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P ERIOPERATIVE hemodynamic instability may lead 
to cardiovascular morbidity and requires prompt rec-

ognition and correction. Possible causes include blood loss, 
fluid deficit, or sepsis. Fluid therapy is therefore a key com-
ponent of the perioperative management of surgical patients. 
Resuscitation fluids are divided into two categories: colloid 
and crystalloid solutions. The ideal fluid to be used in the 
surgical setting remains uncertain.1,2 Colloids are composed 
of heavy molecular weight molecules, which are retained in 
the plasma compartment. Hemodynamic goals are reached 
by administrating smaller volumes of colloids than crystal-
loids.3–5 Among colloids, starches are the most commonly 
administered fluid. The use of starches has been restricted by 
the European Medicines Agency in sepsis, burns, or critically 
ill patients6 because of the risk of acute kidney injury and of 
death.5,7 The U.S. Food and Drug Administration also issued 
a warning about the increased risk of renal failure or death, 

as well as a risk of bleeding after cardiopulmonary bypass 
associated with starches.6 However, because these data do 
not derive exclusively from surgical patients, extrapolation 

Editor’s Perspective

What We Already Know about This Topic

•	 Whether crystalloid or colloids are preferable for treatment of 
hypovolemic shock in surgical patients remains unclear

What This Article Tells Us That Is New

•	 In a preplanned subgroup analysis of a previous trial, the 
authors compared 28-day mortality in 741 surgical patients 
with hypovolemic shock who were randomized to crystalloids 
or colloids

•	 Mortality at 30 and 90 days was similar in the two groups, and 
colloid administration did not increase the need for dialysis

•	 Colloid administration did not improve mortality but also did 
not cause renal injury
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ABSTRACT

Background: The multicenter randomized Colloids versus Crystalloids for the Resuscitation of the Critically Ill (CRIS-
TAL) trial was designed to test whether colloids altered mortality compared to crystalloids in the resuscitation of intensive 
care unit patients with hypovolemic shock. This preplanned analysis tested the same hypothesis in the subgroup of surgi-
cal patients.
Methods: The CRISTAL trial prospectively defined patients as critically ill surgical patients whenever they underwent emer-
gency or scheduled surgery immediately before or within 24 h of intensive care unit admission and had hypovolemic shock. 
The primary outcome measure was death by day 28. Secondary outcome measures included death by day 90, the need for renal 
replacement therapy, or the need for fresh frozen plasma transfusion.
Results: There were 741 critically ill surgical patients, 356 and 385 in the crystalloid and colloid arm, respectively. Median 
(interquartile range) age was 66 (52 to 76) yr, and 484 (65.3%) patients were male. Surgery was unscheduled in 543 (73.3%) 
cases. Mortality by day 28 did not significantly differ for crystalloids 84 (23.6%) versus colloids 100 (26%; adjusted odds ratio, 
0.86; 95% CI, 0.61 to 1.21; P = 0.768). Death by day 90 (111 [31.2%] vs. 122 [31.7%]; adjusted odds ratio, 0.97; 95% CI, 
0.70 to 1.33; P = 0.919) did not significantly differ between groups. Renal replacement therapy was required for 42 (11.8%) 
patients in the crystalloids arm versus 49 (12.7%) in the colloids arm (P = 0.871).
Conclusions: The authors found no survival benefit when comparing crystalloids to colloids in critically ill surgical patients. 
(Anesthesiology 2018; 129:1149-58)
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of these findings to the perioperative period is question-
able. Indeed, crystalloids are not devoid of side effects such 
as hyperchloremic metabolic acidosis, reduced renal blood 
flow, or impaired renal cortical perfusion.8,9

The Colloids versus Crystalloids for the Resuscitation of 
the Critically Ill (CRISTAL) trial was designed to test the 
hypothesis that colloids altered 28-day mortality compared 
with crystalloids for fluid resuscitation in a general popula-
tion of critically ill patients.4 This a priori defined second-
ary analysis tested the same hypothesis in the subgroup of 
surgical critically ill patients. Patients were identified as 
surgical whenever they underwent emergency or scheduled 
surgery immediately before or within 24 h of intensive care 
unit admission. Our primary outcome was 28-day mortal-
ity. Secondary outcomes included the occurrence of organ 
dysfunction over a 28-day period, as well as the need for 
renal replacement therapy, secondary surgical intervention, 
blood product administration, intensive care unit and hospi-
tal length of stay, and 90-day mortality.

