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Summary
Whether third-generation hydroxyethyl starch solutions provoke kidney injury or haemostatic abnormalities in
patients undergoing cardiac surgery remains unclear. We tested the hypotheses that intra-operative
administration of a third-generation starch does not worsen postoperative kidney function or haemostasis in
cardiac surgical patients compared with human albumin 5%. This triple-blind, non-inferiority clinical trial randomly
allocated patients aged 40–85 who underwent elective aortic valve replacement, with or without coronary artery
bypass grafting, to plasma volume replacement with 6% starch 130/0.4 vs. 5% human albumin. Our primary
outcomewas postoperative urinary neutrophil gelatinase-associated lipocalin concentrations, a sensitive and early
marker of postoperative kidney injury. Secondarily, we evaluated urinary interleukin-18, acute kidney injury using
creatinine Risk Injury Failure Loss End stage renal disease criteria, coagulation measures, platelet count and
function. Non-inferiority (delta 15%) was assessed with correction for multiple comparisons. We enrolled 141
patients (69 starch, 72 albumin) as planned. Results of the primary analysis demonstrated that postoperative urine
neutrophil gelatinase-associated lipocalin (median (IQR [range])) was slightly lower with hydroxyethyl starch (5 (1–
68 [0–996]) ng.ml�1) vs. albumin (5 (2–74 [0–1604]) ng.ml�1), although not non-inferior [ratio of geometric means
(95%CI) 0.91 (0.57, 1.44); p = 0.15] due to higher than expected variability. Urine interleukin-18 concentrations
were reduced, but interleukin-18 and kidney injury were again not non-inferior. Of 11 individual coagulation
measures, platelet count and function, nine were non-inferior to albumin. Two remaining measures,
thromboelastographic R value and arachidonic acid-induced platelet aggregation, were clinically similar but with
wide confidence intervals. Starch administration during cardiac surgery produced similar observed effects on
postoperative kidney function, coagulation, platelet count and platelet function compared with albumin, though
greater than expected variability and wide confidence intervals precluded the conclusion of non-inferiority. Long-
termmortality and kidney function appeared similar between starch and albumin.
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Introduction
Plasma volume replacement with hydroxyethyl starch (HES)

solutions is an effective treatment for hypovolaemia during

cardiac surgery. According to two studies with inconsistent

results, HES appeared to increase mortality and kidney injury

in critically ill, including septic patients, who received HES [1,

2]. In contrast, early and long-term postoperative kidney and

other multisystem complications were not increased in

patients who received HES during elective abdominal

surgery [3–5]. However, results from non-cardiac surgery

cannot be directly extrapolated to patients undergoing

cardiac surgery because cardiopulmonary bypass induces

inflammation, endothelial dysfunction and abnormal

microvascular permeability [6] which may augment the risk

of postoperative kidney dysfunction and mortality.

The safety of modern, low-molecular weight, low-molar

substitution HES, including 6% HES 130/0.4, on early and

long-term kidney function in adult cardiac surgical patients

has not been fully evaluated. Retrospective and obser-

vational investigations report conflicting results [7–14] and

results of a few small and unblinded prospective

investigations in cardiac surgical patients have been

inconsistent [15–17]. Other investigations did not include a

non-HES comparator [18] and some only enrolled children

[19, 20]. Several meta-analyses combined small,

heterogenous clinical trials which examined modern HES

administration with low event rates, where kidney injury was

not considered a primary or secondary outcome [21–23].

Other reports pooled investigations of early and late

generation HES products [23, 24] and did not discriminate

between non-cardiac and cardiac surgical patients [21–23].

Importantly, long-term kidney function after HES

administration in cardiac surgical patients was not examined

[21–24].

The US Food and Drug Administration warns that

patients given HES during cardiac surgery are at increased

risk for coagulopathy [25]. This package label warning is

based on one meta-analysis that included investigations of

older generation HES characterised by higher molecular

weight and molar substitution, rather than the modern,

third-generation HES products [26]. These data were

extrapolated to newer HES products, including 6% HES

130/0.4, even though the authors concluded that

‘insufficient data’ were available to compare the effect of

modern HES solutions on peri-operative blood loss.

