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Abstract

There are several clinical practice guidelines concerning the use of fluid and vasoactive drug 

therapies in critically ill adult patients, but the recommendations in these guidelines are often 

based on low-quality evidence. Further, some were compiled prior to the publication of landmark 

clinical trials, particularly in the comparison of balanced crystalloid and normal saline. An 

important consideration in the treatment of critically ill patients is the application of precision 

medicine to provide the most effective care to groups of patients most likely to benefit from the 

therapy. While not currently widely integrated into these practice guidelines, this is a recognized 

research priority for fluid and vasoactive therapy management. The purpose of this narrative 

review is to illustrate the evaluation of and challenges with precision fluid and vasoactive 

therapies in adult critically ill patients. The paper includes a discussion of important investigations 

published after the release of currently available clinical practice guidelines to provide insight into 

how recommendations and research priorities may change future guidelines and bedside care.
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Introduction

Fluid and vasoactive drug therapies are integral components of supportive care provided to 

critically ill patients, but the current evidence base is insufficient to develop sophisticated 

clinical algorithms that would provide for a truly personalized approach to their use that 

considers genotypic and phenotypic characteristics (i.e., precision medicine). Bringing a 

personalized/precision medicine approach to the bedside treatment of patients with septic 

shock is complex, with several research design changes necessary to realize the enticing 

potential of the approach.1 For example, most clinical trials of therapies for patients with 
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septic shock have not leveraged adaptive designs with predictive and prognostic enrichment 

strategies.2 Further, trials published to date have not adequately evaluated hemodynamic 

phenotyping, a strategy that employs several elements of a personalized/precision fluid 

and vasoactive drug therapy approach. The concept of hemodynamic phenotyping, which 

involves an algorithmic sequence of assessments to determine therapeutic management, has 

been employed at the bedside for a number of years due to its physiologic rationale despite a 

lack of strong evidence supporting its use.

The purpose of this narrative review is to provide insight into the evaluation and challenges 

of providing precision fluid and vasoactive therapies to adult critically ill patients. This 

paper discusses choice of fluid or vasoactive agent, initiation, titration, and de-escalation 

during the stabilization and deresuscitation phases of circulatory shock. All of these 

topics are research priorities for fluid resuscitation and vasopressor therapies according 

to the Surviving Sepsis Campaign Research Committee, including further exploring how 

targeted/personalized/precision medicine approaches can be applied.3, 4 When available 

from published literature, the discussion will include information on genetic/genomic 

aspects of these therapies.

Clinical practice guidelines serve as the framework for decision-making regarding fluid and 

vasoactive therapies in critically ill patients. Therefore, recommendations from most recent 

guidelines will serve as the starting point for the discussion in this paper, recognizing that 

the recommendations lack the patient-specific data required for precision care. As noted 

throughout this paper, the majority of recommendations regarding fluid and vasoactive 

therapies in critical care practice guidelines are weak recommendations based on low-

quality evidence. Ultimately, significant pre-clinical work coupled with novel clinical trial 

designs are necessary to establish the role of precision medicine approaches for fluid and 

vasopressor therapies in shock.1, 5

Data Sources and Scope

For this narrative review, a comprehensive search strategy limited to human subjects was 

completed in MEDLINE (Ovid) and Embase (Ovid) through to June 11, 2022. The search 

was repeated on September 30, 2022.

The search strategy used for the MEDLINE (Ovid) database was as follows for vasoactive 

therapy: (“precision medicine”[MeSH Terms]) OR “personalized medicine”[Keyword] 

OR “individualized medicine”[Keyword]” OR) AND “critical illness”[MeSH Terms] 

OR “critical care”[MeSH Terms] OR “intensive care units“[MeSH Terms]) OR 

“vasoconstrictor agents”[MeSH Terms] OR “cardiotonic agents”[MeSH Terms]; and for 

fluid therapy: (“precision medicine”[MeSH Terms]) OR “personalized medicine”[Keyword] 

OR “individualized medicine”[Keyword]” OR) AND “fluid therapy”[MeSH Terms] OR 

“isotonic solutions”[MeSH Terms] OR “albumins”[MeSH Terms])

The search strategy used for the Embase (Ovid) database was as follows for 

vasoactive therapy: (“personalized medicine”[MeSH Terms]) AND “critical illness”[MeSH 

Terms] OR “intensive care”[MeSH Terms] OR “intensive care unit“[MeSH Terms]) 
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OR “vasoconstrictor agent”[MeSH Terms] OR “cardiotonic agent”[MeSH Terms] OR 

“shock”[MeSH Terms]; and for fluid therapy: (“personalized medicine”[MeSH Terms]) 

AND “critical illness”[MeSH Terms] OR “intensive care”[MeSH Terms] OR “intensive 

care unit“[MeSH Terms]) AND “fluid resuscitation”[MeSH Terms] OR “isotonic 

solution”[MeSH Terms] OR “crystalloid” OR “ringer lactate solution” OR “infusion 

fluid”[MeSH Terms] OR “albumin”[MeSH Terms]).

Title and abstract screening for the search results was conducted. Articles considered for the 

review had to explicitly focus on precision/personalized medicine using fluids or vasoactive 

agents in critically ill patients.