Materials and Methods

Study Setting and Patients
The CRISTAL trial (ClinicalTrials.gov NCT00318942) ran-
domly assigned 2,857 acutely hypovolemic patients from 57 
participating centers in Europe, North Africa, and North 
America to receive either crystalloids or colloids.4 The study 
protocol was approved by local institutional review boards. 
Deferred written informed consent was obtained from par-
ticipants or legally authorized surrogates. Included partici-
pants had not previously received any fluid in the intensive 
care unit and required fluid resuscitation for acute hypovo-
lemia. Acute hypovolemia was defined by the combination 
of (1) hypotension: systolic arterial pressure of less than  
90 mmHg, mean arterial pressure of less than 60 mmHg, 
orthostatic hypotension (i.e., decrease in systolic arterial 
pressure of at least 20 mmHg, from the supine to the semi-
recumbent position), or a delta pulse pressure of 13% or 
higher; (2) evidence for low filling pressures and low car-
diac index, assessed either invasively or noninvasively; and 
(3) signs of tissue hypoperfusion or hypoxia, including at 
least two of the following clinical symptoms: Glasgow Coma 
Scale score of less than 12, mottled skin, urinary output of 
less than 25 ml/h, or capillary refilling time of 3 s or lon-
ger; and arterial lactate levels higher than 2 mM, blood urea 
nitrogen higher than 56 mg/dl, or a fractional excretion of 
sodium of less than 1%.4

A computer-generated list with fixed-block permutation 
(n = 4) was used to randomize patients on a 1 to 1 ratio. 
Randomization was stratified by center and by three admis-
sion diagnoses: sepsis, multiple trauma, and other causes 
of hypovolemic shock. Allocation concealment used sealed 
envelopes at the bedside to allow randomization of eligible 
patients without any delay. Investigators were blinded to 
block size.

Eligible patients were randomly allocated to fluid resus-
citation with crystalloids or with colloids. In the crystalloids 
group, allowed treatments included isotonic or hypertonic 
saline and any buffered solutions. In the colloids group, 
hypooncotic (e.g., gelatins, and 4 or 5% of albumin) and 
hyperoncotic (e.g., dextrans, hydroxyethyl starches, and  
20 or 25% of albumin) solutions were permitted. Within 
each treatment group, investigators could use whichever flu-
ids were available at their institution. The amount of fluid 
and duration of treatment was left at the discretion of the 
investigators with the following restrictions: (1) the daily 
total dose of hydroxyethyl starch could not exceed 30 ml/
kg of body weight and (2) investigators were required to fol-
low any local regulatory agency recommendations governing 
use. Patients had to be managed according to their random-
ization arm except for (1) maintenance fluids, which were 
isotonic crystalloids, regardless of treatment group, and (2) 
in instances in which physicians wished to administer albu-
min in response to demonstrated hypoalbuminemia (serum 
albumin concentration less than 20 g/dl).

The blinding of the clinicians to the fluid interventions 
was considered by the study advisors to be inappropriate 
or infeasible because study treatments had to be available 
immediately for resuscitation to ensure avoidance of non-
study fluids in emergent situations. In addition, because the 
intervention would be continued until intensive care unit 
discharge and could thus be highly variable, there was no 
practical way to stock sites with adequate supplies of masked 
fluid solutions. However, the mortality endpoints were col-
lected and assessed by study members blinded to treatment 
assignment. Similarly, the principal investigator, study spon-
sor, and the members of the data and safety monitoring 
board remained blinded to the study interventions until all 
patients were followed up and the final analysis was executed.

