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Clinical Questions
1. How do outcomes compare when vasopressors are administered 

earlier in the course of  septic shock?

2. Are rates of  adverse events such as acute kidney injury, new-onset 
arrhythmia, or pulmonary edema higher when vasopressors are ad-
ministered earlier? 

Introduction
Sepsis is a complex disease state with multiple pathophysiological con-
siderations. In particular, we know that hypotension in septic shock is 
due not only to hypovolemia in the setting of  poor intake and insensible 
losses, but also profound vasoplegia related to widespread release 
of  inflammatory mediators.1 While fluid administration alongside early 
antibiotics remains a mainstay of  treatment in septic shock, as there 
is evidence that excess fluid is harmful,2-5 many clinicians have thus 
wondered if  earlier administration of  vasoactive medications may help 
to more comprehensively address the disease process. Several articles 
have explored this important question in recent years. 

Permpikul C, Tongyoo S, Viarasilpa T, et al. Early Use 
of Norepinephrine in Septic Shock Resuscitation 
(CENSER). A Randomized Trial. Am J Respir Crit Care Med. 
2019;199(9):1097-1105. doi:10.1164/rccm.201806-1034OC
A number of  studies have explored the utility of  early norepinephrine ad-
ministration in septic shock, but most have been retrospective in nature. 
The CENSER investigators sought to address a paucity of  prospective 
data regarding the efficacy of  early norepinephrine administration in im-
proving outcomes in septic shock by way of  a single-center, randomized, 
double-blind placebo-controlled trial.

Patients carrying a diagnosis of  sepsis with hypotension were random-
ized to receive either norepinephrine or placebo in addition to standard 
care. Adults aged 18 or older presenting to the ED with a mean arterial 
pressure (MAP) <65 and infection as the suspected cause were eligible 
for enrollment, while those with septic shock for ≥1 hour prior to ran-
domization, those with CVA, ACS, acute pulmonary edema, status asth-
maticus, active arrythmias, active GI hemorrhage, pregnancy, seizure, 
drug overdose, burn injury, trauma, requirement of  immediate surgery, or 
advanced-stage cancer were excluded. 

Both drug (norepinephrine in 5% dextrose) and placebo (5% dextrose) 
were administered at a fixed rate of  0.05 mcg/kg/min for 24 hours. If  
the hemodynamic goal of  MAP ≥65 mmHg was not met after a 30 mL/
kg fluid bolus and study drug infusion, open-label vasopressors were 
permitted. Overall, 456 hypotensive patients were screened, and 320 

patients met inclusion criteria and were randomized. Ten patients revoked 
consent at a later time (seven and three in the study and control groups, 
respectively). The intention-to-treat principle was used in final analysis, 
and outcomes were assessed prospectively. Shock control was defined 
as MAP ≥65 mmHg with urine flow ≥0.5 ml/kg/hr for two consecutive 
hours or serum lactate decreased by ≥10% from baseline within 6 hours.

Randomization was effective, with well-matched arms in terms of  demo-
graphics and disease severity. There was no difference between groups 
in time from diagnosis to study intervention, nor in time to open label-NE 
use. With respect to the primary outcome, shock control was signifi-
cantly improved in the early NE group (76.1 vs 48.4%, p<0.001) with a 
shorter median time to MAP goal (3:30 vs 4:45h:m, p<0.001). Mortality 
at 28 days trended towards a decrease in the intervention group but did 
not meet statistical significance (15.5% vs 21.9%, p=0.15). Open label 
NE was used in a higher proportion of  control-group patients (80% vs 
67.7%). Total volume of  IV fluids administered and ICU admission rates 
were similar between groups, with subgroup analyses revealing signifi-
cantly decreased rates of  both cardiogenic pulmonary edema and new-
onset arrythmias in the early-NE group. Interestingly, though patients in 
the early NE group received higher median NE dosage during hours 2-5 
after diagnosis, the overall NE dosage did not differ between groups at 6 
hours. 

