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INTRODUCTION

Pulmonary embolism (PE) is a potentially life-threatening con-
dition caused by obstruction of the pulmonary arteries, with an 
overall mortality of approximately 14.7% even among patients 
receiving treatment (Fernandes et al., 2019; Konstantinides et al., 
2019). Clinical presentation varies according to clot burden and 
location, ranging from mild dyspnea to profound respiratory 
and hemodynamic compromise (Mata et al., 2020). Massive PE 

ABSTRACT

Background: Massive pulmonary embolism (PE) is characterized by sustained hy-
potension and right ventricular (RV) dysfunction, resulting in high morbidity and 
mortality. Although these patients present hemodynamically unstable, hypotension 
arises from obstructive shock rather than hypovolemia. Despite this, fluid resusci-
tation (FR) remains common in prehospital care, and its role in massive PE remains 
controversial. 

Objective: This review aimed to evaluate the efficacy of FR in adult patients with 
massive PE, with consideration of its implications for prehospital care.

Methods: A narrative literature review was conducted in April 2026 using Ovid 
MEDLINE and EMBASE (1950–April 2026). Due to the paucity of prehospital data, 
both human and animal studies examining any form of fluid therapy in massive PE 
were included. Non–peer-reviewed literature, unrelated conditions, and systematic 
reviews were excluded. Nine peer-reviewed studies met inclusion criteria.

Results: Fluid administration in massive PE was associated with worsened RV dys-
function, reduced cardiac output (CO), and increased hemodynamic instability. In 
contrast, alternative interventions, including positive inotropes and diuretic therapy 
(DT), were associated with improved RV function, stroke volume (SV), and hemody-
namic stability.

Conclusion: The available evidence, although derived largely from animal, retrospec-
tive, and hospital-based studies, suggests routine FR in hypotensive patients with 
massive PE may exacerbate RV failure and compromise CO. Prehospital management 
should therefore consider strategies that support RV function and hemodynamic 
stability. These findings support reconsideration of FR as a primary intervention in 
massive PE and highlight the need for evidence-informed prehospital guidelines.

https://creativecommons.org/licenses/by-nd/4.0/
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(MPE), defined by sustained hypotension with a systolic blood pressure < 90 mmHg 
(Banerjee & Mora, 2020; Vyas et al., 2024), carries particularly high risk, with thirty-day 
mortality reported as high as 57.1%. Sub-massive PE is associated with mortality of 
approximately 6.7%, and low-risk PE around 3.5% (Gupta et al., 2020). In severe cases, 
MPE may precipitate cardiac arrest within one to two hours of symptom onset (Mata et 
al., 2020).

In MPE, hypotension arises from obstructive shock and right ventricular (RV) failure 
rather than true intravascular volume loss (McGuire et al., 2024). Obstruction of pulmo-
nary blood flow reduces left ventricular preload and cardiac output (CO), producing 
hypotension despite normal or elevated circulating volume. Although fluid resuscitation 
(FR) is a mainstay of hypotension management in other shock states, its physiological 
rationale in MPE is uncertain. Evidence suggests FR may worsen RV dilatation, increase 
myocardial oxygen demand, and further compromise hemodynamics, with alternative 
hemodynamic strategies proving more beneficial (Belenkie et al., 1989; Mercat et al., 1999; 
Mortensen et al., 2020).

Despite evidence questioning the physiological benefit of FR in MPE, many ambulance 
services both locally (AV, 2025; QAS, 2020) and globally (BCEHS, 2026; NHS, 2025) contin-
ue to list FR as a treatment consideration for hypotensive PE in the prehospital setting. 
This persists in the face of growing literature suggesting FR may exacerbate RV failure 
and worsen outcomes, while strategies such as vasopressor support or diuretic therapy 
(DT) with volume removal may better preserve CO and hemodynamic stability (Ferrari 
et al., 2022; Ternacle et al., 2013). As paramedics are often the first clinicians to manage 
these patients, early resuscitation decisions may substantially influence hemodynamic 
trajectory and survival. This review aims to examine and synthesize the current lit-
erature on FR in adult patients with MPE, addressing the uncertainty surrounding its he-
modynamic effects and informing prehospital clinical management. It evaluates whether 
FR confers benefit or harm in this high-risk cohort and explores the role of alternative 
strategies, including DT and vasopressor support, in informing safer and more physio-
logically aligned prehospital care for patients with MPE.