For this analysis, we included all surgical patients included 
in the original trial. Surgical patients were a priori defined 
as patients requiring elective or unscheduled surgery, either 
before or up to 24 h after intensive care unit admission.

Data Collection
At the time of randomization, age, sex, cause of intensive 
care unit admission, type of admission (medical, elective 
surgery, unscheduled surgery, trauma), McCabe class,10 dis-
ability scale score,11 cause of hypovolemia (divided into three 
separate strata: sepsis, trauma, and other), Simplified Acute 
Physiology Score II,12 Sequential Organ Failure Assessment 
score,13 Injury Severity Score,14 signs of hypovolemia, and 
amount of fluids administered before randomization were 
collected. The global Sequential Organ Failure Assessment 
score was recorded daily over a 7-day period and thereaf-
ter on days 14 and 28. Any occurrence of renal replacement 
therapy was recorded. We assessed the need for secondary 
surgical intervention and for blood product administration 
(including platelets, fresh frozen plasma, and packed eryth-
rocytes) over a 7-day period. Outcomes included intensive 
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care unit and hospital length of stay, as well as death by days 
28 and 90.

Statistical Analysis
Quantitative variables were expressed as median (interquar-
tile range) and categorical variables as number (percentage). 
When designing the CRISTAL trial, we anticipated that 
responses to colloids versus crystalloids may vary across dif-
ferent groups of patients, namely sepsis, trauma, and other 
categories of acute hypovolemia. Thus, randomization was 
stratified according to these three groups of patients. In 
addition, we anticipated potential qualitative interaction 
between treatment responses within each of these strata 
and the type of admission, namely surgical versus medi-
cal. Thus, we planned to report the estimation of treatment 
effects in the surgical and medical groups of patients sepa-
rately. We undertook an intention-to-treat analysis for the 
primary outcome, death by day 28, where patients, once 
selected in one treatment group according to randomiza-
tion, were analyzed in the group assigned by the random-
ization, insuring the absence of any selection or attrition 
bias. No imputation was used. Nevertheless, in response 
to peer review, per-protocol analyses were added as a sec-
ondary analysis including all participants who adhered 
adequately to the assigned treatment. Categorical variables 
were compared with the Fisher exact test, and continuous 
variables were compared with the Wilcoxon rank sum test. 
To assess differences over time of the Sequential Organ 
Failure Assessment score across both arms, we built a lin-
ear mixed-effects model. This allowed us to model obser-
vational heterogeneity incurred by repeat measurements of 

the score in the same patient (with fixed effects of Sequen-
tial Organ Failure Assessment and time) and accounted for 
the fact that some individuals may have higher values than 
others (by using a random intercept).

All patients were followed until day 90 unless death 
occurred before day 90, so that analysis of mortality data 
across randomized groups used the chi-square test; esti-
mate of odds ratio of death according to fluid used a logis-
tic model, adjusted to the nature of surgery. To display the 
cumulative incidence of death, we used nonparametric esti-
mator and then compared between randomized groups by 
the Gray test.

All analyses were preplanned, except for those factors 
selected for adjustment and additional analyses requested 
by the reviewers or editors. Statistical analyses were per-
formed with SAS 9.3 (SAS Inc., USA) and R 2.13.0 (http://
www.R-project.org/; accessed August 10, 2017) software. 
Tests were two-sided. The results were adjusted for multiple 
comparisons.15 P levels less than 0.05 were considered sta-
tistically significant.