This paper will discuss initial endpoints for resuscitation, but due to low quality evidence 

and the breadth of content in this article, an in-depth discussion of monitoring techniques 

will not be provided. Readers interested in currently available monitoring techniques are 

referred to the expert panel report of a European Society of Intensive Care Medicine task 

force,6 which was unable to provide recommendations using GRADE methodology due 

to an insufficient evidence base.7 This paper does provide recommendations for groups of 

patients in mixed medical-surgical intensive care units (ICUs) most likely to benefit from 

specific approaches, rather than studies limited to patients with single system diseases (e.g. 

liver, heart, kidney) or injuries often treated in specialized ICU settings or in non-ICU 

settings.

Clinical Practice Guidelines

Since 2020, there are four guidelines published with recommendations for the choice of 

fluid and vasoactive drug administration specific to critically ill patients.9-12 All four of 

these guidelines have strong recommendations against using starch products. It is worth 

noting, though, that task force decision-making occurred prior to the publication of two 

large randomized investigations comparing balanced salt solutions to normal saline; the 

Balanced Solution versus Saline in Intensive Care Study (BaSICS) and Plasma-Lyte 148 

versus Saline (PLUS) trials.13, 14 Two of the most recent guidelines are from the Surviving 

Sepsis Campaign; one concerning sepsis and septic shock and the other concerning the 

management of COVID-19 in critically ill adults.9, 10 Apart from the recommendation 

against starch products, there are only four strong recommendations in these two guidelines 

regarding fluids and vasoactive agents: crystalloids as first-line fluid for resuscitation (sepsis 

and septic shock), norepinephrine as first-line over other vasopressors (sepsis and septic 

shock), and recommending against using dopamine when norepinephrine is available for 

shock (COVID-19). All of the remaining recommendations for fluids and vasoactive agents 

are “weak” recommendations (i.e. “suggest” statements).

The most recent guidelines relative to choice of intravenous fluids (no recommendations 

for vasoactive agents) in critically ill patients was a compilation of recommendations by 

the French Society of Anaesthesia and Intensive Care Medicine and the French Society 

of Emergency Medicine.11 The guidelines include a strong recommendation not to use 

hypertonic saline as a first-line therapy for hemorrhagic shock. There was strong agreement 

based on expert opinion not to use gelatin products for patients with sepsis or septic shock.
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Another guideline promulgated by a panel of the Society of Critical Care Medicine includes 

fluid recommendations for adults with acute and acute-on-chronic liver failure in the ICU 

setting.12 The guidelines only have strong recommendations against using starch products 

for initial fluid resuscitation and for using norepinephrine as the first-line vasopressor for 

fluid-resistant patients.

Precision Medicine Concepts Applicable to both Fluid and Vasoactive Drug 

Therapy

There are new conceptual models of critical illness being proposed that have the potential 

to allow for true precision care. Sepsis is currently considered to be a syndrome based 

on signs and symptoms; however, a new translational conceptual model of critical illness 

has been proposed that is based on biologic descriptors. This new model would not only 

consider traditional factors such as age and comorbidities, but also information such as 

physiologic, genomic, transcriptomic, proteomic and metabolomic profiling, which could 

be used to provide patient-specific therapeutic interventions including fluids and vasoactive 

drugs during different physiologic states.15

Subphenotyping has been used in a variety of critical care disorders, including sepsis, to 

identify potentially meaningful treatment-responsive patient subgroups.16 This approach 

seeks to identify group characteristics (based on a variety of potential information sources 

such as clinically-available data or transcriptomics) that distinguish the group from other 

groups of patients with the same phenotype.16 For example, genome-wide gene expression 

profiling established two transcriptomic sepsis response signatures (subphenotypes) with 

differential mortality risk.17, 18 Sepsis response signature 1 represents a relatively 

immunosuppressed subphenotype with higher mortality, while sepsis response signature 

2 is a more immunocompetent subphenotype.18 Few studies have evaluated medication 

response/outcome differences between subphenotypes in septic shock. A recent study 

that developed and validated subphenotypes of sepsis provides a good example of how 

phenotypic profiling may guide choice of fluid therapy in the future. The retrospective 

study included patients with suspected infections that were divided into a training cohort of 

12,473 patients from 2014-2017 and a validation cohort of 8256 from 2018-2019. Modeling 

of vital signs occurred during the first 8 hours of hospitalization to develop and validate 

these cohorts. Four sub-phenotypes were identified with one group of hypotensive patients 

found to have lower mortality with balanced crystalloids versus normal saline (OR, 0.39; 

95% CI, 0.23-0.67) based on a secondary analysis of the SMART investigation. While 

this study is more hypothesis generating in need of confirmation by prospective trials, 

it does reveal the possibility of a more personalized approach to care.19, 20 In another 

study, investigators found a differential mortality effect of corticosteroids by sepsis response 

signature subphenotype, but outcomes did not differ based on sepsis response signature 

between patients allocated to early adjunctive vasopressin compared with norepinephrine 

monotherapy.21 Future studies should evaluate differential treatment effects of other fluids, 

vasopressor drugs, and treatment approaches by shock subphenotype.16
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Hemodynamic phenotyping involves an algorithmic sequence of assessments to determine 

therapeutic management. The use of hemodynamic phenotyping for the treatment of shock 

has been in practice for many years, notably with the “early goal-directed therapy” protocol 

sequentially evaluating central venous pressure, mean arterial blood pressure, and central 

venous oxygen saturation to guide treatment in septic shock.22 Although the specific “early 

goal-directed therapy” protocol was subsequently not found to be superior to standard 

care, many elements of the protocol were components of the standard of care at the time 

of subsequent studies.23 Elements of hemodynamic phenotyping for fluid and vasoactive 

agent use are suggested by the Surviving Sepsis Campaign guidelines, as exampled by the 

statements “For adults with sepsis or septic shock, we suggest using dynamic measures 

to guide fluid resuscitation, over physical examination, or static parameters alone” and 

