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Abstract  The aim of the study was to conduct a systematic analysis of current data on the efficiency of various infusion 

therapy strategies in adult patients with sepsis, septic shock, and sepsis-associated acute respiratory distress syndrome 

focusing on the role of ultrasound evaluation of fluid status and tolerance to fluid loading. Background. Sepsis remains one 

of the leading causes of mortality in intensive care units and is still associated with a high risk of multiple organ failure and 

unfavorable outcomes. Acute respiratory distress syndrome plays a significant role among the complications of sepsis; its 

development is associated with systemic inflammation, endothelial dysfunction, impaired microcirculation, and increased 

permeability of the alveolar-capillary membrane. Materials and Methods. This study was performed in the form of a 

systematic literature review. A search for publications was conducted in PubMed/MEDLINE, Scopus, Web of Science, 

Google Scholar, and eLibrary for the period from 2015 to 2025, along with the inclusion of selected earlier studies still 

relevant from a methodological and clinical standpoint. Results. The CLASSIC study showed that a restrictive strategy after 

initial resuscitation did not reduce 90-day mortality compared with the standard approach, but resulted to a reduction of 

cumulative fluid balance. Similarly, in the CLOVERS study, an early, more restrictive strategy with a faster transition to 

vasopressor support did not provide any benefits in terms of primary clinical outcomes. Currently, the concept of “fluid 

tolerance”—a patient’s ability to tolerate an additional fluid load without compromising the function of the lungs, heart, and 

other organs—is becoming increasingly important. Conclusion. Current evidence does not confirm the benefits of a universal 

fluid resuscitation strategy for sepsis and sepsis-associated acute respiratory distress syndrome. Ultrasound monitoring     

is particularly important in patients at high risk for pulmonary overload, especially those with acute respiratory distress 

syndrome. 
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1. Introduction 

Sepsis remains one of the leading causes of mortality in 

intensive care units and is still associated with a high risk of 

multiple organ failure and unfavorable outcomes [1-7,8-10]. 

Acute respiratory distress syndrome plays a significant role 

among the complications of sepsis; its development is 

associated with systemic inflammation, endothelial dysfunction, 

impaired microcirculation, and increased permeability of  

the alveolar-capillary membrane [8,11-12]. Against this 

backdrop, infusion therapy takes on a dual significance: on 

the one hand, it is necessary to correct hypovolemia and 

maintain tissue perfusion; on the other hand, it can increase 

extravascular fluid accumulation in the lungs and exacerbate 

respiratory failure [5-6,13-18]. 

The concept of early aggressive fluid resuscitation long 

dominated in clinical practice; however, the results of  

 

Received: Sep. 19; Accepted: Oct. 12, 2026; Published: Oct. 16, 2026 

Published online at http://journal.sapub.org/rct 

 
 

large-scale studies and updated clinical guidelines led to a 

reevaluation of this paradigm [1-4,19-21]. Today, the 

concepts of tolerance to fluid infusion and the need to 

evaluate not only a patient’s fluid requirements but also the 

risk of hyperhydration becomes increasingly important 

[8,22-23]. 

Ultrasound methods for bedside monitoring are of 

particular interest in this context, especially the assessment 

of the inferior vena cava and ultrasound examination of the 

lungs. Their use allows to assess volume status, the 

likelihood of a hemodynamic response to infusion, and signs 

of increasing right-sided congestive heart failure in real time 

[10-16]. 

The aim of the study was to conduct a systematic analysis 

of current data on the efficiency of various infusion therapy 

strategies in adult patients with sepsis, septic shock, and 

sepsis-associated acute respiratory distress syndrome 

focusing on the role of ultrasound evaluation of fluid status 

and tolerance to fluid loading. 
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2. Materials and Methods  

This study was performed in the form of a systematic 

literature review. A search for publications was conducted  

in PubMed/MEDLINE, Scopus, Web of Science, Google 

Scholar, and eLibrary for the period from 2015 to 2025, 

along with the inclusion of selected earlier studies still 

relevant from a methodological and clinical standpoint.  

