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Visual Abstract
IMPORTANCE It is not known if use of colloid solutions containing hydroxyethyl starch (HES)

& Editorial page 217
to correct for intravascular deficits in high-risk surgical patients is either effective or safe.

Supplemental content
OBJECTIVE To evaluate the effect of HES 130/0.4 compared with 0.9% saline for intravascular
volume expansion on mortality and postoperative complications after major abdominal surgery.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, double-blind, parallel-group, randomized
clinical trial of 775 adult patients at increased risk of postoperative kidney injury undergoing
major abdominal surgery at 20 university hospitals in France from February 2016 to July
2018; final follow-up was in October 2018.

INTERVENTIONS Patients were randomized to receive fluid containing either 6% HES 130/0.4
diluted in 0.9% saline (n = 389) or 0.9% saline alone (n = 386) in 250-mL boluses using an
individualized hemodynamic algorithm during surgery and for up to 24 hours on the first
postoperative day, defined as ending at 7:59 AM the following day.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of death or major
postoperative complications at 14 days after surgery. Secondary outcomes included
predefined postoperative complications within 14 days after surgery, durations of intensive
care unit and hospital stays, and all-cause mortality at postoperative days 28 and 90.

RESULTS Among 826 patients enrolled (mean age, 68 [SD, 7] years; 91 women [12%]), 775
(94%) completed the trial. The primary outcome occurred in 139 of 389 patients (36%) in the
HES group and 125 of 386 patients (32%) in the saline group (difference, 3.3% [95% Cl,
-3.3% t0 10.0%]; relative risk, 1.10 [95% Cl, 0.91-1.34]; P = .33). Among 12 prespecified
secondary outcomes reported, 11 showed no significant difference, but a statistically
significant difference was found in median volume of study fluid administered on day 1:

1250 mL (interquartile range, 750-2000 mL) in the HES group and 1500 mL (interquartile
range, 750-2150 mL) in the saline group (median difference, 250 mL [95% Cl, 83-417 mL];

P =.006). At 28 days after surgery, 4.1% and 2.3% of patients had died in the HES and saline
groups, respectively (difference, 1.8% [95% Cl, -0.7% to 4.3%]; relative risk, 1.76 [95% ClI,
0.79-3.94]; P = 17).

CONCLUSIONS AND RELEVANCE Among patients at risk of postoperative kidney injury
undergoing major abdominal surgery, use of HES for volume replacement therapy compared

with 0.9% saline resulted in no significant difference in a composite outcome of death or
major postoperative complications within 14 days after surgery. These findings do not
support the use of HES for volume replacement therapy in such patients.
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dministration of intravenous fluid therapy is a critical
aspect of maintaining fluid balance during surgery and
can result in perioperative complications if too much
or too little is given."? During surgery, extracellular fluid vol-
ume is maintained by giving continuous infusions of intrave-
nous fluids. When hypovolemia occurs, fluid boluses are given
to restore intravascular volume.? It is not known if it is better
to use colloid or crystalloid solutions to correct for intravas-
cular volume deficits that occur during surgery.
Hydroxyethyl starches (HES) are semisynthetic colloid so-
lutions that have been used for fluid replacement therapy in
patients undergoing major surgery* because of their hypo-
thetical ability to provide faster hemodynamic stabilization
during acute hypovolemia.>® In 2013, the US Food and Drug
Administration issued warnings about an increased risk of
death and acute kidney injury with HES solutions when used
in critically ill patients. The European Medicines Agency re-
stricted the use of HES for critically ill patients but retained
approval for HES to treat blood loss-related hypovolemia. How-
ever, the warnings applied to critically ill patients,”® and the
effect of HES in surgical patients may be different. In a recent
randomized trial of 160 patients undergoing major surgery, in-
traoperative use of HES resulted in fewer complications than
balanced crystalloids.® A recent open-label randomized trial'®
and meta-analyses'-'? found no evidence that adverse ef-
fects were more common with low-molecular-weight HES so-
lutions (HES 130/0.4) than with crystalloids. Because of un-
certainty regarding outcomes associated with use of HES during
surgery, the Fluid Loading in Abdominal Surgery: Saline vs
Hydroxyethyl Starch (FLASH) trial was conducted. The hy-
pothesis was that in a population of surgical patients at high
risk of postoperative kidney injury, there would be a 10% dif-
ference in major morbidity or mortality between groups re-
ceiving HES vs saline.

Methods

Study Design

This was a pragmatic, investigator-initiated, multicenter,
double-blind, randomized trial conducted in 20 French uni-
versity hospitals from February 2016 to July 2018. The trial pro-
tocol and the statistical analysis plan were published!® and are
available in Supplement 1. The trial protocol was approved for
all centers by the ethics committee at the Clermont-Ferrand
University Hospital. Written informed consent was obtained
from all participating patients or next of kin before inclusion
in the study. Anindependent data and safety monitoring board
oversaw the study conduct and reviewed blinded safety data.

Patients

Patients were recruited on the eve or on the day of surgery.
Consecutive adult patients aged 18 years or older admitted
for elective or nonelective abdominal surgery under general
anesthesia with an anticipated duration of 2 hours or longer
and who had an intermediate to high risk of developing post-
operative complications, as indicated by an acute kidney
injury risk index** class 3 or above, were eligible for participa-
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Key Points

Question What is the effect of low-molecular-weight
hydroxyethyl starch (HES 130/0.4) compared with 0.9% saline for
intravascular volume expansion on mortality and postoperative
complications in high-risk surgical patients?

Findings In this randomized clinical trial that included 775
patients at increased risk of kidney injury after major abdominal
surgery, the primary outcome of mortality or major postoperative
complications within 14 days after surgery occurred in 36% in the
HES group and 32% in the saline group, a difference that was not
statistically significant.