Results

Baseline Characteristics
Of 2,857 patients in the initial trial, there were 741 critically 
ill surgical patients (fig. 1). Of those 741 surgical patients, 
484 (65.3%) were male, 369 (49.8%) suffered from sep-
sis, and the median age was 66 (52 to 76) yr. In total, 356 
patients (48%) were allocated to the crystalloids arm, and 
385 (52%) were allocated to the colloids arm. Surgery was 
elective for 198 (26.7%) patients and unscheduled for 543 

Fig. 1. Enrollment, randomization, and predetermined strata.
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(73.3%) patients; 395 patients (53.3%) underwent general 
or abdominal surgery, 198 patients (26.7%) underwent 
orthopedic surgery, 127 patients (17.1%) underwent car-
diac surgery, and 21 patients (2.9%) underwent neurosur-
gery. In both arms, some patients received crystalloids and/
or colloids in the operating theater before intensive care unit 
admission and before randomization (table 1). Nevertheless, 
severe acute hypovolemia was present upon randomization 
as highlighted by tachycardia, low systolic blood pressure 
and high diastolic blood pressure, low cardiac index, and 
high arterial lactate levels (Supplemental Digital Content, 
supplemental table 1, http://links.lww.com/ALN/B772).

Outcomes
Patients in the crystalloids arm received a median 7-day 
cumulative dose of fluids of 4,275 (2,000 to 7,500) ml ver-
sus 2,750 (1,500 to 4,500) ml for patients in the colloids 
arm (table 2). By day 1, the amount of fluids was markedly  
(P < 0.0008) higher in the crystalloids than in the colloids-
treated patients (fig. 2). Over time, 14.8% (n = 57) of patients 
in the colloids arm received crystalloids, whereas 5.6% (n = 
20) of patients in the crystalloids arm received colloids.

There was no difference in the occurrence of death by day 
28 between groups: 84 (23.6%) in the crystalloids arm com-
pared to 100 (26%) patients in the colloids arm (adjusted 

Table 1.  Main Characteristics at Baseline According to Randomization Arm

 
Colloids Arm 

(n = 385)
Crystalloids Arm  

(n = 356)

Age, median (IQR), yr 65 (52–76) 67 (52–76)
Male sex, n (%) 249/385 (64.7) 235/356 (66.0)
Reason for ICU admission, n (%)   
 ��� Scheduled surgery 109/385 (28.3) 89/356 (25.0)
 ��� Emergency surgery 276/385 (71.7) 267/356 (75.0)
Source of admission to ICU, n (%)   
 ��� Community 158/385 (41.0) 156/356 (43.8)
 ��� Hospital ward 199/385 (51.7) 175/356 (49.2)
 ��� Other ICU 15/385 (3.9) 18/356 (5.0)
 ��� Long-term care facility 13/385 (3.4) 7/356 (2.0)
Type of surgery   
 ��� General surgery 200/385 (51.9) 195/356 (54.8)
 ��� Orthopedic surgery 102/385 (26.5) 96/356 (27.0)
 ��� Cardiac surgery 72/385 (18.7) 55/356 (15.4)
 ��� Neurosurgery 11/385 (2.9) 10/356 (2.8)
McCabe class, n (%)   
 ��� No underlying disease or no fatal disease 215/383 (56.1) 210/356 (59.0)
 ��� Underlying ultimately fatal disease (> 5 yr) 23/383 (6.0) 13/356 (3.6)
 ��� Underlying rapidly fatal disease (< 1 yr) 145/383 (37.9) 133/356 (37.4)
Knaus disability scale, n (%)   
 ��� A 94/383 (24.5) 89/356 (25.0)
 ��� B 139/383 (36.3) 133/356 (37.4)
 ��� C 91/383 (23.8) 83/356 (23.3)
 ��� D 59/383 (15.4) 51/356 (14.3)
Glasgow Coma Scale score, median (IQR) 13 (4–15) 13 (5–15)
Simplified Acute Physiology Score II, median (IQR) 45 (30–62) 47 (33–66)
Sequential Organ Failure Assessment score,  

median (IQR)
7 (4–11) 7 (5–11)

