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Objectives

• After	completion	of	this	module,	participants	will:
– Compare	catecholamine	and	vasopressors	for	patients	
with	septic	shock

– Describe	the	initial	vasopressor	of	choice	for	patients	with	
septic	shock

– Explain	the	literature	for	vasopressor	therapy	in	patients	
with	septic	shock

New	Definitions
Sepsis
• Life-threatening	organ	dysfunction	caused	by	a	dysregulated	host	response	to	infection

– Defined	by	qSOFA +	SOFA	scores
– Emphasizes	organ	dysfunction
– De-emphasizes	nonspecific	systemic	inflammation
– No	more	“severe	sepsis”

Septic	shock
• Persistent	hypotension	requiring	vasopressors	AND lactate	>	2
• A	subset	of	sepsis	in	which	underlying	circulator	and	cellular/metabolic	abnormalities	

are	profound	enough	to	substantially	increase	mortality
– Hypotension	=	MAP	<	65
– Combination	of	↓	BP	and	↑	lactate:	

» Significantly	higher	risk-adjusted	mortality	for	combo	(42.3%)	vs.	for	pressors
alone	(30.1%),	lactate	>	2	alone	(25.7%)

Singer	M,	et	al.	JAMA	2016;315(8):801-810.

Time	and	Terminology	Matters

Vasopressors	/	Inotropics
Agent a1 b1 b2 DA1 DO2 VO2 pHi
Dopamine 

1-3 mcg/kg/min 0 + 0 + + + +    ¯ «

3-10 mcg/kg/min 0 / + + + + + + + + + + +
10-20 mcg/kg/min + + + + + + + + 0

Norepinephrine 
2-300 mcg/min 
(0.02-3 mcg/kg/min) 

+ + + + + + 0 0  «   «

Phenylephrine 
10-?? mcg/min 
(0.5-9 mcg/kg/min)

+ + + + 0 0 0   NA

Epinephrine 

0.01-0.05 mcg/kg/min + + + + + + + + 0    ¯ «

>0.05 mcg/kg/min + + + + + + + + 0

Vasopressin 

0.04 Units/min 0 0 0 0   « NA

Dobutamine

2-10 mcg/kg/min + + + + + + 0   

> 10-20 mcg/kg/min + + + + + + + + + 0
Activity	ranges	from	no	activity	(0)	or	maximal	activity	(++++)	or	?	when	activity	is	unknown;	DA	=	dopaminergic;	DO	=	O2	delivery;	VO	=	O2	consumption;	pHi =	intestinal	pH

Sepsis	Occurrence	in	Acutely	Ill	Patients	(SOAP)

SOAP	study	evaluated	the	epidemiology	of	sepsis	in	Europe

• P,	MC,	observational	study
• Objective

– Whether	dopamine	administration	influenced	outcome	in	septic	shock	in	
the	SOAP	cohort

• Included	adult	patients	admitted	from	5/1	– 5/15/2002
• Evaluated	all	vasopressors,	alone	and	in	combination
• Baseline	characteristics	similar	with	exception	of	increased	HF	in	

dopamine	group
• 1058	patients	(14.7%	septic	shock)

– 375	– dopamine
– 683	– No	dopamine

Sakr,	et	al.	Crit Care	Med	2006;34:589-597.
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Comparison	of	Shock

Sakr,	et	al.	Crit Care	Med	2006;34:589-597.
respectively, both p ! .01). ICU mortality
rate in patients with shock was similar
among university, city, and community

hospitals (39.4%, 38.9%, and 32.1%, re-
spectively, p " .273). Patients treated
with dopamine had higher ICU, 30-day,

and hospital mortality rates than other
patients in shock (Table 3). No difference
in ICU mortality rates in patients treated
with dopamine was observed among uni-
versity, city, and community hospitals
(45.1%, 42.2%, and 36.1%, respectively, p
" .445). The degree of organ dysfunction,
as assessed by the maximum and mean
SOFA scores during the ICU stay, was
similar among patients treated with do-
pamine and those who received no dopa-
mine, as was hospital and ICU length of
stay (Table 3). Similar rates of renal sup-
port therapy were observed in both
groups. A total of 284 (26.8%) patients
stayed in the hospital for !30 days. The
Kaplan-Meier survival curves are shown
in Figure 2. The 30-day survival was de-
creased in the dopamine group (log rank
" 4.6, p " .032) compared with the no-
dopamine group. Epinephrine adminis-
tration was also associated with a de-
creased 30 day-survival (log rank " 14.4,
p ! .001).