METHODS

Review Approach

This study utilized a narrative literature review to synthesize existing evidence on FR in 
PE, with a particular focus on MPE. Narrative reviews aim to consolidate and interpret 
the current body of knowledge without necessarily undertaking exhaustive searching 
or formal quality appraisal (Grant & Booth, 2009). They are particularly suited to topics 
where evidence is limited, heterogeneous, or emerging, and where conceptual under-
standing is required (Snyder, 2019).

This approach was selected over more structured methodologies (e.g., systematic or scop-
ing reviews) due to the limited and varied nature of the available evidence examining FR 
in MPE, particularly in the prehospital setting. Additionally, the purpose of this review 
was to explore physiological and clinical implications of FR rather than formally evaluate 
the effectiveness of a single intervention. 
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Search Strategy

A preliminary search of the literature was conducted to refine key terms, followed by 
electronic searches of Ovid MEDLINE (1950–April 2026) and EMBASE (1966–April 2026). 
Searches combined Medical Subject Headings (MeSH) and plain-text keywords using 
Boolean operators (AND, OR), outlined in Table 1. Searches were limited to English-lan-
guage, peer-reviewed primary research, with grey literature and clinical practice guide-
lines excluded. Records from both databases were combined and de-duplicated using 
Ovid’s built-in function before title and abstract screening. Reference lists of included 
studies were also screened for additional relevant literature.

Inclusion/Exclusion Criteria

Studies were included if they were English-language, peer-reviewed primary research 
examining the hemodynamic effects of FR in PE in adult populations (≥18 years), con-
ducted in either prehospital or hospital settings. Where relevant, experimental animal 
studies were also included to provide mechanistic insight into RV hemodynamics in 
acute PE, particularly given the limited availability of prehospital human data examin-
ing FR in MPE.

Studies were excluded if they focused on unrelated therapies (e.g., thrombolysis, anti-
coagulation, or embolectomy), non-PE pathologies, or pediatric populations. Abstracts, 
review articles, clinical practice guidelines, grey literature, non-English-language publi-
cations, and non-peer-reviewed publications were also excluded.

Database Search Strategy

Ovid 
MEDLINE

(exp Emergency Medical Services/ OR Emergency Medical Technicians/ OR Emergency Respond-
ers/ OR First Aid/ OR exp Ambulances/ OR Air Ambulances/ OR Paramedics/ OR (emergency care 
OR emergency management OR emergency medical service* OR EMS OR emergency medical team* 
OR emergency medical technician* OR EMT OR EMTs OR emergency response OR first aid OR first 
responder* OR prehospital care OR pre-hospital care OR prehospital emergency medical care OR 
pre-hospital emergency medical care OR acute care OR ambulance service* OR air ambulance* OR para-
medic service* OR paramedic*).ti,ab,kf.) AND (exp Fluid Therapy/ OR (fluid* OR fluid therap* OR fluid 
resuscitat* OR volume expansion OR volume resuscitat* OR intravenous fluid therap* OR hemodynamic 
support OR haemodynamic support).ti,ab,kf.) AND (exp Pulmonary Embolism/ OR exp Thromboembo-
lism/ OR (pulmonary embol* OR PE OR pulmonary arterial embol* OR thromboembol* OR sub-massive 
pulmonary embol* OR submassive pulmonary embol* OR massive pulmonary embol*).ti,ab,kf.)

