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a b s t r a c t 

Background: Sepsis and septic shock are major healthcare problems worldwide, associated with substantial mor- 
tality. Early administration of norepinephrine in septic shock patients has been associated with an increased 
survival rate, but the timing from septic shock to norepinephrine initiation is controversial. This study exam- 
ined the associations between the timing of initial norepinephrine administration and clinical outcomes in adult 
patients with septic shock. 

Methods: This prospective cohort study was conducted from September 2021 to June 2022 in an intensive care 
unit (ICU) of a tertiary general hospital. All enrolled patients were divided into early and late norepinephrine 
groups according to whether the time from the onset of septic shock to the first application of norepinephrine 
was > 1 h. The primary outcome was 28-day mortality. Secondary outcomes included ICU length of stay (LOS), 
hospital LOS, time to achieve a mean arterial pressure (MAP) ≥ 65 mmHg, 24-hour infusion volume, 6-hour Lac 
clearance, mechanical ventilation days, and continuous renal replacement therapy (CRRT )ratio. Multivariable 
logistic regression analysis was used to evaluate the independent risk factors for 28-day mortality. 

Results: This study enrolled 120 patients, including 42 patients (35.0%) and 78 patients (65.0%) in the early and 
late norepinephrine groups, respectively. The 28-day mortality was lower in the early group than in the late group 
(28.6% vs. 47.4%, P = 0.045). The median time to achieve MAP ≥ 65 mmHg was shorter in the early group than in 
the late group (1.0 h vs. 1.5 h, P = 0.010). The median 24-hour intravenous fluids volume in the early group was 
lower than that in the late group (40.7% vs. 14.9%, P = 0.030). The median 6-hour lactate (Lac) clearance rate in 
the early group was higher than that in the late group (40.7% vs. 14.9%, P = 0.009). There were no significant 
differences between early and late groups by ICU LOS ( P = 0.748), hospital LOS ( P = 0.369), mechanical ventilation 
time ( P = 0.128), and CRRT ratio ( P = 0.637). The independent risk factors for 28-day mortality included being 
male (odds ratio [OR] = 3.288, 95% confidence interval [CI]: 1.236 to 8.745, P = 0.017), time to norepinephrine 
initiation > 1 h (OR = 4.564, 95% CI: 1.382 to 15.079, P = 0.013), and time to achieve MAP ≥ 65 mmHg (OR = 1.800, 
95% CI: 1.171 to 2.767, P = 0.007). 

Conclusions: Norepinephrine initiation ≤ 1 h is associated with lower 28-day mortality in patients with septic 
shock. Early norepinephrine administration is also associated with a shorter time to achieve MAP ≥ 65 mmHg, 
lower 24-hour intravenous fluids volume, and higher 6-hour Lac clearance rate. Being male, time to achieve MAP 
≥ 65 mmHg, and norepinephrine initiation > 1 h are independent risk factors for 28-day mortality. 

Trial registration Chinese Clinical Trial Registry Identifier: ChiCTR2100044071. 
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Sepsis is defined as life-threatening organ dysfunction
aused by a dysregulated host response to infection. Sep-
ic shock is characterized by sepsis with persistent hypoten-
ion requiring vasoactive medications to maintain a mean ar-
erial pressure (MAP) ≥ 65 mmHg and serum lactate (Lac)
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Figure 1. Flowchart for patients inclusion. NE: Norepinephrine. 
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Fluid resuscitation is widely regarded as the first line of
emodynamic resuscitation for septic shock.[ 5 ] However, severe
ypotension caused by sepsis results not only from relative or
bsolute hypovolemia but also from vasoplegia, which requires
asopressor support. Thus, fluid resuscitation alone is insuffi-
ient to increase peripheral perfusion pressure in most patients
ith septic shock.[ 6 ] In addition, extracellular fluid overload
ay lead to tissue edema and increased mortality.[ 7–9 ] There-

ore, early use of vasoactive drugs to promote hemodynamic
tability is crucial in managing septic shock.[ 10 ] Norepinephrine
s both an 𝛼1- and 𝛽1-agonist and can increase vascular tone and
ontractility.[ 11 ] Recent guidelines recommend norepinephrine
s a first-line vasopressor for septic shock treatment.[ 12 ] How-
ver, the timing of vasopressor treatment appears to be more
ritical than the specific drug.[ 13 ] 

