1%)
shock? Which patient’s factor(s) may encourage you to increase
Always invasively and continuously via an arterial line 707 (84%) your arterial blood pressure target?
Invasively only in case of severe shock 97 (12%) Age 14 (2%)
Mostly non-invasively and discontinuously (arm cuff) 32 (4%) History of chronic hypertension 662 (79%)
Mostly non-invasively but continuously using applana- 2(0.3%) History of coronary artery disease 52 (6%)
tion tonometry None of them 102 (12%)
Mgstflfy non-invasively but continuously using finger 1(0.1%) Value of central venous pressure 9 (1%)
u
hat o ina f for initiati When the patient does not respond to your current vaso-
Whatis your main triggering 7actor(s) orinitiating a pressor therapy, what is your main reason for adding
vasopressor in septic shock? another vasopressor agent to the current therapy?
A low diastolic blood pressure whatever the correction 29 3%) A pre-defined maximum dose of the 1st choice vaso- 119 (14%)

of hypovolemia

Insufficient cardiac output response to the initial fluid 56 (7%)
resuscitation

Insufficient central venous oxygen saturation response 16 (2%)
to the initial fluid resuscitation

Insufficient mean arterial pressure response to the 700 (83%)
initial fluid resuscitation
Other 38 (5%)

What is your first line vasopressor in the treatment of
hypotension?

Adrenaline/epinephrine 4 (0.5%)

Dopamine 17 (2%)

Noradrenaline/norepinephrine 816 (97%)

Vasopressin/terlipressin 2(0.3%)

Phenylephrine 0 (0%)

When do you use your vasopressor?

I try to avoid any use of vasopressors and stick to 15 (2%)
volume therapy

| use a vasopressor early, before complete volume 104 (12%)
resuscitation (despite preload dependency)

I use a vasopressor only after assessment of preload 371 (44%)

dependency

I use a vasopressor only after completed treatment of 228 (27%)
preload dependency

I use a vasopressor regardless of preload dependency 121 (14%)

What is your main reason for increasing the dose of the
vasopressor used?

Diastolic arterial pressure target not reached 13 (2%)
Mean arterial pressure target not reached 568 (68%)
No arterial blood pressure response to the current dose 63 (8%)
Signs of organ dysfunction despite reaching the arterial 173 (21%)
blood pressure target
Systolic arterial pressure target not reached 22 (3%)
What is your arterial blood pressure target for vasopres-

sor therapy?

A diastolic blood pressure >40 mmHg 12 (1%)
A mean arterial pressure >60-65 mmHg 584 (70%)

A mean arterial pressure > 70-75 mmHg 207 (25%)

pressor has been reached

Although the pre-defined maximum dose of the 1st 135 (16%)
choice vasopressor has not been reached, previous
increases in the dose of this vasopressor were inef-
fective

By adding a second vasopressor although the pre- 173 (21%)
defined maximum dose of the 1st choice vasopressor
has not been reached, | want to limit/reduce the
side-effects of the first vasopressor

| suppose that the mechanism of action of the first 213 (25%)
vasopressor is exhausted (e.g., adrenoceptors down
regulation) and want to use a second one with an
independent mechanism of action

I want to use synergistic effects of two different mecha- 199 (24%)
nisms of action

What is your main reason for reducing or stopping

vasopressor therapy?

Arterial blood pressure targets have been reached 463 (55%)

I'am concerned by potential side effects of current 39 (5%)
vasopressor therapy

Side effects of current vasopressor have occurred 15 (2%)

The patient’s clinical situation is improving even if the 296 (35%)
arterial blood pressure target has not been reached

Vasopressor treatment is futile 26 (3%)

Which of the following statements fits best your opinion
on norepinephrine use in the treatment of shock?

Restoring mean arterial pressure with norepinephrineis 69 (8%)
usually associated with a decrease in systemic blood
flow

Restoring mean arterial pressure with norepinephrine 9 (1%)
is usually associated with a deterioration of renal
function

Restoring mean arterial pressure with norepinephrine 201 (24%)
is usually associated with a reduction in microcircula-
tory blood flow and/or tissue oxygenation

Restoring mean arterial pressure with norepinephrine is 442 (53%)
usually associated with an increase in systemic blood
flow

Restoring mean arterial pressure with norepinephrineis 118 (14%)
usually associated with no change in systemic blood
flow
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Degrees of Consensus & Grades of recommendation

All panelists gave OR % of panelists voting in relation to median
same number score
A
> 50% of panelists voted within 1 integer |—>| < 50% of panelists voted within 1 integer
Look at the range of achieving > 80% of
panelists

> 80% > 80% > 80% > 50% > 80% Other
achieved at 1 achieved at 2 achieved at 3 achieved at 1 achieved at 3 responses or
integer integers integers integer integers disagreement

Perfect consensus || Very good consensus | | Good consensus | | Some consensus || No consensus

Strong Recommendation

Conditioned / weak
Recommendation

No Recommendation

Fig. 1 RAND algorithm. Method used to define the degree of consensus and grades of recommendations of the experts'recommendations

the participants. More non-European than European
physicians (31% vs. 7.5%, p<0.05), more respondents
from lower-income countries than from high-income
countries (37% vs. 8%, p<0.001), and more IC special-
ists than non-intensivists (18% vs. 12%, p <0.05) did not
always measure ABP invasively. Norepinephrine was
used by 816 (97%) respondents as the first-line vaso-
pressor in septic shock, while more respondents from
lower-income countries preferred a different vasopres-
sor (6% vs. 1.5% from high-income countries, p <0.001).
Intensivists working in a university hospital were more
likely to use another vasopressor than norepineph-
rine as their first-line treatment (4.5% vs. 1.4% of doc-
tors working in non-university hospitals, p <0.05). An
insufficient MAP response to initial fluid treatment was
the main trigger to initiate vasopressor administration
as reported by 700 (83%). Early use of a vasopressor
(despite/regardless of preload dependency) was pre-
ferred by 225 (26%) responders. A blood pressure target
of MAP > 60-65 mmHg or DAP >40 mmHg was chosen
by 596 (71%) of respondents, with more respondents
working in a university hospital preferring this tar-
get (75% vs. 68% of doctors working in non-university

Table 3 Questions to experts on vasopressor use

1. How should arterial blood pressure (ABP) be monitored in patients
with septic shock?

2.What is the ideal time to start vasopressor therapy in treating septic
shock?

a. Should hypovolemia be completely corrected first?

b. Which variable do you consider most helpful in deciding when to
start vasopressor treatment?