Ovid 
Embase

(exp emergency health service/ OR exp ambulance/ OR exp Air Ambulances/ OR paramedical per-
sonnel/ OR (emergency care OR emergency management OR emergency medical service* OR EMS 
OR emergency medical team* OR emergency medical technician* OR EMT OR EMTs OR emergency 
response OR first aid OR first responder* OR prehospital care OR pre-hospital care OR prehospital 
emergency medical care OR pre-hospital emergency medical care OR acute care OR ambulance service* 
OR air ambulance* OR paramedic service* OR paramedic*).ti,ab,kw.) AND (exp fluid therapy/ OR (fluid* 
OR fluid therap* OR fluid resuscitat* OR volume expansion OR volume resuscitat* OR intravenous 
fluid therap* OR hemodynamic support OR haemodynamic support).ti,ab,kw.) AND (exp pulmonary 
embolism/ OR exp thromboembolism/ OR (pulmonary embol* OR PE OR pulmonary arterial embol* 
OR thromboembol* OR sub-massive pulmonary embol* OR submassive pulmonary embol* OR massive 
pulmonary embol*).ti,ab,kw.)

Table 1. Database search strategies.
Limits: Publication years 1950 to April 2026. 
Abbreviations: EMS: emergency medical services; EMT: emergency medical technician; PE: pulmonary embolism.
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Extraction

Elements of the PRISMA framework were used to guide reporting of the search and 
screening process (Moher et al., 2009). Figure 1 outlines the number of records identified, 
screened, excluded, and included in the final synthesis.

Two reviewers (EK, JM) independently screened titles and abstracts for relevance, fol-
lowed by full-text assessment against the inclusion and exclusion criteria. Any differ-
ences in study selection were resolved through discussion, with a third reviewer (JV) 
providing final oversight where required. Following selection, included studies were an-
alyzed to extract key findings relating to hemodynamic outcomes and treatment effects.

As this review was narrative in design, formal critical appraisal tools (e.g., CASP, JBI) 
were not applied. However, study relevance and methodological quality were considered 
during the screening process.

RESULTS

The database search identified 542 records across Ovid MEDLINE and EMBASE. Follow-
ing removal of duplicates and screening of titles and abstracts, 41 full-text articles were 
assessed for eligibility. Of these, 32 studies were excluded based on predefined criteria, 
resulting in nine studies included in the final synthesis. The study selection process is 
illustrated in Figure 1. A summary of included studies is presented in Table 2, and ex-
cluded studies are outlined in Table 3. 

Study Characteristics

The nine included studies comprised a mix of experimental (animal) and clinical 
(human) designs. Four studies utilized animal models (canine and porcine) to investigate 
hemodynamic responses to acute PE, while five studies involved human populations, 
including prospective, retrospective, and randomized controlled trials (Belenkie et al., 
1989; Ferrari et al., 2022; Ghignone et al., 1984; Mercat et al., 1999; Molloy et al., 1984; 
Mortensen et al., 2020; Nguyen et al., 2021; Schouver et al., 2017; Ternacle et al., 2013). 
Sample sizes ranged from 8 to 122 participants, with animal studies generally involving 
smaller cohorts (Belenkie et al., 1989; Ghignone et al., 1984; Molloy et al., 1984; Mortensen 
et al., 2020). Human studies primarily focused on patients with massive or sub-massive 
PE, with several comparing FR to alternative management strategies, including DT and 
vasopressor support (Ferrari et al., 2022; Mercat et al., 1999; Nguyen et al., 2021; Schouver 
et al., 2017; Ternacle et al., 2013). 

Interventions varied across studies, including isolated FR, comparisons between FR and 
DT, and comparisons between FR and vasoactive agents such as noradrenaline. Out-
comes assessed included hemodynamic parameters, RV function, biomarker changes, 
and adverse clinical events. Animal studies primarily informed physiological mecha-
nisms, while human studies contributed to clinical and outcome-based findings.

Hemodynamic Effects of Fluid Resuscitation

Across both experimental (animal) and clinical (human) studies, FR was consistently 
associated with increased RV preload, filling pressures, and overall hemodynamic bur-
den (Belenkie et al., 1989; Ghignone et al., 1984; Molloy et al., 1984; Mortensen et al., 2020). 