“For adults with septic shock and cardiac dysfunction with persistent hypoperfusion despite 

adequate volume status and arterial blood pressure, we suggest either adding dobutamine to 

norepinephrine or using epinephrine alone.”10 A novel hemodynamic phenotyping approach 

in septic shock is currently under evaluation in the ANDROMEDA-SHOCK-2 study, 

which includes algorithmic assessment of pulse pressure, diastolic blood pressure, fluid 

responsiveness, capillary refill time, and echocardiographic evidence of cardiac dysfunction 

with corresponding therapeutic interventions.24 The findings from this study evaluating 

whether this specific hemodynamic phenotyping and treatment approach improves patient 

outcomes compared with standard care are anxiously awaited.

Fluid Therapy

The traditional categorization of commercially available resuscitation fluids for critically 

ill patients is a dichotomous choice between crystalloid or colloid products, but this 

approach belies important clinical differences not only between, but also within each of 

these categories. In more recent clinical practice guidelines, recommendations concerning 

choice of fluid have begun to reflect these recognized differences allowing for a somewhat 

more nuanced approach to the goal of providing precision care. For example, as stated in 

the French Society of Anaesthesia and Intensive Care Medicine and the French Society of 

Emergency Medicine guidelines, “Due to the arrival of new fluids and the publication of 

large-scale clinical trials, it is now possible to have a somewhat more precise vision of their 

prescription specificities, but numerous questions remain unanswered.”11 The implications 

of these large-scale trials are discussed in this paper, but until more evidence is available 

allowing for a truly personalized approach, the only option is to provide effective and safe 

treatment regimens for groups of patients based on similar unifying characteristics.

Fluid Resuscitation Monitoring and Endpoints

Current clinical practice guidelines suggest the use dynamic measures of fluid 

responsiveness over static measures or isolated findings on physical examination 

recognizing that no single clinical parameter will assess volume status. The guidelines 

also suggest the adjunctive use of serum lactate concentrations (if elevated and taking into 

consideration other causes of elevation) in patients with sepsis or septic shock and capillary 

refill time in patients with septic shock. The initial endpoint associated with this monitoring 

is to achieve a mean arterial pressure (MAP) ≥65 mm Hg. The guidelines recognize 
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the limitations of performing more advanced hemodynamic monitoring in resource poor 

settings. In the latter settings, dynamic measures to assess fluid responsiveness could include 

passive leg raising or fluid boluses titrated to MAP in conjunction with assessments of 

capillary refill time and lactate concentrations (if available). In settings that have access to 

more invasive dynamic monitoring, echocardiography should allow for a more precision 

approach to care. Additional dynamic measurements of stroke volume, stroke volume 

variation, and pulse pressure variation may be useful when specialized equipment and 

personnel are available.

There are more questions than answers related to volume resuscitation and ideal endpoints 

for individual patients. This is illustrated by research priorities identified by a research 

committee of the Surviving Sepsis Campaign.3, 4 Thirteen gaps in need of future research 

were identified including questions related to individualization of fluid, variables to 

titrate fluids, timing of fluid administration, and variables to trigger resuscitation and 

deresuscitation. There is research underway attempting to fill some of these gaps and allow 

for more precision care by evaluating the trajectories of hemodynamic data over time. For 

example, there is a database study that evaluated 761 patients presenting to an emergency 

department with data indicating a high risk of septic shock. Fluid responsiveness of the 

patients was assessed relative to changes in mean arterial pressure (MAP) time series 

from 15 minutes before to 2 hours after a fluid bolus. This clustering of MAP values 

demonstrated that responsiveness during the two-hour period after fluid boluses occurred 

approximately 25% of the time. Using an increase in MAP of at least 10 mm Hg to 

define fluid responsiveness, there was variation in the clusters relative to the presence and 

duration of responsiveness.25 Another database study involving an emergency department 

that evaluated systolic blood pressure data also revealed dynamic changes over time with 

implications for fluid and vasopressor therapies.26

Colloids

Three large randomized clinical trials serve as the basis for the most of the recommendations 

in clinical practice guidelines regarding albumin versus crystalloid fluids in critically ill 

patients; Saline versus Albumin Fluid Evaluation (SAFE),28 Albumin Italian Outcome 