Of 244 patients who were treated with
both dopamine and norepinephrine, 141
(57.8%) received both drugs on the same
first day, another 73 (29.9%) received
norepinephrine as the first vasopressor
treatment, and 30 (12.3%) received dopa-
mine first. Mortality rates were 47.3%,
54.8%, and 53.3%, respectively (p " not
significant).

Predictors of ICU Outcome. Shock
nonsurvivors (n " 405) were older (Table 4),
were more commonly medical rather
than surgical admissions, and were more
likely to be female than the survivors.
Comorbid diseases associated with a poor
outcome included cancer, hematologic
cancer, and liver cirrhosis. As expected,
SAPS II and SOFA scores were higher in
nonsurvivors. Although infection on ad-
mission was more common in nonsurvi-
vors than survivors, ICU-acquired infec-
tion rates were similar in both groups. As
expected, nonsurvivors required higher
catecholamine doses. Dopamine and epi-
nephrine were used more in nonsurvivors
than in survivors. Cumulative and mean
fluid balances were greater and ICU and
hospital lengths of stay were longer in
nonsurvivors than in survivors.

In a multivariate, logistic forward
stepwise analysis with ICU outcome as
the dependent factor, age, cancer, medi-
cal admission, higher mean SOFA score,
greater mean fluid balance, and dopa-
mine administration were independent
risk factors for ICU mortality in patients
with shock (Table 5). None of the tested
interactions were significant and, there-

Table 4. Characteristics of survivors and nonsurvivors of shock due to any cause (n " 1058)

Nonsurvivors
(n " 405)

Survivors
(n " 653) p Value

Age,a mean # SD 65 # 15 61 # 17 .005
Femaleb (%) 174 (43.4) 226 (34.9) .006
Comorbid diseases (%)

Cancer 60 (14.8) 73 (11.2) .023
Hematologic cancer 22 (5.4) 14 (2.1) .004
COPD 53 (13.1) 64 (9.8) .098
Liver cirrhosis 30 (7.4) 24 (3.7) .007
HIV infection 5 (1.2) 3 (0.5) .680
Heart failure 52 (12.8) 88 (13.5) .776
Diabetes 31 (7.7) 50 (7.7) .999

Medical admission (%) 254 (62.7) 260 (39.8) !.001
SAPS II,c mean # SD 54.9 # 18.4 41.9 # 14.8 !.001
SOFA score, median (IQR)

Initial SOFA scored 9 (6–12) 8 (5–10) !.001
Maximum SOFA score 13 (10–15) 9 (7–11) !.001
Mean SOFA score 10 (7–13) 6 (4–7) !.001

Infection on admission (%) 174 (43.0) 223 (34.2) .004
ICU-acquired infection (%) 59 (14.6) 99 (15.2) .793
Sepsis at any time (%) 243 (60.0) 339 (51.9) .010
Mechanical ventilation (%) 391 (96.5) 591 (90.5) !.001
Catecholamine use (%)

Norepinephrine 332 (82.0) 516 (79.0) .241
Dopamine 161 (39.8) 214 (32.8) .021
Epinephrine 123 (30.4) 123 (18.8) !.001
Dobutamine 151 (37.3) 208 (31.9) .070

Maximum catecholamine dose,e mean # SD
Norepinephrine 0.7 # 0.7 0.5 # 0.7 !.001
Dopamine 13.4 # 10.8 8.6 # 5.5 !.001
Epinephrine 0.8 # 0.8 0.6 # 0.8 .001
Dobutamine 11.3 # 8.0 7.5 # 5.2 !.001

Cumulative fluid balance, L, mean # SD 4.5 # 18.1 $1.8 # 17.2 !.001
Mean fluid balance, L, mean # SD 1.0 # 1.7 $0.1 # 1.2 !.001
ICU stay in days, median (IQR) 4 (1–12) 7 (3–15) !.001
Hospital stay in days, median (IQR) 9 (3–23) 29 (15–56) !.001

COPD, chronic obstructive pulmonary disease; SAPS, Simplified Acute Physiology Score; SOFA,
Sequential Organ Failure Assessment; IQR, interquartile range; ICU, intensive care unit.

aOne missing; bnine missing gender (valid percentage is presented after exclusion of missing
values); c12 missing; dten missing (11 missing variables were replaced); edoses in %g/kg ! min$1.