290International Journal of Paramedicine – Number 16, October-December, 2026International Journal of Paramedicine – Number 16, October-December, 2026

Kalkidis, et al.: Rethinking Prehospital Fluid Resuscitation for Massive Pulmonary EmbolismKalkidis, et al.: Rethinking Prehospital Fluid Resuscitation for Massive Pulmonary Embolism

In animal models, FR increased left ventricular (LV) filling prior to embolization; howev-
er, following repeated embolic events, reductions in LV stroke work and cardiac output 
were observed (Belenkie et al., 1989).

In human studies, FR resulted in increases in right atrial pressure and RV end-diastolic 
volume, with only transient improvements in cardiac output reported (Mercat et al., 
1999). These findings indicate that while FR may initially augment preload, this effect is 
not sustained in the setting of PE.

Figure 1. PRISMA flow diagram of retrieved included and excluded studies.
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Author 
(Year)

Population 
[Sample 
Size]

Study 
Design / 

Intervention
Key Findings Limitations

Belenkie et 
al. (1989)

Animal 
(canine)
[n = 10]

Experimental 
FR (200–600 
mL Ringer’s 
lactate–blood 
mixture)

FR increased LV stroke work prior to em-
bolization (188 to 260 mm Hg × mm²; p < 
0.05). Following embolization, FR resulted 
in reduced LV area index and stroke work 
(133 to 45 mm Hg × mm²; p < 0.001), with 
septal shift consistent with RV dilatation 
and impaired LV filling.

The use of an animal model 
limits applicability to human 
physiology. Experimental 
conditions involving anesthesia 
and mechanical ventilation 
may have influenced hemo-
dynamic responses. The study 
reflects acute changes only, and 
the fluid type is not standard 
in clinical practice.

Ferrari et 
al. (2022)

Human
[n = 60]

Randomized 
controlled 
trial 
DT versus FR

FR was associated with slower normal-
ization of BNP compared to DT (108 vs 
56 hours; p = 0.05). DT resulted in faster 
biomarker reduction and greater early im-
provement (42% vs 12%; p < 0.001), with 
no deterioration in RV function.

Outcomes were primarily 
based on biomarkers rather 
than clinical endpoints. 
Potential allocation bias and 
patient heterogeneity may have 
influenced results.

Ghignone 
et al. (1984)

Animal 
(canine)
[n = 8]

Experimental 
Dextran FR 
versus nor-
adrenaline

FR increased SV and BP prior to embo-
lization but resulted in reduced SV (9.1 
to 6.3 mL; p < 0.01), decreased BP (97 to 
65 mmHg; p < 0.05), and increased RV 
filling pressures following embolization, 
consistent with RV failure. Noradrenaline 
improved SV (6.2 to 11.3 mL; p < 0.01) and 
reduced filling pressures.

The small sample size increases 
the risk of statistical variability. 
The animal model and induced 
embolization may not accurate-
ly reflect human PE. Anesthe-
sia and controlled ventilation 
may have influenced cardio-
vascular responses.

Ghignone 
et al. (1984)

Animal 
(canine)

Experimental 
Dextran FR 
versus nor-
adrenaline

FR increased SV and BP prior to embo-
lization but resulted in reduced SV (9.1 
to 6.3 mL; p < 0.01), decreased BP (97 to 
65 mmHg; p < 0.05), and increased RV 
filling pressures following embolization, 
consistent with RV failure. Noradrenaline 
improved SV (6.2 to 11.3 mL; p < 0.01) and 
reduced filling pressures.

The small sample size increases 
the risk of statistical variability. 
The animal model and induced 
embolization may not accurate-
ly reflect human PE. Anesthe-
sia and controlled ventilation 
may have influenced cardio-
vascular responses.

Mercat et 
al. (1999)

Human
[n = 13]

Prospective 
observational
FR (500 mL 
dextran)

FR increased right atrial pressure (9 to 17 
mmHg) and RV end-diastolic volume (123 
to 150 mL/m²; p < 0.05). Cardiac index 
increased transiently (1.6 to 2.0 L/min/m²; 
p < 0.05), with no sustained improvement 
in RV function or pulmonary vascular 
resistance.