Sepsis (ALBIOS),29 and Early Albumin Resuscitation for Sepsis and Septic Shock Amount 

and Rate of Fluid Administration (EARSS).30 The results of the latter study have only been 

published in abstract form or as part of a systematic review. The populations in all three 

trials were heterogeneous medical and surgical ICU patients, although as indicated by their 

titles ALBIOS focused on patients with sepsis while EARSS with a fixed dose albumin 

regimen focused on patients with sepsis and septic shock. Additionally, all three trials 

were pragmatic with non-albumin fluids left to clinician discretion. Since none of the trials 

detected overall between-group differences for the primary mortality endpoint, the focus 

tends to be on subgroup analyses that did demonstrate statistically significant differences; 

lower adjusted mortality with albumin in patients with severe sepsis in SAFE (fluid titration 

based on clinical parameters) and in patients with septic shock and hypoalbuminemia in 

ALBIOS (titrating albumin to a serum concentration of at least 3 g/dL), and higher adjusted 

mortality with albumin in patients with traumatic brain injury (TBI) in SAFE.
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Because the administration of albumin has not been shown to reduce crude mortality when 

resuscitating patients with sepsis or septic shock in resource poor settings, an isotonic 

crystalloid solution is a reasonable resuscitation fluid of choice.10 Even in settings where 

albumin is available, its use should be avoided when resuscitating patients with severe TBI 

as defined by a Glasgow Coma Scale score of 3 to 8. However, albumin is a reasonable 

alternative to crystalloids in patients with septic shock and hypoalbuminemia titrating 

albumin to a serum concentration of at least 3 g/dL, particularly in patients not responding 

to initial crystalloid therapy.29 Albumin is a reasonable first-line option in subgroups of 

patients with acute, or acute-on-chronic liver failure or cirrhosis requiring fluid resuscitation, 

again titrating to a serum albumin concentration of at least 3 g/dL.12

Crystalloids

There is no uniform definition of a balanced crystalloid solution, but this terminology 

typically describes a solution with concentrations of electrolytes that reflect normal 

physiological concentrations in the blood, with some descriptions also referring to 

near-normal blood pH, a strong ion difference close to normal plasma bicarbonate 

concentration (i.e., buffered), osmolality, or tonicity.31 Although different formulations of 

balanced crystalloids have been available for decades, the traditional choice of crystalloid 

resuscitation fluid for critically ill patients was either lactated Ringer’s or normal saline. 

The situation began to change when animal, observational, and crossover studies involving 

critically ill patients documented adverse effects of chloride ion such as decreased kidney 

blood flow and glomerular filtration rate.32-36 Subsequent to these studies were five large 

randomized trials that are changing the previous colloid versus crystalloid debate to a 

balanced crystalloid versus normal saline debate.13, 14, 20, 37, 38 Of these randomized 

trials, none of the studies evaluating mortality as a primary outcome found a statistically 

significant difference between groups, although in the Isotonic Solutions and Major Adverse 

Renal Events Trial (SMART) there were lower odds (14.3% vs 15.4%, adjusted OR, 0.9; 

95% CI, 0.82-0.99) in the balanced crystalloid group of a composite endpoint of major 

adverse kidney events within 30 days (MAKE30).20 Additionally, a subsequent secondary 

analysis of SMART that was limited to patients with a diagnosis of sepsis found reductions 

with balanced crystalloids not only in adjusted odds ratios (aOR) for MAKE30 (35.4% vs. 

40.1%; aOR, 0.78; 95% CI, 0.63-0.97), but also in number of vasopressor-free days (20 vs. 

19 days; aOR, 1.25; 95% CI, 1.02-1.54), renal replacement therapy-free days (20 vs. 19 

days; aOR, 1.35; 95% CI, 1.08-1.69), and 30-day in-hospital morality (26.3% vs. 31.2%; 

aOR, 0.74; 95% CI, 0.59-0.93).39

In conjunction with the publication of the PLUS trial was the first of a number of systematic 

reviews and meta-analyses.40 This systematic review included six trials with a low risk 

of bias, the five major randomized studies listed above and one small study in trauma 

patients with only 46 evaluable patients.38 The risk ratio (RR) for 90-day mortality was in 

favor of balanced crystalloids, albeit with the confidence interval crossing one (RR, 0.96; 

95% CI, 0.91-1.01; I2, 12.1%). Using vague priors (a statistical term in which the baseline 

effectiveness is considered neutral and highly variable) in a Bayesian meta-analysis, the 

authors concluded that the posterior probability of balanced crystalloids reducing mortality 

was 89.5%. The point estimates showed lower mortality in patients with sepsis (RR, 0.93; 
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95% CI, 0.86-1.01; I2, 22.3%), but higher mortality in patients with TBI (RR, 1.26; 95% CI, 

0.98-1.60; I2, 20.2%) in patients receiving balanced crystalloids. There were no significant 

differences detected between groups for renal replacement therapy, vasopressor-free days, or 

ventilator-free days. Similar overall results were found in two additional systematic reviews 

with meta-analyses when limiting study inclusion to randomized studies.41, 42

Differences in study design (e.g. blinding, crossover vs. parallel group) is always a 

consideration when comparing the results of several trials, but there are some particular 

issues that have been the subject of discussion, particularly in light of the BaSICS and 

PLUS investigations. A recent paper summarized the more common concerns mentioned by 

skeptics for the overall lack of statistically significant differences noted between balanced 

crystalloids and normal saline in the large randomized trials.43 These concerns along with 

more detailed explanations are listed in Table 1.

