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ABSTRACT
Background: Septic shock is a critical emergency, and vasopressor timing after initial fluid resuscitation is under debate. Data from emergency department, prehospital, and intensive care studies benefit from earlier norepinephrine initiation. Methods: We performed a systematic review and meta-analysis of studies evaluating vasopressor therapy, norepinephrine in septic shock after fluid resuscitation, with focus on timing of initiation. Nine studies were included in the qualitative analysis, while studies with extractable event counts were entered into the mortality meta-analysis. Pooled risk ratios (RRs) were calculated for short-term and 28-day mortality. Results: Earlier vasopressor initiation was associated with better hemodynamic and clinical outcomes in the included studies, including faster shock control, lower fluid exposure, and less organ failure progression. In the pooled short-term mortality analysis of four studies, early vasopressor initiation was associated with lower mortality (RR 0.72, 95% CI 0.56–0.92; I²=0%). In the stricter 28-day mortality analysis of three studies, early initiation also favored survival (RR 0.66, 95% CI 0.51–0.86; I²=0%).  Conclusion: Early norepinephrine initiation improved short-term outcomes in septic shock. More high-quality emergency department studies are needed to define the best timing threshold and confirm the effect on mortality.
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Introduction
Sepsis is defined as an organ dysfunction caused by a dysregulated host response to infection, while septic shock is the severe subgroup in which circulatory, cellular, and metabolic abnormalities increase the risk of death beyond sepsis [1,2]. Sepsis and septic shock were major health problem, with high morbidity and mortality despite advances in antimicrobials, intensive care, and resuscitation strategies, which is why they are still a major concern in ED and critical care practice [1,3,4]. The ED is important in this condition because septic shock is time dependent, and early decisions about fluids, and source-directed treatment influence later organ failure and survival [1,5,6]. Initial resuscitation is based on crystalloids together with hemodynamic reassessment, but current studies emphasize that septic shock is not only a fluid problem, because vasoplegia, vascular leakage, and microcirculatory dysfunction are major parts of the syndrome [1,2,7].
Norepinephrine become the preferred first-line vasopressor in adult septic shock in recent reviews, because it restores vascular tone effectively and compares favorably with other vasopressors in safety and hemodynamic performance [3,4,8]. The best timing of norepinephrine still controversial, because clinicians have traditionally waited for larger fluid loading, while newer studies indicate that delaying vasopressors prolong hypotension, worsen organ perfusion, and increase fluid overload [7,9,10]. The longest delays in vasopressor initiation were associated with higher odds of worsening organ failure, even though 28-day mortality was not associated with timing in that analysis [5]. Early norepinephrine improved shock control by 6 hours compared with standard treatment, as earlier vasopressor support stabilizes patients faster during the first phase of septic shock resuscitation [11].
More recent reviews and meta-analyses have shown a trend favoring earlier norepinephrine, including lower mortality, less fluid administration, and faster achievement of target mean arterial pressure in some analyses [9,10]. Another practical issue in the ED is safety, because vasopressor initiation is delayed while waiting for central access, although ED data indicate that carefully monitored peripheral norepinephrine can be used with a low rate of adverse events under protocolized care [2,6]. A focused systematic review on vasopressor therapy for septic shock after adequate fluid resuscitation in the ED is justified, because the available literature mixes ED, ICU, and prehospital studies and does not fully answer the exact bedside question faced by ED physicians.
Methods
This study was designed as a systematic review and meta-analysis to evaluate vasopressor therapy, in adult patients with septic shock after fluid resuscitation. The review question was centered on whether earlier vasopressor use was associated with better outcomes than delayed initiation in septic shock patients treated in acute care settings, especially the ED. The review included comparative original studies that assessed early versus delayed vasopressor or norepinephrine initiation and reported mortality, shock control, organ failure progression, fluid volume, or time to achieve target mean arterial pressure.
Studies were considered eligible if they enrolled adults with septic shock, evaluated vasopressor timing, and provided original comparative data. Randomized controlled trials, prospective cohort studies, retrospective cohort studies, and propensity score-based observational studies were eligible for inclusion. 
Data extraction was carried out for study characteristics, country, design, setting, sample size, vasopressor definition, timing threshold for early versus delayed treatment, and reported outcomes. Our attention was given to mortality outcomes, because these were used for meta-analysis whenever raw event counts were available. When possible, additional data were extracted for shock control by 6 hours, organ failure progression, time to target MAP, fluid exposure, and adverse events. 
For quantitative synthesis, only studies with extractable event counts for mortality were pooled. Risk ratios with 95% CIs were calculated for short-term mortality, and a separate pooled analysis was performed for 28-day mortality only. Heterogeneity in studies was assessed using the I² statistic. Studies that did not provide 2×2 event data, or not structured as simple comparative mortality studies, were included in the qualitative synthesis only. Because the available evidence was heterogeneous in design, setting, and definition of early treatment, the pooled results were interpreted with caution and in light of the clinical context of each included study.



