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Abstract

Background: With the advent of newer and “safer” 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, hydroxyethyl 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 crystalloids having
additional elemental components, Ringer’s lactate crystalloids 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

“Despite more than 20 years of intense therapeutic investigation, mortality 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. “Inadequate initial treatment and delayed
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. “Optimized management in the first 6 hours has been reported to
significantly reduce mortality in patients with severe sepsis and septic shock.”3s 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. “There were no significant differences between treatment groups in demographic and
baseline characteristics.”s 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).
Urinary biomarkers of AKI were used as a ratio to urinary creatinine. “The study concluded that
there was no statistically significant effect on mortality when comparing HES and NaCl
treatment groups.”s 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.s 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 Physicians. “The 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 analyzed separately.”s
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
randomization. The fluids were visually identical and were given in 500 ml “flex bag” plastic

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

“The primary outcome, death or dependence on dialysis at 90 days after randomization,
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).”s 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.

Mean (SD)
Treatment group  Baseline Until HDSa Day 1 Day 2 Day 3 Day 4 Day 8b Lastc
Alpha-1-microglobulin/urinary creatinine, g/mmol
HES 130/04 178 (21.0) 181 (148) 183 (160) 194 (203) 196 (205) 172 (144) 134 (149) 195 (227
Na(l 09% 123 (129) 172 (180) 178 (17.1) 169 (150) 167 (149) 167 (138) 195 (239) 198 (233)
Beta-NAG/urinary creatinine, Ul/mmol
HES 130/04 49 (66) 41 (35) 50 (38) 79 (128) 81(136) 55 (46) 45 (30 6.7 (100)
NaCl 09% 41 (47) 42 (35) 60 (9.1) 47 (42) 45 (44 42 (33) 58 (50) 57 (55)
NGAL/urinary creatinine, pg/mmol
HES 130/04 2830 (785.0) 3528 (107) 2299 (4655) 3259 (10790) 4329 (14582) 909 (2034) 244 (N5) 2790 (8848)
NaCl 0.9% 3055 (8339) 2449 (4524) 3187 (6448) 1498 (3032) 121.1 (306.1) N21 (3730 1778(5515) 2128 (6048)

“First measurement until HDS visit (i.e, data recorded at day of withdrawal were assigned to the study visit corresponding to the actual time point of
measurement); "data recorded on Day 8; “last available post-baseline measurement; HES, hydroxyethyl starch; NaCl, sodium chioride; NAG, N-acetylfi-D-
gluc inidase; NGAL, phil gelati associated lipocalin; SD, standard deviation; HDS, h dy ic stabilization.

Table 4: Patient selection for 6S clinical trials.
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Table 5: Primary and secondary results from the 6S clinical trial

HES 130/0.42 Ringer's Acetate  Relative Risk
Outcome (N=398) (N=400) (95% CI) P Value
Primary outcome
Dead or dependent on dialysis at day 90 — no. (%) 202 (51) 173 (43) 1.17 (1.01-136)  0.03
Dead at day 90 — no, (%) 201 (51) 172 (43) 117 (1.01-1.36)  0.03
Dependent on dialysis at day 90 — no. (%) 1(0.25) 1(0.25) — 1.00
Secondary outcome measures
Dead at day 28 — no. (%) 154 (39) 144 (36) 108 (0.90-1.28)  0.43
Severe bleeding — no. (%) 38 (10) 25 (6) 1.52 (0.94-2.48)  0.09
Severe allergic reaction — no. (%) 1(0.25) 0 —_ 0.32
SOFA score at day 5 — median (interquartile range) 6 (2-11) 6 (0-10) —_ 0.64
Use of renal-replacement therapy — no. (%) 87 (22) 65 (16) 135 (L01-1.80) 0.04
Use of renal-replacement therapy or renal SOFA 129 (32) 108 (27) 1.20 (0.97-1.48)  0.10
score =3 — no. (%)§
Doubling of plasma creatinine level — no. (%) 148 (41) 127 (35) 1.18 (0.98-1.43)  0.08
Acidosis — no. (%)19 307 (77) 312(78) 099 (0.92-106) 0.72
Alive without renal-replacement therapy — mean % 91 93 —_ 0.048
of days|
Use of mechanical ventilation — no. (%) 325 (82) 321 (80) 1.02 (0.95-1.09) 0.6l
Alive without mechanical ventilation — mean % 62 65 —_ 0.28
of days|
Alive and out of hospital — mean % of days| 29 34 — 0.048