The importance of the patient population under study and the administration of non-study 

fluids was the subject of a secondary analysis of 90-day mortality using the BaSICS data 

in which there was a categorization of patients based on type of admission and fluid 

administration in the 24 hours prior to enrollment.44 Using hierarchical logistical Bayesian 

modeling the investigators found that the probability of benefit [odds ratios (OR) and 89% 

credible intervals (CrI)] of balanced crystalloid over normal saline increased if patients 

received only balanced crystalloid prior to study enrollment (probability of benefit, 0.92; 

OR, 0.78, 89% CrI, 0.56-1.03). This was primarily a function of unplanned admissions for 

sepsis (probability of benefit, 0.96; OR, 0.70, 89% CrI, 0.50-0.97) and planned admissions 

(probability of benefit, 0.97; OR, 0.79, 89% CrI, 0.65-0.97). Further evidence of the 

importance of the enrolled patient population is exemplified by a planned a priori secondary 

analysis of the SMART trial that was focused on patients with TBI.45 While the proportion 

of patients who died during the study period was similar in the balanced crystalloid and 

normal saline groups (16% vs. 14%, respectively, adjusted OR, 1.03; 95% CI, 0.60-1.75; 

P=0.91), patients in the balanced crystalloid group had a worse outcome with respect to 

total mortality or discharge to another facility (adjusted OR, 1.38; 95% CI, 1.02-1.86; 

P=0.04). This worse outcome in patients with TBI receiving balanced crystalloid solutions is 

consistent with the results of a previous multicenter observational study comparing lactated 

Ringer’s to normal saline in which patients receiving lactated Ringer’s had higher adjusted 

mortality (hazard rate, 1.78; 95% CI, 1.04-3.04).46 The reasons for worse outcomes with 

the balanced crystalloids vs. normal saline is uncertain, but the discussion sections of these 

trials allude to the osmolarity differences between the two solutions. There is currently no 

adequately powered randomized trial comparing iso-oncotic (i.e., 4% or 5%) albumin to a 

balanced crystalloid solution for sepsis resuscitation, although one known by the acronym 

“ABC-Sepsis” is currently in progress.47 There is one randomized trial comparing a 20% 

albumin solution to a balanced crystalloid in patients with cirrhosis and sepsis, but with only 

50 patients in each group the study was under-powered to detect a significant difference in 

28-day mortality (P=0.57).48 While the albumin led to more rapid reversal of hypotension, 

there was no significant difference in shock reversal at 48 hours (P=0.35) and adverse effects 

led to the discontinuation of albumin in 22% of patients, 12% due to pulmonary edema.
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Together, these data suggest that the subset of critically ill patient must be considered when 

developing a precision fluid therapy regimen, despite the overall lack of differences in 

crude mortality between normal saline and balanced crystalloid solutions in published trials. 

Balanced crystalloid solutions of similar composition to those used in the previously cited 

trials should be avoided in patients with severe TBI due to the potential to increase mortality. 

Otherwise, presuming the cost difference between normal saline and balanced crystalloid 

solutions is not an issue, balanced crystalloids are particularly appealing when resuscitating 

the subset of patients with reduced or fluctuating kidney function.49

Fluid Dosing

The proposed initial resuscitation dosing strategies for fluids are almost as controversial 

as recommendations concerning the type of fluid administered. The guidelines by the 

Surviving Sepsis Campaign for sepsis and septic shock have a weak recommendation based 

on low-quality of evidence that patients with sepsis-induced hypoperfusion or septic shock 

should receive at least 30 mL/kg of intravenous crystalloid fluid within the first three hours 

of resuscitation.10 These guidelines further state there is insufficient evidence to make a 

recommendation on the use of restrictive versus liberal fluid strategies in the first 24 hours 

of resuscitation in patients with ongoing signs of hypoperfusion and volume depletion after 

initial resuscitation. The basis for the 30 mL/kg figure is average fluid volumes administered 

in sepsis trials and lacks a personalized approach.50 Fluid boluses of 4 mL/kg are usually 

adequate for assessing fluid responsiveness.51 Concerns with the one-size-fits-all 30 mL/kg 

approach were first raised with publication of the FEAST study, in which children with 

severe infection in a more resource scarce setting who did not receive a fluid bolus had 

lower mortality.52 Prospective validation of the recommended volume is required to confirm 

this strategy in all comers with sepsis or septic shock.

There is particular concern with the fixed 30 mL/kg volume recommended in clinical 

practice guidelines in subgroups of patients at increased risk of fluid overload such as those 

with heart failure, chronic kidney or liver disease, or extreme obesity. The current Surviving 

Sepsis Campaign guideline refers to a retrospective cohort study involving patients with 

sepsis or septic shock that did not detect harm with administration of a fixed 30 mL/kg 

volume in these “volume sensitive” high-risk patients.50 However, this cohort study and 

others with similar findings are limited by residual confounding due to their observational 

design.50, 53, 54 In patients with high-risk comorbidities, it is reasonable to administer 

crystalloids in 500 mL boluses with close monitoring to determine if additional doses are 

necessary.55 Additionally, early administration of vasopressors should be considered in these 

subgroups.55

Studies in patients with sepsis and septic shock evaluating biomarkers associated with 

shedding of the endothelial glycocalyx layer have sought to determine if potential harm may 

occur from fluid resuscitation strategies or if these biomarkers serve to guide the amount 

of volume resuscitation required.56-60 At present, conflicting results as well as trial design 

limits the conclusions that can be drawn.