Several studies suggest that early administration of nore-
inephrine in septic shock patients may be associated with im-
roved survival rates.[ 14–20 ] However, the timing from septic
hock to norepinephrine initiation is controversial, with stud-
es defining early initiation differently, from 2 h to 6 h or even
onger. In addition, uncertainties persist regarding the effect
f the timing of norepinephrine administration on other clini-
al outcomes in patients with septic shock, including length of
ospital stay, mechanical ventilation time, and organ function.
ence, this study aimed to examine the relationship between

he timing of initial norepinephrine administration and clinical
utcomes in patients with septic shock. 

ethods 

tudy population 

This study was conducted from September 2021 to June 2022
n the intensive care unit (ICU) of the First Hospital of Jilin Uni-
ersity in Changchun, China, a tertiary general hospital. Adult
atients diagnosed with septic shock according to The Third In-
ernational Consensus definitions[ 1 ] for sepsis and septic shock
Sepsis-3) were prospectively included. This study was approved
y the Ethics Committee of the First Hospital of Jilin University
01.29.2021, 20K099–002) and registered in the Chinese Clini-
al Trial Registry (ChiCTR2100044071). 

All enrolled patients received norepinephrine (the only va-
oactive agent) to maintain a target MAP ≥ 65 mmHg. Trig-
ers to start norepinephrine infusion included low diastolic ar-
erial pressure (DAP < 40 mmHg) and very low MAP (MAP
 60 mmHg). According to the Surviving Sepsis Campaign
uidelines,[ 12 ] broad-spectrum antibiotics were administered
ithin the first hour, and 30 mL/kg of sodium bicarbonate
inger solution was used for initial volume resuscitation. 

The inclusion criteria were: (1) adults ( ≥ 18 years old); (2)
atients with septic shock; (3) use of norepinephrine as the only
asoactive drug to maintain target MAP ≥ 65 mmHg; (4) sodium
icarbonate Ringer solution (30 mL/kg) was used for initial vol-
me resuscitation. The exclusion criteria were: (1) pregnant or
actating women; (2) patients with end-stage renal disease; (3)
atients with incomplete information; (4) patients enrolled in
ther trials; (5) other reasons that the researchers considered
nappropriate to participate in the study. 

Patients with septic shock were identified by clinical manifes-
ations of sepsis with persistent hypotension requiring vasoac-
161
ive medications to maintain MAP ≥ 65 mmHg and serum Lac
evel > 2 mmol/L despite adequate fluid resuscitation.[ 1 ] All en-
olled patients were classified into early or late norepinephrine
roups based on whether norepinephrine was administered ≤ 1 h
r > 1 h of the onset of septic shock, respectively. In this study,
arly norepinephrine was defined as the administration of nore-
inephrine within one hour of the onset of septic shock. The
owchart for patient inclusion is presented in ( Figure 1 ). 

ata collection 

Data was collected on age, sex, body weight, complications,
he Acute Physiology and Chronic Health Evaluation (APACHE)
I score based on the worst values obtained within 24 h after
he onset of septic shock, Sequential Organ Failure Assessment
SOFA) score, past medical history, and site of infection. In ad-
ition, procalcitonin (PCT), white blood cells (WBC), platelets
PLT), creatinine (CRE), blood urea nitrogen (BUN), liver func-
ion, and Lac were also collected. Furthermore, We also col-
ected the time to achieve MAP ≥ 65 mmHg, 24-hour infusion
olume (including crystalloid, colloid, and blood products) af-
er septic shock, 6-hour Lac clearance, continuous renal replace-
ent therapy (CRRT) ratio, mechanical ventilation days, length

f ICU stay, length of hospital stay, and 28-day survival. The
ime to achieve MAP ≥ 65 mmHg was defined as the time from
hock onset to sustained MAP ≥ 65 mmHg. Six-hour Lac clear-
nce was calculated as follows: (initial Lac concentration – 6-
our Lac concentration)/initial Lac concentration × 100%. 