Results
Nine studies were included in qualitative synthesis and studies were published between 2014 and 2025 and evaluated the timing of norepinephrine or vasopressor initiation in septic shock. The included studies consisted of one randomized controlled trial, several retrospective cohort or propensity score-based studies, one prospective cohort study, and one brief multicenter observational study. The studies were done in different settings, including the ED, prehospital mobile ICU, and ICU. The definition of vasopressor initiation was not the same in studies, ranging from within 1 hour to within 3 hours, or started at the beginning of resuscitation.
In the CENSER randomized trial, 310 adults with sepsis and hypotension were randomized into early norepinephrine and standard treatment groups. Median time from emergency room arrival to norepinephrine was shorter in the early group than in the standard group (93 vs 192 minutes). Shock control by 6 hours was higher in the early norepinephrine group (76.1% vs 48.4%, p<0.001). 28-day mortality was not significantly different between groups (15.5% vs 21.9%, p=0.15). The early group had lower rates of cardiogenic pulmonary edema and new-onset arrhythmia.
In the retrospective ED study by Black et al., the median time to vasopressor initiation was 6 hours, and norepinephrine was the most used vasopressor. The primary composite outcome of worsening organ failure or death at 48 hours occurred in 152 patients. A delay of 20 to 24 hours to vasopressor initiation was associated with higher odds of worsening organ failure compared with vasopressor initiation within the first 4 hours (OR 4.34, 95% CI 1.47–12.79, p=0.008). 
Messina et al. analyzed 127 septic shock patients who received norepinephrine in the ED and focused on safety. Side effects related to norepinephrine were reported in five patients (3.9%). The authors concluded that peripheral norepinephrine infusion in the ED is safe for less than 12 hours when used under a specific protocol. ED management variables were not associated with mortality except for ICU admission. 
Bai et al. reported higher mortality in the delayed group (43.3% vs 29.1%), and each 1 hour delay during the first 6 hours was associated with a 5.3% increase in mortality. Xu et al. found lower 28-day mortality with norepinephrine started within 3 hours (30.0% vs 37.8%) and less organ failure progression. Ospina-Tascón et al. reported lower day-28 mortality with very early vasopressor start (HR 0.31, 95% CI 0.17–0.57). Li et al. found lower 28-day mortality with initiation within 1 hour (28.6% vs 47.4%). Abe et al. did not show a significant mortality difference between early and delayed vasopressor groups.


Table 1. Study characteristics and methodological extraction
	Study
	Country
	Design
	Setting
	Population and sample
	Exposure and comparator
	Outcomes

	Permpikul et al., 2019 [11]
	Thailand
	Single-center phase II randomized, double-blind, placebo-controlled trial
	Emergency room, tertiary hospital
	Adults with sepsis and hypotension; n=310 (155 early NE, 155 standard treatment)
	Early low-dose norepinephrine plus fluid resuscitation at initiation of hypotension resuscitation vs placebo/standard treatment; median time from ER arrival to NE 93 vs 192 min
	Shock control by 6 h, 28-day mortality, organ support, adverse events

	Black et al., 2020 [5]
	USA
	Retrospective cohort
	Septic shock within 24 h of ED presentation
	Septic shock; n=428
	Time to vasopressor initiation from ED triage categorized as 0–4, 4–8, 8–12, 12–16, 16–20, 20–24 h
	Worsening organ failure at 48 h or death, 28-day mortality

	Messina et al., 2021 [6]
	Italy
	Retrospective analysis
	Tertiary hospital ED
	Septic shock patients receiving peripheral norepinephrine in ED; n=127
	No early timing comparison; protocol-guided peripheral norepinephrine infusion in ED
	Local/systemic adverse effects, in-hospital mortality, ED variables

	Jouffroy et al., 2022 [12]
	France
	Retrospective propensity-based study
	Prehospital mobile ICU
	Septic shock requiring prehospital MICU; n=478
	Prehospital norepinephrine to reach MAP >65 mmHg vs no prehospital norepinephrine
	30-day mortality

	Bai et al., 2014 [13]
	China
	Retrospective cohort
	Two general surgical ICUs
	Adult septic shock; n=213
	Early NE <2 h vs late NE ≥2 h after septic shock onset
	28-day mortality, MAP, lactate, duration of hypotension, NE exposure