Injury Severity Score, median (IQR) 22 (16–29) 24 (17–34)
Cause of hypovolemia, n (%)   
 ��� Sepsis 186/385 (48.3) 183/356 (51.4)
 ��� Trauma 60/385 (15.6) 56/356 (15.7)
 ��� Other 139/385 (36.1) 117/356 (32.9)
Fluid administration before ICU admission (within  

the past 12 h)
  

 ��� Crystalloids, n (%) 269/385 (70.0) 231/356 (64.9)
 ��� Dose, median (IQR), ml 1,000 (500–2,500) 1,500 (500–2,500)
 ��� Colloids, n (%) 266/385 (69.1) 235/356 (66.0)
 ��� Dose, median (IQR), ml 500 (0–1,000) 500 (0–1,000)

The Knaus scale is defined as follows: A, prior good health, no functional limitations; B, mild to moderate limitation of activity because of chronic medical 
problem; C, chronic disease producing serious but not incapacitating restriction of activity; and D, severe restriction of activity caused by disease; includes 
persons bedridden or institutionalized because of illness.
ICU, intensive care unit; IQR, interquartile range.
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odds ratio, 0.86; 95% CI, 0.61 to 1.21; P = 0.768; fig. 3). 
No interaction of the intervention with any of the random-
ization strata (sepsis, trauma, and other) was found (fig. 4). 
No interaction of the intervention with the type of surgery 
was found (fig. 5). There was no difference in the occurrence 
of death by day 90 between groups: 111 (31.2%) in the crys-
talloids arm compared to 122 (31.7%) patients in the col-
loids arm (adjusted odds ratio, 0.97; 95% CI, 0.70 to 1.33; 

P = 0.919; fig. 6). The time course of the global Sequential 
Organ Failure Assessment score was similar in both groups 
(P = 0.915; fig. 7). The median number of days alive within 
the first 7 days with a Sequential Organ Failure Assessment 
score less than 6 did not significantly differ between arms: 2 
(0 to 4.25) days in the crystalloids arm versus 2 (0 to 4) days 
in the colloids arm (P = 0.786). Renal replacement therapy 
was required for 42 patients (11.8%) in the crystalloids 

Table 2.  Type of Fluid Administered by Randomization Arm (Cumulative Dose Administered over a 7-day Period)

 
Colloids Arm

(n = 385)
Crystalloids Arm

(n = 356) P

Isotonic saline, n (%) Volume, median (IQR), ml 70/385 (18.2)  
2,000 (1,000–4,900)

313/356 (87.9)  
3,000 (1,500–5,500)

0.0001
0.050

Ringer’s lactate, n (%) Volume, median (IQR), ml 36/385 (9.4) 
3,500 (1,000–6,125)

120/356 (33.7)  
2,500 (1,000–5,000)

0.001
0.815

Hypertonic saline, n (%) Volume, median (IQR), ml 9/385 (2.3)  
750 (350–2,500)

16/356 (4.5)  
1,250 (620–2,625)

0.462
0.893

Gelatins, n (%) Volume, median (IQR), ml 171/385 (44.4) 
1,500 (1,000–3,500)

7/356 (2.0)  
500 (500–750)

0.002
0.098

Hydroxyethyl starch, n (%) Volume, median (IQR), ml 299/385 (77.7)  
1,500 (1,000–2,275)

24/356 (6.7)  
500 (500–1,125)

0.004
0.002

Albumin 20%, n (%)* Volume, median (IQR), ml 5/385 (1.3)  
200 (200–300)

11/356 (3.1)  
330 (200–400)

0.166
0.832

Albumin 4%, n (%)* Volume, median (IQR), ml 5/385 (1.3)  
500 (500–500)

6/356 (1.7)  
725 (500–1,362)

0.867
0.754

*Administration of albumin to correct hypoalbuminemia (albumin < 20 g/l) was not taken into account.
IQR, interquartile range.