rimary and secondary outcomes 

The primary outcome was 28-day mortality. Secondary out-
omes included ICU length of stay (LOS), hospital LOS, time to
chieve MAP ≥ 65 mmHg, 24-hour infusion volume, 6-hour Lac
learance, mechanical ventilation days, and CRRT ratio. 

tatistical analysis 

Data were analyzed using SPSS Statistics version 22 (IBM
orp., Armonk, NY, USA). We evaluated the normality of dif-
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Figure 2. The Kaplan–Meier curve of 28-day survival rate. NE: Norepinephrine. 
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erent dependent variables in relation to their independent
ariables. A variable was considered normally distributed if
he z -value of skewness and kurtosis was between − 1.96 and
 1.96[ 21 ] and the Shapiro–Wilk’s test had a P -value ≥ 0.05.[ 22 , 23 ] 

ost variables were found to be non-normally distributed.
ence, continuous variables were expressed as median (in-

erquartile range). Categorical variables were expressed as fre-
uency and proportion. 

The non-parametric Mann–Whitney U test was used to com-
are quantitative variables between two groups.[ 24 ] Categorical
ariables were compared using the chi-squared or Fisher’s ex-
ct test.[ 25 ] We used the Kaplan–Meier survival model and Log
ank test to compare 28-day survival rate between two groups.
 two-sided P -value < 0.05 was considered to be statistically sig-
ificant. 

isk factors for 28-day mortality 

Patients were categorized into a 28-day survival group and
 28-day non-survival group based on their survival at 28 days.
e performed univariate and multivariable analyses to identify

isk factors for 28-day mortality in patients with septic shock.
he multivariable logistic regression analysis included parame-
ers with P -values < 0.1 in univariate analyses. 

In addition, multivariable logistic regression analysis was
sed to examine the risk factors of 28-day mortality in patients
ith septic shock,[ 26 ] and the results are reported as odds ratios

OR) of death with their corresponding 95% confidence inter-
als (CIs). Variable selection was based on the P -values from
nivariate analyses. 

esults 

ohort characteristics 

A total of 132 patients were screened for this study based on
he number of beds in the ward and the research period. After
xcluding patients with missing data, 120 eligible patients were
ontinuously included to minimize bias: 42 patients (35.0%) and
8 (65.0%) patients were classified into the early and late nore-
inephrine initiation groups, respectively. Table 1 summarizes
he baseline characteristics of the study participants. 

There were no significant differences between the early and
ate groups with respect to sex, disease severity score, past med-
cal history, organ function, and site of infection. The baseline
ata of the two groups of patients were matched. 

rimary and secondary outcomes 

The clinical outcomes of the two groups are shown in
 Table 2 ). The 28-day mortality of the early norepinephrine
roup (28.6%) was lower than that in the late group (47.4%)
 P = 0.045). The total 28-day mortality of all enrolled patients
as 40.8% (49/120). Kaplan–Meier survival analysis showed

hat the 28-day survival rate of the early norepinephrine group
as higher than that of the late norepinephrine group ( P = 0.049)

 Figure 2 ). 
The time to achieve MAP ≥ 65 mmHg in the early group was

horter compared to the late group (1.0 h vs. 1.5 h, P = 0.010).
he 24-hour intravenous fluids volume was also lower in the
162
arly group than in the late group (3605.00 mL vs. 3930.50 mL,
 = 0.030). In addition, the 6-hour Lac clearance rate in the early
roup was higher than in the late group (40.7% vs. 14.9%,
 = 0.009). There were no significant differences observed be-
ween the early and late groups with respect to ICU LOS
 P = 0.748), hospital LOS ( P = 0.369), mechanical ventilation days
 P = 0.128), and CRRT ratio ( P = 0.637). 