3. Which vasopressor should be used as first choice?

a. Are there situations or patient categories in which a certain vasopres-
sor should be preferred?

4. What is your target? Which variable and which value?
5. Concerning refractory hypotension [20]
a. What is your definition of refractory hypotension?

b. Do you accept a lower MAP when it is not possible to achieve the
target MAP with high-dose vasopressors? In which situations?

c. When should a second vasopressor agent be considered? Which one?
d. Should it replace or be added to the first-choice vasopressor?
e. Should corticosteroids be used to reach the target?

6. What is your main reason for reducing or stopping vasopressor treat-
ment?
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Fig. 2 a Survey respondents from European countries. Number of survey respondents working in European countries. Black bars indicate
high-income countries, and white bars lower-income countries. b Survey respondents from Non-European countries. Number of survey
respondents working in Non-European countries. Black bars indicate high-income countries, and white bars lower-income countries

hospitals, p<0.05). Six hundred and sixty-two (79%)
participants modified their ABP target in patients with
a history of chronic arterial hypertension. In addition,
19% of IC specialists considered reasons other than
chronic hypertension (mostly non-patient related fac-
tors) as a trigger to increase their ABP target versus
26% of non-intensivists (p <0.05). While the main rea-
son for increasing the vasopressor dose was failure to
reach the targeted blood pressure (68%), some respond-
ents increased vasopressor doses for other reasons; e.g.,
signs of organ dysfunction despite reaching the MAP
target. European-based intensivists and IC specialists
more frequently chose to increase vasopressor dosages
beyond reaching the target blood pressure (35% vs. 27%
of non-Europeans, p<0.05 and 37% vs. 30% of IC spe-
cialists, p<0.05). There were no differences in any of
the answers between experienced and less-experienced
(< 5-year ICU experience) physicians.

The 34 experts agreed on 10 recommendations con-
cerning arterial blood pressure and use of vasopressors

and corticosteroids, 9 of which were strong (see
Table 4). In addition, they recommended not to delay
vasopressor treatment until fluid resuscitation has
been completed, but rather start with norepinephrine
early to achieve a target MAP of > 65 mmHg, and to
accept a lower MAP if it is sufficient to correct signs of
hypoperfusion.

Discussion

Norepinephrine was reported to be the first-line vaso-
pressor used to achieve MAP targets for almost all
respondents to our online survey. Furthermore, a major-
ity of respondents and experts would target an initial
MAP of 65 mmHg or higher. These findings are in con-
cordance with current guidelines for the management of
sepsis and septic shock that recommend an initial target
MAP of 65 mmHg and to titrate to individual require-
ments thereafter [8]. Notably, data from registries and
major trials revealed that the average MAP in actual
practice ranged between 75 and 80 mmHg. For example,
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in the SEPSISPAM trial, MAP was 75 mmHg in the low
blood pressure group, whereas the prescribed target
range was 65-70 mmHg [24]. Similarly, in the OVATION
trial, half of the MAP measurements were above the tar-
geted range [25]. This could suggest that healthcare pro-
fessionals in the ICU used the higher blood pressures as
a “safety-cushion” to prevent dipping below the target or
that the vasopressor doses were not lowered when MAP
improved. Recent retrospective analysis from 110 US
hospitals shows that risks for mortality, AKI, and myo-
cardial injury in septic patients progressively worsened at
MAP thresholds lower than 85 mmHg [26].

Strikingly, the majority of respondents evaluate the
effects of their initial resuscitation efforts based on their
effects on blood pressure, whereas only 7% used cardiac
output for this purpose. This is in line with previous stud-
ies [27, 28] but in contrast to the rational of fluid resusci-
tation which is to increase blood flow, i.e., cardiac output
and oxygen delivery to ultimately improve tissue perfu-
sion and oxygenation.

A large majority of physicians stated they would raise
their ABP targets when the patient had a history of
chronic arterial hypertension; this is also in line with
current recommendations of the European consensus
conference [2]. This strategy is based on alterations in
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autoregulation of organ perfusion occurring in hyper-
tensive patients, although cerebral, hepatosplanchnic
and renal autoregulation may be disturbed in the pres-
ence of severe systemic inflammation [29]. The SEPSIS-
PAM trial found that targeting a higher MAP in septic
patients with chronic arterial hypertension led to less
requirement for renal replacement therapy [24]. On the
other hand, a multicenter pilot randomized controlled
trial reported that in patients aged >75 years, a lower
MAP target (60—-65 mmHg) was associated with a lower
hospital mortality (13% vs. 60%, p=0.03), while this was
not true for younger patients [25]. Importantly, only 25
patients (8 deaths) were enrolled in the>75-year age-
group so these results need to be interpreted with cau-
tion. A recent individual patient data meta-analysis from
two major trials comparing higher versus lower MAP
targets revealed that higher MAP targets may be associ-
ated with a higher mortality, particularly when patients
had been treated with vasopressors for > 6 h before inclu-
sion [11]. Another cohort study on vasopressor use for
severe arterial hypotension reported an average MAP
of 75 mmHg and that ICU staff did not tailor vasopres-
sor therapy to individual patient characteristics such as
underlying chronic hypertension [30]. An option worth
consideration is individualization of blood pressure

Table 4 Summary of the expert’s recommendations and its degree of consensus and grade of recommendation

Statement Degree Grade
of consensus of recommendation
Blood pressure monitoring
1. In patients with shock, arterial blood pressure should be monitored invasively and continuously viaan  Perfect Strong
arterial catheter
Ideal moment to start vasopressor therapy in treating circulatory shock
2.Vasopressors should be started early, before (complete) completion of fluid resuscitation Reasonable Conditional
3. MAP or the combination of MAP and DAP should be considered as trigger to start vasopressor treat- ~ Good Strong
ment
Vasopressor of first choice
4. Norepinephrine should be used as vasopressor of first choice Perfect Strong
Target of vasopressor treatment
5. The target of vasopressor therapy should be a MAP of 65 mmHg Good Strong
6. Lower MAPs are tolerated in case of refractory hypotension despite adequate fluid and vasopressor Good Strong
treatment
Treatment options in refractory hypotension
7. Adding a second vasopressor in case of refractory hypotension Good Strong
8. Using vasopressin or terlipressin as second vasopressor Good Strong
Reason to stop vasopressor treatment
9.Vasopressor treatment should be reduced/stopped when the patient improves clinically, when side Perfect Strong
effects occur, or in case of ineffectiveness
Use of steroids to reach target
10. Steroids should be considered in septic shock Good Strong