* For severe bleeding and severe allergic reaction, data were missing for 1 patient in the Ringer's acetate group. For dou-
bling of the plasma creatinine level, data were missing for 38 patients in the HES 130/0.42 group and 34 patients in the
Ringer's acetate group. For alive without mechanical ventilation, data were missing for 1 patient in the Ringer's acetate
group. Cl denctes confidence interval.

T Outcomes are for patients in the ICU during the 90-day trial period.

1 Outcomes are for patients with any form of renal-replacement therapy during the 90-day trial period.

§ Outcomes are for patients with any form of renal-replacement therapy during the 90-day trial period or with a renal
SOFA score of 3 or higher after the patient had a renal SOFA score of 2 or lower at randomization.

9§ Acidosis was defined as an arterial pH of less than 7.35.

| The mean percentage of days was calculated as the number of days without renal-replacement therapy or mechanical
ventilation or the number of days out of the hospital divided by the number of days alive in the 90-day follow-up period.
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Figure 2: Kaplan-Meier analysis for the patient’s probability of survival within the 6S clinical trial.

A Time to Death
1.0+
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'g 0.6 __ Ringer's acetate
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%‘ HES 130/0.42
3 a
e 04
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0.24
0.0 T \J T T T T J T J
0 10 20 30 40 S 60 7o 80 %0
Days since Randomization
No. at Risk
HES 130/0.42 398 240 209 197
Ringer's acetate 400 254 240 28




Table 6: Patient eligibility for the CHEST clinical trial
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19,475 Patients were assessed for eligibility

10,612 Were ineligible
111 Were under 18 yr of age
3324 Received fluid previously

4 Had known allergic reaction
1257 Received renal-replacement therapy

(4.0 mg/d1)
24 Had severe hypernatremia
9 Had severe hyperchlorernia
575 Were pregnant or breast-feeding
1127 Were admitted after cardiac surgery

transplantation
1011 Had limited life expectancy
341 Had limitation of therapy
165 Were previously enrolled in the study

recelved fluid

512 Received =1000 mi of 6% HES (130/0.4)
1193 Had nontraumatic intracranial hemorrhage

256 Had serum creatinine level =350 ymol/liter

402 Received treatment for burns or after liver

301 Were transferred from another ICU and

1863 Were eligible but were excluded
735 Were overlooked for randomization
547 Were withdrawn by clinician

335 Did not provide consent
235 Were excluded for other reasons
11 Had problem accessing the Web

7000 Underwent randomization

3500 Were assigned to receive
6% hydroxyethyl starch (130/0.4)

137 (3.9%) Withdrew consent |-—

3500 Were assigned to receive
0.9% saline

3323 Provided consent for all data
35 Provided consent for early data only
S Provided consent for primary
outcome data only

—| 113 (3.2%) Withdrew consent

5 (0.1%) Were lost to follow-up [=—j

3340 Provided consent for all data
44 Provided consent for early data only
3 Provided consent for primary
outcome data only

3358 (95.9%) Were induded in the analysis

—| 3 {0.195) Were lost to follow-up

43 (1.2%) Were lost to follow-up|

at 90 days

3384 (96.79%) Were included in the analysis

3315 (94.7%) Were included in the 90-day
analysis

at 90 days

48 (1.4%) Were lost to follow-up

3336 (95.3%) Were included in the %0-day
analysis

Figure 1. Assessment, Randomization, and Follow-up of the Patients.