The small sample size and 
absence of a control group limit 
interpretation. Only a single 
FR bolus was assessed, and the 
fluid type used is not standard 
in current clinical practice.

Molloy et 
al. (1984)

Animal 
(canine)
[n = 24]

Randomized 
controlled 
trial
Control, FR 
(dextran), 
isoproterenol, 
noradrenaline

FR did not improve hemodynamic stabil-
ity or survival. Noradrenaline improved 
BP and RV perfusion, with all animals 
in the noradrenaline group surviving 
compared to no survivors in the FR and 
control groups (p < 0.01).

The use of an animal model 
limits generalizability to 
human patients. Variability 
in animal size and experi-
mental conditions may have 
influenced hemodynamic 
responses.

Mortensen 
et al. (2020)

Animal 
(porcine)
[n = 22]

Randomized 
controlled 
trial
FR versus DT 
versus control

FR increased RV end-diastolic volume (31 
mL; p = 0.004), CO (approximately 2 L; p = 
0.002), and RV ejection fraction (p = 0.032). 
DT reduced RV preload and pulmonary 
pressures and increased RV contractility 
despite reduced filling volumes.

The use of a porcine model 
limits translation to human 
physiology. Experimental con-
ditions may not reflect clinical 
practice, and findings may not 
be directly applicable to patient 
care.

Table 2. Summary of included studies.
Note: Abbreviations: BNP: B-type natriuretic peptide; BP: blood pressure; CO: cardiac output; DT: diuretic therapy; LV: left 
ventricle; LVEDV: left ventricular end diastolic volume; MAP: mean arterial pressure; PAP: pulmonary artery pressure; 
PVR: pulmonary vascular resistance; RV: right ventricle; RVEDP: right ventricular end-diastolic pressure; RVEDV: right 
ventricular end-diastolic volume; RVD: right ventricular dysfunction; RVEF: right ventricular ejection fraction; RVSP: right 
ventricular systolic pressure; sPESI: simplified pulmonary embolism severity index; SV: stroke volume; SVR: systemic vascular 
resistance; TnI: troponin I; VE: volume expansion. 

Levels of evidence are consistent with the National Health and Medical Research Council (NHMRC) guidelines (NHMRC, 
2009).
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Author 
(Year)

Population 
[Sample 
Size]

Study 
Design / 

Intervention
Key Findings Limitations

Nguyen et 
al. (2021)

Human
[n = 122]

Retrospective
FR

Increasing FR volume was associated 
with a higher likelihood of adverse 
events, with an odds ratio of 2.1 per liter 
(95% CI 1.4–3.2). Overall, 41% of patients 
experienced complications, suggesting a 
dose–response relationship.

The retrospective design 
introduces potential bias and 
confounding. The absence of 
control group limits compari-
son, and patient heterogeneity 
may have influenced outcomes.

Schouver 
et al. (2017)

Human
[n = 46]

Prospective
DT versus FR

FR was associated with slower biomarker 
normalization. DT resulted in faster nor-
malization of BNP and troponin (67.5 vs 
111.6 hours; p = 0.006) and improvements 
in HR and RV function. No significant 
difference in major clinical outcomes was 
observed at short-term follow-up.

The small sample size and 
non-randomized design 
limit generalizability. Short 
follow-up duration restricts 
assessment of longer-term 
outcomes.

Ternacle et 
al. (2013)

Human
[n = 70]

Retrospective
DT versus FR

FR was associated with less favorable 
hemodynamic profiles. DT improved SBP, 
reduced shock index, improved renal 
function, and reduced oxygen require-
ments compared to FR.

The retrospective design 
introduces potential bias and 
confounding. Baseline differ-
ences between groups may 
have influenced outcomes.

Table 2 (continued). Summary of included studies.

Source Reason for Exclusion
Aggarwal (2017) Review article; did not specifically address fluid resuscitation in PE.
Banerjee and Mora (2020) Review article; provided clinical overview without primary data on fluid therapy.

Becattini et al. (2016) Systematic review; focused on mortality risk associated with DVT rather than fluid 
therapy.