Indeed, modern HES solutions cause less coagulopathy

than older preparations [27]. As might therefore be

expected, more recent meta-analyses demonstrated

conflicting results [28, 29], perhaps because small

heterogenous trials were included, some of which only

roughly estimated blood loss.

Our goal was to determine the safety of a third

generation HES product, specifically 6% HES 130/0.4, on

postoperative kidney function and haemostasis in patients

undergoing cardiac surgery. We tested the primary

hypothesis that kidney function was not worse in cardiac

surgery patients who received 6% HES 130/0.4 compared

with patients who received human albumin 5%, as

measured by a sensitive and early marker of postoperative

kidney injury, urinary neutrophil gelatinase-associated

lipocalin (NGAL). Secondarily, we tested the hypothesis that

urinary concentrations of interleukin-18 (IL-18) and kidney

injury assessed by risk injury failure loss end-stage renal

disease (RIFLE) diagnostic criteria as well as coagulation and

platelet function, were comparable in patients assigned to

HES and albumin. Long-term (one-year) kidney outcomes

andmortality were also collected.

Methods
This single-centre, triple-blinded (participant, investigator,

outcomes assessor), parallel-group, randomised, non-

inferiority trial was approved by Cleveland Clinic

Institutional Review Board. With written informed consent,

we enrolled patients scheduled for elective cardiac surgery

at the Cleveland Clinic Main Campus between June 2015

and February 2018.

Inclusion criteria for eligible patients 40-85 years of

age, scheduled for elective aortic valve replacement with or

without coronary artery bypass grafting with or without

additional minor surgical procedures. Exclusion criteria

included: pre-operative renal insufficiency (creatinine

> 141.5 lmol.l�1); renal failure with oliguria or anuria not

related to hypovolaemia; haemodialysis; use of

hypothermic circulatory arrest; known hypersensitivity or

allergy to hydroxyethyl starch or the excipients of

hydroxyethyl starch; plasma volume overload; severe

hypernatraemia or hyperchloraemia; intracranial bleeding;

pregnant or breastfeeding women; critically ill adult

patients, including patients with sepsis; severe liver disease;

pre-existing coagulation or bleeding disorders; and any

contra-indications to proposed interventions.

Patients were randomly assigned (1:1) without

stratification in random-sized blocks of two to six patients to

6% HES 130/0.4 (Voluven�, Fresenius Kabi, Bad Homburg,

Germany) or human albumin 5%. Allocation was concealed

with a secure web randomisation site that was accessed

shortly before induction of anaesthesia. Treatment

assignments were generated using a reproducible
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algorithm in the PLAN procedure in SAS statistical software

version 9.4 (SAS Institute, Carey, NC, USA).

The 6%HES 130/0.4 was suspended in sodium chloride

0.9%. Human albumin 5% was suspended in a solution that

was adjusted to physiological pH with sodium bicarbonate

and/or sodium hydroxide with mean (SD) total sodium

content 145 (15) mEq.l�1. The Cleveland Clinic research

pharmacy blinded the study solution. The assigned study

solution (human albumin 5% solution or 6% HES 130/0.4)

was transferred to a standard size (250 or 500 ml)

glass bottle and covered with a shroud. The anaesthetic

team determined when plasma volume replacement

was clinically-indicated. Anaesthesia, surgery and

cardiopulmonary bypass were carried out with routine

methods.

The blinded study drug (6% HES 130/0.4 or 5% human

albumin) was administered in 250-ml or 500-ml increments

per clinician preference, when hypovolaemia was indicated

by any of the following conditions – cardiac output and/or

cardiac index decreased ≥ 20% from baseline; heart rate

increased ≥ 20% from baseline; mean or systolic blood

pressure decreased ≥ 20% from baseline; vasopressor

requirement increased ≥ 20% frombaseline; central venous

and/or pulmonary artery diastolic pressures decreased

≥ 20% from baseline or acute surgical haemorrhage. Fluid

challenges were repeated until the inciting condition was

rectified. The maximum dose of HES 130/0.4 was limited to

35 ml.kg�1.day�1.