The search strategy included combinations of the keywords 

“sepsis,” “septic shock,” “acute respiratory distress syndrome,” 

“fluid therapy,” “lung ultrasound,” “inferior vena cava,” 

“FALLS protocol,” and “volume status”. 

The review included randomized clinical trials, cohort 

studies, systematic reviews, meta-analyses, and clinical 

guidelines focusing on adult patients with sepsis, septic 

shock, and/or acute respiratory distress syndrome. The   

data on infusion therapy strategies, monitoring methods, 

hemodynamic and respiratory parameters, and clinical 

outcomes were analyzed.  

The inclusion criteria were as follows:  

adult patients over 18 years of age; 

sepsis, septic shock, and/or sepsis-associated acute 

respiratory distress syndrome;  

publications devoted to liberal, restrictive, or individualized 

infusion therapy; 

studies evaluating ultrasound-based methods for monitoring 

volume status and infusion tolerance.  

The review did not include experimental animal studies, 

abstracts without full-text versions, isolated clinical observations, 

publications on pediatric patients, or studies not directly 

related to the purpose of the review. 

3. Results and Discussion 

Current concepts of infusion therapy strategy  

Infusion therapy remains an essential component of sepsis 

treatment, especially in the early stages, when hypovolemia 

and vasodilation lead to a decrease in efficient organ 

perfusion. However, current literature does not provide 

evidence supporting the benefits of a fixed, universal fluid 

volume for all patients [1-4]. 

The CLASSIC study showed that a restrictive strategy 

after initial resuscitation did not reduce 90-day mortality 

compared with the standard approach, but resulted to a 

reduction of cumulative fluid balance [1]. Similarly, in the 

CLOVERS study, an early, more restrictive strategy with a 

faster transition to vasopressor support did not provide any 

benefits in terms of primary clinical outcomes [2]. These 

data indicate that contrasting liberal and restrictive strategies 

in isolation from the clinical context is an oversimplification. 

Currently, the concept of “fluid tolerance”—a patient’s 

ability to tolerate an additional fluid load without 

compromising the function of the lungs, heart, and other 

organs—is becoming increasingly important [8,22]. In this 

regard, in cases of sepsis, it is important not only to 

determine whether the patient is able to increase cardiac 

output in response to fluid administration, but also to evaluate 

whether this infusion will be accompanied by clinically 

significant fluid overload. 

Fluid therapy for sepsis-associated acute respiratory distress 

syndrome 

Infusion therapy requires a particularly cautious approach 

in patients with acute respiratory distress syndrome. Excessive 

fluid administration promotes an increase of extracellular 

fluid in the lungs, impaired oxygenation, decreased lung 

compliance and prolonged mechanical ventilation [5-7].   

A positive cumulative water balance is considered an 

independent adverse factor in this type of patients [6-7]. 

The Surviving Sepsis Campaign guidelines continue to 

emphasize the early administration of crystalloids in septic 

shock, but stress the need for subsequent reassessment of the 

response to treatment [4]. More recent guidelines from the 

European Society of Intensive Care Medicine propose a 

more flexible approach, emphasizing the need to tailor the 

volume of infusion to the clinical situation and the patient's 

condition [3,22]. 

Thus, the key challenge in patients with sepsis and acute 

respiratory distress syndrome is not simply to correct volume 

depletion, but to maintain a balance between ensuring 

perfusion and preventing iatrogenic hyperhydration. 

Limitations of volemic status traditional indicators 

Traditional parameters, such as central venous pressure, 

blood pressure and diuresis are widely used in intensive care 

units; however, their abilities to predict the response to 

infusions are limited [8-10]. Static preload parameters do not 

accurately reflect actual fluid sensitivity, particularly in 

patients undergoing mechanical ventilation, as well as in cases 

of vasoplegia and marked disturbances of vascular tone. 

For this reason, modern intensive care focuses on dynamic 

and multiparametric methods of evaluating the patient’s 

condition, which allow to interpret infusion therapy not as a 

standard procedure, but as a personalized intervention [8,22]. 