The rate of fluid administration is another consideration. The BaSICS trial, comparing 

balanced crystalloids and normal saline, formally evaluated the effect of infusion rate on 
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mortality as part of a factorial design.61 This arm of the study did not detect a difference 

in 90-day survival, regardless of slow versus rapid infusion (333 mL/hour vs. 999 mL/hour, 

respectively) of crystalloid fluid. Similarly, a retrospective study involving 49,331 with 

sepsis in 149 hospitals in New York found that time to completion of the initial bolus fluid 

dosing was not associated with mortality, but as pointed out by the investigators, this finding 

is prone to confounding due to sicker patients likely receiving fluids sooner and having an 

increased likelihood of death.62 These findings should not be interpreted as negating the 

importance of prompt fluid administration, particularly in patients with sepsis and septic 

shock where delays in resuscitation of more than two hours increase mortality.63

Deresuscitation

As discussed earlier, there are some advocates for individualizing fluid administration with 

an emphasis on limiting the amount fluid administered by giving smaller boluses of fluid 

with early initiation of vasopressors.55 Another approach focuses on the post-resuscitation 

phases of hemodynamic support. Preliminary data support the potential benefits of 

limiting fluid administration volumes during the stabilization and deresuscitation phases 

of shock in conjunction with diuretics to remove excess fluid during the deresuscitation 

phase. Both early and post-resuscitation fluid restrictive approaches have their basis in 

investigations demonstrating the importance of the endothelium for maintaining homeostasis 

as highlighted above,64 and clinical studies showing the adverse clinical outcomes of 

overly aggressive fluid administration.65 In a recent systematic review with meta-analysis of 

observational studies involving critically ill patients, the adjusted RR for mortality increased 

by a factor of 1.19 (95% CI, 1.11-1.28) for each liter of positive fluid balance.66 The 

authors of one modeling study suggest that there should be a maximum amount of fluid 

administered between 6 to 10 liters, with 8 liters being optimal.67 A survey of critical care 

specialists suggests that this message of the importance of limiting and removing fluid 

(“deresuscitation”) is becoming widespread with 95% of respondents recognizing the need 

to address fluid overload.68

Since publication of the 2021 Surviving Sepsis Campaign guideline, the Conservative versus 

Liberal Approach to Fluid Therapy in Septic Shock (CLASSIC) trial was published.69 

This randomized trial enrolled 1554 patients with onset of shock within 12 hours before 

screening who received at least one liter of intravenous fluid. As expected, patients in the 

restrictive vs. standard fluid group received less fluid in the ICU [median of 1798 mL 

(interquartile range, 500 to 4366) vs. median of 3811 ml (interquartile range, 1861 to 6762), 

respectively]. However, there was no significant difference detected between groups for the 

primary outcome of 90-day mortality (42.3% vs. 42.1, adjusted absolute difference, 0.1 

percentage points; 95% confidence interval, −4.7% to 4.9%; P = 0.96). Similarly, there 

were no significant between-group differences detected for serious adverse events, days 

alive without life support, or days alive and out of hospital. Another multicenter feasibility 

study known as the Restrictive Fluids Versus Standard Care in Adults with Sepsis in the 

Emergency Department (REFACED) trial was recently published that lends support to a 

future adequately powered trial to detect a between-group mortality difference less than 

5%.70
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While large-scale randomized investigations have not demonstrated a survival advantage 

for restricted compared to liberal fluid regimens, there remain concerns regarding 

excessive fluid administration. These concerns have prompted calls for resuscitation based 

on precision care for individual patients rather than a simple restricted versus liberal 

dichotomous breakdown.71 Notably, in a pre-post study of a multi-professional diuretic 

approach as a component of deresuscitation, the diuresis approach was associated with 

lower cumulative fluid balance and lower mortality.72 This focus on optimizing clinical 

outcomes associated with fluid administration has been termed fluid stewardship, analogous 

to antimicrobial stewardship when dealing with infectious diseases.

Studies are beginning to evaluate clinical decision-making rules for fluid resuscitation 

in sepsis and septic shock that consider individual phenotypic considerations. They 

provide recommendations for fluid administration that change during the resuscitation and 

deresuscitation phases. For example, in one analysis of data from 335 units at 208 hospitals, 

the investigators developed a fluid management strategy for days 1, 3 and 5 after ICU 

admission for patients with sepsis, and predicted a longer survival time with the observed 

regimens if the dynamic treatment model was instituted.73 In another study involving 

patients in 25 tertiary care teaching hospitals in China, modeling revealed five phenotypes 

of septic shock with a need for differential timing of deresuscitation by class.74 Adaptive 

platform trial design may be the optimal method to prospectively evaluate such decision 

support tools aimed at precision fluid resuscitation.2, 75

Vasoactive Drug Therapy

Vasopressors are utilized in patients with circulatory shock when intravenous fluids are 

not indicated or fail to restore effective tissue and organ perfusion.6 Commonly used 

vasoactive medications for the treatment of circulatory shock include catecholamines (e.g., 

norepinephrine, epinephrine, dobutamine), vasopressin, and angiotensin II. Each vasoactive 

agent has unique clinical pharmacology resulting in differential pharmacodynamic effects 

and outcomes in circulatory shock.10, 76-78 Despite decades of bedside use and investigation, 

there is high practice variability with vasopressors across continents and within the United 

States.79, 80 Importantly, vasopressor practice variability, at least partially, contributes to 

unexplained heterogeneity in septic shock trial control group mortality.81 As such, there is 

an urgent need to define the optimal approach to selection, dose titration, and escalation of 

vasopressor therapy.3, 4 A precision medicine approach to vasopressor therapy may offer a 

pathway towards achieving this goal.

