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Vasopressor Administration via Peripheral Intravenous Access 
for Emergency Department Stabilization in Septic Shock 
Patients
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Ab s t r Ac t
Background: Septic shock is commonly treated in the emergency department (ED) with vasopressors. Prior data have shown that vasopressor 
administration through a peripheral intravenous line (PIV) is feasible.
Objectives: To characterize vasopressor administration for patients presenting to an academic ED in septic shock.
Materials and methods: Retrospective observational cohort study evaluating initial vasopressor administration for septic shock. ED patients 
from June 2018 to May 2019 were screened. Exclusion criteria included other shock states, hospital transfers, or heart failure history. Patient 
demographics, vasopressor data, and length of stay (LOS) were collected. Cases were grouped by initiation site: PIV, ED placed central line (ED-
CVL), or tunneled port/indwelling central line (Prior-CVL).
Results: Of the 136 patients identified, 69 were included. Vasopressors were initiated via PIV in 49%, ED-CVL in 25%, and prior-CVL in 26%. The 
time to initiation was 214.8 minutes in PIV and 294.7 minutes in ED-CVL (p = 0.240). Norepinephrine predominated all groups. No extravasation 
or ischemic complications were identified with PIV vasopressor administration. Twenty-eight-day mortality was 20.6% for PIV, 17.6% for ED-CVL, 
and 61.1% for prior-CVL. Of 28-day survivors, ICU LOS was 4.44 for PIV and 4.86 for ED-CVL (p = 0.687), while vasopressor days were 2.26 for 
PIV and 3.14 for ED-CVL (p = 0.050).
Conclusion: Vasopressors are being administered via PIVs for ED septic shock patients. Norepinephrine comprised the majority of initial PIV 
vasopressor administration. There were no documented episodes of extravasation or ischemia. Further studies should look at the duration of 
PIV administration with potential avoidance of central venous cannulation altogether in appropriate patients.
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Hi g H l i g H t
Patients with septic shock require stabilization with f luid 
resuscitation, vasopressors, source control, and antimicrobials. 
Septic shock is a common disease presentation to the ED. In this 
study, we highlight the safety and efficacy of peripheral vasopressor 
administration to facilitate rapid hemodynamic stabilization of 
septic patients in the ED.

in t r o d u c t i o n
Sepsis, a life-threatening syndrome of organ dysfunction due to 
dysregulated host response, is a leading cause of morbidity and 
mortality worldwide.1–3 Current septic shock guidelines recommend 
initiation of vasopressor agents after adequate volume resuscitation 
and now include a consideration statement for initiation of PIV 
vasopressor administration.4–6 Early vasopressor administration 
has been associated with improved outcomes including reduced 
mortality.7–10

Historically, vasopressors have been administered through 
a central venous line (CVL) due to the theoretical risk of local 
tissue ischemia and injury if extravasation occurred from PIV 
infusion.11–18 There is also the theoretical concern of losing venous 
access altogether due to PIV-only placement. However, CVL 
insertion is a time-consuming process that typically necessitates 
a physician or advanced-level practitioner for insertion and 
often requires confirmation by chest radiography for above-
diaphragm CVLs.19 Initiating vasopressors infusion through 

a more rapidly obtainable PIV prioritizes early hemodynamic 
stability and organ perfusion over extravasation risk. In sepsis, 
a time-sensitive diagnosis and treatment paradigm, rapid 
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vasopressor administration appears even more important as it 
impacts mortality.7–10

A growing body of evidence from predominately intensive care 
unit (ICU) and operating room (OR-)-based studies suggests that 
vasopressors can be administered through a PIV with low rates of 
extravasation or injury.20–27 These findings were recently replicated 
in ED- based studies and in a meta-analysis.28–30 However, as this 
practice remains a conditional recommendation in the recent 
2021 Surviving Sepsis Guidelines,4 there is a need for additional 
investigation regarding peripheral administration for patients in the 
ED, specifically with septic shock. Furthermore, among health centers 
that have embraced PIV vasopressor infusions, there is limited data 
on how frequently, and under what circumstances, vasopressors are 
administered initially via PIVs as compared to CVLs or indwelling 
tunneled lines existing prior to ED arrival (Prior-CVLs). The objective 
of this study was to evaluate PIV vasopressor infusion practice 
patterns, potential complications, and patient-centered outcomes 
among patients with septic shock presenting to a large urban  
single-center academic ED that had recently transitioned to 
allowing PIV vasopressor administration.

