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Abstract 

 Background: With the advent of newer and ³safer´ fluids there have been numerous trials 

and studies conducted to test the safety and validity of colloids. Are colloids more effective then 

crystalloid for emergent resuscitation? The purpose of this systematic literature review is to 

assess the claims on treatment success and explore safety to gain clarity on which fluid is the 

best treatment for the patient.  

 Methods:  A systematic database search was conducted from 2006 to the present. The 

search utilized such sources as PubMed, UpToDate and ScienceDirect. This search included 

more than 70 journal articles, where 24 articles were selected for review for their credibility and 

usage within the medical community.  

 Results: Considering the reviewed articles, it seems that the benefits may not outweigh 

the risks inherent with colloids. In summary, using colloids as an alternative to crystalloids made 

little to no difference in the cause of mortality. However, there was evidence that colloids can 

increase the need for renal therapies overall.  

Conclusion: Colloids were merely marginal, if at all, more effective than crystalloids in 

reducing the mortality rates, but with the added risk of renal dysfunction. There are instances 

where colloids might be selected, but those occurrences should be critically challenged. In the 

end, it appears to be left up to clinical judgement, provider experience, and accessibility on 

which fluid selection is optimal.  
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Introduction 

Acute care settings are designed to treat the critically ill and injured. Providers in these 

settings rely on IV fluids for resuscitation of critically ill or injured patients. The goal of this 

paper is to evaluate the effectiveness of IV fluids to determine if colloids are more effective than 

crystalloids in the resuscitation of critically ill adults. The different fluids will be evaluated in the 

setting of sepsis, acute fluid resuscitation in the ICU, hypovolemia, to include hemorrhagic 

shock, and burns patients. The outcome measures will be mortality of these critically ill patients. 

Hemorrhage is responsible for 30±40% of trauma mortality with 33±56% of these deaths 

occurring during the prehospital period.1 Patients that do reach critical care in time to receive 

treatment, mortality can be caused by continued hemorrhage, shock, sepsis, coagulopathy, and/or 

incomplete resuscitation. Altogether, the need for early resuscitation methods is critical. 

Treatment with blood products may not always be available or the right course of treatment for 

patients. Ensuring providers have all the necessary information when making treatment decisions 

is essential, and the reviewed trials provide insight on optimal care. Individual patient profiles 

were examined to determine the effectiveness of colloids.  The discussion of what fluid is most 

suited for patient treatment has been controversial considering the main goal of IV fluids is to 

expand intravascular space. The main discussion that is occurring within the medical community 

is what is the safety and efficacy of fluids in resuscitation. Thus, comparing the long-term patient 

outcomes is essential in determining treatment plans. The fluids that are considered colloids are 

albumin, h\dro[\eth\l starch and gelatin. Lactated Ringer¶s and normal saline (sodium chloride) 

are considered crystalloids. These colloid and crystalloid fluids were given in the reviewed trials. 
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Function of Colloids and Crystalloids 

 Crystalloids have several different compositions and can respond differently within the 

body based on its biochemical structure. Crystalloids that contain sodium and chloride are water-

soluble electrolytes and lack proteins that make the molecules insoluble within the body. 

Crystalloids containing sodium and chloride can be isotonic meaning the fluid can contain the 

same balance and number of electrolytes as the plasma, hypertonic meaning the fluid contains 

more electrolytes than the plasma, or hypotonic meaning the fluid contains less electrolytes than 

the plasma.  Other compositions such as Ringer¶s lactate contain sodium chloride, along with 

sodium lactate, potassium chloride and calcium. Due to Ringer¶s lactate cr\stalloids having 

additional elemental components, Ringer¶s lactate cr\stalloids are used to replace the fluid and 

electrolytes with a patient that requires extra electrolyte composition. It should be noted, the 

most common isotonic fluids do not cause water to shift between the extracellular fluid and the 

intracellular fluid.2 A major disadvantage of crystalloids is the limited time the fluid remains 

within the plasma. For example, when a patient is treated with a 1000mL bag of fluid, generally 

up to 200 mL of that fluid is maintained within the vascular system and the rest is shifted into the 

interstitial space.2  

 In contrast, colloids contain larger insoluble molecules than those of the crystalloid 

compositions, which can include proteins, complex polysaccharides, albumins, starches, and 

dextran. The larger molecules in colloids will not easily cross the capillary walls and remain 

within the intravascular space for a much longer period than crystalloids, which is where the 

benefit of colloid fluids are supposed to be derived.2 The theory is larger molecules in colloids 

provide the ability to maintain a higher osmotic pressure for longer periods and are publicized as 

the main purpose of colloid fluids.  
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 HES is a colloid composed of three hydroxy ethylated starches dispersed into a solution 

of water and salts. HES has two main different compositions HES 200/0.5 and HES 130/0.4, the 

first number represents the molecular weight and the second the ratio of substitution. The 

metabolism of HES is through endogenous amylase, which will break down the starch molecules 