Achieving an initial MAP ≥65 mm Hg is the recommended therapeutic target for 

vasopressor dosage titration in most patients.6, 10, 77 Nevertheless, patient-specific factors 

can be considered in therapeutic decision-making regarding MAP targets and corresponding 

vasopressor dosages. In the average patient with septic shock, targeting a MAP of 80-85 

mm Hg failed to improve outcomes compared with a MAP target of 65-70 mm Hg, but 

the higher MAP target more frequently caused new-onset atrial fibrillation.82 However, 

in the stratum of patients with chronic hypertension allocated to the higher MAP target, 

there was a lower frequency of renal insufficiency without a higher risk for adverse effects. 

Additionally, in a study of patients aged 65 years or older with vasodilatory shock, compared 
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with usual care, a MAP target of 60-65 mm Hg resulted in lower vasopressor exposure 

without a between-group mortality difference detected.83 Therefore, if achieving an initial 

MAP ≥65 mm Hg fails to restore effective perfusion in a patient with chronic hypertension 

and vasodilatory shock, increasing the MAP target can be trialed.6 Contrastingly, if 

adequate perfusion is achieved with a MAP target ≥65 mm Hg in an elderly patient with 

vasodilatory shock, decreasing the MAP target to 60-65 mm Hg can be trialed. Importantly, 

in patients with uncontrolled bleeding without severe TBI, a MAP target of 50-60 mm Hg is 

recommended until hemostasis is achieved and patients with severe TBI should have a MAP 

≥80 mm Hg maintained.6, 8

Possible predictive/drug-responsive components of a precision medicine vasopressor 

regimen for patients with circulatory shock include pharmacogenetic/pharmacogenomic 

information and biomarkers (in addition to the previously introduced concepts of 

subphenotyping and hemodynamic phenotyping).1 Pharmacogenetic/pharmacogenomic 

approaches to medication management have led to therapeutic breakthroughs in a number of 

non-critical care settings. Yet, the utility of incorporating pharmacogenomic information 

into therapeutic decision-making in shock remains to be elucidated. Studies have 

identified genetic polymorphisms within vasopressor pathways with therapeutic potential in 

circulatory shock.84-94 (Table 2) Genetic information may also assist in identifying patients 

most at risk for adverse effects of vasoactive agents. A genetic polymorphism was associated 

with the development of serious adverse events from vasopressin and norepinephrine 

in patients with septic shock.90 However, trials have not evaluated therapeutic regimen 

adjustments based on genetic polymorphism information. Further, the turnaround time 

for genotype information must be drastically improved for the data to influence bedside 

management of vasopressor therapy in shock.

A number of biomarkers have been associated with vasopressor response and outcomes. 

The effect of low blood and intracellular pH causing lower catecholamine response has 

been known for over 60 years.95 Recent data have also shown an association between 

lower arterial pH and lower vasopressin response.96 Separate from its effect on pH, 

several studies showed higher lactate concentrations were associated with lower response 

to catecholamine-adjunctive vasopressin and angiotensin II.96-99 Further, higher lactate 

concentration at vasopressin initiation was associated with higher mortality.99 Renin is 

a novel perfusion marker that may be superior to lactate, with higher concentrations 

correlating with hypoperfusion and greater angiotensin II response.100, 101 In a subgroup 

analysis of a study comparing angiotensin II to placebo in patients with vasodilatory 

shock, patients with higher renin concentrations allocated to angiotensin II had lower 

mortality.101 Angiopoietin-2 is another novel biomarker that is part of the endothelial 

cell activation signaling pathway, which destabilizes endothelial cell junctions leading to 

increased vascular permeability.102, 103 Higher angiopoietin-2 concentrations have been 

associated with higher fluid overload, more organ dysfunction, and higher mortality.104 In a 

subgroup analysis of a study comparing norepinephrine plus vasopressin to norepinephrine 

monotherapy in septic shock, patients allocated to norepinephrine plus vasopressin with low 

angiopoietin-2 concentrations had lower mortality than patients who had high angiopoietin-2 

concentrations.104 Contrastingly, a mortality difference was not detected by angiopoietin-2 

concentration in patients allocated to the norepinephrine monotherapy arm. Further, the 
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p-value for heterogeneity of treatment effect across angiopoietin-2 subgroups was not 

significant, decreasing the credibility of this subgroup analysis.105 Thus, while plasma 

angiopoietin-2 concentrations have been suggested as a predictive biomarker for vasopressor 

response, further evaluation is required.106 Additionally, patients with biomarkers suggesting 

low oxygen delivery (e.g., low central venous oxygen saturation and/or high veno-arterial 

carbon dioxide tension difference) despite adequate hemoglobin concentration should 

be considered for inotrope initiation.107 However, despite their theoretical rationale and 

established ability to increase oxygen transport, inotropes have not been demonstrated as 

beneficial in critically ill patients with septic shock nor those with cardiac dysfunction 