Meaning The use of HES compared with 0.9% saline resulted in
no significant difference in death or postoperative complications
among high-risk patients undergoing major abdominal surgery.

tion. The acute kidney injury risk index ranges from 1 to 5,
with higher classes indicating a greater risk of postoperative
acute kidney injury (eAppendix 1 in Supplement 2). Exclu-
sion criteria were preoperative acute heart failure or myocar-
dial ischemia, chronic kidney disease (glomerular filtration
rate <30 mL/min/1.73 m? or requiring renal replacement
therapy for end-stage kidney disease), requirement of vaso-
active medication before surgery, and contraindications to
use of HES, including hypersensitivity to the active sub-
stances, critical illness, sepsis, kidney injury, need for renal
replacement therapy, severely impaired hepatic function,
hyperhydration, and congestive heart failure.

Randomization and Interventions

Eligible patients were randomly assigned in a 1:1 ratio to HES
or saline using a dedicated, encrypted web-based randomiza-
tion system and a minimization algorithm stratified by study
site and timing of the surgical procedure (elective or nonelec-
tive). Patients were randomly assigned to receive either 6%
HES 130/0.4 in 0.9% saline or 0.9% saline alone in indistin-
guishable 500-mL bags. The study fluid was concealed from pa-
tients, clinicians, research staff, the data and safety monitor-
ingboard, and the statistician. Patients were given intravenous
study fluid according to a stroke volume-guided hemody-
namic therapy algorithm.™ Study fluids were manually admin-
istered as 250-mL boluses over a 5-minute interval intended to
maximize stroke volume. An initial fluid challenge was per-
formed after induction of anesthesia. If there was less thana10%
increase in stroke volume (as measured using devices for this
purpose favored by local clinicians) in response to the fluid chal-
lenge, study fluid administration was stopped. If stroke vol-
ume increased more than 10%, another 250-mL bolus was given.
No more than 500 mL of study fluid was administered for the
initial fluid challenge. Once the maximal value of the stroke vol-
ume was determined, subsequent study fluid boluses during
surgery were given if stroke volume decreased by more than 10%
(see eAppendix 3 in Supplement 2 for additional details). Study
fluid was administered on the day of surgery and for up to 24
hours on the first postoperative day, ending at 7:59 AM on the
day following the operation, to a maximum daily dose of 30 mL
of study fluid per kilogram of body weight, followed by open-
label administration of 0.9% saline if volumes of the study fluid
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were greater than the maximum daily dose. In both groups, lac-
tated Ringer solution was used as maintenance fluid during sur-
gery, given at a maximum infusion rate of 4 mL/kg per hour, and
continued postoperatively if clinically indicated (until oral fluid
intake was practical).

Decisions regarding all other aspects of patient care dur-
ing and after surgery were at the discretion of attending phy-
sicians according to local expertise and clinical practice. To
avoid extremes of practice, general measures for vasopressor
administration, blood transfusion, mechanical ventilation, and
antibiotic prophylaxis were recommended (eAppendix in
Supplement 2).

Primary Outcome

The primary outcome was a composite of death or prese-
lected major postoperative complications, including acute kid-
ney injury of stage 1 or higher according to the Kidney Dis-
ease: Improving Global Outcomes (KDIGO) criteria,'® acute
respiratory failure requiring invasive or noninvasive mechani-
cal ventilation, acute heart failure, major septic complica-
tions, and unplanned reoperation 14 days after surgery. Each
of these outcomes was also analyzed separately.

Secondary and Exploratory Outcomes
There were 13 secondary outcomes (definitions of end points
are provided in eAppendix 3 in Supplement 2): postoperative
kidney dysfunction within 14 days; postoperative pulmonary
complications within 14 days; postoperative major adverse car-
diovascular events within 14 days; postoperative infectious
complications within 14 days; postoperative surgical compli-
cations within 14 days; Sequential Organ Failure Assessment
score, modified by excluding the Glasgow Coma Scale at post-
operative day 2'7; systemic inflammatory response syn-
drome score at postoperative day 2!%; amount of fluids and
blood products administered on postoperative days 1 and 2;
time to return of bowel function (not reported in this article);
duration of intensive care unit and hospital stay; unplanned
intensive care unit admission; all-cause mortality at postop-
erative day 28; and all-cause mortality at postoperative day 90.
Individual components of the postoperative complica-
tions composite end points were considered prespecified ex-
ploratory outcomes and included KDIGO stage 1, 2, and 3 acute
kidney injury, need for renal replacement therapy, cardiac ar-
rhythmia, myocardial infarction, pulmonary embolism, hy-
poxemia, pneumonia, acute respiratory distress syndrome, sur-
gical site infection, and anastomotic leakage.

Post Hoc Outcomes

Post hoc outcomes included a composite of death or major post-
operative complications 28 days after surgery, acute kidney in-
jury 28 days after surgery, sepsis, acute respiratory failure,
acute heart failure, unplanned reoperation 28 days after sur-
gery, fluid balance until postoperative day 1, and need for blood
transfusion or vasoactive medication.

Statistical Analysis
Two interim analyses were performed after enrollment of
210 and 420 patients, using the Lan-DeMets method."® There
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was no stopping rule for efficacy when considering the pri-
mary outcome. The data and safety monitoring board did not
recommend discontinuation of the trial at the interim analy-
ses. We calculated that 826 patients were needed to have
95% statistical power to show an absolute between-group
difference of 10% in the primary outcome at a 2-sided
a = .05, assuming 20% morbidity'® and 5% mortality?®2! on
postoperative day 14 (thus, 25% for the composite primary
outcome). Because data on a clinical difference between HES
and crystalloids among patients undergoing major surgery
was limited when the study was designed, and because
protocol-based hemodynamic management was used in both
groups, we assumed that a 10% difference in the primary out-
come would be appropriate and clinically relevant, based on
the difference in the outcome of major complications found
in a previous randomized clinical trial comparing HES vs
crystalloids that also used a stroke volume-guided hemody-
namic algorithm.??