Fig. 2. Total fluid administered over a 7-day period. The amount of colloids administered to achieve hemodynamic stability over 
the first 24 h was markedly lower than the amount of crystalloids (P < 0.0008).
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arm versus 49 patients (12.7%) in the colloids arm, over a 
7-day period (P = 0.897). The median length of stay in the 
intensive care unit did not significantly differ: 7 (3 to 17) 
days in the crystalloids arm compared to 7 (3 to 15) days 
in the colloids arm (P = 0.855). The median length of stay 

in the hospital was 22 (11 to 40) days in the crystalloids 
arm compared to 21 (10.5 to 38) days in the colloids arm 
(P = 0.815). We also performed a per-protocol comparison 
of the 340 patients who effectively received colloids and the 
259 patients who effectively received crystalloids. Of note, 
we excluded from the per-protocol analysis all patients in 
the crystalloid arm who had been treated by albumin even 
though the protocol provided for albumin supplementation 
in case of hypoalbuminemia. The per-protocol analysis did 
not find any difference in the rate of death by day 28 (87 
[25.6%] vs. 54 [20.8%]; adjusted odds ratio, 0.75; 95% CI, 
0.51 to 1.12; P = 0.429). The results of the per-protocol 
analysis are in table 3.

Secondary Surgical Interventions and Blood Transfusion
Secondary surgery was required in 278 (37.5%) patients, 
of which 131 (36.8%) were in the crystalloids group and 
147 (38.2%) in the colloids group (P = 0.875). A median 
number of 2.7 (2.2 to 3.4) units of packed erythrocytes were 
administered to patients in the crystalloids arm compared 
to 2.7 (2.3 to 3.5) units in the colloids arm (P = 0.890). A 
median number of 2 (1 to 5) units of platelets was adminis-
tered to patients in the crystalloids arm compared to 2 (1 to 
3) units in the colloids arm (P = 0.533). A median volume 
of 450 (175 to 800) ml of fresh frozen plasma was adminis-
tered in the crystalloids arm compared to 600 (400 to 1,200) 

Fig. 3. Mortality over a 28-day period after randomization in 
the colloid group, compared with the crystalloid group.

Fig. 4. Hazard ratio for 28-day mortality in the colloid group, compared with the crystalloid group, overall and in predefined sub-
groups. Size of data markers correspond to the relative size of each subgroup. Error bars indicate 95% CIs.

Fig. 5. Hazard ratio for 28-day mortality in the colloid group, compared with the crystalloid group, overall and by type of surgery. 
Size of data markers correspond to the relative size of each subgroup. Error bars indicate 95% CIs.
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ml in the colloids arm (P = 0.108). Additional information 
regarding the requirement for blood products are found in 
Supplemental Digital Content, supplemental tables 2 to 7 
(http://links.lww.com/ALN/B772). The results of the per-
protocol analysis regarding surgical interventions and blood 
transfusions are found in table 3.

Discussion
In this subgroup analysis of a large pragmatic trial compar-
ing the administration of crystalloids to colloids in surgical 
patients, we found that colloids did not exhibit a signifi-
cantly different safety profile from crystalloids. The current 
analysis encompasses both elective and unscheduled surgery 
associated with clinically significant hypovolemia. Our main 

finding was that 28-day mortality did not differ between 
treatment arms, both in the intention-to-treat and the per-
protocol analyses. Additionally, mortality by day 28 did not 
differ in any of the three prespecified strata. Mortality by 
day 90 did not differ between treatment arms, neither in 
the intention-to-treat nor in the per-protocol analysis. In-
hospital and in–intensive care unit length of stay did not 
differ between treatment arms. The need for secondary surgi-
cal interventions did not significantly differ between groups. 
The amounts of packed erythrocytes, of platelets, and of 
fresh frozen plasma did not differ between patients treated 
by crystalloids and those receiving colloids. Importantly, the 
global Sequential Organ Failure Assessment score and the 
need for renal replacement therapy did not differ between 
groups. Because patients were randomized in CRISTAL 
to receive products belonging to a broad family of fluids, 
extrapolating our findings to a particular type of solution, 
such as balanced solutions, is hazardous.16 We did not record 
enough data to provide information regarding the develop-
ment of acute kidney injury in this cohort. However, in sim-
ilar trials, the occurrence of acute kidney injury was found to 
be inconsistent with other markers of kidney failure, such as 
the requirements for renal replacement therapy.5,7