nivariate analysis 

Patients were divided into a 28-day survival ( n = 71) and
on-survival group ( n = 49) based on survival at 28 days.
he clinical characteristics of the two groups are shown in
 Table 3 ). The male proportion in the survival group was
ower compared to the non-survival group (59.4% vs. 73.5%,
 = 0.039). The proportion of patients who received initial nore-
inephrine administration ≤ 1 h in the survival group was higher
han that in the non-survival group (42.3% vs. 24.5%, P = 0.045).
he median time to achieve MAP ≥ 65 mmHg was shorter in
he survival group compared to the non-survival group (1 h vs.

 h, P < 0.001). The 6-hour Lac clearance rate was higher in the
urvival group compared to the non-survival group (33.0% vs.

5.0%, P = 0.031). There were no significant differences between
he survival and non-survival groups with respect to 24-hour in-
ravenous fluids volume, age, body weight, APACHE II score,
OFA score, PCT, and WBC. 

ogistic regression analysis 

Multivariable logistic regression analysis showed that being
ale (OR = 3.288, 95% CI: 1.236 to 8.745, P = 0.017), time to

nitial norepinephrine administration > 1 h (OR = 4.564, 95% CI:
.382 to 15.079, P = 0.013), and time to achieve MAP ≥ 65 mmHg
OR = 1.800, 95% CI: 1.171 to 2.767, P = 0.007) were indepen-
ent risk factors for 28-day mortality. By contrast, 6-hour Lac
learance rate (OR = 0.431, 95% CI: 0.155to 1.198, P = 0.107)
as not a risk factor for 28-day mortality ( Table 4 ). 
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Table 1 

The baseline characteristics of included patients grouped by NE administration time. 

Characteristic Early NE group ( n = 42) Late NE group ( n = 78) P -value 

Sex (male)) 27 (64.3) 58 (74.4) 0.247 
Age (years) 67 (53 – 74) 68 (57 – 76) 0.498 
Weight (kg) 65.0 (56.5 – 70.0) 65.5 (57.5 – 70.0) 0.807 
APACHE II 18 (16 – 20) 19 (18 – 20) 0.137 
SOFA 10 (10 – 13) 12 (10 – 14) 0.262 
Past medical history 
Hypertension 13 (31.0) 21 (26.9) 0.640 
Diabetes mellitus 9 (21.4) 13 (16.7) 0.413 
Coronary artery disease 2 (4.8) 7 (9.0) 0.643 
Atrial fibrillation 0 (0) 1 (1.3) 0.461 
Cerebral infarction/hemorrhage 2 (4.8) 1 (1.3) 0.581 
Tuberculosis 0 (0) 1 (1.3) 0.461 
Cancer 2 (4.8) 4 (5.1) 0.930 
Chronic kidney disease 1 (2.4) 0 (0) 0.752 
PCT (ng/mL) 6.70 (1.80 – 26.29) 14.29 (2.41 – 62.43) 0.161 
WBC ( × 109 /L) 11.95 (5.37 – 15.62) 9.99 (4.54 – 17.73) 0.976 
PLT ( × 109 /L) 171.00 (87.25– 247.25) 143.00 (67.25 – 219.50) 0.159 
CRE (μmol/L) 82.55 (59.35–181.40) 131.95 (86.63–185.98) 0.057 
BUN (mmol/L) 9.48 (6.81 – 14.32) 11.02 (7.65 – 17.56) 0.134 
AST (U/L) 35.55 (20.48–73.02) 39.95 (22.15–68.02) 0.658 
ALT (U/L) 22.85 (10.08–40.23) 21.1 (13.35 – 35.73) 0.845 
TBIL (μmol/L) 18.00 (12.50 – 25.75) 18.20 (12.95 – 35.10) 0.379 
Lac (mmol/L) 2.30 (2.00 – 3.43) 2.70 (2.00 – 6.40) 0.137 
Mechanical ventilation 31 (73.8) 66 (84.6) 0.151 
Site of infection 
Pulmonary 10 (23.8) 27 (34.6) 0.221 
Genitourinary 5 (11.9) 3 (3.9) 0.192 
Intra-abdominal 23 (54.8) 41 (52.6) 0.818 
Skin/soft tissue infection 4 (9.5) 4 (5.1) 0.591 
Blood 0 (0) 2 (2.6) 0.765 
Central nervous system 0 (0) 1 (1.3) 0.461 