Primary endpoint of kidney function was urinary

concentration of NGAL, an early, predictive biomarker of

acute kidney injury following bypass [30, 31]. This was

measured at baseline (following anaesthetic induction and

before surgical incision), 1 h after arrival to ICU and 24 h

after completion of surgery.

Secondary endpoints included urinary concentrations

of IL-18 (an early and sensitive biomarker for acute kidney

injury in patients having cardiac surgery [31, 32]) measured

at baseline, within 1 h of arrival to ICU and at 24 h following

completion of surgery.

Postoperative kidney dysfunction using RIFLE

diagnostic criteria was also assessed. Patients were

assessed for risk for kidney dysfunction (RIFLE-R), injury to

the kidney (RIFLE-I), failure of kidney function (RIFLE-F) using

criteria based on peak serum creatinine concentrations

within the first seven postoperative days [33]. Diagnostic

categories including loss of kidney function (RIFLE-L) and

end-stage kidney function (RIFLE-E) are not based on serum

creatinine concentrations and were therefore not included

in this investigation. A second (post-hoc) assessment of

postoperative kidney dysfunction was also performed using

the RIFLE categorisation based on creatinine and urine

output criteria.

Other secondary endpoints included markers of

haemostatic function compared at baseline, within 1 h of

arrival to ICU and at 24 h following completion of surgery.

These included prothrombin time (PT), activated partial

thromboplastin time (aPTT) and thromboelastography

(TEG) (Haemonetics TEG 5000, Braintree, MA). We report

the coagulation index, a summary variable comprised of five

TEG parameters which provides a single number describing

overall coagulation status. At our institution, a

hypercoagulable state is defined as a coagulation index

> 2.0 and coagulopathy is < �4.0. As the coagulation index

is a calculated parameter based on TEG components [34], it

was reported, but not included as an outcomemeasure.

We assessed platelet number and function. Platelet

function was assessed by measurement of platelet

aggregation in platelet-rich plasma using turbidometric

aggregometry (Chronolog Model 700 aggregometer,

Havertown, PA, USA). This methodmeasures the increase in

light transmission after adding a platelet aggregating agent

due to precipitation of platelet aggregates. Adenosine

diphosphate (ADP), collagen and arachidonic acid were

used as agonists to obtain data about the P2Y12 receptor,

the GPIa/IIa pathway and cyclo-oxygenase pathways,

respectively.

All-cause one-year mortality following surgery was

collected from follow-up phone calls, the patient’s primary

care physician or the Social Security Death Index. Long-term

kidney function measured by serum creatinine and use of

renal replacement therapy between 6 months and 1 year

following surgery was collected frommedical records at the

Cleveland Clinic and outside hospitals/physician records.

Kidney function was classified into RIFLE categories based

on serum creatinine.

We assessed the balance of randomised groups on

baseline and procedural characteristics using absolute

standardised difference (ASD), defined as the absolute

difference in means, mean ranks or proportions divided by

the pooled standard deviation. Baseline variables with ASD

> 0.33 (i.e. 1.96 9
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n1

þ 1
n2

q
) were considered imbalanced

and were adjusted for in primary analysis as a sensitivity

analysis. Analyses were modified as intent-to-treat which

was defined a priori as including all randomly allocated

patients who received some amount of study intervention.

All analyses tested for non-inferiority using a non-

inferiority delta of 15% of the control group mean for raw

differences if the distribution of a continuous outcome

measurement is approximately normal, or no more than

15% worse for ratios if the distribution of a continuous
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outcome is approximately log-normal or comparing the risk

for a categorical outcome. Non-inferiority was claimed if the

confidence limits for the treatment effect (estimated from

analyses described below) were within the specified non-

inferiority region. P values were obtained from a 1-tailed

t-test using a test statistic defined as TNI ¼ b1�d
SEb1

, where b̂1 is

the estimated treatment effect, SEb1 is the standard error of

the treatment effect, and d is the non-inferiority delta.