Belenkie et al. (1988) Experimental study; examined baseline cardiac function without evaluating fluid resusci-
tation effects.

Belohlávek et al. (2013) Review article; discussed volume expansion broadly without PE-specific fluid therapy 
data.

Chatterjee et al. (2014) Meta-analysis; focused on thrombolytic therapy rather than fluid management.
Chopard et al. (2022) Review article; general overview of PE without specific analysis of fluid therapy.
Cruz et al. (2023) Literature review; focused on interventional and surgical PE management strategies.

Dal et al. (2024) Review article; discussed general treatment approaches without specific fluid therapy 
data.

Dudzinski et al. (2017) Review article; focused on interventional therapies, not fluid resuscitation.
Febra et al. (2024) Review article; focused on diuretic therapy without comparison to fluid resuscitation.
Fernandes et al. (2019) Review article; general overview without primary data on fluid therapy.
Gallet (2015) Protocol paper; described study design without reported results.

Group (2016) Observational study; focused on post-resuscitation outcomes in cardiac arrest rather than 
fluid therapy in PE.

Harvey et al. (2022) Systematic review; examined catheter-directed therapies, not fluid management.
Hao et al. (2015) Systematic review; focused on thrombolysis rather than fluid therapy.
Hussain et al. (2024) Review article; focused on RV function without fluid therapy data.
Jaff et al. (2011) Guideline document; provided management recommendations without primary data.
Kasper et al. (1997) Cohort study; focused on thrombolysis and diagnostics rather than fluid therapy.
Konstantinides et al. 
(2019) Guideline document; provided recommendations without primary research data.

Martinez Licha et al. 
(2020) Systematic review; focused on interventional and surgical management strategies.

Meyer et al. (2016) Narrative review; discussed volume loading without primary experimental data.
Moorjani and Price (2013) Review article; focused on endovascular and interventional management.
Pérez-Nieto et al. (2023) Review article; discussed fluid management conceptually without primary data.

QiMin et al. (2020) Retrospective study; focused on anticoagulation and interventional therapies rather than 
fluid resuscitation.

Table 3. Summary of excluded studies.
Abbreviations: AIS: Acute Ischemic Stroke; COVID-19: Coronavirus Disease 2019; DVT: Deep Vein Thrombosis; LV: Left 
Ventricular; PE: Pulmonary Embolism; PERT: Pulmonary Embolism Response Team; RV: Right Ventricular.
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Right Ventricular Dysfunction and Cardiac Output

Several studies demonstrated that FR contributed to worsening RV dysfunction in the 
setting of increased afterload (Belenkie et al., 1989; Ghignone et al., 1984; Mortensen et al., 
2020). Experimental models showed that increased RV distension following FR resulted 
in interventricular septal shift toward the LV, impairing LV filling and reducing overall 
cardiac output (Belenkie et al., 1989).

In comparative studies, FR was associated with declining stroke volume (SV) and systol-
ic blood pressure (SBP) following embolization, whereas vasopressor support improved 
CO and systemic perfusion (Ghignone et al., 1984; Molloy et al., 1984). Clinical data fur-
ther demonstrated increasing volumes of FR were associated with hemodynamic deteri-
oration, with a dose-dependent relationship observed between fluid administration and 
adverse outcomes (Nguyen et al., 2021). 

Clinical Outcomes and Adverse Events

Clinical studies examining patient outcomes demonstrated limited benefits of FR. In ret-
rospective cohorts, increasing fluid volumes were associated with higher rates of adverse 
events, including hemodynamic instability (Nguyen et al., 2021).

In contrast, studies comparing FR to DT reported improved biomarker profiles and 
hemodynamic parameters in patients receiving DT (Ferrari et al., 2022; Schouver et al., 
2017; Ternacle et al., 2013). Faster normalization of biomarkers such as B-type natriuretic 
peptide (BNP) and improvements in heart rate and SBP were observed in DT groups, 
although differences in major clinical outcomes were not consistently demonstrated.