Data are expressed as n (%) or median (interquartile range). 
ALT: Alanine aminotransferase; APACHE II: Acute Physiology and Chronic Health Evaluation II; AST: Aspartate aminotransferase; BUN: Blood urea nitrogen; 
CRE: Creatinine; Lac: Lactate; NE: Norepinephrine; PCT: Procalcitonin; PLT: Platelet; SOFA: Sequential Organ Failure Assessment; TBIL: Total bilirubin; 
WBC: White blood cells. 

Table 2 

The clinical outcomes of included patients grouped by NE administration time. 

Clinical outcomes Early NE group ( n = 42) Late NE group ( n = 78) P -value 

28-day mortality 12 (28.6) 37 (47.4) 0.045 
ICU LOS (day) 5.5 (2.0 – 10.0) 6.0 (2.0 – 12.5) 0.748 
Hospital LOS (day) 12.50 (5.75 – 29.75) 11.00 (5.00 – 19.00) 0.369 
Time to achieved MAP ≥ 65 mmHg (h) 1.00 (0.95 – 2.00) 1.50 (1.00 – 2.00) 0.010 
24-hour infusion volume (mL) 3605.00 (2593.00–4488.75) 3930.50 (3410.75–5102.50) 0.030 
6-hour Lac clearance (%) 40.7 (13.4 – 55.2) 14.9 ( − 33.2 – 45.6) 0.009 
Mechanical ventilation time (day) 2 (1.00 – 5.00) 2 (1.00 – 9.00) 0.128 
CRRT ratio 2 (4.8) 7 (9.0) 0.637 

Data are expressed as n (%), median (interquartile range). 
CRRT: Continuous renal replacement therapy; ICU: Intensive care unit; Lac: Lactate; LO: Length of stay; MAP: Mean arterial pressure; NE: Norepinephrine. 
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This prospective cohort study indicated that initial nore-
inephrine administration ≤ 1 h was associated with lower 28-
ay mortality in patients with septic shock. Kaplan–Meier sur-
ival analysis showed that the 28-day survival rate was higher
n the early norepinephrine group compared to the late nore-
inephrine group. In addition, multivariable logistic regression
nalysis identified initial norepinephrine administration > 1 h
s an independent risk factor for 28-day mortality. These find-
ngs suggest that early administration of norepinephrine may
educe mortality in ICU patients with septic shock. Hence, de-
aying norepinephrine administration will increase mortality in
atients with septic shock.[ 14 ] The 1-hour Bundle supported by
he Surviving Sepsis Campaign recommends starting vasopres-
163
ors within the first hour of resuscitation if initial fluid resuscita-
ion does not restore minimum MAP.[ 27 ] Indeed, norepinephrine
nfusion can be safely started before ICU admission, even in in-
ermediate care without intensive monitoring.[ 28 ] 

Early norepinephrine administration was associated with a
horter time to achieve MAP ≥ 65 mmHg, reduced 24-hour in-
ravenous fluids volume, and higher 6-hour Lac clearance rate.
arly norepinephrine initiation was also associated with a lower
esuscitation fluid volume and fluid accumulation and a shorter
uration of hypotension. In addition, early norepinephrine ad-
inistration was significantly associated with increased shock

ontrol by 6 h.[ 29 ] Early initiation of norepinephrine, even be-
ore the completion of a predetermined amount of fluid resusci-
ation, appears to be a safe intervention with potentially benefi-
ial effects on clinical outcomes.[ 16 ] Septic shock, defined in part
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Table 3 

The clinical characteristics of included patients according to 28-day survival 
status. 