Definitions of degree of consensus and grades of recommendations based on the RAND algorithm. All 34 experts in agreement defined a perfect consensus and
experts > 80% agreement defined good consensus; both were considered as strong recommendation. Reasonable consensus was defined as 70-80% agreement

among experts, and the recommendation was considered to be conditional
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targets, based on a “vasopressor challenge,” with return
to the previous vasopressor dose if organ perfusion does
not obviously improve while higher MAP levels were
achieved, or if adverse effects such as atrial fibrillation or
myocardial ischemia occur. The efficacy of this pragmatic
strategy has not yet been confirmed by prospective stud-
ies, but has been tested in a recently completed study on
early resuscitation in septic shock patients [31].

The choice of first-line vasopressor in our survey
agrees with reports from Scandinavian and Canadian
ICUs where norepinephrine was the first-line vasopres-
sor used to achieve MAP targets [32, 33]. This is a sig-
nificant change from an earlier survey where dopamine
was the first-line vasopressor [34]. A large multicenter
randomized controlled trial comparing norepinephrine
versus dopamine [6], three meta-analyses [35-37], and
subsequent guideline recommendations [7, 8] are likely
to be the main contributors to this shift in practice. A
recent retrospective analysis reported an increased mor-
tality rate in septic shock patients managed with differ-
ent vasopressors (predominantly phenylephrine) during a
period of norepinephrine shortage in the USA [38, 39].
This implies that norepinephrine may be the vasopressor
associated with the lowest mortality. Consequently, the
2016 SSC states that phenylephrine use should be limited
until more research is available since its impact on clini-
cal outcomes is uncertain [8].

The 2016 Surviving Sepsis Campaign suggests adding
either vasopressin (up to 0.03 U min™') (weak recom-
mendation, moderate quality of evidence) or epineph-
rine (weak recommendation, low quality of evidence) to
norepinephrine with the intent of raising MAP to target
or adding vasopressin (up to 0.03 U min™?) (weak recom-
mendation, moderate quality of evidence) to decrease
norepinephrine dosage [8]. However, recent studies
found no beneficial outcome effect from vasopressin [40]
or terlipressin [41]. Angiotensin II has been studied as
an additional vasopressor to maintain MAP in a recent
randomized controlled trial in patients with vasodila-
tory shock [42]. Its exact place in the treatment of sep-
tic shock needs to be defined, but a subgroup analysis of
the latter study suggests that patients with acute kidney
injury requiring renal replacement may preferentially
benefit from this treatment [43].

The timing to initiate vasopressor therapy varied in
our survey; 44% of responders would start vasopres-
sors after assessment of preload dependency, while
27% would use vasopressors only after complete cor-
rection of hypovolemia as assessed by preload depend-
ency variables. The experts agreed with a conditional
degree of consensus that vasopressors should be started
before the completion of full fluid resuscitation. From
the SSC guidelines, there is uncertainty about when
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vasopressors should be initiated in septic shock. After
careful reading of the publication, it might be under-
stood that vasopressors should be administered only
after the initial fluid resuscitation (30 mL kg™! of crys-
talloids within the first 3 h) [7]. This lack of clarity was
criticized [44]. Data from the Australasian Resuscita-
tion In Sepsis Evaluation (ARISE) trial showed that
the median [IQR] volume of fluid administered before
starting a vasopressor was 3.1 [2.3, 4.3] L [45].

Recently (after completion of our survey), the SSC
proposed a new l-hour bundle where vasopressors
are recommended to be applied if the patient is hypo-
tensive during or after fluid resuscitation to maintain
MAP > 65 mmHg [9]. Although it is not mentioned
which indicator can be used to select patients who
require vasopressors, this recommendation clearly
indicates that early administration before complete
fluid resuscitation is an option. Some studies reported
that delay in initiation of vasopressor therapy was asso-
ciated with an increased mortality risk in patients with
septic shock [46, 47]. There are three potential reasons
for this finding: early vasopressors could prevent the
onset or progression of organ dysfunction by reaching
the target MAP (as the main component of organ per-
fusion pressure) faster and by optimizing tissue perfu-
sion [48, 49]. Earlier vasopressor therapy may represent
a marker of the intensity of delivered care which could
result in improved outcome. Finally, earlier vasopres-
sor use could lead to a decrease in the amount of fluids
administered [50], e.g., due to a redistribution of venous
blood from unstressed to stressed volume (autotransfu-
sion). However, retrospective data from almost 2900
patients from 24 hospitals in three countries suggest
that starting vasoactive agents in the initial hour may
be detrimental due to less fluids being given and that
mortality was lowest when vasoactive agents were initi-
ated 1-6 h after septic shock onset, with more than 1 L
of fluids in the initial hour, more than 2.4 L from hours
1-6, and 1.6-3.5 L from 6 to 24 h [51]. In the ARISE
trial, 50% of the patients received vasopressors within
4.4 h after hospital admission [45]. As these data reflect
epidemiology rather than physiology, the optimal tim-
ing of vasopressor initiation needs to be studied in a
personalized context.

In our survey, there was a discrepancy in the respond-
ents’ opinion as to reasons why a second vasopressor
should be added in patients with refractory hypotension,
i.e., when a patient does not adequately respond to the
initial vasopressor treatment. Only 14% of respondents
cited a predefined maximum dose of the first vasopres-
sor as the main reason. There is some support for this in
the current literature as a post hoc analysis study found
that vasopressor load and thresholds of dose have been
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related to mortality in septic shock [52]. This might be
related to the occurrence of catecholamine-associated
complications although the mortality associated with
high-dose norepinephrine varies considerably. In a
series of 324 patients with septic shock (average mor-
tality rate 48%), patients who received norepinephrine
doses>1 pg kg™' min~' had an extremely high (90%)
mortality rate [53]. By contrast, in a series of 106 patients
with severe septic shock who received > 1 pg kg™ min~",
the mortality rate was far lower (60%) [35]. Research is
needed to identify clinically relevant thresholds for the
consistency of guidelines and for design of future clinical
trials [54].