(including cardiogenic shock).10, 108-112 Lastly, vasopressor-related data may also represent 

predictive/drug-responsive biomarkers for other vasoactive agents.1, 113, 114 Studies have 

shown norepinephrine-equivalent catecholamine dose at the time of adjunctive vasopressin, 

angiotensin II, and epinephrine initiation was associated with adjunctive vasopressor 

response.99, 115, 116 Further, patients with vasodilatory shock receiving catecholamines and 

vasopressin had higher odds of response to angiotensin II compared with patients receiving 

catecholamines without vasopressin.98 These preliminary data provide impetus to use the 

outlined biomarkers to develop a precision vasopressor regimen, and their use should be 

incorporated into the design of prospective trials.

Conceptually, precision vasopressor therapy can be implemented in a variety of ways. 

One approach is to only undertake vasopressor decisions (e.g., particular vasoactive agent 

initiation or drug-specific dosage titration) in patients with a high predicted likelihood 

of success (representing a subphenotype). This approach could use a single predictive/

drug-responsive component (such as pharmacogenetic/pharmacogenomic information or a 

biomarker) to guide therapy, or incorporate multiple known and purported components into 

clinical prediction models to recommend specific vasoactive therapy decisions. Results 

of prediction model approaches have been mixed; one artificial intelligence algorithm 

predicted optimal fluid and vasopressor dosage better than bedside clinician actions, but 

a machine learning algorithm failed to adequately predict vasopressin response.117, 118 

Another precision vasopressor therapy approach is to start multiple vasoactive agents with 

different mechanisms of action at the same time, and use patient-specific predictive/drug-

responsive component(s) (e.g., renin concentration) to subsequently adjust the vasopressor 

regimen. This initial “broad spectrum” approach followed by vasoactive “de-escalation” is 

similar to the approach with antimicrobials employed in many intensive care units.119, 120 

While the “broad spectrum” and “de-escalate” approach to vasopressor decision-making 

has theoretical rationale, it has not been evaluated in studies, and the benefits and risks to 

the approach are currently unknown. Future studies should compare the outlined precision 

vasopressor therapy approaches to each other and to standard care in order to determine if a 

precision vasopressor approach can improve patient outcomes in circulatory shock.

Summary and Conclusion

While clinical practice guidelines for critically ill patients provide clinicians with 

recommendations to optimize care, current guidelines pertaining to fluid administration 

have yet to incorporate more recent trials evaluating balanced crystalloids and normal 

saline. Furthermore, these guidelines have been unable to fully integrate precision medicine 
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into fluid and vasoactive therapy recommendations; however, this is a recognized research 

priority. Evaluation of clinical trial subgroups, biomarkers, hemodynamic measures, and 

genomics/genetics that identify patients based on unifying characteristics can provide 

insights into a more personalized approach, but not all are ready for implementation into 

daily practice. Further research evaluating precision medicine approaches with or without 

clinical prediction models as compared to standard of care will help determine the role for 

personalized therapy in critically ill patients.
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Table 1.

Explanations for lack of differences noted between balanced crystalloids and normal saline solutions in large 

randomized trials.*

Issue Explanation

Patients Patients in the SMART investigation (the only study with a positive primary outcome in favor of balanced 
crystalloids) were unplanned admissions mostly via the emergency department, while most of the other large 
RCTs had substantial numbers of patients admitted to the ICU following operative procedures

Infusion rate There was no standardization of the rates of fluid administration across the large RCTs and only one of these 
trials (BaSICS) evaluated a slow vs. fast infusion rate with no difference noted in overall mortality

Intervention fluid and 
deresuscitation strategies

Apart from randomization to balance crystalloid or normal saline, there was no standardization with respect to the 
use of study fluids or the manner in which fluids were initiated (e.g. bolus vs. infusion) or de-escalated during the 
stabilization or deresuscitation stages of treatment

Alterations in pH There are strong ion differences not only between balanced crystalloids and normal saline, but also between 
balance crystalloids following intravenous administration

Use of vasoactive agents All aspects of vasopressor and other vasoactive medication administration were based on physician discretion

Chloride administration There were differences in the RCTs with respect to both the amount of chloride administered and the resultant 
serum chloride concentrations

Electrolytes other than 
chloride

Electrolyte concentrations of balanced crystalloids vary depending on the specific solution and this may be 
impactful (e.g. solution tonicity in patients with traumatic brain injury)

Non-study fluid 
administration

There was no standardization of non-study fluid type, initiation, rate of administration, or total volume 
administered

*
Adapted from Kopp BJ, Lenney M, Erstad BL. Balanced salt solutions for critically ill patients: nonplused and back to basics. Ann Pharmacother. 

2022 Apr. doi:10.1177/10600280221084380

SMART, isotonic Solutions and Major Adverse Renal Events Trial; RCTs, randomized controlled trials; ICU, intensive care unit; BaSICS, 
Balanced Solution versus Saline in Intensive Care Study
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