(Figure 1). Next, the broken-down starch molecules will be filtered within the glomerulus and 

excreted into the urine. Considering the substitution ratio of the fluid being applied is extremely 

important. The substitution ratio is the determination of how slow or fast the molecules will 

degrade within the vascular system. The higher the substitution ratio is the longer the molecules 

will remain in the bloodstream, which in turn should require less fluids needing to be given to 

patients over the time of resuscitation. The usage of colloids has been tested in patients suffering 

from sepsis and will be discussed. 

Colloid Usage in Sepsis 

³Despite more than 20 \ears of intense therapeutic investigation, mortalit\ from septic 

shock has remained at approximately 40-50%.´1 Utilizing fluid resuscitation is a mainstay in the 

management of severe sepsis and septic shock. ³Inadequate initial treatment and dela\ed 

hemodynamic stabilization may be associated with increased risk of death in patients with severe 

sepsis.´3 Overall early fluid resuscitation is a major step in the management of severe sepsis and 

leads to improved prognosis. ³Optimi]ed management in the first 6 hours has been reported to 

significantly reduce mortality in patients with severe sepsis and septic shock.´3 Choosing the 

right fluid might be the deciding factor to shift the balance in the patient's favor. Providers must 

weigh the risk and benefits of all the fluids, including risks of acute kidney injury, increased 

bleeding, and allergic reaction/anaphylaxis. The main question that needs to be answered is what 

fluid is best in the treatment of sepsis and septic shock? This is a question that has been 
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researched over several clinical trials over the past few years. The reviewed studies provide 

insight into patient management and assist providers in selecting the proper fluid given the 

patient profile. Relevant studies involving sepsis and fluid management examined below as part 

of the overall review.  

Assessment of Hemodynamic efficacy and safety of 6% Hydroxyethyl starch 130/0.4 vs. 

0.9% NaCl fluid replacement in patients with severe sepsis: The CRYSTMAS study was double-

blind, randomized, controlled multicenter study conducted throughout 24 different medical 

centers in France and three medical centers within Germany. One hundred patients were 

randomized to be treated with Hydroxyethyl starch (HES) and 96 patients were randomized to a 

control group with NaCl. When selecting patients, the origin of sepsis was noted and can be 

found within Table 1. Most patients selected had a prevalence of sepsis within the lungs and 

abdomen. ³There were no significant differences between treatment groups in demographic and 

baseline characteristics.´4 The Simplified Acute Physiology Score II was used to evaluate 

patients estimated mortality within the ICU. The authors found that there was no significant 

difference in vital signs or hemodynamics within the two study groups. Patients within the study 

received a maximum of 50 ml/kg/day on the first day and 25 ml/kg/day from the second to the 

fourth day. The same formulary was used within both the HES and NaCl groups. It was noted 

that if any fluid was required beyond the four-day time it was intravenous crystalloids with no 

upper volume limit. Patients were followed for a total of 28 days and monitored for all-cause 

mortality. To control for provider bias, the fluids were identical in appearance and packaging. 

The study adequately controlled for biases and ensured the most thorough evaluation of fluids 

was conducted. The study used well established protocols and was found to meet safety 

standards by the French Independent Ethics Committee. 
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 The authors found in order to reach the desired hemodynamic stability significantly less 

HES was used than NaCl (1,379 ± 886 ml in the HES group and 1,709 ± 1,164 ml in the NaCl 

group [Mean difference = -331 ± 1,033, 95% CI -640 to -21], P = 0.0185).4 The time to reach 

hemodynamic stability was an average of 2.5 hours shorter within the HES group, however these 

findings were not found to be statistically significant (Table 2). The usage of HES during this 

study did not induce AKI and the tubular or glomerular function was not affected (Table 3). 

Urinar\ biomarkers of AKI were used as a ratio to urinar\ creatinine. ³The stud\ concluded that 

there was no statistically significant effect on mortality when comparing HES and NaCl 

treatment groups.´4 Therefore, the study found no major differences in mortality when 

contrasting HES to NaCl.  