Primarily, we assessed the effect of HES vs. albumin

on NGAL at 1 h and 24 h after surgery using a repeated

measures linear mixed model with an unstructured within-

subject correlation structure. We adjusted for baseline

urinary NGAL to obtain a smaller standard error for the

estimated treatment effect given that the baseline value is

correlated with future measurements. The heterogeneity

of the estimated treatment effect over time was assessed

by testing the treatment-by-time interaction using a

significance criterion of p < 0.15. A significant interaction

would suggest that the treatment effect varies over time,

in which case we would estimate the treatment effect

individually for each time-point measured. The

significance level of the non-inferiority test on urine NGAL

was p < 0.021, which was adjusted for five interim

analyses.

For secondary outcomes of kidney functions, we

estimated the effect of HES vs. albumin on urinary IL-18 at

1 h and 24 h after surgery using an analogous method as

for NGAL. We originally planned to estimate the effect of

HES on the ordinal RIFLE criteria as another secondary

outcome. However, we observed few patients with a RIFLE

classification of Risk, Injury or Failure. Therefore, we

redefined this outcome to risk (or worse) vs. no risk for this

analysis. The relative risk of kidney injury comparing HES to

albumin was estimated using a log-linked binomial model.

The overall alpha is 0.025 for the secondary kidney function

outcomes and 0.013 (0.025/2) for the non-inferiority test on

each outcome.

For secondary outcomes of coagulation and platelet

function, non-inferiority of HES to albumin was assessed for

each outcome at the 0.025 level. We would claim non-

inferiority of HES to albumin if non-inferiority was shown on

all of the variables in this set. Therefore, no adjustment for

multiple testingwas done (i.e. intersection-union test).

Sample size estimation was based on assessing the

non-inferiority of HES to albumin on the primary outcome of

urinary NGAL. Assuming that NGAL values follow a log-

normal distribution as in previous studies [35] with a

coefficient of variation of 25%, we would need 52 patients

per group to have 90% power at the 0.025 significance level

to be able to claim non-inferiority of HES to albumin using a

non-inferiority delta of a ratio of geometric means of 1.15.

Adjusting for the interimmonitoring at each one-sixth of the

total, a maximum sample size of 130 patients was required.

Allowing for five potential dropouts and five pilot patients

(which were not included in the analyses), we planned to

enrol 140 patients.

Results
A total of 149 patients met eligibility criteria and were

randomly assigned. Seven patients from the HES group and

one patient from the albumin group did not receive any

intra-operative study fluid and were not included for the

analyses as pre-specified in the protocol. Finally, 69 patients

in the HES group and the 72 patients in albumin group were

analysed (Fig. 1).

Patients were compared on potentially confounding

baseline and procedural characteristics. Most baseline

variables and procedure characteristics were balanced

between groups with the exception of left ventricular

ejection fraction (mean (SD) was 62 (7) % HES vs. 57 (10) %

albumin, ASD = 0.47), use of calcium channel blockers

(number (%) was 22 (32%) vs. 11 (15%); ASD = 0.40),

and Factor Xa inhibitors (number (%) was 7 (10%) vs.

1 (1%); ASD = 0.38). Additional patient characteristics,

comorbidities and surgical variables are summarised in

Table 1.

Urinary samples were examined before surgery, and at

1 h and 24 h after surgery. There were no missing urinary

NGAL levels at baseline or 1 h after surgery, but two

patients in the albumin group and one patient in HES group

had no available values of urinary NGAL at 24 h. Urinary

NGAL concentrations at baseline, 1 h after surgery and 24 h

after surgery are shown in Figure 2.

We compared urine NGAL concentrations between

groups according to whether specific thresholds identifying

increased risk of kidney injury were reached: the frequency

of patients with urinary NGAL of > 100 ng.ml�1 at 1 h after

surgery was identical between groups (15 (22%) with HES

and 16 (22%) with albumin), the number of patients with

urine NGAL > 250 ng.ml�1 was identical between the

treatment groups (7 (10%) with HES and 7 (10%) with

albumin; Fig. 2). We also applied a cardiac surgery-

associated NGAL (CSA-NGAL) score to urinary NGAL

concentrations [36]. Tubular damage was unlikely (urine

NGAL < 50 ng.ml�1) in 51 (74%) HES patients vs. 48 (67%)

patients who received albumin, tubular damage was

possible (urine NGAL 50 to < 150 ng.ml�1) in 10 (14%)

receiving HES vs. 10 (14%) who received albumin, tubular

damage occurred in 8 (13%) patients who received HES and

13 (18%) who received albumin, severe tubular damage
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occurred in none of the patients who received HES and 1

(1%) who received albumin.