Alternative Management Strategies

Alternative strategies, including DT and vasopressor therapy, were evaluated across sev-
eral studies. DT was associated with reductions in RV preload, improved hemodynamic 
parameters, and enhanced renal function (Ferrari et al., 2022; Mortensen et al., 2020; 
Schouver et al., 2017; Ternacle et al., 2013). 

Vasopressor therapy, particularly noradrenaline, in experimental models improved SBP, 
RV perfusion, and overall CO (Ghignone et al., 1984; Molloy et al., 1984). Improved sur-
vival was observed in vasopressor-treated groups compared to those receiving FR (Mol-
loy et al., 1984). 

Source Reason for Exclusion
Rali and Criner (2018) Review article; focused on sub-massive PE management without fluid therapy analysis.
Root et al. (2018) Review article; focused on multidisciplinary PE response teams (PERT).
Sakr et al. (2020) Narrative review; focused on anticoagulation in COVID-19-related PE.
Silveira et al. (2024) Case report; single patient study not generalizable.
Tapson and Weinberg 
(2020) Review article; guideline-based discussion without primary data.

Vyas et al. (2024) Review article; provided general recommendations without experimental data.

Yamamoto (2018) Narrative review; discussed management strategies without primary data on fluid 
therapy.

Table 3 (continued). Summary of excluded studies.
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DISCUSSION 

This review examined the role of FR in the management of MPE, with a focus on its 
hemodynamic effects and implications for prehospital care. Across the limited available 
evidence, FR was associated with increased RV preload but little sustained hemodynam-
ic benefit (Belenkie et al., 1989; Mercat et al., 1999; Mortensen et al., 2020). While transient 
improvements in CO have been reported, these effects were not consistently sustained 
and occurred alongside evidence of RV dysfunction and dilatation (Mercat et al., 1999; 
Nguyen et al., 2021). Observational data also suggest an association between increasing 
fluid volumes and adverse clinical outcomes (Nguyen et al., 2021). However, these find-
ings should be interpreted cautiously. The evidence base is small and heterogeneous, 
comprising experimental animal models and observational human studies, with some 
clinical evidence derived from patients with intermediate risk rather than massive PE. 
No included studies specifically examined FR in the prehospital setting.

An understanding of the underlying pathophysiology provides a plausible explana-
tion for these findings. In MPE, hypotension primarily results from acute RV pressure 
overload caused by obstruction of the pulmonary vasculature rather than intravascular 
volume depletion (Konstantinides et al., 2019; McGuire et al., 2024). This increases RV 
afterload, resulting in progressive RV dilatation and interventricular septal shift, which 
may impair left ventricular (LV) filling and reduce CO (Bryce et al., 2019). Under normal 
physiological conditions, increased preload augments SV through the Frank–Starling 
mechanism. In MPE, however, the pressure-overloaded RV may have limited capacity to 
accommodate additional volume. Further volume expansion may therefore exacerbate 
RV dilatation and ventricular interdependence without meaningfully improving forward 
flow (Belenkie et al., 1989; Ghignone et al., 1984). This provides a physiological rationale 
for why responses to FR in MPE may differ from those observed in hypovolemic shock.

The limited clinical evidence is broadly consistent with this physiological rationale. 
Although FR may produce short-term increases in CO, available studies have not demon-
strated sustained hemodynamic or clinical benefit (Mercat et al., 1999). Increasing fluid 
volumes have also been associated with worsening hemodynamic profiles and markers 
of RV dysfunction (Nguyen et al., 2021). These associations do not establish causation, 
and the limited observational evidence precludes firm conclusions regarding optimal 
fluid volumes in MPE. Nevertheless, the findings raise concern that indiscriminate vol-
ume loading may be poorly suited to a condition characterized predominantly by acute 
RV pressure overload rather than volume depletion.

