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Answer: Crystalloid solutions remain the resuscitative fluid of choice for patients with sepsis and septic 
shock.  Balanced crystalloid solutions may improve patient-centered outcomes and should be considered as 
an alternative to 0.9% normal saline (when available) in patients with sepsis.  The use of albumin does not 
improve mortality in patients with sepsis of any severity.  Hydroxyethyl starch solutions are associated with 
increased mortality and should not be used to resuscitate patients with severe sepsis or septic shock. 
 
Fluid resuscitation is a critical component to the emergency department (ED) management of patients with sepsis 
and septic shock.  Fluids are administered to patients with sepsis in order to augment cardiac output and improve 
tissue perfusion and oxygenation. Recent evidence has suggested that the composition of fluids used in sepsis 
resuscitation may affect patient-centered outcomes. 
  
Fluids have traditionally been separated into crystalloid and colloid solutions.  Crystalloid solutions can be further 
divided into balanced and unbalanced solutions.  The term balanced solution is commonly used to refer to solutions 
that contain different electrolyte concentrations that more closely resemble the composition of plasma and minimally 
affect acid-base equilibrium.  Examples of balanced solutions include Ringer’s lactate, Ringer’s acetate, Hartmann’s 
solution, and Plasma-Lyte. In contrast, unbalanced solutions do not have physiologic concentrations of electrolytes 
and can adversely affect acid-base equilibrium.  The most common unbalanced fluid solution is 0.9% normal saline 
(NS).  Colloid solutions primarily include albumin, hydroxyethylstarch (HES) solutions, dextrans, and gelatins.  The 
choice of which intravenous fluid solution to administer to the patient with sepsis is often based on availability, cost, 
provider training (medical versus surgical), and geographic location.  
  
Normal saline is one of the most common fluids administered to ED patients with sepsis. Importantly, 0.9% NS is not 
a true physiologic solution.  In large volumes, 0.9% NS will reliably produce a hyperchloremic metabolic acidosis.  In 
addition to its acid-base effects, 0.9% NS contains supraphysiologic amounts of chloride.  In fact, the concentration of 
chloride in 0.9% NS is approximately 40% higher than the concentration of chloride in plasma.  This supraphysiologic 
dose of chloride increases systemic inflammation and has been associated with adverse effects on the renal, 
circulatory, pulmonary, gastrointestinal, and coagulation systems.[1-3] In a prospective, open-label study of over 
1500 critically ill patients, Yunos and colleagues demonstrated a lower rate of kidney injury by restricting the use of 
high-chloride containing solutions (0.9% saline, 4% succinylated gelatin solution, 4% albumin solution) and 
resuscitating patients with Hartmann solution, a balanced solution (Plasma-Lyte 148), or chloride-poor 20% 
albumin.[4] Importantly, this trial did not demonstrate a change in patient mortality.  In a recent retrospective review, 
Shaw and colleagues demonstrated an increase in in-hospital mortality in patients with the systemic inflammatory 
response syndrome who received an intravenous fluid with a high chloride concentration. [5] 
  
In contrast to 0.9% NS, balanced crystalloid solutions contain significantly lower concentrations of chloride. Instead of 
large amounts of chloride, balanced solutions contain organic anions (i.e., lactate, gluconate, citrate, acetate) which 



act as physiologic buffers and are rapidly converted to bicarbonate upon administration.  In addition, balanced 
solutions have less of an adverse effect on acid-base equilibrium than 0.9% NS.  Balanced solutions also contain 
varying amounts of cations (i.e., potassium, calcium).  In a large retrospective cohort, Raghunathan and colleagues 
demonstrated a lower in-hospital mortality among patients with sepsis who received a balanced solution as a 
component of their fluid resuscitation compared to patients who received only 0.9% NS. [6] Among 6,730 patients in 
a propensity-matched cohort, receipt of balanced fluids was associated with a lower in-hospital mortality (19.6% vs 
22.8%). Mortality was lower among patients who received a larger proportion of balanced fluids. There was no 
significant difference in the prevalence of acute renal failure or in-hospital and ICU lengths of stay.  Similarly, 
Rochwerg and colleagues demonstrated that balanced solutions may be superior to saline for fluid resuscitation in 
sepsis in a 6-node network meta-analysis.[7] The only prospective, randomized trial comparing the effect of a 
balanced solution with 0.9% NS was recently published in the Journal of the American Medical Association.[8] In this 
trial, Young and colleagues demonstrated no difference in acute kidney injury, renal replacement therapy, need for 
mechanical ventilation, intensive care unit length of stay, or mortality in over 2300 patients randomized to receive 
either Plasma-Lyte or 0.9% NS.[8] Importantly, the trial did not enroll critically ill patients with sepsis.  In fact, the 
majority of patients were post-operative surgical patients who received an average of just 2 liters of intravenous fluid. 
 
Current international guidelines for the management of patients with sepsis and septic shock suggest albumin 
administration in addition to crystalloids when patients require a large amount of crystalloids for initial resuscitation 
[9]. The authors of these guidelines, however, state that this is a weak recommendation based on low quality of 
evidence. In a systematic review and meta-analysis, Patel and colleagues failed to demonstrate a change in mortality 
among patients with sepsis of any severity who received albumin as part of their fluid therapy. [10] Similarly, Caironi 
and colleagues were unable to demonstrate an improvement in mortality among 1800 patients with severe sepsis or 
septic shock who were randomized to receive crystalloid alone or a 20% albumin solution. [11] Importantly, this trial 
was not designed to assess albumin as a resuscitative fluid.  Rather, the primary objective of the study was to correct 
hypoalbuminemia.  At this time, the body of evidence does not support the use of albumin as a resuscitative fluid for 
patients with sepsis. 
 
Many critically ill patients across the world receive HES solutions for resuscitation. HES solutions are defined by their 
molecular weight and degree of hydroxyethylation.  Recent evidence has demonstrated significant harm with the use 
of HES solutions.  In a multicenter,  parallel-group trial in 26 centers in Scandinavia, Perner and colleagues 
demonstrated a higher 90-day mortality and increased risk of renal replacement therapy in patients who received a 
HES solution compared with patients treated with Ringer’s acetate.[12] Myburgh and colleagues demonstrated an 
increased risk of adverse events in intensive care unit patients who received a HES solution.[13] More recently, 
Zarychanski and colleagues demonstrated an increase in mortality and acute kidney injury among critically ill patients 
treated with a HES solution.[14] Based upon these trials and numerous others, HES solutions should no longer be 
used in the management of patients with sepsis. 
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