The whole population of the CRISTAL trial mainly 
encompassed patients admitted to the intensive care unit 
for medical reasons (71%).4 In the primary analysis of the 
CRISTAL trial, death by day 28 did not differ significantly 
between the colloids and crystalloids groups (relative risk, 
0.96; 95% CI, 0.88 to 1.04; P = 0.26), and mortality by day 
90 was significantly lower in the colloids arm (relative risk, 
0.92; 95% CI, 0.86 to 0.99; P = 0.03). In this exploratory 
analysis of the surgical population, mortality rates by days 
28 and 90 are broadly similar to that of the global CRISTAL 
population, as well as the risk for renal replacement ther-
apy requirement (relative risk, 0.93; 95% CI, 0.83 to 1.03;  
P = 0.19). Data pertaining more specifically to the surgi-
cal subpopulation (e.g., bleeding risk and need for secondary 
surgery) were not analyzed in the whole population of the 
CRISTAL trial.

Colloids for the Surgical and the Trauma Patient
The most thoroughly studied subtype of colloid in the surgi-
cal context is starch. Retrospective studies hint at the possibil-
ity of acute kidney injury after the administration of starches 
in the surgical setting.17 However, several small randomized 
controlled trials in elective surgery reported no renal side 
effect related to hydroxyethyl starch administration.18,19 In 
the Crystalloid versus Hydorxyethyl Starch Trial, the number 
of surgical patients undergoing renal replacement therapy  
did not differ between both groups: 61 of 1,425 assigned to 
hydroxyethyl starch (4.3%) versus 45 of 1,447 assigned to 
saline (3.0%) (relative risk, 1.38; 95% CI, 0.94 to 2.01).20 The 
Fluids in Resuscitation of Severe Trauma trial, comparing the 
administration of starches to that of crystalloids in both blunt 
and penetrating trauma, found no difference in mortality, 

Fig. 6. Mortality over a 90-day period after randomization in 
the colloid group, compared with the crystalloid group.

Fig. 7. Global Sequential Organ Failure Assessment score 
over a 28-day period after randomization in the colloid group, 
compared with the crystalloid group. Error bars indicate 95% 
CIs. SOFA, Sepsis-related Organ Failure Assessment.
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whereas acute kidney injury occurred more frequently in the 
saline group.21 A recent trial found that the use of colloids was 
associated with fewer complications than use of crystalloids in 
elective abdominal surgery.22 Several meta-analyses of surgical 
patients concluded that starches do not induce additional renal 
injury.23–25 Although these analyses have been criticized,26,27 
our findings, namely no increased need for renal replace-
ment therapy associated with the administration of colloids, 
are in keeping with previous reports. Such a difference in the 
occurrence of acute kidney injury between subjects affected by 
sepsis and those affected by surgery or trauma may be related 
to different pathophysiology of acute kidney injury. If blood 
loss from trauma or during surgery leads to hypotension and 
renal ischemia, prompt restoration of renal hemodynamic may 
reduce the incidence of acute kidney injury.28 The pathophysi-
ology of sepsis-associated acute kidney injury is wholly differ-
ent, because acute kidney injury may occur despite normal 
renal blood flow.29 Pathophysiologic mechanisms of sepsis-
associated acute kidney injury include inflammation, micro-
circulatory dysfunction, and endothelial cell injury.30 Starches 
may also affect bleeding in surgical patients. Several trials com-
paring starches to crystalloids found that starches reduced the 
clot strength and increased bleeding during both major surgery 
and cardiac surgery.31–33 In the Fluids in Resuscitation of Severe 
Trauma trial, patients suffering from blunt trauma randomized 
to the hydroxyethyl starch group required significantly more 
blood products than those randomized to receive saline.21 
We did not observe any difference in the required amount of 
packed erythrocytes, platelets, or fresh frozen plasma. Little is 
known of the effect of colloid versus crystalloid solutions on 
mortality in the surgical setting, because surgical-related mor-
tality in most circumstances is extremely low. In the subgroup 
of patients undergoing surgery before randomization into the 
6S trial, death by day 90 occurred in 61 of 131 patients in the 
hydroxyethyl starch subgroup versus 53 of 146 patients in the 
Ringer’s acetate subgroup (relative risk, 1.28; 95% CI, 0.97 to 
1.70; P = 0.42).34 A last point to be mentioned when compar-
ing crystalloids to colloids is the cost of each product. CRIS-
TAL was not designed to analyze the cost of both interventions.