Regarding the use of corticosteroids in refractory hypo-
tension, 29/34 experts recommended its use despite
the lack of strong evidence showing mortality benefit
[55-57]. However, there is evidence that use of low-
dose corticosteroids results in earlier shock reversal (i.e.,
reduced duration of vasopressor therapy with stable
hemodynamics) in patients with septic shock unrespon-
sive to fluid and vasopressor therapy [56-58]. Of note,
no expert changed his/her mind after the results of the
ADRENAL trial [21] became available, whereas two of
the five experts with an initially negative attitude changed
their opinion in favor of steroids after the results of the
APROCCHSS trial [22].

In our survey, we received contradictory responses
to the question regarding the change in cardiac output
when restoring MAP with norepinephrine. Only 53%
of physicians acknowledged that using norepinephrine
to improve MAP might also result in an increase in sys-
temic blood flow. Studies have shown increases in car-
diac output through an increase in cardiac preload and
cardiac contractility in patients with septic shock treated
with norepinephrine [48, 59-62]. A recent system-
atic review has confirmed these findings [63]. Although
24% of responding physicians considered that restoring
MAP with norepinephrine might result in a reduction
in microcirculatory blood flow, this is not supported by
recent studies showing improvements [49, 61, 64, 65], or
no change [66—68] in microvascular perfusion in patients
with septic shock when blood pressure was increased
with norepinephrine. It appears that the effect of nor-
epinephrine was dependent on the basal microvascular
state, being beneficial only when the microcirculation
was compromised.

Respondents had different opinions on how to meas-
ure blood pressure, MAP targets, dosing, timing, triggers
for adding a second vasopressor, reasons for reducing the
vasopressor dose, and stopping vasopressor treatment.
This variation may be interpreted in two ways. Firstly,
individual physicians may interpret the existing scientific
evidence differently. For example, one physician may give
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more weight to a MAP target, while another may focus
on signs of organ dysfunction. This is supported by the
finding that 68% of respondents preferred MAP and
21% organ function markers as their target for vasopres-
sor therapy. Secondly, the physicians may have inter-
preted the existing evidence in a similar manner, while
the heterogeneity of septic shock drives the differences
in treatment plans. These treatments may be adapted
to individual patients based on their history, underly-
ing disease, comorbidities, and response to treatment
[69]. In clinical practice, a MAP target of 65 mmHg may
be acceptable provided no other signs of hypoperfusion
are present. If signs of hypoperfusion remain, the MAP
target may need to be elevated. These nuances cannot be
captured by a simple survey.

Although surveys are not at the top of the evidence-
based pyramid, the results of this survey present useful
information on contemporary practice and preferences
regarding vasopressor therapy, obtained from respond-
ers from many European and non-European countries
(Fig. 2). Non-European physicians more often used non-
invasive techniques to measure ABP and less frequently
considered other reasons than reaching the MAP target
to increase the vasopressor dosage, such as persisting
signs of organ dysfunction despite reaching MAP targets.
These differences might reflect varying adoption rates of
the Surviving Sepsis Campaign guidelines, or simply dif-
ferences in available resources and local practices.

The experts’ opinions are based on the available evi-
dence and their interpretation thereof for most of the
questions, while its added value may especially lie in the
questions where evidence is sparse. Furthermore, this
work identified areas for future research as reflected by
heterogeneous opinions.

The results of our survey can be used as a benchmark
for interpreting studies stating usual or standard care
in control groups of intervention trials. However, if the
control group is treated (very) differently from what was
reported in our survey, then external validity of results is
diminished. Physicians are less swayed by the impact of
an intervention when compared against a control inter-
vention that is currently not considered as standard
for treating patients. Furthermore, future trials can be
designed to investigate changes against what is consid-
ered usual or standard care to increase the external valid-
ity. Another positive aspect of this survey is that it can be
used to guide education, for example the need to avoid
unnecessary fluid overload.

Limitations
The methods used to invite individuals to respond to our
survey did not allow us to calculate the exact response
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rate, which can be estimated to around 10% of all ESICM
members. Nevertheless, our survey had by far the larg-
est absolute number of respondents as compared to
previous surveys on vasopressors (839 vs. 114, 171, and
202, respectively) [32-34]. Still, a response bias can-
not be excluded. Results relate only to individuals who
were willing to respond. External validity is therefore
hampered. In addition, online surveys have limitations,
including multiple responses by a single person. We did
not use cookies or log-file/IP address analyses to pre-
vent multiple responses. On the other hand, we assume
that single persons are unlikely to spend time answering
a simple survey more than once, and we are not aware
if some institutions had higher representations among
respondents than others. Furthermore, a survey may not
reflect bedside practice rather than preferences, even in
the institutions of the physicians answering the survey.
In addition, questions and definitions used in our survey
might have been interpreted differently by the respond-
ents hampering their answers. Similarly, it should be
noted that we currently have the third international con-
sensus definition of sepsis [15], whereas most of the stud-
ies cited in the discussion were based on the criteria of
the second definition.

Conclusion

In conclusion, vasopressor use in critically ill patients
with septic shock, as self-reported by individual physi-
cians, is compliant with current guidelines. Experts rec-
ommended not to delay vasopressor treatment until fluid
resuscitation is completed, but rather to start with norep-
inephrine early to achieve a target MAP of > 65 mmHg.
Future studies should focus on the implementation of
current evidence on the early use of vasopressors, indi-
vidualized hemodynamic targets, and patient outcomes
[54]. A logical follow-up would be a systematic review on
the use of vasopressors in critically ill adult patients with
circulatory shock.

Abbreviations

ESICM: European Society of Intensive Care Medicine; MAP: mean arterial pres-
sure; ABP: arterial blood pressure; SSC: Surviving Sepsis Campaign; CHERRIES:
Checklist for Reporting Results of Internet E-Surveys; ICU: intensive care unit;

IC: intensive care.