Table 5. Summary of a multivariable forward stepwise logistic regression analysis with intensive care
unit outcome as the dependent factor in patients with shock due to any cause and those with septic
shock

Shock Due to Any Causea

(n " 1058)
Septic Shockb

(n " 462)

Odds Ratio (95% CI) p Value Odds Ratio (95% CI) p Value

Mean SOFA score 1.53 (1.44–1.62)c !.001 1.52 (1.39–1.67)c !.001
Mean fluid balance 1.42 (1.26–1.59)d !.001 1.39 (1.19–1.63)d !.001
Medical admission 2.36 (1.7–3.27) !.001 1.83 (1.12–2.99) .016
Age 1.02 (1.01–1.03)e .001 1.03 (1.01–1.04)e .001
Dopamine administration 1.67 (1.19–2.35) .003 2.05 (1.25–3.37) .005
Cancer 2.05 (1.27–3.3) .003 3.54 (1.72–7.3) .001

CI, confidence interval; SOFA, Sequential Organ Failure Assessment.
aHosmer and Lemeshow goodness-of-fit chi-square " 6.9 (p " .543). Nagelkerke R2 " .494. This

model has a 79.8% correct classification (88.8 for survivors and 65.4 for nonsurvivors); bHosmer &
Lemeshow chi square " 5.9 (p " .661), Nagelkerke R2 " .501. This model has 76.4% correct
classification (81.5% in survivors and 70.6% in nonsurvivors); cper point; dper liter; eper year. The
country effect was not significant and was not retained in the final model.

593Crit Care Med 2006 Vol. 34, No. 3

Norepinephrine	vs Dopamine	Summary

Rhodes A, et al. Crit Care Med 2017; Supplemental content: http://links.lww.com/CCM/C329.

Vasopressors	–
Surviving	Sepsis	Campaign	2016

• Norepinephrine	should	be	considered	first	line	agent	
for	most	patients	
– Strong	recommendation,	moderate	quality	of	evidence
– Norepinephrine	is	more	potent	than	dopamine	&	may	be	more	effective	

in	reversing	hypotension	in	septic	shock

• Dopamine	may	be	an	alternative	to	norepinephrine	in	
selected	patients	(low	risk	of	tachyarrhythmias and	
absolute	or	relative	bradycardia)
– Weak	recommendation,	low	quality	of	evidence

Rhodes A, et al. Crit Care Med 2017;45(3):486-552.
Rhodes A, et al. Intensive Care Med 2017;43(3):304-377.

Norepinephrine	vs.	Epinephrine

• P,	R,	MC,	DB
• October	1999	to	December	2004

– 330	patients	enrolled
• Objective

– 28	day	all-cause	mortality
– 90	day	mortality

• Inclusion	criteria
– Septic	shock
– Vasopressor	dependent	shock	after	fluid

• Exclusion	criteria
– Pregnancy
– AMI
– Obstructive	cardiomyopathy
– PE

Annane D, et al. Lancet 2007;370:676-684.
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Norepinephrine plus dobutamine versus epinephrine alone 
for management of septic shock: a randomised trial
Djillali Annane, Philippe Vignon, Alain Renault, Pierre-Edouard Bollaert, Claire Charpentier, Claude Martin, Gilles Troché, Jean-Damien Ricard, 
Gérard Nitenberg, Laurent Papazian, Elie Azoulay, Eric Bellissant, for the CATS Study Group*

Summary
Background International guidelines for management of septic shock recommend that dopamine or norepinephrine 
are preferable to epinephrine. However, no large comparative trial has yet been done. We aimed to compare the 
effi  cacy and safety of norepinephrine plus dobutamine (whenever needed) with those of epinephrine alone in septic 
shock.