No power computation was performed when this second-
ary analysis of the trial was undertaken. Nevertheless, given 
the sample size of 741 patients broadly divided into two 
equal-sized groups, the statistical power to detect an effect 
size of at least 0.2 was above 80%. Strengths of the current 
study include the fact that our data set stems from a prag-
matic, randomized clinical trial, depicting the use of resus-
citation fluids in real-world conditions. Additionally, our 
analyses were preplanned, and we report on a small number 
of outcomes, reducing the risk of false-positive results.35 Our 
study has several limitations. First, we did not have access 
to perioperative blood loss; we therefore had to use a sur-
rogate marker of blood loss, the number of packed erythro-
cytes administered. Second, because our population consists 
of patients who were transferred from the operating theater 
to the intensive care unit, extrapolation of our findings to all 
patients managed in the operating theater requires careful 
consideration.

Conclusions
In surgical patients included in the CRISTAL trial, we found 
no difference between colloids and crystalloids regarding 
safety, namely the risk of death or of organ failure, including 
acute kidney injury. The safety of colloids was comparable 
to that of crystalloids in our population of surgical patients 
treated for hypovolemic shock.
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Table 3.  Main Outcomes, Per-protocol Analysis

 
Colloids Arm  

(n = 340)
Crystalloids Arm  

(n = 259) P

Death by day 28, n (%) 87/340 (25.6) 54/259 (20.9) 0.494
Death by day 90, n (%) 109/340 (32.1) 74/259 (28.6) 0.745
Renal replacement therapy, n (%) 48/340 (14.1) 27/259 (10.4) 0.525
Length of stay in the ICU, median (IQR), days 7 (3–14) 6 (3–15) 0.891
Length of stay in the hospital, median (IQR), days 21 (10–38) 20 (11–38) 0.905
Secondary surgery requirement, n (%) 132/340 (38.8) 98/259 (37.8) 0.870
Packed erythrocyte transfusion, median (IQR), units 2 (2–4) 2 (2–4) 0.467
Platelet transfusion, median (IQR), units 2 (1–3) 2.5 (1.25–3) 0.533
Fresh frozen plasma administration, median (IQR), ml 600 (400–1,088) 400 (108–600) 0.034

ICU, intensive care unit; IQR, interquartile range.
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York Dentist Kurwin Eisenhart Provided “Any Anesthetic Desired”

From the Ben Z. Swanson Collection of the Wood Library-Museum of Anesthesiology, this “floral spray” type of trade card 
(high) was distributed around 1886 by a dental surgeon headquartered above the post office on Center Square in York, 
Pennsylvania. Born the year that Simpson pioneered chloroform anesthesia, Kurwin L. Eisenhart, D.D.S. (1847 to 1925) was 
one of the few dentists in York who could administer not only chloroform, but also ether, nitrous oxide, or “vitalized air,” which 
was laughing gas supplemented with alcohol and chloroform. Indeed, he advertised (low) that he could extract teeth “by 
any anesthetic desired.” (Copyright © the American Society of Anesthesiologists’ Wood Library-Museum of Anesthesiology.)
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