Characteristic 28-day survival 
( n = 71) 

28-day non-survival 
( n = 49) 

P -value 

Sex (male) 39 
(54.9) 

36 
(73.5) 

0.039 

Age (years) 68 
(57 – 76) 

67 
(54 – 73) 

0.400 

Weight (kg) 65 
(55 – 70) 

70 
(60 – 70) 

0.149 

APACHE II 18 
(16 – 20) 

19 
(16 – 20) 

0.724 

SOFA 12 
(10 – 13) 

12 
(10 – 13) 

0.798 

PCT 
(ng/mL) 

7.05 
(2.10 – 35.89) 

13.6 
(2.70 – 83.19) 

0.185 

WBC 
( × 109 /L) 

10.93 
(4.92–15.89) 

9.25 
(4.54 – 19.20) 

0.850 

PLT 
( × 109 /L) 

142.00 
(75.00– 233.00) 

179.00 
(81.50 – 243.00) 

0.343 

CRE 
(μmol/L) 

105.00 
(65.50– 192.80) 

130.50 
(78.60– 171.50) 

0.473 

BUN 
(mmol/L) 

11.60 
(7.42–15.44) 

9.88 
(7.27– 17.91) 

0.677 

AST 
(U/L) 

19.50 
(11.00 – 36.40) 

24.6 
(13.60– 38.35) 

0.377 

ALT (U/L) 36.20 
(20.70–71.10) 

40.5 
(23.15– 60.70) 

0.837 

Lac 
(mmol/L) 

2.70 
(2.00 – 4.20) 

2.40 
(2.00 – 4.75) 

0.618 

Time to initial 
NE administration ≤ 1 h 

30 
(42.3) 

12 
(24.5) 

0.045 

Time to achieved 
MAP ≥ 65 mmHg (h) 

1 
(1 – 2) 

2 
(1–3) 

< 0.001 

6-hour Lac clearance 
(%) 

33.0 
(10.0– 52.2) 

15.0 
(− 76.8– 48.1) 

0.031 

Volume of intravenous 
fluids within 24 h (mL) 

3652.0 
(3051.0– 4680.0) 

3950.0 
(3347.5–5469.5) 

0.162 

Data are expressed as n (%) or median (interquartile range). 
Non-parametric test (Mann–Whitney U test) was used for comparison between 
two groups with regard to quantitative variables. Categorical variables were 
compared using the chi-squared test. 
ALT: Alanine aminotransferase; APACHE II: Acute Physiology and Chronic 
Health Evaluation II; AST: Aspartate aminotransferase; BUN: Blood urea ni- 
trogen; CRE: Creatinine; Lac: Lactate; MAP: Mean arterial pressure; NE: Nore- 
pinephrine; PCT: Procalcitonin; PLT: Platelet; SOFA: Sequential Organ Failure 
Assessment; WBC: White blood cells. 

Table 4 

Multivariable logistic regression analysis of independent risk factors for 28-day 
mortality. 

Variable OR 95% CI P -value 

Male 3.288 1.236 to 8.745 0.017 
Time to initial NE administration > 1 h 4.564 1.382 to 15.079 0.013 
Time to achieved MAP ≥ 65 mmHg 1.800 1.171 to 2.767 0.007 
6-hour Lac clearance 0.431 0.155 to 1.198 0.107 

CI: Confidence interval; Lac: Lactate; MAP: Mean arterial pressure; NE: Nore- 
pinephrine; OR: Odds ratio. 
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y persistent hypotension, is a significant predictor of increased
ortality in septic states.[ 30 , 31 ] At least two retrospective stud-

es on septic shock in humans have shown that mortality in-
reases with the severity and duration of hypotension.[ 32 , 33 ] 

arpula and colleagues demonstrated in 111 patients with sep-
ic shock that the duration of MAP < 65 mmHg during the first
8 h was a strong predictor of mortality.[ 31 ] Generally, 24-hour
ac clearance is a better predictor of mortality and duration
f vasopressor use.[ 34 ] Lac clearance is a better determinant
f effective management in sepsis and septic shock, with early
164
ac clearance associated with better clinical outcomes in septic
atients.[ 35 ] 