Authors’ contributions

TWLS and JLT developed the survey. TWLS, IVDH, and JLT developed the ques-
tions to experts. STV analyzed the data. TWLS, IVDH, STV, MD, MS, and JLT were
major contributors in writing the manuscript. All authors read and approved
the final manuscript.

Author details

! Department of Anesthesiology, University Medical Center Groningen,
University of Groningen, Hanzeplein 1, PO. Box 30.001, 9700RB Groningen, The
Netherlands. 2 New York University Medical Center, New York, USA. 3 Columbia
University Medical Center, New York, USA. * Erasmus MC University Medical

Page 10 of 12

Center, Rotterdam, Netherlands. ° Pontificia Universidad Catdlica de Chile,
Santiago, Chile. ® Department of Intensive Care, CHIREC Hospitals, Université
Libre de Bruxelles, Brussels, Belgium. ” Department of Intensive Care Medicine,
School of Medicine Simone Veil, Raymond Poincaré Hospital (APHP), Univer-
sity of Versailles-University Paris Saclay, 104 boulevard Raymond Poincaré,
92380 Garches, France. ® Département de Médecine Intensive-Réanimation et
de Médecine Hyperbare, Centre Hospitalier Universitaire Angers, Institut MITO-
VASC, CNRS, UMR 6214, INSERM U1083, Angers University, Angers, France.

° Department of Intensive Care, Medical Centre Leeuwarden, Leeuwarden,
The Netherlands. '° Department of Anaesthesia and Intensive Care Units,
Humanitas Research Hospital and Humanitas University, Milan, Italy. ' Catedra
de Farmacologia Aplicada, Facultad de Ciencias Médicas, Universidad Nacional
de La Plata y Servicio de Terapia Intensiva, Sanatorio Otamendi, Buenos Aires,
Argentina. '? Department of Anesthesiology and Intensive Care Medicine,
Kepler University Hospital and Johannes Kepler University Linz, Linz, Austria.

13 Assistance Publique des Hopitaux de Paris, Department of Anaesthesia

and Intensive Care, Hopitaux Universitaires Paris-Sud, Université Paris-Sud,
Hopital de Bicétre, Le Kremlin-Bicétre, France. '* Section of Anaesthetics, Pain
Medicine and Intensive Care, Imperial College London, London, UK. '° Assis-
tance Publique-Hopitaux de Paris Paris-Sud University Hospitals, Intensive Care
Unit, Antoine Béclére Hospital, Clamart, France. '® Departamento de Medicina
Intensiva, Facultad de Medicina, Pontificia Universidad Catdlica de Chile, San-
tiago, Chile. ' Assistance Publique Hopitaux de Marseille, Service d’Anesthésie
et de Réanimation CHU Nord, Aix Marseille Université, Marseille, France.

'8 Service de Réanimation Médicale Brabois et péle cardio-médico-chirurgical,
CHRU, INSERM U1116, Université de Lorraine, Brabois, 54500 Vandoeuvre les
Nancy, France. '° Department of Anesthesia, Burn and Critical Care, APHP
Hopitaux Universitaires Saint Louis Lariboisiere, U942 Inserm, Université Paris
Diderot, Paris, France. % Assistance Publique-Hépitaux de Paris, Paris-Sud Uni-
versity Hospitals, Medical Intensive Care Unit, Bicétre Hospital, Le Kremlin-Bicé-
tre, France. 2! INSERM UMR_S 999, Paris-Saclay University, Le Plessis-Robinson,
France. 22 Department of Cardiovascular, Respiratory, Nephrological, Anesthe-
siological and Geriatric Sciences, University of Rome “La Sapienza’, Rome, Italy.
2 INSERM 1160 and Hépital Lariboisiére, APHP, University Paris 7 Denis Diderot,
Paris, France. * Queen Mary University of London, London, UK. % Department
of Critical Care Medicine, University of Pittsburgh, Pittsburgh, USA. 2 Institut
fur Andsthesiologische Pathophysiologie und Verfahrensentwicklung, Univer-
sitatsklinikum, Ulm, Germany. 27 Department of Anesthesiology and Inten-
sive Care Medicine, Rostock University Medical Centre, Rostock, Germany.

28 Department of Anesthesiology, Center of Anesthesiology and Intensive
Care Medicine, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany. 2° Department of Anesthesiology and Intensive Care, Uniklinikum
Jena, Jena, Germany. *° Bloomsbury Institute of Intensive Care Medicine, Divi-
sion of Medicine, University College London, London, UK. 2" ICU Department,
Réanimation CERIC, Clinique Ambroise Paré, Neuilly, France. ** Assistance
Publique-Hopitaux de Paris, Intensive Care Unit, University Hospital Ambroise
Paré, Boulogne-Billancourt, France. ** INSERM U-1018, CESP, Team 5, University
of Versailles Saint-Quentin en Yvelines, Villejuif, France. >* Medical-Surgical
Intensive Care Unit, INSERM CIC-1435, Teaching Hospital of Limoges, University
of Limoges, Limoges, France. > Institute of Clinical Medicine, Aarhus Univer-
sity, Palle Juul-Jensens Boulevard 99, 8200 Aarhus N, Denmark. * Department
of Critical Care, University Medical Center Groningen, University of Groningen,
Hanzeplein 1, PO. Box 30.001, 9700 RB Groningen, The Netherlands. *” Depart-
ment of Intensive Care, Erasme University Hospital, Université Libre de Brux-
elles, Brussels, Belgium. % Service de Réanimation Médicale, Hopital de Bicétre,
Hopitaux Universitaires Paris-Sud, Le Kremlin-Bicétre, France.

Acknowledgements

This work has received endorsement of the European Society of Intensive Care
Medicine. The authors would like to acknowledge the contribution of Thomas
Kaufmann, Department of Anesthesiology and Department of Critical Care,
Groningen, the Netherlands.

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

Consent for publication
Not applicable.

Ethics approval and consent to participate
Not applicable.



Scheeren et al. Ann. Intensive Care (2019) 9:20

Availability of data and materials
The data of the survey are available from the corresponding author upon
reasonable request.