Figure 3: Serum Creatine in patients during the CHEST clinical trial
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Figure 4: Urine output in patients during the CHEST clinical trial
B Urine Output
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Figure 5: Patient outcomes and adverse events within the CHEST clinical trial

Table 2. Outcomes and Adverse Events.*

Variable
Outcome

Primary outcome of death at day 90 —
no.total no. (%)

Secondary outcomes — no.total no. (%)
Renal outcomes
RIFLE-R
RIFLE-I
RIFLE-F
Use of renal-replacement therapy
New organ failuref
Respiratory
Cardiovascular
Coagulation
Hepatic
Tertiary outcomes — no, [total no. (%)
Death in ICU
Death within 28 days
Death in hospital

Service utilization — no.
Days in ICU
Days in hospital
Days receiving mechanical ventilation:
Days receiving renal-replacement therapyi:
Treatment-related adverse events§
Any event — no. ftotal no. (%)
Pruritus
Skin rash
Other

Serious adverse events — no.ftotal no. (%)

HES

597/3315 (18.0)

1788/3309 (54.0)

1130/3265 (34.6)
336/3243 (10.4)
235/3352 (7.0)

5402062 (26.2)

663/1815 (36.5)

1422987 (4.8)
55/2830 (1.9)

364/3313 (11.0)
458/3313 (13.8)
483/3307 (14.6)

7.3102
19.310.3
6.010.2
5.610.4

18073871 (4.6)
137/3871 (3.5)
343871 (0.9)
9/3871 (0.2)
2/3871 (0.1)

Saline

566/3336 (17.0)

19123335 (57.3)
12533300 (38.0)
301/3263 (9.2)
196/3375 (5.8)

5242094 (25.0)

7221808 (39.9)

119/3010 (4.0)
36/2887 (1.2)

360/3331 (10.8)
437/3331 (13.1)
456/3324 (13.7)

6.9:0.2
19.1:0.3
5.7:0.2
5.520.4

95/2879 (3.3)
73/2879 (2.5)
16/2879 (0.6)
6/2879 (0.2)
2/2879 (0.1)

Relative Risk
(95% C1)

1.06 (0.96 10 1.18)

0.94 (0.90 to 0.98)
0.91 (0.85 to 0.97)
1.12 (0.97 to 1.30)
1.21 (100 to 1.45)

1.05 (0.94 to 1.16)
0.91 (0.84 to 0.99)
1.20 (0.95 to 1.53)
1.56 (1.03 to 2.36)

1.02 (0.89 to 1.17)
1.05 (0.93 to 1.19)
1.06 (0.95 to 1.20)

Mean Difference (95% Cl)

0.4 (0.0t0 0.9)
0.2 (0.8t0 1.1)
0.4 (0.1t00.3)
0.1 (-0.1t0 1.2)

P Value

0.26

0.007
0.005
0.12
0.04

039
0.03
0.13
0.03

0.81
0.40
0.30

0.07
0.72
0.12
0.86

0.006

0.77

* Plus—minus values are means +SE,

T New organ failure was defined as a Sequential Organ Failure Assessment (SOFA) score’ of at least 3 for each category in patients who did

not have such organ failure at baseline.

Data are presented for the proportion of patients who received the intervention,
Adverse events in the HES group include those in patients who received HES both before and after randomization,
Y Among the serious (nonfatal) treatment-related adverse events were one case each of anaphylactic shock and extravasation of fluid causing
airway obstruction in the HES group and one case each of toxic epidermal necrolysis requiring unblinding of the study-group assignment
and unexplained severe hypotension in the saline group.
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Table 7: Baseline Characteristics of Patient within the SAFE clinical trial