	Ospina-Tascón et al., 2020 [14]
	Colombia
	Propensity score-based analysis
	Mixed ICU
	Sepsis requiring vasopressor support ≥6 h; 337 initially selected, matched cohort 93 vs 93
	Very early norepinephrine within/before the next hour of first resuscitative fluid load vs delayed start
	28-day mortality, fluid balance, renal outcomes

	Xu et al., 2022 [15]
	USA database / China authors
	Retrospective propensity score-matched cohort
	ICU database
	Septic shock; 4253 total, PSM cohort 2862
	Early NE within 3 h vs delayed >3 h, regardless of preload dependency
	28-day mortality, survival days, ICU/hospital LOS, organ failure progression, fluid volume

	Abe et al., 2023 [16]
	Japan
	Multicenter observational study
	17 ICUs at tertiary hospitals
	Septic shock patients receiving vasopressors; n=97
	Early vasopressor ≤1 h from sepsis recognition vs delayed >1 h
	In-hospital mortality, fluid trend

	Li et al., 2025 [4]
	China
	Prospective cohort
	ICU of tertiary general hospital
	Septic shock; n=120 (42 early, 78 late)
	Early NE ≤1 h vs late >1 h after shock onset
	28-day mortality, time to MAP ≥65, 24-h fluid volume, 6-h lactate clearance, LOS, CRRT



Table 2. Outcome extraction and key quantitative findings
	Study
	Main quantitative findings
	Effect estimates and statistics
	Safety findings

	Permpikul et al., 2019
	Shock control by 6 h: 76.1% vs 48.4%; 28-day mortality: 15.5% vs 21.9%; median ER-to-NE time: 93 vs 192 min
	Shock control OR 3.4, 95% CI 2.09–5.53, p<0.001; mortality RR 0.79, 95% CI 0.53–1.11, p=0.15
	Lower cardiogenic pulmonary edema (14.4% vs 27.7%, p=0.004) and new-onset arrhythmia (11% vs 20%, p=0.03)

	Black et al., 2020
	152/428 had composite worsening organ failure/death at 48 h; 77 died within 48 h and 75 had SOFA increase ≥2
	Compared with 0–4 h, 20–24 h delay had OR 4.34, 95% CI 1.47–12.79, p=0.008 for worsening organ failure; no association with 28-day mortality
	Not a safety-focused study

	Messina et al., 2021
	127 patients analyzed; 30 transferred to ICU, 28 ceiling-of-care, 69 to wards
	ICU admission was the only variable associated with in-hospital mortality: OR 4.48, 95% CI 1.52–13.22, p=0.007
	Adverse events requiring discontinuation in 3.9%; one confirmed extravasation reported as 0.78%; authors considered peripheral NE in ED reasonably safe for <12 h under protocolized monitoring

	Jouffroy et al., 2022
	143/478 received prehospital NE; among these, 84 were alive and 38 deceased at day 30; overall 30-day mortality 30%
	Adjusted HR 0.42, 95% CI 0.25–0.70, p<10⁻³; IPTW adjusted OR 0.75, 95% CI 0.70–0.79, p<10⁻³
	No major safety signal highlighted in the abstract snippet

	Bai et al., 2014
	Average time to NE 3.1 ± 2.5 h; late initiation associated with worse hemodynamics and lactate profile
	Every 1-hour delay in first 6 h associated with 5.3% increase in mortality; late group had significantly higher 28-day mortality, but exact group percentages were not available in the retrieved text
	No major safety comparison extracted from the retrieved text

	Ospina-Tascón et al., 2020
	At vasopressor start: fluids 0 [0–510] vs 1500 [650–2300] mL; first 8 h fluids 1100 [500–1900] vs 2600 [1600–3800] mL
	Day-28 mortality HR 0.31, 95% CI 0.17–0.57, p<0.001
	No significant increase in acute renal failure or renal replacement therapy

	Xu et al., 2022
	In PSM cohort, 28-day mortality 30.0% vs 37.8%; fluid therapy 0 vs 79 mL/kg; organ failure progression 64.4% vs 79.2%; ICU stay 4.9 vs 7.2 d; hospital stay 12.4 vs 13.6 d
	Discussion reports early NE associated with reduced 28-day mortality, OR 0.545, p<0.001
	No major adverse-effect signal extracted in the retrieved text

	Abe et al., 2023
	Early group 67, delayed group 30; in-hospital mortality 32.8% vs 26.7%; median 6-h fluid 3000 vs 2645 mL
	Adjusted OR for in-hospital mortality 0.76, 95% CI 0.17–3.29; not statistically significant
	No major safety signal extracted