 In short, this study was one of two trials reviewed that found no major difference between 

the need for renal replacement therapy when using HES over crystalloid for emergent 

resuscitation. This is the only trial that found no difference between the need for renal 

replacement with HES over crystalloid in sepsis. However, this has not been confirmed in larger 

trials. In fact, the opposite was found in larger trials and HES and other colloids should not be 

used within septic patients.  

The next study evaluated is the Scandinavian Starch for Severe Sepsis / Septic Shock (6S) 

trial, which was a large study conducted in 2009- 2022 throughout Denmark, Norway, Finland, 

and Iceland. The trial was a blinded, parallel group with randomized patients (Table 4). A total 

of 1211 patients were evaluated with 407 being excluded for the following reasons: 138 

underwent renal-replacement therapy, 152 received >1000 ml of synthetic colloids, 51 consent 

could not be obtained and 25 were already in another ICU trial. Consequently, 804 total patients 

underwent randomization, where another 4 were excluded from the trial.5 Nonetheless, 400 were 
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assigned to receive HES 130/0.42 and 400 were assigned to receive Ringer¶s Lactate. The trial 

patients all fit criteria for severe sepsis according to the Society of Critical Care Medicine and 

American College of Chest Ph\sicians. ³The composite outcome measure of 90-day mortality or 

end-stage kidney disease defined as dialysis-dependency 90 days after randomization will be the 

primary outcome measure, and these two outcome measures will also be anal\]ed separatel\.´5 

Patients were followed up with at 6 month and 1 -year re-evaluation periods to assess for all-

cause mortality. The need for renal replacement therapy was followed for 90 days after 

randomi]ation. The fluids were visuall\ identical and were given in 500 ml ³fle[ bag´ plastic 

bottles, which were put into black plastic bags to control for provider bias.  

 ³The primar\ outcome, death or dependence on dial\sis at 90 da\s after randomi]ation, 

occurred in 202 patients (51%) in the starch group as compared with 173 patients (43%) in the 

Ringer¶s acetate group (relative risk, 1.17; 95% CI, 1.01 to 1.36; P = 0.03).´5 The P-value is 

statistically significant and leads the researchers to conclude that patients with severe sepsis 

receiving fluid resuscitation with HES had a higher risk of death at 90 days (Table 5). The 

evaluated probability of survival using Kaplan-Meier analysis, which is a statistical tool that 

measures the fraction of patients living after treatment, showed the survival time did not 

significantly differ between the two groups (P=.07)(Figure 2). The patients within the colloid 

group were more likely to have a need for renal-replacement therapy. The study found that 87 

patients treated with HES required renal-replacement therapy, while only 65 patients treated with 

Ringer¶s Acetate required renal-replacement therapy (relative risk, 1.35, 95% CI, 1.01-1.80; 

P=.04. In short, this shows a statistically significant value when evaluating the relative risk. 

Incidences of acute kidney injuries were found to have more than three points within the 

Sequential Organ Failure Assessment score (SOFA), which means the patients would have a 
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Table 3: Urinary Biomarkers of AKI as a ratio to urinary creatine within the CRYSTMAS Study. 

 

Table 4: Patient selection for 6S clinical trials. 
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Table 5: Primary and secondary results from the 6S clinical trial
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Figure 2: Kaplan-Meier anal\sis for the patient¶s probabilit\ of survival within the 6S clinical trial. 
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Table 6: Patient eligibility for the CHEST clinical trial
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Figure 3: Serum Creatine in patients during the CHEST clinical trial

 

 

Figure 4: Urine output in patients during the CHEST clinical trial
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Figure 5: Patient outcomes and adverse events within the CHEST clinical trial
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Table 7: Baseline Characteristics of Patient within the SAFE clinical trial 
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Table 8: Paitient enrollment within the CRISTAL clinical trial 

 

Table 9: Outcomes by treatment group CRISTAL clinical trial 
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Figure 6: Base Excess changes Comparison of the Effectiveness of Hydroxyethyl Starch (Voluven) Solution 
With Normal Saline in Hemorrhagic Shock Treatment in Trauma clinical trial 

 

 

Figure 7: Patient recruitment for burns fluid resuscitation in Hydroexyethylstarch supplementation in 
burn resucitation

 

Table 10: Resucitation Fluid date for Hydroexyethylstarch supplementation in burn resuscitation clinical 
trial  

 

 



Colloids Vs. Crystalloids 43 
 

 
 

Table 11: Inflammatory marker data for Hydroxyethylstarch supplemetnation in burn resucitation clinical 
trial  

 

Table 12: Peak results and findings for A Prospective, Randomized Evaluation of Intra-abdominal 
Pressures with Crystalloid and Colloid Resuscitation in Burn Patients 

 