All prespecified analyses were performed before the
randomization code was broken. Patients were analyzed
according to their randomization group. The analytic data
set included all patients who were randomized except those
who withdrew consent to the use of their data and those
who never received study fluid during the study because of
patient or clinician refusal or inability to implement the
hemodynamic algorithm. There were no missing data for
the primary and secondary outcome analyses, and complete
case analysis was performed. An additional analysis was
performed in the per-protocol population of patients who
did not have any major protocol violations, as defined in the
statistical analysis plan (Supplement 1). The primary out-
come was compared between the 2 groups using unadjusted
X2 tests. Other binary outcomes were tested using unad-
justed x2 or Fisher exact tests as appropriate. Results are
additionally reported as relative risks with 95% confidence
intervals. Multiple logistic mixed regression was used to
identify prespecified covariates with a known relationship
to the primary outcome (selected if P < .10 in the bivariable
analysis) in addition to the stratification variables. Multicol-
linearity between variables was assessed by computing the
variance inflation factor and using the Farrar-Glauber test.
The Akaike information criterion and Bayesian information
criterion were calculated and used as model diagnostics
to determine how well the model fit improved following
addition of covariates. Adjusted analyses were performed
using robust Poisson generalized linear model regression??
that included a random effect to account for center effects.
The Hochberg procedure was used to adjust for multiple
testing of components of the composite primary outcome.?*
Continuous variables were compared with an unpaired ¢ test
or the Mann-Whitney U test. Time-to-event curves were
constructed by the Kaplan-Meier method. Follow-up time
was censored at 28 days following surgery. The proportional
hazard hypothesis was studied using the Schoenfeld test
and plotting residuals. Complete case analysis was per-
formed for all outcomes. We did not compensate for drop-
outs caused by withdrawal of consent or surgery cancella-
tions after randomization. Missing data for baseline and
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Figure 1. Participant Flow in the Fluid Loading in Abdominal Surgery: Saline vs Hydroxyethyl Starch

(FLASH) Trial

1644 Patients assessed for eligibility

818 Excluded
724 Did not meet eligibility criteria
548 Acute kidney injury risk index <3
121 Expected surgery duration <2 h
45 Chronic kidney disease
> 8 Received vasoactive medication
2 Decompensated cardiac function
52 Did not provide informed consent
42 Eligible but not enrolled
24 Enrolled in another trial
18 Research personnel unavailable

826

Enrolled

8 Excluded
—> 7 Withdrew consent
1 Study fluid not available?

(818 Randomized ~ )—>| 1 Excluded (randomized in error)

408 Randomized to receive hydroxyethyl
starch 130/0.4
389 Underwent surgery and received
study fluid as randomized
19 Did not receive study fluid
5 Surgeon or anesthesiologist
refused
5 Technical reasons®
4 Withdrew consent
4 Surgery canceled/rescheduled
1 Other clinical reason

409 Randomized to receive 0.9% saline
387 Underwent surgery and received
study fluid as randomized
22 Did not receive study fluid
6 Withdrew consent
6 Surgeon or anesthesiologist
refused®
5 Technical reasons®
5 Surgery canceled/rescheduled

1 Excluded (randomized in error)d

{

389 Included in intention-to-treat analysis
19 Excluded (never received study fluid)

385 Included in per-protocol analysis
4 Excluded (surgery withheld)®

386 Included in intention-to-treat analysis
23 Excluded
22 Never received study fluid
1 Randomized in error

383 Included in per-protocol analysis
3 Excluded (surgery withheld)®

@ Study fluid not available as a result
of dispensing failure.

bSenior clinician refusal due to
conflicting ongoing investigations.

€ Unavailability or technical problem
preventing hemodynamic
monitoring.

dViolation of exclusion criteria.

¢ Extensive disease preventing
surgical resection.
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intraoperative clinical variables were not imputed. With the
exception of components of the composite primary out-
come, no adjustment was made for multiple comparisons.
Because of the potential for type I error due to multiple
comparisons, findings for analyses of secondary end points
should be interpreted as exploratory.

A post hoc subgroup analysis was performed to test for a
difference in treatment effect within patients with kidney dys-
function as defined by preoperative serum creatinine level
greater than 1.2 mg/dL (yes vs no) at randomization. P values
for interaction were derived from the multivariable random-
effect logistic regression model including treatment and an in-
teraction term.

All analyses were conducted using Stata software, ver-
sion 13.0 (StataCorp), using the gllamm module. A 2-sided
P < .05 was considered to indicate statistical significance.

JAMA January 21,2020 Volume 323, Number 3

Results

Patients

From February 24, 2016, through July 22, 2018, 826 patients
provided written informed consent and were enrolled in the
trial; 408 were randomly assigned to the HES group and 409
to the saline group. After withdrawals, 775 patients (389 in the
HES group and 386 in the saline group) were included in
the analysis (Figure 1). Data from 768 patients were included
in the per-protocol analysis. The demographic and clinical
characteristics of both groups were comparable with the ex-
ception of diabetes mellitus, which was more common in
the HES group (Table 1 and eTable 1 in Supplement 2). At ran-
domization, 441 of 775 patients (57%) had a class 3 acute kid-
ney risk index, 334 patients (43%) had a class 4 or 5 acute
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Table 1. Baseline Participant Demographic and Perioperative Characteristics

Hydroxyethyl Starch  0.9% Saline

Characteristics 130/0.4 (n = 389) (n =386)
Age, mean (SD), y 68 (7) 69 (7)
Sex, No. (%)

Men 340(87) 344 (89)

Women 49 (13) 42 (11)
Height, mean (SD), cm 172 (8) 172 (7)
Weight, mean (SD), kg 82(17) 81 (15)
Body mass index, 28 (6) 27 (5)
mean (SD)?
ASA physical status class,
No./total (%)°

| (Healthy) 3/388(0.8) 3/386 (0.8)

IV (Life-threatening
severe systemic disease)

Acute kidney injury risk
index class, No./total (%)<

3
4
5

Coexisting medical
conditions, No. (%)

Hypertension
Diabetes mellitus

Mild or moderate
kidney dysfunction®

Coronary artery disease
Current smoking
Alcohol use

Chronic obstructive
pulmonary disease

Chronic heart failure
Malnutrition

Cancer diagnosis,
No. (%)

Type of surgery, No. (%)
Hepatopancreatobiliary
Colorectal resection
Cystectomy
Gastrectomy
Vascular
Otherf

Laparoscopic surgery,
No. (%)

Cancer surgery, No. (%)

Emergency surgical
procedure, No. (%)