Funding
No funding.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Received: 25 October 2018 Accepted: 22 January 2019
Published online: 30 January 2019

References

1. SakrY, Reinhart K, Vincent JL, Sprung CL, Moreno R, Ranieri VM, De Backer
D, Payen D. Does dopamine administration in shock influence outcome?
Results of the Sepsis Occurrence in Acutely Il Patients (SOAP) Study. Crit
Care Med. 2006;34(3):589-97.

2. Cecconi M, De Backer D, Antonelli M, Beale R, Bakker J, Hofer C, Jaeschke
R, Mebazaa A, Pinsky MR, Teboul JL, et al. Consensus on circulatory shock
and hemodynamic monitoring. Task force of the European Society of
Intensive Care Medicine. Intensive Care Med. 2014;40(12):1795-815.

3. Vincent JL, De Backer D. Circulatory shock. N Engl J Med.
2013;369(18):1726-34.

4. Weil MH. Personal commentary on the diagnosis and treatment of circu-
latory shock states. Curr Opin Crit Care. 2004;10(4):246-9.

5. Hiemstra B, Eck RJ, Keus F, van der Horst ICC. Clinical examination for
diagnosing circulatory shock. Curr Opin Crit Care. 2017;23(4):293-301.

6. De Backer D, Biston P, Devriendt J, Madl C, Chochrad D, Aldecoa C,
Brasseur A, Defrance P, Gottignies P, Vincent JL. Comparison of dopa-
mine and norepinephrine in the treatment of shock. N Engl J Med.
2010;362(9):779-89.

7. Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal SM,
Sevransky JE, Sprung CL, Douglas IS, Jaeschke R, et al. Surviving Sepsis
Campaign: international guidelines for management of severe sepsis and
septic shock, 2012. Intensive Care Med. 2013;39(2):165-228.

8. Rhodes A, Evans LE, Alhazzani W, Levy MM, Antonelli M, Ferrer R, Kumar A,
Sevransky JE, Sprung CL, Nunnally ME, et al. Surviving Sepsis Campaign:
international guidelines for management of sepsis and septic shock—
2016. Intensive Care Med. 2017;43(3):304-77.

9. Levy MM, Evans LE, Rhodes A. The Surviving Sepsis Campaign Bundle:
2018 update. Intensive Care Med. 2018;44(6):925-8.

10. Asfar P, Teboul JL, Radermacher P. High versus low blood-pressure target
in septic shock. N Engl J Med. 2014;371(3):283-4.

11. Lamontagne F, Day AG, Meade MO, Cook DJ, Guyatt GH, Hylands M,
Radermacher P, Chretien JM, Beaudoin N, Hebert P, et al. Pooled analysis
of higher versus lower blood pressure targets for vasopressor therapy
septic and vasodilatory shock. Intensive Care Med. 2018;44(1):12-21.

12. Hamzaoui O, Scheeren TWL, Teboul JL. Norepinephrine in septic shock:
when and how much? Curr Opin Crit Care. 2017;23(4):342-7.

13. McIntyre WF, Um KJ, Alhazzani W, Lengyel AP, Hajjar L, Gordon AC,
Lamontagne F, Healey JS, Whitlock RP, Belley-Cote EP. Association of vaso-
pressin plus catecholamine vasopressors vs catecholamines alone with
atrial fibrillation in patients with distributive shock: a systematic review
and meta-analysis. JAMA. 2018,;319(18):1889-900.

14. Lesur O, Delile E, Asfar P, Radermacher P. Hemodynamic support in the
early phase of septic shock: a review of challenges and unanswered
questions. Ann Intensive Care. 2018;8(1):102.

15. Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, Annane D,
Bauer M, Bellomo R, Bernard GR, Chiche JD, Coopersmith CM, et al. The
third international consensus definitions for sepsis and septic shock
(Sepsis-3). JAMA. 2016;315(8):801-10.

16. Cecconi M, Evans L, Levy M, Rhodes A. Sepsis and septic shock. Lancet.
2018;392(10141):75-87.

17. Lambden S, Creagh-Brown BC, Hunt J, Summers C, Forni LG. Definitions
and pathophysiology of vasoplegic shock. Crit Care. 2018;22(1):174.

20.

21

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

Page 11 of 12

. Eysenbach G. Improving the quality of Web surveys: the Checklist for

Reporting Results of Internet E-Surveys (CHERRIES). J Med Internet Res.
2004,6(3):e34.

. Fitch K, Bernstein SJ, Aguilar MD, Burnand B, LaCalle JR, Lazaro P, van het

Loo M, McDonnell J, Vader JP, Kahan JP. The RAND/UCLA appropriateness
method user’s manual. RAND Corporation; 2001.

Jentzer JC, Vallabhajosyula S, Khanna AK, Chawla LS, Busse LW,

Kashani KB. Management of refractory vasodilatory shock. Chest.
2018;154(2):416-26.

Venkatesh B, Finfer S, Cohen J, Rajbhandari D, Arabi Y, Bellomo R, Billot L,
Correa M, Glass P, Harward M, et al. Adjunctive glucocorticoid therapy in
patients with septic shock. N Engl J Med. 2018;378(9):797-808.

Annane D, Renault A, Brun-Buisson C, Megarbane B, Quenot JP, Siami

S, Cariou A, Forceville X, Schwebel C, Martin C, et al. Hydrocortisone

plus fludrocortisone for adults with septic shock. N Engl J Med.
2018;378(9):809-18.

World Bank: World bank country and lending groups. https://datahelpde
sk.worldbank.org/knowledgebase/articles/906519-world-bank-count
ry-and-lending-groups. Accessed 18 Jan 2019.

Asfar P Meziani F, Hamel JF, Grelon F, Megarbane B, Anguel N, Mira JP,
Dequin PF, Gergaud S, Weiss N, et al. High versus low blood-pressure
target in patients with septic shock. N Engl J Med. 2014;370(17):1583-93.
Lamontagne F, Meade MO, Hebert PC, Asfar P, Lauzier F, Seely AJE, Day
AG, Mehta S, Muscedere J, Bagshaw SM, et al. Higher versus lower blood
pressure targets for vasopressor therapy in shock: a multicentre pilot
randomized controlled trial. Intensive Care Med. 2016;42(4):542-50.
Maheshwari K, Nathanson BH, Munson SH, Khangulov V, Stevens M,
Badani H, Khanna AK, Sessler DI. The relationship between ICU hypoten-
sion and in-hospital mortality and morbidity in septic patients. Intensive
Care Med. 2018;44:857-67.