MAt e r i A l s A n d Me t H o d s
This is a single-center, retrospective, observational cohort study 
of patients presenting to an urban, academic, quaternary-care 
hospital with septic shock. Our septic shock standing order set 
includes an order for nursing to obtain PIV access in all patients 
with either an 18- or 20-gauge standard intravenous catheter being 
placed in an upper extremity. Further venous access interventions: 
non-extremity placement, ultrasound-guided access, etc. require 
discussion with the physician team. Our system order sets for 
norepinephrine and phenylephrine allow these medications to be 
administered in a critical care setting (including our ED) through 
a PIV that “flushes without difficulty”. However, system pharmacy 
guidelines have set an arbitrary administration ceiling limit of  
0.2 µg/kg/min for norepinephrine PIV infusion.

The study received approval from the Institutional Review 
Board. Patients over 18-years-old admitted via the ED with a 
diagnosis of septic shock who received a vasopressor infusion 
in the ED were included. Patients were excluded if they were 
transferred to the ED from an outside hospital (due to impact on 
the initial route of vasopressor), had a history of heart failure, or 
if the patient’s shock was not attributable to sepsis or was due 
to a mixed shock state. Patient encounters were identified using 
clinical classifications software (CCS) to try to include a near 
consecutive sample with the assumption that encounters would 
be missed if only searching for sepsis or septic shock. Selection 
of CCS codes for septicemia, pneumonia, peritonitis, intestinal 
abscess, biliary tract disease, urinary tract infections, skin and 
subcutaneous tissue infections, and meningitis were used in 
conjunction with an order in the electronic medical record for 
an infusion of norepinephrine, phenylephrine, vasopressin, 
epinephrine, or dopamine to identify patient encounters. Data 
were collected on patient demographics, vasopressor type 
and dosages, time to vasopressor initiation, site of vasopressor 
administration, presumed source, antibiotic administration, 
the total amount of intravenous fluid administered, and major 
complications of extravasation and digit ischemic events. Cases 
were grouped and then analyzed by the site of vasopressor 
initiation: ED-CVL, PIV, or Prior-CVL. The ED-CVL and PIV groups 
were compared. Data were analyzed using descriptive statistics 

as well as statistical analysis with two-tailed t-tests using SPSS. 
While our comparison focused on the PIV and CVL groups, the 
prior-CVL group was included for a complete description of the 
current state of the administration of vasopressors in this cohort.

re s u lts
A total of 136 unique patient encounters were identified, of which 
69 were included (Flowchart 1). The most common reasons for 
exclusion were a history of heart failure26 and shock due to non-
septic or mixed shock state.24 Vasopressors were initiated through 
a PIV in 49.3% of cases and through an ED-CVL in 24.6% of cases. 
Patients arrived with a usable Prior-CVL in 26.1% of cases. Two 
patients in the PIV group had interosseous devices (IO) placed 
due to difficult IV access but subsequently had vasopressors 
switched from the IO to the PIV route and were included in the  
PIV cohort.

Patient baseline characteristics are summarized in Table 1. 
Norepinephrine was the most common first-line vasopressor, 
used in 85.3% of the PIV group, 100% of the ED-CVL group, and 
89% of the Prior-CVL group. Phenylephrine and epinephrine were 
also administered through the PIV route. The time from arrival 
to vasopressor initiation was 214.8 minutes for PIVs and 294.7 
minutes for ED-CVLs with an absolute difference of 79.9 minutes 
(p = 0.24) (Table 2). The time to initiation in the Prior-CVL group 
was 181.2 minutes (much of this cohort were oncologic patients 
with an existing indwelling venous port available to access). The 
average ED length of stay was 494.3 minutes for the PIV group,  
465.9 minutes for the ED-CVL group, and 461.6 minutes for the Prior-
CVL group. The total volume of IV fluid bolus was 2891 mL for the 
PIV group and 2925 mL for the ED-CVL group (p = 0.9). Antibiotics 
were given within 6 hours to all patients in the cohort, per existing 
sepsis guidelines.