Duration of surgery,
median (IQR), min

Baseline serum electrolyte level,

mean (SD)
Sodium, mmol/L
Chloride, mmol/L

Serum urea nitrogen,
mmol/L

Creatinine, mg/dL

193/388(49.7)
190/388 (48.9)
2/388(0.5)

213/387 (55)
146/387 (38)
28/387(7)

335(86)
195 (50)
93 (24)

57 (15)
49 (13)
48 (12)
43(11)

18(5)
32(8)
316(81)

167 (43)
119 (31)
52(13)
30(8)
19(5)
46 (12)
142 (37)

305 (78)
7Q)

240 (180-345)

139 (3)
102 (4)
6.6 (5.2-8.7)

0.96 (0.80-1.15)

199/386 (51.6)
175/386 (45.3)
9/386(2.3)

228/385(59)
133/385(35)
24/385 (6)

338(88)
157 (41)
89 (23)

55 (14)
45 (12)
51(13)
44 (11)

25 (6)
33(9)
299 (77)

159 (41)
115 (30)
61 (16)
29 (8)
15 (4)
57 (15)
151 (39)

295 (76)
6(2)

240 (174-330)

139 (3)
102 (4)
7.1(5.6-8.6)

0.95(0.80-1.17)
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(continued)

Table 1. Baseline Participant Demographic and Perioperative Characteristics
(continued)

0.9% Saline
(n = 386)

Hydroxyethyl Starch

Characteristics 130/0.4 (n = 389)

Estimated glomerular filtration
rate, mL/min/1.73 m?9

Overall, median (IQR)

With creatinine >1.2 mg/dL
No. 92 88
Median (IQR) 54.2 (46.0-60.5) 55.3(47.1-60.4)

80.4(62.9-99.6) 81.1(65.3-100.8)

Abbreviation: IQR, interquartile range.
Sl conversion: To convert creatinine to pmol/L, multiply by 88.4.
2 Calculated as weight in kilograms divided by height in meters squared.

®The American Society of Anesthesiologists (ASA) physical status class is a
grading system for preoperative physical health assessment of surgical
patients ranging from | to V, with higher classes indicating more severe
systemic disease: class | indicates a completely healthy, fit patient; Il, a patient
with mild systemic disease that does not limit physical activity; Ill, a patient
with severe systemic disease; IV, a patient with severe systemic disease that is
a constant threat to life; and V, a moribund patient who is not expected to live
24 hours with or without surgery.

€ The acute kidney injury risk index for postoperative kidney injury is a scoring
system based on 9 independent preoperative risk factors, with higher classes
indicating higher risk of postoperative acute kidney injury."

dMild or moderate kidney dysfunction was defined as a preoperative serum
creatinine level greater than 1.2 mg/dL (105.6 pmol/L).

€ Patients may have undergone more than 1type of surgery. Patients were
recruited from 20 university hospitals; the number of surgeons per hospital
was not recorded.

f Common other surgical procedures were cytoreduction surgery, Hartmann
procedure reversal, splenectomy, and hysterectomy.

8 Estimated glomerular filtration rate was calculated with the 4-variable
Modification of Diet in Renal Disease equation.

kidney risk index, and 600 patients (77%) had had surgical pro-
cedures for cancer. Data for the primary outcome were avail-
able for all patients. Missing data for baseline characteristics
and urine output are shown in eAppendix 4 in Supplement 2.

Fluid Therapy

Intraoperatively, the median cumulative volume of mainte-
nance fluid administered (lactated Ringer solution) was
1500 mL (interquartile range [IQR], 1000-2000 mL) in the
HES group and 1500 mL (IQR, 1000-2030 mL) in the saline
group (median difference, O mL [95% CI, -147 to 147 mL];
P =.60) (Table 2 and eTable 2 in Supplement 2). On the day of
surgery (day 1; defined as the day when the surgery occurred
until 7:59 AM the next day), the median volume of study fluid
given (including intraoperative fluid administration) was
1250 mL (IQR, 750-2000 mL) in the HES group and 1500 mL
(IQR, 750-2150 mL) in the saline group (median difference,
250 mL [95% CI, 83-417 mL]; P = .006), with most fluids
administered during surgery. With the aim of maintaining
stroke volume, 190 patients (79 in the HES group and 111 in
the saline group) required additional open-label study fluid
during surgery (difference, -8.5%; 95% CI, —14.5% to -2.4%;
P =.006). Because fluids are given in bulk, it is difficult to
precisely deliver the exact amount of fluid required by the
hemodynamic algorithm; because of this, 100 patients
(41 in the HES group and 59 in the saline group) received
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Table 2. Fluid Therapy During the Study Period