This study found that earlier administration of  NE was associated with 
an increase in and more rapid achievement of  shock control, but not 
28-day mortality. The authors posited that the decrease in rate of  cardiac 
arrhythmias may be related to improved cardiac output with decreased 
oxygen demand secondary to shorter shock duration. Despite these 
encouraging results the authors advised caution, noting that additional 
research is important prior to at-large adoption of  this practice and that 
safety of  early NE administration relative to lower incidence of  conges-
tive heart failure and new-onset arrhythmia awaits confirmation through 
future research. Study limitations include the limited generalizability of  
a single ED study population in Thailand, inadequate power to detect a 
mortality difference, and the inability to mask the effect of  NE (i.e. rapid 
blood pressure increases in the experimental arm could have clued in 
physicians to the treatment arm). Of  note, up to 20% of  control-arm 
patients had similar increases. It remains that the results of  this trial are 
encouraging with respect to early NE administration and warrant further 
prospective investigation.

Bai X, Yu W, Ji W, et al. Early versus delayed administration 
of norepinephrine in patients with septic shock. Crit Care 
Lond Engl. 2014;18(5):532. 
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Mortality and other negative outcomes in septic shock still remain rela-
tively high despite the engraining of  early fluid resuscitation and antimi-
crobial delivery as part of  standard clinical practice. Surviving Sepsis 
Campaign guidelines focus on vasopressor administration only for refrac-
tory hypotension after fluid resuscitation.6 As timing to vasopressor initia-
tion can be variable in clinical practice, this study looked to determine the 
frequency of  delayed norepinephrine initiation and its effect on mortality 
in septic shock patients. 

This retrospective cohort study examined the outcomes of  adult patients 
with septic shock admitted to two surgical ICUs in a Chinese tertiary care 
hospital. Surviving Sepsis Campaign guidelines were followed for initia-
tion of  fluid resuscitation, antimicrobials, and vasopressors. The primary 
outcome was 28-day mortality. Analysis was performed comparing early 
(receiving NE within two hours from onset of  septic shock) and late 
(receiving NE > two hours after septic shock onset) NE groups as well 
as treating initial NE administration as a continuous variable for logistic 
regression. 

Overall, 241 patients with septic shock were identified and 213 were 
included in the study. The study population had an overall mortality of  
37.6% at 28 days. The average time to initial norepinephrine administra-
tion for all patients was 3.1 +/- 2.5 hours. In comparing septic shock 
survivors to non-survivors, groups were well matched in demographics. 
The non-survivor group had higher average initial lactate and APACHE II 
scores while the survivor group had shorter time to initial NE and antimi-
crobial therapy administration, higher volumes of  IV fluids administered 
within 6 hours but less at 24 hours, and less overall norepinephrine at 24 
hours. 

The likelihood of  death at 28 days was significantly higher in the late 
norepinephrine group compared to the early norepinephrine group (OR 
1.86, 95% CI 1.04 – 3.34; p=0.035), with 29.1% versus 43.3% mortal-
ity in the early versus late NE groups, respectively. Each hour of  delay 
was associated with a 20.4% increased probability of  death (OR = 
1.20, 95% CI 1.07 – 1.35; p=0.002). The early norepinephrine group 
received less intravenous fluids (6.2 ± 0.6 L vs. 6.9 ± 0.7 L, p <0.001) 
and norepinephrine over 24 hours (29.4 ± 9.7 mg vs. 32.8 ± 10.0 mg, 
p=0.013). The early norepinephrine group also had higher mean arterial 
pressures and lower lactates at hours two, four, six, and eight despite 
a higher initial lactate than compared to the late norepinephrine group 
(p<0.05). There was no significant difference in ICU days, time to anti-
microbial initiation, or frequency of  antibiotics or steroids. Independent 
risk factors for 28-day mortality in septic shock patients analyzed with 
multivariate regression included time to norepinephrine (OR 1.392, 95% 
CI 1.138 – 1.702; p=0.003), time to antimicrobial initiation (OR 1.330, 
95% CI 1.067 – 1.659; p=0.011), serum lactate at onset (OR 1.770, 95% 
CI 1.174 – 2.537; p=0.005), and APACHE II score (OR 1.243, 95% CI 
1.096 – 1.409; p<0.001).

This study demonstrated a relationship between time to initial nor-
epinephrine administration and mortality, with a mortality increase of  
5.3% for every hour delay in NE administration. As this study was a 

retrospective analysis, causation between norepinephrine timing and 
mortality could not be established. Additionally, this study focused on 
septic shock in surgical ICUs at one institution and therefore may not 
be generalizable to other ICU settings and would require further multi-
institutional analysis. Overall, early administration of  norepinephrine was 
associated with decreased mortality in surgical ICU patients with septic 
shock, similar in effect to early initiation of  antimicrobials. 