Limited evidence has also explored hemodynamic strategies other than volume expan-
sion. Studies examining DT have reported reductions in RV preload and improvements 
in selected hemodynamic and biomarker parameters (Ferrari et al., 2022; Mortensen et 
al., 2020; Schouver et al., 2017; Ternacle et al., 2013). However, these findings should not 
be interpreted as supporting routine diuretic therapy in MPE, particularly in the pre-
hospital setting. The available studies are limited by their design, setting and patient 
populations, and the safety and clinical benefits of prehospital DT remain uncertain. 
Rather, these findings reinforce the potential importance of avoiding unnecessary vol-
ume loading and highlight the need for further investigation of strategies that target RV 
dysfunction and systemic perfusion.
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Vasopressor therapy, particularly noradrenaline, has demonstrated improvements in 
SBP and CO in experimental models without increasing venous return or RV wall stress 
(Ghignone et al., 1984; Molloy et al., 1984). Physiologically, maintaining systemic and 
coronary perfusion pressure may support RV function in the presence of increased 
pulmonary vascular resistance (McGuire et al., 2024). However, much of this evidence 
is experimental, and its direct applicability to prehospital patients with MPE remains 
uncertain. Further clinical research is required before comparative conclusions can be 
drawn regarding vasoactive therapy and FR in this population.

These findings have important implications for prehospital care but should be interpret-
ed within the limitations of the available evidence. Paramedics frequently encounter hy-
potension, for which FR may be considered as an initial intervention. In suspected MPE, 
however, hypotension may reflect acute RV pressure overload rather than intravascular 
volume depletion. The available evidence therefore supports caution against indiscrimi-
nate or unnecessary volume loading rather than establishing the superiority of an alter-
native treatment strategy. Current evidence is insufficient to support routine prehospital 
diuretic therapy, and further research is required to determine optimal fluid strategies 
and evaluate alternative hemodynamic approaches, including vasoactive medications, in 
patients with MPE.

LIMITATIONS 

Several limitations should be considered when interpreting the findings of this review. 
First, a substantial proportion of included studies utilized animal models. While these 
designs allow controlled hemodynamic experimentation, they may not fully replicate 
human cardiopulmonary physiology. Experimental conditions frequently involved anes-
thesia or mechanical ventilation, both of which may influence hemodynamic responses 
and limit translation to clinical practice.

Second, many studies were limited by small sample sizes, absence of control groups, 
and reliance on surrogate biochemical markers rather than patient-centered clinical 
outcomes. These factors reduce statistical power and limit generalizability. Variability in 
fluid type (e.g., Ringer’s lactate, Dextran 6%) and administration protocols further re-
duced comparability across studies.

Third, several included studies were retrospective in design, introducing potential 
selection bias and confounding. Follow-up durations were often short, preventing assess-
ment of longer-term outcomes. Notably, there is a lack of prehospital-specific research, 
resulting in a significant evidence gap in the paramedic management of PE-associated 
hypotension.

Future research should focus on prospective clinical studies evaluating hemodynamic 
management strategies in patients with MPE, particularly in prehospital settings. Studies 
examining patient-centered outcomes, standardized fluid protocols, and early vasoactive 
strategies would strengthen the evidence base and better inform clinical practice.

CONCLUSION

This narrative review examined the role of FR in the management of MPE, with a focus 
on its hemodynamic effects in the acute setting. The available evidence demonstrates 
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that FR is associated with worsening RV dysfunction and dilatation, reduced CO, and 
hemodynamic instability. These findings are consistent with the pathophysiology of 
MPE, where acute increases in RV afterload impair ventricular filling and limit effective 
CO. Observational human data also suggests that increasing fluid volumes are associ-
ated with adverse clinical outcomes. While the evidence for hemodynamic compromise 
is more consistent than that for clinical endpoints, no included study demonstrated a 
sustained clinical benefit from FR.

In contrast, strategies targeting RV function and systemic perfusion, including vaso-
pressor therapy and DT, were associated with improved hemodynamic parameters. 
Although much of the evidence is derived from limited experimental, animal, and 
in-hospital settings, the findings suggest relevance to prehospital management. The 
available evidence supports a more targeted approach to hemodynamic management in 
MPE, prioritizing strategies that address RV failure rather than routine volume expan-
sion. Further research is required to determine the optimal hemodynamic management 
of PE in the prehospital setting and inform the development of evidence-based clinical 
guidelines, with potential for changes to future clinical practice.
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