Median (IQR), mL

Hydroxyethyl Starch

0.9% Saline

Median Difference

Variables 130/0.4 (n = 389) (n =386) (95% CI)? P Value®
Day 1°¢
Fluids administered
during surgery?
Lactated Ringer solution 1500 (1000 to 2000) 1500 (1000 to 2030) 0(-147to 147) .60
Study fluid 1000 (750 to 1500) 1250 (750 to 2000) 250(83t0417) .005
Open-label study fluid 500 (500 to 1000) 750 (500 to 1000) 233 (0to 447) .50
Other fluids® 500 (250 to 1000) 500 (500 to 1000) 0 (-308 to 308) 11
Blood products
Packed red blood cells 560 (560 to 840) [n = 63] 560 (560 to 840) [n =42] 0(-54to54) .58
Fresh frozen plasma 400 (400to 500) [n = 16] 400 (400to 600) [n =13] 0(-175to 175) .25
Platelets 350 (350t0 350) [n = 3] 350 (350to 700) [n = 4] 0 (0 to 700) .39
Fluids administered
following surgery
Lactated Ringer solution 600 (440 to 1000) 500 (500 to 1000) -125(-334to0 84) 71
Study fluid 500 (500 to 750) 500 (500 to 1000) 0 (-98 to 98) 31
Open-label study fluid 660 (500 to 1500) 500 (500 to 1000) -158 (-385 to 69) .09
Other fluids® 1000 (750 to 1350) 1000 (750 to 1500) 0 (-49 to 49) 12 o . .
Abbreviations: IQR, interquartile
Blood products range; ND, analysis not done.
Packed red blood cells 560 (280 to 560) [n = 18] 560 (280 to 1400) [n = 7] 0 (-357 to 357) .97 2 Calculated using the quantile
Fresh frozen plasma 400 (400to0 400) [n =6] 400 (400to 1000) [n =4] 0(-1200to 0) 17 regression model.
Platelets 350(350t0350)[n=2] 700[n=1] ND ® Calculated using the Mann-Whitney
Cumulative total intravenous 4000 (3000 to 5000) 4500 (3350 to 6000) 500 (175 to 824) .001 Utest.
fluids for day 1 € From the start of surgery to 7:59 Am
Blood loss 400 (200 to 800) 400 (200 to 700) 0(-70t0 70) 52 on postoperative day 1.
Urine output 375 (200 to 550) 300 (200 to 500) -80(-129t0-31) .03 “The amount of fluids and blood
. : products administered were
Fluid balance 3200 (2450 to 4200) 3800 (2650 to 5100) 575 (304 to 846) <.001 prespecified secondary outcomes.
Day 2° € Other fluids included gelatin,
Lactated Ringer solution 500 (500 to 1040) 500 (500 to 1000) 0(-2481t0248) .07 albumin, 5% dextrose, sodium
Study fluid 500 (250 to 1000) 500 (500 to 1000) 0(-152to 152) 68 bt'caf:"”ate' and 6% hydroxyethyl
starch.
Open-label study fluid 500 (500 to 1000) 550 (450 to 1000) 50 (-194 to 294) .85 P
Fluid balance was calculated by
Other fluids® 1400 (1000 to 1500) 1300 (1000 to 1700) -36(-210t0138) .87 subtracting the total fluid output
Blood products from the total fluid intake. Fluid
Packed red blood cells 560 (28010 560)[n=6] 560 (560t01120)[n=3] -280(-840t00) .12 intake was the sum ofall
intravenous fluids, and fluid output
Fresh frozen plasma 300 (200 to 600) [n = 4] [n=0] ND was the sum of the volumes of urine
Platelets [n=0] [n=0] ND output and blood loss. Insensible
Cumulative total intravenous 1500 (1000 to 2000) 1500 (1000 to 2000) 0(-86t0 86) 56 fluid losses were not included. Fluid
fluids for day 2 balance was calculated as the
Urine output 1250 (900 to 1800) 1400 (1000 to 2000) 160 (23 t0 297) .02 median for all patients.
Q. i
Fluid balance' 200 (~600 to 900) ~100 (-900 to 700) 300 (-543t0-57) .02 8:00 Am on postoperative day 1 to

8:00 AM on postoperative day 2.

more study fluid than the protocol-specified maximum dose.
There was no statistically significant between-group dif-
ference in the total mean dose of study fluid given (33.4
[SD, 3.4] mL/kg in the HES group and 34.6 [SD, 5.8] mL/kg in
the saline group; P = .15). The median cumulative total vol-
ume of intravenous fluid administered on the day of surgery
was statistically significantly lower in the HES group than in
the saline group (4000 mL [IQR, 3000-5000 mL] vs 4500 mL
[IQR, 3350-6000 mL], respectively; median difference, 500 mL
[95% CI, 175-824 mL]; P = .001)

Primary Outcome
By postoperative day 14, 139 of 389 patients (36%) in the HES
group and 125 of 386 patients (32%) in the saline group had died

JAMA January 21,2020 Volume 323, Number 3

or developed major postoperative complications (difference,
3.3% [95% CI, -3.3% t0 10.0%]; relative risk, 1.10 [95% CI, 0.91-
1.34]; P = .33) (Table 3 and Figure 2). There were no statisti-
cally significant between-group differences in the individual
components of the primary outcome.

Secondary and Exploratory Outcomes

Kidney dysfunction within 14 days after surgery occurred in
22% of patients in the HES group and 16% of patients in the
saline group (difference, 5.5% [95% CI, 0.1%-11.1%]; relative
risk, 1.34 [95% CI, 1.00-1.80]; P = .05). The result was unaf-
fected by adjustment for stratification variables and covari-
ates (adjusted relative risk, 1.27; 95% CI, 0.96-1.70; P = .10)
(eTable 3 in Supplement 2).
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Table 3. Primary, Secondary, and Exploratory Outcomes