Although considered a “first-line ” intervention, nore-
inephrine support is usually used as a rescue therapy when
nitial fluid therapy fails to correct hypotension or when arterial
ressure is insufficient to ensure adequate tissue perfusion.[ 5 ] 

arly initiation of vasopressor support may have several po-
ential beneficial effects. Early norepinephrine administration
ould (1) correct hypotension faster and prevent prolonged
evere hypotension; (2) increase cardiac output through sev-
ral mechanisms; (3) recruit microvessels and improve micro-
irculation in severe hypotension by increasing organ perfu-
ion pressure; (4) prevent harmful fluid overload. There is
idespread concern that aggressive early fluid resuscitation

n patients with septic shock (regardless of whether it is es-
ential for stabilization) may lead to detrimental increases in
issue edema. Early norepinephrine administration is recom-
ended to achieve the initial MAP goal of 65 mmHg faster and

o reduce the risk of fluid overload[ 36 ] ; and (5) improve pa-
ients’ outcomes.[ 37 ] DAP, as a marker of vascular tone, could be
sed to identify patients who urgently need norepinephrine.[ 38 ] 

he optimal MAP target should be individualized since it de-
ends on several factors such as history of chronic hyperten-
ion, values of central venous pressure, and intra-abdominal
ressure (IAP).[ 39 ] 

Logistic regression analysis showed that time to achieve MAP
 65 mmHg, time to initial norepinephrine administration > 1 h,
nd being male were independent risk factors for 28-day mor-
ality. However, the variables in the multivariable model may
e affected by multicollinearity, as the time to achieve MAP
 65 mmHg is closely related to the norepinephrine adminis-

ration time. Early norepinephrine administration can increase
AP, shorten the duration of hypotension and, therefore, may

mprove vital organ perfusion and decrease serum Lac levels.[ 19 ] 

tudies have shown that prehospital norepinephrine infusion to
ttain a MAP > 65 mmHg is associated with lower 30-day mor-
ality in patients with septic shock cared for by a mobile ICU
n the prehospital setting. Previous hypertension history should
e considered from the prehospital stage of septic shock resus-
itation to determine the optimal MAP target.[ 40 ] Early admin-
stration of norepinephrine during shock may be justified in pa-
ients with profound vasoplegia and at high risk of fluid over-
oad, along with a personalized fluid administration strategy.[ 41 ] 

his study also found that being male was associated with higher
8-day mortality. This result was consistent with a previous ret-
ospective cohort study of 1,064,790 patients with severe sepsis
nd septic shock.[ 42 ] 

This study had several limitations. First, this was a single-
enter prospective study, although this is based on comprehen-
ive and high-quality data. Second, the number of patients in the
arly group was significantly lower than that in the late group,
nd this imbalance may reduce the efficiency of the statistical
nalysis. Third, the one-hour window is quite short and could be
ffected by the time point chosen for the onset of shock, poten-
ially leading to allocation bias in both groups. Fourth, the sam-
le size of this study population was relatively small. Therefore,
arge multicenter prospective cohort studies are needed to vali-
ate whether early norepinephrine administration is associated
ith decreased mortality and other improved clinical outcomes

n patients with septic shock. 
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onclusions 

Time to initial norepinephrine administration ≤ 1 h is associ-
ted with lower 28-day mortality in patients with septic shock.
he early group has a shorter time to achieve MAP ≥ 65 mmHg,

ower 24-hour intravenous fluid volume, and 6-hour Lac clear-
nce rate. Male, time to achieve MAP ≥ 65 mmHg, and time
o initial norepinephrine administration > 1 h are independent
isk factors for 28-day mortality. Further, large-scale studies are
eeded to validate these results. 
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