	Li et al., 2025
	28-day mortality 28.6% vs 47.4%; time to MAP ≥65: 1.0 vs 1.5 h; 24-h fluid 3605 vs 3930.5 mL; 6-h lactate clearance 40.7% vs 14.9%
	Time to NE >1 h independently associated with mortality: OR 4.564, 95% CI 1.382–15.079, p=0.013
	No major adverse-effect comparison extracted





Fig 1: all cause short term mortality
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Fig 2: 28-day mortality Meta-analysis summary CSV
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Discussion
Earlier vasopressor initiation favored better short-term outcomes, supporting the idea that delaying vasopressor therapy after persistent hypotension worsen the course of septic shock [11,14,15]. This pattern is clinically significant because the benefit of early treatment was seen in mortality-related outcomes and also in hemodynamic and organ-related outcomes in several included studies [5,11,15]. The CENSER trial showed that early norepinephrine improved shock control by 6 hours and shortened the time from ED arrival to vasopressor administration, even though the 28-day mortality difference was not statistically significant, which indicate that earlier vasopressor use appear as physiologic stabilization before a clear mortality effect is seen in individual trials [11]. 
The observational evidence moved in the same direction, because Black and colleagues found that very long delays associated with worsening organ failure in ED patients, and Xu and colleagues found lower 28-day mortality, less fluid exposure, and less organ failure progression with norepinephrine started within 3 hours, and Ospina-Tascón and colleagues reported lower day-28 mortality and smaller fluid balances with early vasopressor strategy [5,14,15].
Hypotension in sepsis is not caused by hypovolemia alone but also by vasoplegia, vascular leakage, reduced stressed volume, and microcirculatory dysfunction, so fluids alone insufficient in many patients [2,7,17]. Early norepinephrine help by restoring vascular tone, increasing venous return, recruiting endogenous fluid, and reaching the initial MAP target faster, which shorten the duration of harmful hypotension and reduce the need for excessive fluid administration [7,9,18]. 
This interpretation is supported by reviews showing that prolonged hypotension is associated with worse outcomes and that fluid overload itself delay recovery, prolong ICU stay, and increase mortality, which makes a combined fluid-plus-vasopressor strategy more logical than a prolonged fluid-only approach in fluid-resistant shock [2,7]. From the ED perspective, this issue is important because the ED is where the first major decisions are made, and our topic focuses on that phase in which clinicians must decide whether persistent hypotension after adequate fluid resuscitation should trigger vasopressor initiation without unnecessary delay [1,5,17].
Messina and colleagues reported a low rate of adverse events with protocol-guided peripheral norepinephrine infusion, and later reviews also noted that serious extravasation complications appear uncommon when peripheral vasopressors are carefully monitored, which reduces one practical barrier to earlier treatment [2,6]. Our findings should still be interpreted carefully because the included evidence was heterogeneous, timing definitions, and outcome measures, and many studies were ICU-based rather than ED studies after documented adequate fluid resuscitation, which limits how confidently the results applied to the exact ED population of interest [5,9,10,15]. Our study found that earlier norepinephrine is beneficial once septic shock were unresolved after initial fluid resuscitation, but more high-quality ED studies are needed to define the best timing threshold and to separate the effect of early vasopressors from differences in shock severity, fluid strategy, and local ED practice [1,10,11].


Conclusion
Early vasopressor initiation with norepinephrine improves short-term outcomes in septic shock, in relation to shock control, organ dysfunction, fluid burden, and mortality. The available literature was heterogeneous in study design, setting, and timing definitions, and some of the data came from ICU-based rather than ED populations. Early norepinephrine is beneficial after initial fluid resuscitation, stronger ED-specific studies are needed to define the optimal timing and confirm the mortality benefit in clearly fluid-resuscitated patients.
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Forest plot: early vs delayed vasopressor use and 28-day mortality

Permpikul 2019 24/155vs34A55——

Bai 2014 25/86 vs 55/12F

Li 2025 12/42-vs-37/78

Pooled effect

[> = 0.0%, tau? = 0.0000

Favours early NE

Favours delayed/control

10°
Risk ratio (log scale)

0.71[0.44, 1.13]

0.67 [0.46, 0.99]

0.60 [0.35, 1.03]

0.66 [0.51, 0.86]




image1.png
\, o pl ;T;
' o aguclloll B
— a Y de

King Saud University Q%

JOURNAL OF
TAZEEZ FOR PUBLIC HEALTH

AN OFFICIAL JOURNAL OF SAUDI HEALTH PROMOTION AND EDUCATION ASSOCIATION





image2.png




image3.png