Methods This prospective, multicentre, randomised, double-blind study was done in 330 patients with septic shock 
admitted to one of 19 participating intensive care units in France. Participants were assigned to receive epinephrine 
(n=161) or norepinephrine plus dobutamine (n=169), which were titrated to maintain mean blood pressure at 
70 mm Hg or more. The primary outcome was 28-day all-cause mortality. Analyses were by intention to treat. This 
trial is registered with ClinicalTrials.gov, number NCT00148278.

Findings There were no patients lost to follow-up; one patient withdrew consent after 3 days. At day 28, there were 
64 (40%) deaths in the epinephrine group and 58 (34%) deaths in the norepinephrine plus dobutamine group (p=0·31; 
relative risk 0·86, 95% CI 0·65–1·14). There was no signifi cant diff erence between the two groups in mortality rates 
at discharge from intensive care (75 [47%] deaths vs 75 [44%] deaths, p=0·69), at hospital discharge (84 [52%] vs 
82 [49%], p=0·51), and by day 90 (84 [52%] vs 85 [50%], p=0·73), time to haemodynamic success (log-rank p=0·67), 
time to vasopressor withdrawal (log-rank p=0·09), and time course of SOFA score. Rates of serious adverse events 
were also similar.

Interpretation There is no evidence for a diff erence in effi  cacy and safety between epinephrine alone and norepinephrine 
plus dobutamine for the management of septic shock.

Introduction
Sepsis places a huge burden on health-care systems. In the 
USA, the annualised increase in the incidence of sepsis is 
estimated to be about 9% and its associated mortality is 
about 18%.1 Septic shock, the most severe form of sepsis, 
accounts for about 9% of admissions to intensive care 
units, and its short-term mortality ranges between 40% 
and 60%.2 Septic shock is commonly defi ned by the need 
for vasopressors to reverse sepsis-induced hypotension.3 At 
the time this study was designed, guidelines from the 
French Society of Intensive Care Medicine recommended 
the use of dopamine as fi rst-line treatment for septic shock 
and norepinephrine plus dobutamine (in patients with low 
cardiac output despite adequate fl uid resuscitation) or 
epinephrine alone in dopamine-resistant shock.4 Both 
strategies enable induction of vascular and cardiac eff ects 
but the combination of norepinephrine and dobutamine 
has the theoretical advantage over epinephrine in allowing 
a precise modulation of these two types of eff ect. More 
recent international guidelines recommend dopamine or 
norepinephrine as fi rst-line drugs for the management of 
septic shock and epinephrine in patients who respond 
poorly to dopamine or norepinephrine.5,6 Indeed, when 
compared with norepinephrine in small randomised trials, 
epinephrine has shown deleterious eff ects on splanchnic 
blood fl ow7–10 and on acid–base balance.7,11–13 However, these 
adverse eff ects were transient,7 and a recent systematic 

review on vasopressor therapy for management of septic 
shock concluded that there was no evidence for any 
diff erence on short-term mortality between epinephrine 
and norepinephrine.14 However, there were few patients 
included in that review. 

The question of an advantage of norepinephrine plus 
dobutamine (whenever needed) over epinephrine alone 
thus remains unanswered. To address this question, we 
did a large multicentre randomised controlled trial to 
assess and compare the effi  cacy and safety of 
norepinephrine plus dobutamine with those of epinephrine 
alone in the treatment of septic shock. 

Methods
Patients
Patients over the age of 18 years admitted to participating 
intensive care units between Oct 12, 1999, and Dec 31, 
2004, were eligible for assessment. The inclusion criteria 
were the presence, for less than 7 days, of: evidence of 
infection; at least two of the four criteria for systemic 
infl ammatory response syndrome (temperature above 38°C 
or below 36°C, heart rate above 90 bpm, respiratory rate 
above 20 cycles per min and arterial CO2 tension below 
32 mm Hg or need for mechanical ventilation, poly-
morphonuclear neutrophil count above 12×10⁹ cells per L 
or below 4×10⁹ cells per L); and at least two signs of tissue 
hypoperfusion or organ dysfunction. These signs were 

Lancet 2007; 370: 676–84

See Comment page 636
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Norepi/Dobutamine vs Epi