Hydroxyethyl Starch 0.9% Saline Absolute Difference
Outcomes 130/0.4 (n = 389) (n = 386) (95% ClI) Relative Risk (95% CI)? P Value®
Primary Outcome
Primary composite outcome at day 14, 139 (36) 125 (32) 3.3(-3.3t010.0) 1.10(0.91-1.34) 33
No. (%)
Components of primary outcome,
No. (%)¢
Death 12 (3) 6(2) 1.5 (-0.6 t0 3.6) 1.98(0.75-5.23) .85
Acute kidney injury stage =1 85(22) 63 (16) 5.5(0.1to11.1) 1.34 (1.00-1.80) .30
Acute respiratory failure 32(8) 31(8) 0.2 (-3.7t0 4.0) 1.02 (0.64-1.64) .92
Acute heart failure 7(2) 4(1) 0.8(-0.9t02.4) 1.74 (0.51-5.88) .92
Major sepsis complications 61 (16) 65 (17) -1.2(-6.4t04.0) 0.93 (0.68-1.28) .92
Sepsis 49 (13) 56 (15) -1.9(-6.7t02.9) 0.87(0.61-1.24) .70
Severe sepsis or septic shock 15 (4) 17 (4) -0.5(-3.4t02.3) 0.88 (0.34-2.26) .70
Unplanned reoperation 39(10) 48 (12) -2.4(-6.9t02.0) 0.81 (0.54-1.20) .92
Secondary Outcomes
Day 2 scores, median (IQR)
SOFA¢ 1(0-2) 1(0-2) -0.02(-0.31t00.26) NA .34
SIRS® 2(2-3) 2(2-3) 0.05 (-0.08 t0 0.18) NA .51
Kidney dysfunction up to day 14, 85(22) 63 (16) 5.5(0.1to11.1) 1.34 (1.00-1.80) .05
No. (%)f
Pulmonary complications up to day 14, 62 (16) 66 (17) -1.1(-6.4t04.1) 0.93 (0.68-1.28) .66
No. (%)°
Infectious complications up to day 14, 78 (20) 86 (22) -2.2(-8.0t0 3.5) 0.90 (0.69-1.18) .45
No. (%)"
Surgical complications up to day 14, 60 (15) 67 (17) -1.9(-7.1t03.3) 0.89 (0.65-1.22) 47
No. (%)’
Major adverse cardiovascular events 40 (10) 44 (11) -1.1(-5.5t03.3) 0.90 (0.60-1.35) .62
up to day 14, No. (%)’
Unplanned admission to ICU 39 (10) 45 (12) -1.6(-6.0t02.7) 0.86 (0.57-1.29) 47
up to day 28, No. (%)
Length of stay, median (IQR), d
HDU or ICU 4(2-8) 4(2-7) -0.2(-1.4t00.9) NA 68
Hospital 10 (7-17) 11 (7-17) -0.4(-1.5t00.7) NA 49
Mortality, No. (%)
At day 28 16 (4) 9(2) 1.8(-0.7t0 4.3) 1.76 (0.79-3.94) 17
At day 90 26 (7) 18 (5) 2.0(-1.2t05.3) 1.43 (0.80-2.57) .23
Prespecified Exploratory OutcomesX
Acute kidney injury KDIGO stage,
No. (%)
Stage 1 59 (15) 39(10) 5.5(0.5t0 10.4) 1.61 (1.04-2.48) .03
Stage 2 14 (4) 11 (3) 0.8(-1.8t03.3) 1.35(0.60-3.02) .46
Stage 3 12 (3) 13(3) -0.3(-2.8t02.2) 0.98 (0.44-2.18) .96
Need for renal replacement therapy, 6(2) 10 (3) -1.1(-3.1t0 1.0) 0.60(0.22-1.62) 31
No. (%)
Pulmonary complications, No. (%)
Hypoxemia 55 (14) 52 (13) 0.07 (-4.2t0 5.6) 1.05(0.74-1.49) .79
Pneumonia 15 (4) 19 (5) -1.1(-4.0t01.8) 0.78 (0.40-1.52) 47
Acute respiratory distress syndrome 3 (1) 4(1) -0.3(-1.6to1.1) 0.74(0.17-3.30) .70
Surgical site infection up to day 14, 30(8) 40 (10) -2.7(-6.7to 1.4) 0.74(0.47-1.17) .20
No. (%)
Anastomotic leak, No./total (%) 25/250 (10) 33/240 (14) -3.8(-9.5t02.0) 0.73 (0.45-1.19) .20
Major adverse cardiovascular events,
No. (%)
Cardiac arrhythmia 27 (7) 31(8) -1.1(-4.8t02.6) 0.90 (0.60-1.35) .62
Myocardial infarction 1(1) 1(1) 0.0(-0.7t00.7) 0.99 (0.06-15.8) .99
Pulmonary embolism 9(2) 9(2) 0.0(-2.1t02.1) 0.99 (0.40-2.47) .99
(continued)
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Table 3. Primary, Secondary, and Exploratory Outcomes (continued)

Hydroxyethyl Starch 0.9% Saline Absolute Difference

Outcomes 130/0.4 (n = 389) (n =386) (95% ClI) Relative Risk (95% CI)? P Value®
Post Hoc Outcomes
Death or major postoperative 159 (41) 148 (38) 2.5(-4.4t09.4) 1.07 (0.90-1.27) 47
complications up to day 28, No. (%)™
:E‘;;l)]ri‘:e kidney injury up to day 28, No. 88(23) 64 (17) 6.0(0.5t011.6) 1.36(1.02-1.82) .04

6
Acute respiratory failure up to day 28, 35(9) 36 (9) -0.3(-4.4t03.7) 0.96 (0.62-1.50) .87
No. (%)
Sepsis up to day 28, No. (%) 76 (20) 83 (22) -2.0(-7.7t03.7) 0.91 (0.69-1.20) .50
Acute heart failure up to day 28, No. (%) 45 (12) 45 (12) 0(-4.6t04.4) 0.99 (0.67-1.46) .97
g’/n)planned reoperation up to day 28, No. 62 (16) 63 (16) -0.4 (-5.6t04.8) 0.98 (0.71-1.35) .89

6
Day 1 fluid balance, median (IQR)° 3200 (2450-4200) 3800 (2650-5100) 575 (304 to 846) NA <.001
Need for blood transfusion, No. (%) 75 (19) 45 (12) 7.6(2.6t012.7) 1.65(1.18-2.33) .003
Need for vasoactive medication, No. (%) NA

Norepinephrine 104 (27) 117 (30) -3.6(-9.9t02.8)

Phenylephrine 64 (16) 79 (20) -4.0(-9.5t01.4)

Ephedrine 242 (62) 240 (62) 0.0 (-6.8t06.9)

Epinephrine 0 3(1) -0.8(-1.7 t0 0.0)

Abbreviations: HDU, high dependency unit; ICU, intensive care unit; IQR,
interquartile range; KDIGO, Kidney Disease: Improving Global Outcomes; NA,
not applicable.

2 Unadjusted relative risk. For adjusted analysis, see eTable 3 in Supplement 2.

b Calculated using the x? test or Fisher exact test, as appropriate, for categorical
data and the unpaired t test or Mann-Whitney U test for continuous data.

< All components of the composite primary outcome were assessed at 14 days
after surgery. The Hochberg procedure was used to correct for multiple testing
of the components of the composite primary outcome.

dScores on the Sequential Organ Failure Assessment (SOFA) scale range from O
to 4 for each organ system, with higher scores indicating more severe organ
dysfunction.

© The systemic inflammatory response syndrome (SIRS) score (range, O [best]
to 4 [worst]) assigns 1 point for each of the following variables: temperature
>38°C or <36°C, white blood cell count >12 000/pL or <4000/pL, heart rate
>90/min and respiratory rate >20/min, and Paco, <32 mm Hg.

f Defined as any kidney injury assessed using the 3-category KDIGO
classification system.