Ultrasound evaluation of the inferior vena cava 

Ultrasound examination of the inferior vena cava is an 

accessible and noninvasive method for a preliminary 

evaluation of venous return and the potential response to an 

infusion load [10-11]. However, the diagnostic value of this 

method depends on a number of factors, including spontaneous 

breathing or mechanical ventilation, intra-abdominal pressure, 

right ventricular function and the severity of vasoplegia. 

According to published data, indices of inferior vena cava 

collapsibility or distensibility have only moderate prognostic 

accuracy and should not be used in isolation [10-11]. Their 

clinical utility increases through integration with the patient's 

overall clinical picture and other monitoring methods, 

particularly ultrasound evaluation of the lungs. 

Ultrasound examination of the lungs and evaluation of 

infusion tolerance 

Ultrasound examination of the lungs has become an 

important part of bedside diagnosis in patients in critical 

condition in recent years. The method demonstrates high 
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sensitivity in detecting interstitial syndrome, alveolar edema, 

and reduced lung aeration, and surpasses standard chest 

radiography in a number of parameters [12-14]. 

The Lung Ultrasound Score scale allows to quantitatively 

evaluate the severity of lung injury and monitor changes 

during the course of treatment [13-14]. An increase in the 

number of B-lines and a rise in the total score on the scale are 

considered signs of impaired lung aeration and an increased 

risk of fluid overload. It is particularly important that this 

method allows to evaluate not only the presence of pulmonary 

involvement, but also the pulmonary circulation's tolerance 

of infusion therapy. 

It should be emphasized that B-lines are not a strictly 

specific marker of hydrostatic edema. They may be observed 

in cases of pneumonia, interstitial lung diseases and acute 

respiratory distress syndrome. Therefore, the results of a 

lung ultrasound examination should be interpreted in light of 

the clinical context, the distribution of the findings and data 

from other diagnostic methods [12,15]. 

The FALLS protocol as a tool of individualization of 

infusion therapy 

The "Fluid Administration Limited by Lung Sonography" 

protocol is an ultrasound-guided algorithm that allows to 

evaluate simultaneously the hemodynamic fluid requirements 

and the monitoring of the risk of pulmonary fluid overload 

[15-16]. Its logic is based on the step-by-step elimination  

of alternative causes of shock and a subsequent evaluation  

of the feasibility of continuing the infusion until signs of 

interstitial overload appear. 

The practical value of the protocol lies in the fact that    

it allows to focus not on a fixed volume of fluid, but on    

the individual tolerance limit for the infusion load. It is 

particularly relevant in cases of septic shock, when clinicians 

must constantly balance between correcting hypovolemia 

and the risk of impaired respiratory function [15]. 

At the same time, it should be noted that the evidence 

supporting the use of the FALLS protocol for sepsis and 

sepsis-associated acute respiratory distress syndrome remains 

limited. The available data suggest that this approach is 

promising and clinically reasonable, but its impact on severe 

outcomes requires further investigation in high-quality 

prospective studies [16]. 

4. Conclusions 

Current data do not provide evidence of the benefits of a 

universal fluid resuscitation strategy for sepsis and sepsis- 

associated acute respiratory distress syndrome. Neither a 

liberal nor a strictly restrictive approach can be considered 

optimal outside of a clinical context. A personalized approach, 

based on a dynamic evaluation of the hemodynamic response 

and tolerance to the infusion load, appears to be the most 

reasonable strategy. 

Ultrasound monitoring is particularly important in patients 

at high risk of pulmonary overloading, especially those with 

acute respiratory distress syndrome. Evaluation of the inferior 

vena cava may be useful for a preliminary assessment of the 

response to infusion therapy, whereas lung ultrasound allows 

to detect signs of interstitial syndrome timely and to monitor 

the safety of the therapy. 

The FALLS protocol should be viewed as a promising 

practical tool of personalized infusion therapy. Its use may 

facilitate more balanced clinical decision-making; however, 

further research is needed to definitively evaluate its impact 

on outcomes. 
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