Elbouhy MA, Soliman M, Gaber A, et al. Early Use of 
Norepinephrine Improves Survival in Septic Shock: Earlier 
than Early. Arch Med Res. 2019;50(6):325-32. doi:10.1016/j.
arcmed.2019.10.003
Elbouhy et al. performed a single-center, randomized, controlled trial 
comparing immediate and delayed norepinephrine administration to ED 
patients with septic shock. The study’s primary outcome was in-hospital 
survival, with secondary outcomes that included time to MAP ≥65 
mmHg, lactate clearance at 6 hours, and volume of  fluid administered.

Septic shock was defined as a positive quick Sepsis Related Organ 
Failure Assessment (qSOFA) score with hypotension and a lactate of  >2 
in the setting of  suspected infection. Major exclusion criteria included an 
ICU length of  stay less than 24 hours due to death or transfer, uncon-
trolled hemorrhage, left ventricular dysfunction, or age <18-years-old. 
The treatment group received simultaneous IV crystalloid bolus (target of  
30 mL/kg) with norepinephrine started at 5 mcg/min through a peripheral 
IV. The control group received norepinephrine only after initial 30 mL/kg 
fluid bolus if  MAP remained <65 mmHg. 

Of the initially randomized patients, 18 were excluded, 3 from the treat-
ment group and 15 from the control group, leaving 101 patients for 
inclusion in the analysis. The groups were well-matched with respect to 
demographics and baseline clinical characteristics including initial MAP, 
heart rate, lactate levels and APACHE II scores. The average patient age 
was 63 years and 57.4% of  patients were male. Chest infections were 
the overwhelmingly predominant culprit in the study population at 55.4%, 
with abdominal infections coming in second at 17.8%. 

The early norepinephrine group had an improved survival rate compared 
to the control group (71.9% vs 45.5%, p=0.007) with a shorter time to 
target MAP (2 vs 3 hours, p=0.003). The treatment group also had a 
lower repeat lactate six hours later (2 vs 2.9 mmol/L, p=0.037), with less 
fluid volume administered (25 vs 32.5 mL/kg, p=0.000). There was a 
trend towards decreased acute kidney injury (AKI) in the early norepi-
nephrine group that did not reach statistical significance (42% vs 52%, 
p=0.3). Lower lactate levels, faster lactate clearance, and absence of  AKI 
were each associated with survival regardless of  treatment group. 

While these results are striking, the single-center nature of  the study and 
the exclusion of  patients with LV dysfunction may limit their generalizabil-
ity. Possible influence due to lack of  treatment team blinding must also be 
considered. A major limitation not addressed by the investigators was the 
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exclusion of  patients who died within 24 hours of  ICU admission, which 
may limit ability to draw conclusions about early norepinephrine use in 
potentially the sickest patients and could certainly affect the primary 
outcome of  in-hospital survival. Although a small trial, it is a randomized 
controlled trial providing further evidence that early use of  vasopressors 
is associated with improved mortality and earlier successful resuscitation 
as indicated by laboratory and clinical markers, with less IV fluid required.

Colon Hidalgo D, Patel J, Masic D, et al. Delayed vasopressor 
initiation is associated with increased mortality in patients 
with septic shock. J Crit Care. 2020;55:145-148. doi:10.1016/j.
jcrc.2019.11.004
This study was a retrospective cohort study conducted at a single aca-
demic medical center. The included population was patients admitted 
between January and July of  2017 with septic shock. The authors initially 
identified patients with shock by identifying patients for whom vasopres-
sors were ordered; they subsequently reviewed the charts of  those 
patients to identify adult patients who met criteria for septic shock per 
the Sepsis-3 definition.7 In total, 119 patients were included. Exclusion 
criteria included shock not due to sepsis, pregnancy, a set MAP goal 
>70 mm Hg, outside hospital transfers, vasopressor initiation in the OR, 
and planned withdrawal of  care or death within 72 hours of  vasopres-
sor initiation. The variable of  interest was timing from initial hypotension 
(defined as first MAP < 65 mm Hg) to initiation of  vasopressors; patients 
were divided into those who received vasopressors in ≤6 hours versus 
> 6 hours. The primary outcome was 30-day mortality. Secondary out-
comes were cumulative vasopressor dosing at 12, 24, and 72 hours, 
vasopressor-free hours at 72 hours, time to MAP ≥ 65 mm Hg, and ICU 
and hospital length of  stay (LOS). 