Cecconi M, Hofer C, Teboul JL, Pettila V, Wilkman E, Molnar Z, Della Rocca
G, Aldecoa C, Artigas A, Jog S, et al. Fluid challenges in intensive care:
the FENICE study: a global inception cohort study. Intensive Care Med.
2015/41(9):1529-37.

Funcke S, Sander M, Goepfert MS, Groesdonk H, Heringlake M, Hirsch J,
Kluge S, Krenn C, Maggiorini M, Meybohm P, et al. Practice of hemody-
namic monitoring and management in German, Austrian, and Swiss
intensive care units: the multicenter cross-sectional ICU-CardioMan
Study. Ann Intensive Care. 2016;6(1):49.

Le Dorze M, Huche F, Coelembier C, Rabuel C, Payen D. Impact of fluid
challenge increase in cardiac output on the relationship between
systemic and cerebral hemodynamics in severe sepsis compared to brain
injury and controls. Ann Intensive Care. 2018;8(1):74.

Lamontagne F, Cook DJ, Meade MO, Seely A, Day AG, Charbonney E,
Serri K, Skrobik Y, Hebert P, St-Arnaud C, et al. Vasopressor use for severe
hypotension: a multicentre prospective observational study. PLoS ONE.
2017;12(1):e0167840.

Hernandez G, Cavalcanti AB, Ospina-Tascon G, Zampieri FG, Dubin A,
Hurtado FJ, Friedman G, Castro R, Alegria L, Cecconi M, et al. Early goal-
directed therapy using a physiological holistic view: the ANDROMEDA-
SHOCK—a randomized controlled trial. Ann Intensive Care. 2018;8(1):52.
Kollind M, Wickbom F, Wilkman E, Snackestrand MS, Holmen A, Oldner A,
Perner A, Aneman A, Chew MS. Scandinavian Critical Care Trials G: shock
treatment in a cohort of Scandinavian intensive care units in 2014. Acta
Anaesthesiol Scand. 2016;60(7):945-57.

Lamontagne F, Cook DJ, Adhikari NKJ, Briel M, Duffett M, Kho ME, Burns
KEA, Guyatt G, Turgeon AF, Zhou Q, et al. Vasopressor administration and
sepsis: a survey of Canadian intensivists. J Crit Care. 2011,26(5):532e531-7.
Oldner A, Rossi P, Karason S, Aneman A. Scandinavian Critical Care Trials G:
a practice survey on vasopressor and inotropic drug therapy in Scandina-
vian intensive care units. Acta Anaesthesiol Scand. 2003;47(6):693-701.
De Backer D, Aldecoa C, Njimi H, Vincent JL. Dopamine versus norepi-
nephrine in the treatment of septic shock: a meta-analysis. Crit Care Med.
2012;40(3):725-30.

AvniT, Lador A, Lev S, Leibovici L, Paul M, Grossman A. Vasopressors for
the treatment of septic shock: systematic review and meta-analysis. PLoS
ONE. 2015;10(8):e0129305.

Hiemstra B, Koster G, Wetterslev J, Gluud C, Jakobsen JC, Scheeren TWL,
Keus F, van der Horst ICC. Dopamine in critically ill patients with cardiac
dysfunction: A systematic review with meta-analysis and trial sequential


https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups
https://datahelpdesk.worldbank.org/knowledgebase/articles/906519-world-bank-country-and-lending-groups

Scheeren et al. Ann. Intensive Care

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

(2019) 9:20

analysis. Acta Anaesthesiol Scand. 2018. https://doi.org/10.1111/
aas.13294.

Vail E, Gershengorn HB, Hua M, Walkey AJ, Rubenfeld G, Wunsch H.
Association between US norepinephrine shortage and mortality among
patients with septic shock. JAMA. 2017;317(14):1433-42.

Donohue JM, Angus DC. National shortages of generic sterile inject-
able drugs: norepinephrine as a case study of potential harm. JAMA.
2017;317(14):1415-7.

Gordon AC, Mason AJ, Thirunavukkarasu N, Perkins GD, Cecconi M,
Cepkova M, Pogson DG, Aya HD, Anjum A, Frazier GJ, et al. Effect of early
vasopressin vs norepinephrine on kidney failure in patients with septic
shock: the VANISH randomized clinical trial. JAMA. 2016;316(5):509-18.
Liu ZM, Chen J, Kou Q, Lin Q, Huang X, Tang Z, Kang Y, Li K, Zhou L, Song
Q, et al. Terlipressin versus norepinephrine as infusion in patients with
septic shock: a multicentre, randomised, double-blinded trial. Intensive
Care Med. 2018;44(11):1816-25.

Khanna A, English SW, Wang XS, Ham K, Tumlin J, Szerlip H, Busse LW,
Altaweel L, Albertson TE, Mackey C, et al. Angiotensin Il for the treatment
of vasodilatory shock. N Engl J Med. 2017;377(5):419-30.

Tumlin JA, Murugan R, Deane AM, Ostermann M, Busse LW, Ham KR,
Kashani K, Szerlip HM, Prowle JR, Bihorac A, et al. Outcomes in patients
with vasodilatory shock and renal replacement therapy treated with
intravenous angiotensin II. Crit Care Med. 2018;46(6):.949-57.

Hernandez G, Teboul JL. Fourth Surviving Sepsis Campaign's hemody-
namic recommendations: a step forward or a return to chaos? Crit Care.
2017;21(1):133.

Udy AA, Finnis M, Jones D, Delaney A, Macdonald S, Bellomo R, Peake

S, ARISE Investigators. Incidence, patient characteristics, mode of drug
delivery, and outcomes of septic shock patients treated with vasopres-
sors in the arise trial. Shock. 2018. https://doi.org/10.1097/SHK.00000
00000001281.

BeckV, Chateau D, Bryson GL, Pisipati A, Zanotti S, Parrillo JE, Kumar A,
Cooperative Antimicrobial Therapy of Septic Shock Database Research
Group. Timing of vasopressor initiation and mortality in septic shock: a
cohort study. Crit Care. 2014;18(3):R97.

Bai X, YuW, JiW, Lin Z, Tan S, Duan K, Dong Y, Xu L, Li N. Early versus
delayed administration of norepinephrine in patients with septic shock.
Crit Care. 2014;18(5):532.