In the PIV group, vasopressors were initiated through an IV in 
the antecubital fossa (AC) or more proximal in 61.9% of patients and 
distal to the AC in 29.3% of patients, with location not specified in 
8.8% of patients. CVLs were subsequently placed in the ED in 73.5% 
of these PIV patients, with an additional 14.7% having a subsequent 
CVL placed in the ICU. No CVL was placed in 11.8% of patients in 
the PIV group, avoiding central line days altogether.

There were no reported extravasation events or digit ischemia 
in the vasopressors administered through the PIV cohort. There was 
no reported loss of PIV access or transient hypotension associated 
with the route of administration. Vasopressor days of 28-day 
survivors were 2.26 days for the PIV group and 3.14 days for the 
ED-CVL group, with an absolute difference of 0.88 days (p = 0.05). 
ICU length of stay of 28-day survivors was 4.44 days for the PIV group 

Flowchart 1: Flow diagram demonstrating included and excluded 
patients for the route of vasopressor administration in the emergency 
department cohort
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and 4.86 days for the ED-CVL group (p = 0.69). Mortality rates at  
28 days were 20.6% for PIV and 17.6% for ED-CVL (p = 0.81). The 
28-day mortality for the Prior-CVL group was 61.1%.

di s c u s s i o n
Vasopressor administration is a vital component of the management 
of septic shock, with prompt initiation associated with reduced 
mortality.5–10 While peripheral administration of vasopressors has 
become more accepted in some clinical locations, data from septic 
ED patients is limited.29 In addition, limited ED data exists on clinical 
practice patterns, safety profile, and impact on the patient flow 
when PIV vasopressor administration is employed.

In this retrospective, an observational study analyzing 
the initiation of vasopressors in a single quaternary-care ED, 
the majority of patients without a Prior-CVL presenting for 

septic shock received initial vasopressors through a PIV. This 
is an accepted practice pattern at our institution when an 
appropriate PIV has been obtained. Nursing protocols include 
instructions on checking the distal infusion limb for signs of 
ischemia. Norepinephrine comprised the majority of initial 
vasopressor use in the data cohort, which would be expected as 
norepinephrine is the first-line agent for septic shock refractory 
to fluid administration.31–34 The data also suggested a trend 
towards a decrease in time to vasopressor initiation by an average 
of 79.9 minutes in the PIV group compared to the ED-CVL group, 
though this did not reach statistical significance likely related to 
the small sample size. Future studies should look at the feasibility 
of expanding the practice of PIV vasopressor utilization across 
multiple centers.

There was no ED or ICU documentation of extravasation events 
or digit ischemia. This finding emulates that of recent studies.20–30 

Table 1: Demographics and characteristics of patients included in the cohort

PIV (n = 34) ED-CVL (n = 17) Prior-CVL (n = 18)
Age (average) 64.3 63.8 60.9
% Female 44.1% 23.5% 44.4%
Active malignancy treatment  8.8% 11.8% 72.2%
ED LOS in minutes (range) 494.3 (194–1239) 465.9 (230–1314) 461.6 (225–871)
First vasopressor used

Norepinephrine 85.3% 100.0% 89.0%
Phenylephrine  8.8%  0.0%  0.0%
Epinephrine  5.9%  0.0%  5.5%
Vasopressin  0.0%  0.0%  5.5%

>1 vasopressor in ED 32.4% 23.5% 38.9%
>2 vasopressors in ED  5.9%  0.0% 16.7%
Presumed source

Pulmonary 17.6% 17.6% 27.8%
Urinary tract 41.2% 41.2%  0.0%
Abdominal 20.5% 17.6% 22.2%
Blood 11.8%  5.9% 38.9%
CNS  3.0%  0.0%  0.0%
Soft tissue  5.9% 17.6% 11.1%

Highest ED lactate (average)   4.15   4.31   5.56
% Intubated in ED 35.3% 29.4% 16.7%
Initial vitals

Heart rate 106.9 113.5 115.1
Temperature 36.7 36.6 37
%Temperature ≥38 or <36 50.0% 35.3% 16.7%
MAP (average) 69.9 78.8 60.6
MAP (median) 63.5 64 60

Table 2: Comparison of time to vasopressor administration, amount of fluid resuscitation, mortality, and intensive care unit impact