Overall, 76 patients (63.9%) received vasopressors within 6 hours of  
hypotension onset. There was a higher 30-day mortality in patients re-
ceiving vasopressors after 6 hours than those who received them earlier 
(51.1 vs 25%, p<0.01). In subsequent multivariable analysis, the only 
other reported factor independently associated with increased 30-day 
mortality was the presence of  cirrhosis. In terms of  the secondary 
outcomes, patients who received early vasopressors had significantly 
more vasopressor-free hours at 72 hours (34.5 vs 13.1 h, p=0.03) and 
achieved a MAP >65 mmHg faster (1.5 vs 3 hours, p<0.01). Cumulative 
vasopressor dosing at 12, 24, and 72 hours did not differ significantly 
between the two groups, and there was no difference in ICU or hospital 
LOS.

There were several limitations of  this study. Beyond the usual limitations 
of  single-center and retrospective studies, one major limitation is again 
the exclusion of  patients who died (in this study within 72 hours rather 
than 24). The rationale for excluding these patients was provided as “an 
attempt to determine that mortality [was] due to vasopressor delay rather 
than the severity of  sepsis.” However, this time cutoff is arbitrary, and the 
authors do not provide any evidence that it would achieve their stated 
aim. In addition, this clearly led to the exclusion of  patients with more 
severe sepsis, and outcomes data for this group could be very valuable 

in determining appropriate timing for vasopressor initiation. An additional 
limitation is the division of  patients into binary groups, i.e. those who 
received vasopressors within 6 hours and those who received them 
after 6 hours. Using time as a continuous variable could have potentially 
provided insight into an inflection point, if  one exists, at which time mor-
tality increases if  vasopressors have not been started. It is worth noting, 
however, that a larger cohort would likely be needed to provide adequate 
power for such a study. 

Limitations aside, this study found a significantly higher 30-day mortality 
in patients who received vasopressors more than 6 hours after onset of  
hypotension. Further research is needed to elucidate the true optimal 
timing for initiation of  vasopressors, but this study provides additional 
support that early vasopressor administration is beneficial.

Conclusions

Multiple studies have demonstrated improved outcomes when vasopres-
sors are administered earlier in the course of  septic shock, including 
lactate clearance, time to MAP goal, decreased overall fluid volume 
administration, and in some cases, mortality. The studies reviewed in-
cluded between 101 and 320 patients and by and large utilized rigorous 
methods, though the choice to exclude patients with more severe illness 
in mortality assessments is of  unclear significance. The cutoff between 
“early” and “late” for most studies fell anywhere between 90 minutes and 
six hours. It is unclear if  there is an inflection point on the care timeline 
before which vasopressors must be administered to derive the observed 
benefits. More prospective research is needed to clarify the role and 
benefits of  early vasopressors, especially as compared to liberal fluid 
administration. The authors look forward to the results of  the CLOVERS 
trial, which tries to address this question. One barrier to early administra-
tion of  vasopressors is the notion that they must always be delivered 
through a central line. There has been disagreement in the literature as 
to the safety of  peripheral vasopressor administration.8,9the need for a 
CVC for the management of  septic shock has been questioned, and the 
risk of  extravasation and incidence of  severe injury when vasopressors 
are given via a peripheral venous line (PVL Suffice to say that additional 
research would be welcomed and this would make an interesting topic 
for a future review. When septic shock is recognized, in addition to IV 
fluids and antibiotics, vasopressors should be an early consideration.

Answers
1. Outcomes are improved when vasopressors are administered earlier 

in the course of  septic shock, including mortality, lactate clearance, 
time to MAP goal, and decreased overall fluid volume administration. 

2. Rates of  AKI were similar between early and delayed administra-
tion  groups. Pulmonary edema and new-onset arrhythmias were 
decreased in the study that reported these outcomes, which may 
be related to decreased fluid volumes administered and improved 
cardiac output. 
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AAEM COVID-19 Resources Page
In addition to the above statements, AAEM 
recognizes the need for resources and sup-
plies, and it is our intent to assist in any way 
we can. We hope that the following list of  re-
sources can assist you in your work. You know 
better than others that this is a fluid situation, 
changing every few hours. We will attempt to 
continue to update our resources both here 
and on social media as the situation changes. 
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