Table 1. Baseline Characteristics of the Patients.*
Characteristic Albumin Group  Saline Group
Age —yr 58.6=19.1 5852187
Female sex — no. (%) 1424 (40.7) 1376 (39.3)
Reason for admission to ICU — no. (%)
Surgical 1473 (43.0) 1465 (42.8)
Medical 1955 (57.0) 1958 (57.2)
Source of admission to ICU — no. (%)
Emergency department 948 (27.7) 977 (28.5)
Hospital floor 614 (17.9) 573 (16.7)
Another ICU 63 (1.8) 66 (19)
Ancther hospital 323 (9.4) 341 (10.0)
Operating rcom (emergency surgery) 801 (23.4) 780 (22.8)
Operating room (elective surgery) 662 (19.3) 678 (19.8)
Same ICU (readmission) 17 (0.5) 8(0.2)
Predefined subgroups — no. (%)
Trauma 597 (17.4) 590 (17.2)
Severe sepsis 603 (18.1) 615 (18.4)
Acute respi y distress synd 61 (1.83) 66 (1.9)
APACHE |l scoret 187279 19.0=8.0
Physiological variables
Meart rate — beats/min 9142235 9232235
Mean arterial pressure — mm Mg 7782164 78.2:163
Central venous pressure — mm Hg 9.0=4.7 8.6:4.63
Urine cutput — ml/he 89721324 95.0=161.4
Serum albumin — g/liter 274278 27.7=79
Organ failure— no. (%)§
No failure 1962 (57.2) 1885 (55.1)
1organ 1075 (31.4) 1148 (33.5)
2 argans 335 (9.8) 329 (9.6)
3 organs 50 (1.5) 57 (1.7)
4 organs 5(0.1) 4(0.1)
5 organs 1 (<0.1) 0
Mechanical ventilation — no. (%) 2186 (63.8) 2217 (64.8)
Renal-replacement tharapy — no. (%) 45 (1.3) 41 (1.2)
Albumin in previcus 72 hr — no. (%) 127 (3.9 135 (3.9)

# Plus-minus values are means =SD. Percentages were cakulated according to
the number of patients for whom data were available: for sex, 3497 in the albu-
min group and 3500 in the saline group; for severe sepsis, 3339 in the albumin
group and 3338 in the saline group; and for all the other variables, 3428 in the
albumin group and 3423 in the saline group. Because of rounding, not all per-
centages total 100. ICU denotes intensive care unit, and APACHE Il Acute
Physiology and Chronic Health Evaluation I1.

{ Migher scores on APACHE |l indicate more severe iliness.

§P=0.03 for the comparison with the value in the albumin group (without cor-
rection for multiple. hesis testing).

| Organ failure was defined as a Sequential Organ.Failure Assessment score®
of 3 or 4 for any individual organ system.




Table 8: Paitient enrollment within the CRISTAL clinical trial
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for eligibility

6498 Crit 1l patients assessed

3641 Excluded
2305 Recenved fluid therapy In the intensive care unit
602 Had anesthesia-related hypotension
265 Had advanced chronic liver disesse
188 Had chronic renal fallure

18 Had do-not-resuscitate order

15 Pregnam

15 Burned >20% of body surface area
11 Had an allergy to any study drug
11 Refused consent

8 Dehydrated

2 Brain death or organ donor
89 Other reasons

S

1414 Randomized to recelve colloids 1443 Randomized to recetve crystalloxds
1414 Received intervention as 1443 Received intervention s
randomized randomized
3 '
0 Lost to follow-up or discontinued 0 Lost to follow-up or discontinued
ntervention Intervention

A

'

| 1414 Included i prmary analysss | |

1443 Included in primary andysts |

Table 9: Outcomes by treatment group CRISTAL clinical trial

No. (%) of Patients
Colloids Crystalloids
(n=1414) (n=1443) RR (95% CI) P Value®

Death

Within 28d 359 (25.4) 390 (27.0) 0.96 (0.88 to 1.04) 26
Within 90d 434 (30.7) 493 (34.2) 0.92 (0.86 t0 0.99) 03
Inicu 355(25.1) 405 (28.1) 0.92 (0.85 to0 1.00) 06
In hospital 426 (30.1) 471 (32.6) 0.94 (0.87 10 1.02) 07
No. of days alive and without the following treatment or condition Mean (SD) Mean Difference (95% CI)