Annane D, et al. Lancet 2007;370:676-684.
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defi ned as a ratio of arterial oxygen tension over inspired 
fraction of oxygen of less than 280 mm Hg (if patient was 
mechanically ventilated), urinary output below 0·5 mL 
per kg of bodyweight per h or below 30 mL/h (for at least 
1 h), or arterial lactate concentration above 2 mmol/L, 
platelet count below 100×10⁹ cells per L. Additionally, 
patients had to meet the three following criteria for less 
than 24 h: systolic blood pressure below 90 mm Hg or 
mean blood pressure below 70 mm Hg; administration of 
fl uid bolus of at least 1000 mL or capillary wedge pressure 
between 12 and 18 mm Hg; and need for more than 15 µg 
per kg of bodyweight per min of dopamine or any dose of 
epinephrine or norepinephrine. Reasons for exclusion 
were pregnancy; evidence of obstructive cardiomyopathy, 
acute myocardial ischaemia, or pulmonary embolism; 
advanced stage cancer, malignant haemopathy, or AIDS 
with a decision to withhold or withdraw aggressive 
therapies; persistent (longer than a week) poly morpho-
nuclear neutrophil count of less than 0·5×10⁹ cells per L; 
and inclusion in another clinical trial.

The protocol was approved by the ethics committee of 
the French Society of Intensive Care and by the Consultative 
Committee for the Protection of People in Biomedical 
Research of Saint-Germain en Laye, France. Written 
informed consent was obtained from the patients 
themselves or their closest relatives.

Procedures 
In this prospective, multicentre, randomised, 
double-blind study, eligible patients were randomly 
assigned, in a 1:1 ratio, to receive either epinephrine 

alone or norepinephrine plus dobutamine (whenever 
needed) according to a computer-generated random list. 
Randomisation was done centrally by an independent 
statistician to ensure appropriate concealment, was 
stratifi ed by centre, and equilibrated by blocks of six. To 
ensure masking of treatment allocation, patients 

Norepinephrine 0·2 μg/kg per min*
±dobutamine 5 μg/kg per min*

Epinephrine 0·2 μg/kg per min*
±placebo

Mean
blood

pressure

≥70 mm Hg

Mean
blood

pressure
RANDOMISATION

SWITCH TO
EPINEPHRINE/NOREPINEPHRINE

IF DOBUTAMINE/PLACEBO FAILED
OR VICE VERSA

Norepinephrine or epinephrine
by 0·2 μg/kg per min
Dobutamine or placebo by
5 μg/kg per min

↓

↓

Fluid challenge 15–20 mL/kg of
colloids or crystalloids

↑ Norepinephrine or epinephrine
     by 0·2 μg/kg per min

↑ Dobutamine or placebo
by 5 μg/kg per min

Pulmonary capillary wedge pressure
>10 mm Hg or no sign of hypovolaemia

 at echocardiography

Cardiac index >2·5 L/min per m²

Cardiac index ≤ 2·5 L/min per m²

Pulmonary capillary wedge pressure
≤ 10 mm Hg or hypovolaemia

 at echocardiography

<70 mm Hg

330 randomised

1261 excluded 
  674 did not meet inclusion criteria
  178 met exclusion criteria
  409 other reasons

    283 consent refusal
    98 physician refusal or missing

 1591 assessed for eligibility

169 assigned norepinephrine
166 received norepinephrine

3 did not receive norepinephrine
1 early death
2 other reasons: 

1 consent withdrawal
1 problem in drug supply

161 assigned epinephrine
156 received epinephrine
     5 did not receive epinephrine
        0 early death 
        5 other reasons: 

   3 consent withdrawal
   2 problem in drug supply

0 discontinued intervention
0 lost to follow-up

1 discontinued intervention
1 withdrew consent at day 3
0 lost to follow-up

161 analysed
161 main endpoint (28 day)
161 90 day follow-up

169 analysed
169 main endpoint (28 day)
169 90 day follow-up

Figure 1: Treatment algorithm
*Starting dose.

Figure 2: Trial profi le
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Mortality

Annane D, et al. Lancet 2007;370:676-684. Annane D, et al. Lancet 2007;370:676-684.