& Defined as hypoxemia (Pao, <60 mm Hg or peripheral oxygen saturation
as measured by pulse oximetry <90% when breathing room air,
Pao, <80 mm Hg when breathing 15 L/min of supplemental oxygen,
or Pao,/fraction of inspired oxygen ratio <300 mm Hg within 14 days after

surgery), pneumonia, acute respiratory distress syndrome, or acute
respiratory failure requiring invasive or noninvasive mechanical ventilation.

" Defined as sepsis, severe sepsis, septic shock, or surgical site infection.
I Defined as reoperation and anastomotic leak.

) Defined as acute heart failure, cardiac arrhythmia, myocardial infarction,
or pulmonary embolism.

“ All prespecified exploratory analyses (individual components of the secondary
analyses) were measured up to postoperative day 14.

' Anastomotic leak data are expressed as No./total (%) patients who had an
operation in which an anastomosis was performed.

™ Major postoperative complications were KDIGO stage =1acute kidney injury,
acute respiratory failure requiring invasive or noninvasive mechanical
ventilation, acute heart failure, major sepsis complications, and unplanned
reoperation.

" Defined as KDIGO stage =1acute kidney injury.

° Fluid balance was calculated by subtracting the total fluid output from the
total fluid intake. Fluid intake was the sum of all intravenous fluids, and fluid
output was the sum of the volumes of urine output and blood loss. Insensible
fluid losses were not included. Fluid balance was calculated as the median for
all patients.

More patients in the HES group had KDIGO stage 1 acute
kidney injury 14 days after surgery (15% vs 10%; difference,
5.1% [95% CI, 0.1%-10.1%]; relative risk, 1.61 [95% CI, 1.04-
2.48]; P = .03). Covariate adjustment had little effect on these
results (adjusted relative risk, 1.45; 95% CI, 1.15-1.83; P = .002).
There were no statistically significant between-group differ-
ences in KDIGO stage 2 or stage 3 acute kidney injury or in use
of renal replacement therapy (eTable 4 in Supplement 2). There
were no other statistically significant between-group differ-
encesin therates of the other secondary trial outcomes (Table 3
and eFigures 1 and 2 in Supplement 2). By 28 days after sur-
gery, 16 patients (4.1%) in the HES group and 9 (2.3%) in the
saline group had died (relative risk, 1.76; 95% CI, 0.79-3.94;
P=.17).

Additional Analyses
The results for the primary outcome were essentially un-

changed in the adjusted analysis (adjusted relative risk, 1.09

JAMA January 21,2020 Volume 323, Number 3

[95% CI, 0.91-1.31]; P = .35) (eTables 3 and 4 in Supplement 2)
and in the per-protocol analysis (36% vs 33%; difference, 3.2%
[95% CI, -3.5% to 9.9%]; unadjusted relative risk, 1.10 [95%
CI, 0.90-1.34]; adjusted relative risk, 1.09 [95% CI, 0.90-1.31];
P = .38) (eAppendix 5 in Supplement 2).

Post Hoc Analyses

During the intraoperative period, post hoc analyses showed that
patients in the HES group had less positive fluid balance (me-
dian, 3200 mL [IQR, 2450-4200 mL] in the HES group and
3800 mL [IQR, 2650-5100 mL] in the saline group; differ-
ence, 575 mL[95% CI, 304-846 mL]; P < .001). Patients in the
HES group also had a significantly higher stroke volume at the
end of surgery (mean, 47 [SD, 131 mL/m? in the HES group and
43[SD, 131 mL/m?in the saline group; difference, 4 mL/m?[95%
CI, 2-6 mL/m?]; P < .001), had a significantly higher urine out-
put (median, 375 mL [IQR, 200-550 mL] in the HES group and
300 mL [IQR, 200-500 mL] in the saline group; difference,
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Figure 2. Kaplan-Meier Estimates of the Probability of the Composite Primary Outcome
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Raw data for the Kaplan-Meier probability of death or major postoperative
complications were censored at 28 days after surgery. Major postoperative
complications were acute kidney injury stage 1or higher according to the Kidney
Disease: Improving Global Outcomes (KDIGO) criteria, acute respiratory failure

requiring invasive or noninvasive mechanical ventilation, acute heart failure,
major septic complications, and unplanned reoperation. The median
observation time was 28 days (interquartile range, 4-28 days) for the HES group
and 28 days (interquartile range, 6-28 days) for the saline group.

80 mL [95% CI, 31-129 mL]; P = .03), and received signifi-
cantly lower doses of norepinephrine (median, 0.04 pg/kg per
minute [IQR, 0.02-0.08 pg/kg per minute] in the HES group
and 0.06 pg/kg per minute [IQR, 0.03-0.12 pg/kg per minute]
in the saline group; difference, —0.02 pg/kg per minute [95%
CI, -0.03 to —0.01 pg/kg per minute]; P = .01). Patients in the
HES group were also more likely to receive red blood cell trans-
fusion (19% vs 12%; difference, 7.6%; 95% CI, 2.6%-12.7%;
P =.003) (eTable 1in Supplement 2).

There was no significant interaction between kidney dys-
function at enrollment and treatment group with respect to post-
operative acute kidney injury (39% with HES vs 22% with sa-
line; difference, 17.4% [95% CI, 4.3%-30.4%] in patients with
kidney dysfunction at enrollment; 17% with HES and 15%
with saline; difference, 1.7% [95% CI, -4.1% to 7.6%] in pa-
tients without kidney dysfunction at enrollment; P = .36 forin-
teraction). At 28 days after surgery, acute kidney injury had oc-
curred in 88 patients (23%) in the HES group and 64 patients
(17%) in the saline group (relative risk, 1.36; 95% CI, 1.02-1.82;
P =.04) (eFigure 1in Supplement 2).

|
Discussion

In this multicenter, double-blind randomized trial involving
patients at risk of postoperative kidney injury undergoing ma-
jor abdominal surgery, rates of death and major postopera-
tive complications within 14 days after surgery did not differ
significantly between those receiving bolus infusions of
HES130/0.4 diluted in 0.9% saline or 0.9% saline alone for vol-
ume replacement therapy.