PIV ED-CVL p-value* Prior-CVL
Time to initiation (minutes) 214.79 294.65 0.240 181.17
Total fluid bolus (mL) 2891 2925 0.906 3028
28-day mortality 20.6% 17.6% 0.803 61.1%
28-day survivors 

ICU LOS 4.44 4.86 0.687
Vasopressor days 2.26 3.14 0.050

*Two-tailed t-test
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The majority of PIVs were placed at the AC or proximal which may 
reduce extravasation risk.21 We also report no episodes of loss of 
intravenous access leading to patient hemodynamic instability, 
which is often cited as a concern when patients don’t have central 
access. It is important to note that the patient population from 
this study was obtained in a “critical care” area of the ED which 
utilizes a 2:1 or 3:1 nursing ratio. This could limit the generalization 
of findings in EDs that cannot accommodate these nursing ratios 
that facilitate more frequent line checks. Furthermore, the safety 
of this clinical practice may be improved with newer PIV insertion 
techniques favoring ultrasound guidance.

There was a reduction in vasopressor days when initiated 
peripherally (absolute difference 0.88 days, p = 0.05), likely driven 
by the 11.8% of patients who received PIV vasopressors and 
never underwent central venous catheterization. Of note, one of 
those four patients received PIV vasopressors for more than 1 day 
without any documented complication. This subset of patients 
receiving PIV vasopressors might have been less critically ill than 
the other cohorts of patients. However, any reduction in central 
line need is beneficial for patients and for potential complications 
such as central line-associated bloodstream infections. It should 
also be noted that vasopressor administration was initiated about 
an hour earlier in the PIV cohort, thought to be associated with 
potential delays originating from the time needed to complete the 
CVL procedure. Patients in the PIV vasopressor group had these 
medications infused for upwards of 8 hours without limb ischemia. 
Further studies should look at risk stratifying length of time vs 
complication risk for PIV vasopressor administration.

Interestingly, 88.2% of patients ultimately ended up with 
an invasive central line placed, either in the ED or ICU, during 
their sepsis care. This CVL placement was most likely impacted 
by an institutional arbitrary upper limit of 0.2 µg/kg/minute for 
norepinephrine PIV infusion. It is hypothesized that this also 
negatively impacted the observed ED length of stay as the majority 
of patients who received CVL catheterization underwent these 
sterile invasive procedural interventions while in the ED. We did 
not gather specific procedural times or potential impact on the 
length of stay. Further studies should look at safety profiles and 
risk stratification for PIV dosing limits and help guide medication 
administration guidelines. Without this arbitrary dosing limit, 
further central line necessity and overall days may have been 
avoided.

We did not expect to see any impact on mortality by the 
intervention of PIV vasopressor administration in this small cohort. 
However, a mortality difference was noted in the 26.1% of patients 
with a Prior-CVL used for vasopressor administration. This cohort 
had a 61.1% mortality rate, a value much higher than that of both 
the PIV and ED-CVL groups as well as the general mortality rates in 
septic shock patients.33 We suspect this is likely due to the higher 
morbidity in this patient population as patients with indwelling 
lines tend to have a significant underlying illnesses which may 
overshadow the positive effects of early vasopressor initiation. 
However, further studies may want to evaluate further sepsis care 
and treatment goals in this specific patient cohort.

li M i tAt i o n s
There are several limitations to this study. The retrospective nature 
of this study is an inherent limitation, and observational studies are 
at risk for selection and information bias. Data being from a single 
center may also limit external applicability. A small sample size may 

result in reduced rates of rare outcomes and complications. Data 
were gathered by one researcher which may add to information 
bias. Patients with heart failure or mixed shock were excluded due 
to the assumption that clinicians may treat these patients differently. 
However, excluding these patients may reduce applicability to the 
general ED population.

co n c lu s i o n
Vasopressors are being effectively initiated and administered 
through the PIV route for ED septic shock patients. Norepinephrine 
comprised the large majority of initial vasopressors used in PIVs. 
There were no documented episodes of extravasation or digit 
ischemia in the ED or ICU with initial PIV administration. The findings 
herein provide important baseline data for the clinical utility and 
safety of PIV initiation and titration of vasopressor administration 
in ED patients specifically with septic shock. Further studies should 
assess risk stratification for escalating vasopressor doses and 
length of exposure time of vasopressors through the PIV route 
with a potential goal to avoid central venous catheterization in the 
appropriate patient population.
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