¾ P,	R,	MC,	DB	study	septic	shock	patients
¾ Treatment

¾ Study	drug	prepared	in	identical	concentrations
¾ Titrated	based	on	goal	BP

¾ Objective
¾ Achieve	clinician	prescribed	MAP	goal	for	greater	than	24	hours

¾ 280	enrolled
¾ Epi =	140,	NE	=	140
¾ Sepsis:		Epi =	76	(54.7%),	NE	=	82	(59.4%)

Myburgh et	al.	Intensive	Care	Med.		2008;34:2226-2234. Myburghl,	et	al.	Intensive	Care	Med.		2008;34:2226-2234.

Myburghl,	et	al.	Intensive	Care	Med.		2008;34:2226-2234.

Epinephrine

• Can	be	added	to	norepinephrine	to	increase	BP	or	
decrease	norepinephrine	doses
– Weak	recommendation;	LQE

• Considered	as	effective	as	norepinephrine	for	BP
• Transient	increase	in	lactate

– May	interfere	with	lactate	clearance
• Increase	in	HR	compared	to	norepinephrine
• No	difference	in	mortality
• Potential	to	decrease	coronary	and	mesenteric	blood	
flow	
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Vasopressin
¾ R,	MC,	DB	study	with	778	septic	shock	patients

¾ Treatment
¾ VP	started	at	0.01	units/min	titrated	to	max	of	0.03	units/min
¾ NE	started	at	5	mcg/min	titrated	to	>	15	mcg/min
¾ VP	weaned	off	8	hours	after	catecholamine

¾ Primary	endpoint:	28-day	mortality
¾ 778	enrolled

¾ VP	=	396,	NE	=	382

Russell,	et	al.	N	Engl J	Med.		2008;358:877-887.
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VASST – Vasopressin vs Norepinephrine 

28-day	Mortality

Russell,	et	al.	N	Engl J	Med.		2008;358:877-887.
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27%
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40%

60%

80%
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Patients with More Severe Septic Shock
(NE ≥ 15 mcg/min)  (51.5%)

Patients	with	Less	Severe	Septic	Shock
(NE	<	15	mcg/min)		(48.5%)

P=0.76 P=0.05

N=85 N=65 N=52N=88
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VASST – Vasopressin vs Norepinephrine

28-day	Mortality

Russell,	et	al.	N	Engl J	Med.		2008;358:877-887.

Norepinephrine Vasopressin

Vasopressin

• Low-dose	vasopressin	can	be	added	to	norepinephrine	to	
increase	MAP	and	decrease	norepinephrine	dose
– Doses	up	to	0.03	units/min
– Weak	recommendation,	LQE

• May	decrease	CO/CI?	(dose	related?)
• Potential	to	decrease	coronary	and	mesenteric	blood	flow	
• Not	recommended	as	single	initial	agent	and	doses	greater	

than	0.03-0.04	units/min	are	considered	salvage	therapy
– Higher	doses	associated	with	more	ADE

• Should	be	titrated	off	after	catecholamine	has	been	D/C’d

Dobutamine

• Dobutamine can	be	added	to	vasopressor
– Evidence	of	persistent	hypoperfusion despite	adequate	
fluid	loading	and	the	use	of	vasopressor	agents

– Weak	recommendation,	LQE)

• Dobutamine should	not	be	used	to	increase	CI	to	
supranormal levels

• Dobutamine may	decrease	BP	due	to	B2	effects
• Should	be	titrated	to	CI	or	ScvO2
• Max	dose	20	mcg/kg/min
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Vasopressors	/	Inotropics
Surviving	Sepsis	Campaign	2016

• Maintain	MAP	≥	65	mmHg
• Norepinephrine	initial	vasopressor	of	choice	
• Epinephrine	as	second	line	agent
• Vasopressin	as	third	line	agent;	not	recommended	for	mono-therapy
• Dopamine	in	select	patients	(low	risk	of	tachyarrhythmias and	

bradycardia)
• Phenylephrine	not	recommended,	except	in	select	indications

– 1)	Norepi associated	arrhythmias;	2)	CO	is	high	and	BP	low;	3)	salvage	therapy

• Do	not	use	low-dose	dopamine	for	renal	protection
• Use	dobutamine with	myocardial	dysfunction
• Do	not	increase	hemodynamics	(cardiac	index)	to	supranormal values

Rhodes A, et al. Crit Care Med 2017;45(3):486-552.
Rhodes A, et al. Intensive Care Med 2017;43(3):304-377.
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