Inappropriate administration of intravenous fluid during
surgery can be harmful, resulting in an increased risk of acute
kidney injury and death.? Additionally, concerns about the use
of HES have been raised about kidney injury and other seri-

jama.com

ous adverse effects, including an increased risk of bleeding and
need for blood products resulting from HES-induced
coagulopathy,?® with no evidence of benefit in terms of pa-
tient outcome measures. However, results from a meta-
analysis of 32 trials including 16 647 patients showed that ad-
ministration of colloids, including low-molecular-weight HES,
did not increase mortality or risk of acute kidney injury in sur-
gical patients.?®

This trial was conducted to clarify the clinical effective-
ness and adverse events of colloid HES in patients at high risk
of complications that have been attributed to HES. Previous
studies in surgical patients suggested that HES solutions may
be more effective than crystalloids in expanding the intravas-
cular space with a volume-sparing effect.®-?? Arguments
against the use of HES in surgical patients include that no
previous large, randomized perioperative study has demon-
strated harm.!-2%-27 A strength of the current trial was the use
of a protocolized hemodynamic algorithm to titrate fluid
administration.?® Previous studies have suggested beneficial
effects of cardiac output-guided hemodynamic therapy to
improve outcomes in high-risk patients.!®-2° For this reason,
clinical practice guidelines recommend the use of protocol-
based hemodynamic management to prevent development
of kidney injury in the perioperative setting.?° However, the
role of the type of fluid in improving outcomes remains
unclear. The findings of the current trial show that HES was
better than crystalloids at expanding intravascular volume in
patients with hypovolemia,>® as shown by requiring signifi-
cantly less HES than crystalloids to achieve similar hemody-
namic outcomes. The observation that postoperative stroke
volume was higher in the HES group is consistent with previ-
ous findings that HES was associated with more potent and
prolonged plasma volume expansion than crystalloids.>! Pre-
vious studies reported that colloids may be more effective at
maintaining cardiac output and osmotic pressure than are
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rapidly extravasating crystalloid solutions.?? Despite these
differences, there was no significant difference in major post-
operative complication rates between the 2 groups in this
study. These findings corroborate those of a recent subgroup
analysis of the Colloids Compared to Crystalloids in Fluid
Resuscitation of Critically Ill Patients (CRISTAL) randomized
clinical trial,®® which included critically ill surgical patients
with hypovolemic shock. Although that trial was not
designed to evaluate the effect of any particular type of fluid,
no difference was found between colloids and crystalloids in
risk of death or organ failure.

A small proprotion of patients overall (10.5% in the HES
group and 15.3% in the saline group) were given study fluid at
doses higher than the protocol-specified maximum daily dose
(ie, 30 mL/kg), with similar rates of fluid infusion in the 2
groups. Higher-than-targeted doses of the study drugs re-
sulted from the need to administer more fluid than specified
in the protocol to optimize stroke volume. The dose of study
fluid in the 2 groups was defined a priori to comply with the
maximum daily dose of 6% HES recommended by the manu-
facturers and to limit the potential harm to patients from high
doses of HES. Although the maximum daily dose of HES in the
study was lower than that used in other large randomized clini-
cal trials,”3* the possibility that high doses of study fluid af-
fected the results cannot be totally excluded.

Patients in the current trial had lower risks of adverse kid-
ney outcomes compared with critically ill intensive care unit
patients.”® The observed overall rate of 19% of acute kidney
injury in this trial was consistent with rates previously re-
ported among surgical patients.3> The results mirror those of
alarge observational study assessing the adverse events of peri-
operative colloids that suggested an increased risk of acute kid-
ney injury in association with use of HES.*¢ The interaction in
the current study between preoperative kidney dysfunction
and acute kidney injury was not significant. Although the study
may not be powered enough to detect a significant difference
among subgroups, this result suggests a consistency of ef-
fect. These findings are important because even mild and tran-
sient changes in kidney function after major surgery may affect
short- and long-term patient outcomes.>”-38

Another randomized clinical trial involving patients un-
dergoing major abdominal surgery showed no adverse effect
of HES on kidney outcomes.'° One possible explanation for why
the findings of the current trial differ is the inclusion of pa-
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tients with a higher risk of developing postoperative kidney
dysfunction. In contrast to the study by Kabon et al,'° pa-
tients in this study were older (a mean of 68 years vs 52 years),
had more comorbidities, and had an overall rate of kidney in-
jury (19.6% in this study vs 3.5% in the study by Kabon et al)
that was comparable with rates reported in previous studies
after major abdominal surgery (6.7%-39.3%).3> Other poten-
tial explanations include the lack of blinding of attending phy-
sicians to treatment allocation in the study by Kabon et al and
an enrollment period of 10 years, during which care of pa-
tients may have changed, which might have affected results.

Limitations

This study has several limitations. First, the trial protocol re-
stricted the use of study fluid to the day of surgery and the next
24 hours; administration of fluid later in the hospital course
was not controlled. However, this limitation is unlikely to have
affected the results because most intravenous fluids are usu-
ally administered during the early postoperative period in
adults. Second, the trial was pragmatic and was aimed to rep-
licate routine practice; however, all co-interventions under-
taken during the study period were not assessed. Third, the
study population did not include patients with lower risk of
morbidity. Fourth, as discussed previously, 100 patients re-
ceived study fluid at higher doses than the protocol-specified
maximum daily dose. Such protocol violations are difficult to
prevent in multicenter trials, even though adherence to the trial
protocol was regularly assessed among study centers. Fifth,
the use of 0.9% saline rather than a balanced crystalloid so-
lution may have affected the results. Although 0.9% saline can
cause hyperchloremic metabolic acidosis and impair renal
perfusion,3® 0.9% saline was used to allow comparable chemi-
cal composition of the study fluid.

. |
Conclusions

Among patients at risk of postoperative kidney injury under-
going major abdominal surgery, use of HES for volume replace-
ment therapy, compared with 0.9% saline, resulted in no sig-
nificant difference in a composite outcome of death or major
postoperative complications within 14 days after surgery. These
findings do not support the use of HES for volume replace-
ment therapy in such patients.
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