Mechanical ventilation within the first 7 d 2.1Q2.4) 1.8(Q2.3) 0.30 (0.09 10 0.48) 01
Mechanical ventilation within the first 28 d 146 (11.4) 13.5(115) 1.10 (0.14 to 2.06) 01
Renal replacement therapy within the first 7 d 48(Q.9) 469 02(-0410028) 99
Renal replacement therapy within the first 28 d 139(11.3) 13.1(11.4) 08(-16t033) 90
Organ failure (SOFA score <6) within the first 7 d 6.2(1.8) 6.1(1.8) 0.06 (-0.10 to 0.20) 31
Organ failure (SOFA score <6) within the first 28 d 21.4(103) 20.9 (10.6) 0.6(-041t015) 16
Vasopressor therapy within the first 7 d 5.03.0) 473.) 0.30 (-0.03 to 0.50) 04
Vasopressor therapy within the first 28 d 16.2(11.5) 15.2(11.7) 1.04 (-0.04 to0 2.10) 03
ICU stay within the first 28 d 83 (9.0) 81(9.2) 02(-05t009) 69
Hospital stay within the first 28 d 119(11.1) 11.6(11.4) 03(-05t01.1) 37

Abbreviations: ICU, intensive care unit; RR, relative risk; SOFA, Sequential Organ

Failure Assessment.
A For mortality end points, the analysis was performed using the

Mantel Haenszel test stratified based on admission diagnosis (ie, sepsis,

not receiving mechanical ventilation, vasopressor therapy, and renal

replacement therapy and days alive without organ system fallure were
compared between randomized groups using the nonparametric Wilcoxen

rank sum test.

trauma, or other causes of hypovolemic shock). The number of days alive and
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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
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Figure 7: Patient recruitment for burns fluid resuscitation in Hydroexyethylstarch supplementation in
burn resucitation
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Table 10: Resucitation Fluid date for Hydroexyethylstarch supplementation in burn resuscitation clinical
trial

Crystalloid only n = 14 Colloid-supplemented n - 12 P
Median data for first 24 h post-bumn
Volume of fluid infused (ml) 8450 8650 09798
Volume infused/%TBSA (ml) 307 263 00234
Volume infused/%TESA/patient weight (mU/kg) 12 38 02740
Volume infused — volume predicted (range) +545 (—835 to +3175) —391 (-1084 to +2210) 02972
Crystalloid volume (ml) 8450 7306
HES volume (ml) 0 1585 -
Weight gain (kg) 25 14 00039
Weight gain/%TBSA 0.078 0.046 0.0037
Weight gain/%FTB 02 0.1 0.0055

TBSA = total body surface area, FTB = full thickness burn.
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Table 11: Inflammatory marker data for Hydroxyethylstarch supplemetnation in burn resucitation clinical
trial

Crystalloid only n=14 Colloid-supplemented n =12 r
Median (95%CT) serum CRP at 48 h (mg/1) 210 (167-257) 128 (74-145) 0.0001
ACR at 6 h {mg/mmol) 2 (04-6.4) 2.6 (0.5-24.5) 04319
ACR at 12 h (mg/mmol) 13 1 04025
12 h ACR/%TBSA 004 0.02 00310
12 h ACR/%FTB 0.14 0.05 0.0080

Cl1 = confidence interval, CRP = C-reactive protein, ACR = albumin-creatinine ratio, TBSA - total body surface area, FTB - full thickness burn.

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

Crystalloid Plasma p Value
No. 15 16
Peak IAP (mm Hg) 325+05 164 + 75 <0.0001
IAP increase (mm Hg) 265+79 10.6 + 6.4 <0.0001
Time of peak IAP (hr) 72.7 + 41 68.3 +11.1 0.16
Resuscitation volume (L/kg) 0.561 * 0.160 0.360 + 0.170 0.0021
Weight gain (%) 40.7 = 17.8 15.3 = 10.0 <0.0001
Urine output (mikg/h) 0.54 + 0.26 0.83 + 0.32 0.0097
Peak creatinine (mg/dL) 19 +10 1.5+09 0.23
Peak BUN (mg/dL) 30.2 + 134 246 + 157 0.29
Peak base excess/deficit 1.7+55 1.3+32 0.07

Peak PAP (mm Hg) 406 + 56 352+ 54 0.01
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