Hamzaoui O, Georger JF, Monnet X, Ksouri H, Maizel J, Richard C, Teboul
JL. Early administration of norepinephrine increases cardiac preload and
cardiac output in septic patients with life-threatening hypotension. Crit
Care. 2010;14(4)R142.

Georger JF, Hamzaoui O, Chaari A, Maizel J, Richard C, Teboul JL. Restoring
arterial pressure with norepinephrine improves muscle tissue oxygena-
tion assessed by near-infrared spectroscopy in severely hypotensive
septic patients. Intensive Care Med. 2010;36(11):1882-9.

Rachoin JS, Dellinger RP. Timing of norepinephrine in septic patients: NOT
too little too late. Crit Care. 2014;18(6):691.

Waechter J, Kumar A, Lapinsky SE, Marshall J, Dodek P, Arabi Y, Parrillo

JE, Dellinger RP, Garland A, Cooperative Antimicrobial Therapy of Septic
Shock Database Research Group. Interaction between fluids and vasoac-
tive agents on mortality in septic shock: a multicenter, observational
study. Crit Care Med. 2014;42(10):2158-68.

Dunser MW, Ruokonen E, Pettila V, Ulmer H, Torgersen C, Schmittinger CA,
Jakob S, Takala J. Association of arterial blood pressure and vasopressor

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Page 12 of 12

load with septic shock mortality: a post hoc analysis of a multicenter trial.
Crit Care. 2009;13(6):R181.

Martin C, Medam S, Antonini F, Alingrin J, Haddam M, Hammad E, Meys-
signac B, Vigne C, Zieleskiewicz L, Leone M. Norepinephrine: not too
much, too long. Shock. 2015;44(4):305-9.

Teboul JL, Duranteau J, Russell JA. Intensive care medicine in 2050: vaso-
pressors in sepsis. Intensive Care Med. 2018;44(7):1130-2.

Volbeda M, Wetterslev J, Gluud C, Zijlstra JG, van der Horst IC, Keus F.
Glucocorticosteroids for sepsis: systematic review with meta-analysis and
trial sequential analysis. Intensive Care Med. 2015;41(7):1220-34.
Rochwerg B, Oczkowski SJ, Siemieniuk RAC, Agoritsas T, Belley-Cote E,
D’Aragon F, Duan E, English S, Gossack-Keenan K, Alghuroba M, et al. Cor-
ticosteroids in sepsis: an updated systematic review and meta-analysis.
Crit Care Med. 2018;46(9):1411-20.

Rygard SL, Butler E, Granholm A, Moller MH, Cohen J, Finfer S, Perner A,
Myburgh J, Venkatesh B, Delaney A. Low-dose corticosteroids for adult
patients with septic shock: a systematic review with meta-analysis and
trial sequential analysis. Intensive Care Med. 2018;44(7):1003-16.

Briegel J, Bein T, Mohnle P. Update on low-dose corticosteroids. Curr Opin
Anaesthesiol. 2017;30(2):186-91.

LeDoux D, Astiz ME, Carpati CM, Rackow EC. Effects of perfusion pressure
on tissue perfusion in septic shock. Crit Care Med. 2000;28(8):2729-32.
Hamzaoui O, Jozwiak M, Geffriaud T, Sztrymf B, Prat D, Jacobs F, Monnet
X, Trouiller P, Richard C, Teboul JL. Norepinephrine exerts an inotropic
effect during the early phase of human septic shock. Br J Anaesth.
2018;120(3):517-24.

Annane D, Ouanes-Besbes L, de Backer D, Du B, Gordon AC, Hernandez
G, Olsen KM, Osborn TM, Peake S, Russell JA, et al. A global perspective on
vasoactive agents in shock. Intensive Care Med. 2018;44(6):833-46.
Hernandez G, Teboul JL, Bakker J. Norepinephrine in septic shock. Inten-
sive Care Med. 2019. https://doi.org/10.1007/500134-018-5499-8.
D’Aragon F, Belley-Cote EP, Meade MO, Lauzier F, Adhikari NK; Briel M, Lalu
M, Kanji S, Asfar P, Turgeon AF, et al. Blood pressure targets for vasopressor
therapy: a systematic review. Shock. 2015;43(6):530-9.

Thooft A, Favory R, Salgado DR, Taccone FS, Donadello K, De Backer D,
Creteur J, Vincent JL. Effects of changes in arterial pressure on organ
perfusion during septic shock. Crit Care. 2011;15(5):R222.

Xu JY, Ma SQ, Pan C, He HL, Cai SX, Hu SL, Liu AR, Liu L, Huang YZ, Guo FM,
et al. A high mean arterial pressure target is associated with improved
microcirculation in septic shock patients with previous hypertension: a
prospective open label study. Crit Care. 2015;19(1):130.

Jhanji S, Stirling S, Patel N, Hinds CJ, Pearse RM. The effect of increasing
doses of norepinephrine on tissue oxygenation and microvascular flow in
patients with septic shock. Crit Care Med. 2009;37(6):1961-6.

Dubin A, Pozo MO, Casabella CA, Palizas F Jr, Murias G, Moseinco MC,
Kanoore Edul VS, Palizas F, Estenssoro E, Ince C. Increasing arterial blood
pressure with norepinephrine does not improve microcirculatory blood
flow: a prospective study. Crit Care. 2009;13(3):R92.

Boerma EC, Ince C. The role of vasoactive agents in the resuscitation of
microvascular perfusion and tissue oxygenation in critically ill patients.
Intensive Care Med. 2010;36(12):2004-18.

Saugel B, Vincent JL, Wagner JY. Personalized hemodynamic manage-
ment. Curr Opin Crit Care. 2017,23(4):334-41.


https://doi.org/10.1111/aas.13294
https://doi.org/10.1111/aas.13294
https://doi.org/10.1097/SHK.0000000000001281
https://doi.org/10.1097/SHK.0000000000001281
https://doi.org/10.1007/s00134-018-5499-8

	Current use of vasopressors in septic shock
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Survey development
	Survey reporting
	Experts’ recommendations
	Statistics


	Results
	Discussion
	Limitations

	Conclusion
	Authors’ contributions
	References