Since the distribution of urinary NGAL was

approximately log normal, summary statistics are presented

for each group at two time-points as median (IQR [range])

and the effect of HES compared with albumin as ratio of

geometric means. There was no evidence that the treatment

effect varied over time, with p = 0.75 for the treatment-by-

time interaction. Therefore, we assessed the overall

treatment effect collapsing over time. As shown in Fig. 3,

HES was not non-inferior to albumin, with an estimated ratio

of geometric means of 0.91 (95%CI 0.57–1.44); non-

inferiority p = 0.14. A sensitivity analysis with adjustment for

left ventricular ejection fraction and use of calcium channel

blocker found results consistent with the primary analysis

and a ratio of geometric means of 1.02 (95%CI 0.64–1.64);

non-inferiority p = 0.30.

We performed secondary analyses on kidney function.

We compared urine IL-18 concentrations between groups

according to whether specific thresholds identifying risk of

kidney injury were reached; the frequency of patients with

urine IL-18 of > 50 pg.ml�1 [37, 38] at 1 h after surgery was

lower in the HES group (13 (19%) patients receiving HES vs.

23 (32%) patients receiving albumin), the number of

patients considered at risk of kidney injury with IL-18 of

> 150 pg.ml�1 [32] was also lower in the HES group (8 (12%)

patients given HES compared with 14 (19%) patients given

albumin (Fig. 2)).

The treatment effect of HES vs. albumin was

inconsistent over time (interaction p value of 0.079).

Therefore, we estimated the treatment effects at 1 h and

24 h after surgery separately, adjusting for baseline IL-18

levels. At 1 h, HES group was non-inferior to albumin, with

an estimated ratio of geometric means of 0.45 (95%CI 0.21–

0.95); non-inferiority p = 0.002. In contrast, we did not find

non-inferiority of HES compared with albumin on urinary IL-

18 at 24 h after surgery, with an estimated ratio of

geometric means of 0.98 (95%CI 0.45–2.10); non-inferiority

p = 0.31 (Fig. 3).

Acute kidney injury assessed by RIFLE classification

based on creatinine values was summarised as no risk, Risk,

Injury or Failure. The number of patients (proportion) with

any Risk/Injury/Failure vs. no risk was 8 (12%) for HES and 3

(4%) for albumin. HES was not found to be non-inferior to

albumin, with an estimated relative risk of 2.78 (95%CI 0.64–

12.10); non-inferiority p = 0.91.

As a post-hoc analysis, we examined kidney injury using

RIFLE criteria based on both creatinine levels and urine

output, as recommended by Second International

Consensus Conference of the Acute Dialysis Quality

Initiative (ADQI) Group [33]. The number of patients

(proportion) with any Risk/Injury/Failure was 42 (61%) for

HES and 55 (76%) for albumin; Hydroxyethyl starch was non-

inferior to albumin using RIFLE criteria based on creatinine

and urine output with an estimated relative risk of 0.80 (95%

CI 0.61–1.03); non-inferiority p < 0.001 (Table 2).

Figure 1 CONSORT patient flowdiagram.

1184 © 2020 TheAuthors.Anaesthesia published by JohnWiley & Sons Ltd on behalf of Association of Anaesthetists

Anaesthesia 2020, 75, 1180–1190 Duncan et al. | Hydroxyethyl starch and kidney function in cardiac surgery



We performed secondary analyses on haemostatic

function. We estimated treatment effect of HES vs. albumin

and assessed non-inferiority on each outcome except for

variables INR and coagulation index, which were derived

from the PT and TEGparameters. Coagulationmeasures (PT

and aPTT), TEG parameters (K, MA, a, LY 30) and platelet

Figure 2 Urinary concentrations of (a) neutrophil gelatinase-associated lipocalin (NGAL) and (b) interleukin-18 (IL-18) at
baseline, 1 h after surgery (postop 1 h) and 24 h after surgery (postop 24 h) are shown. blue, HES, yellow, Albumin.

Table 1 Baseline, medical and procedural characteristics of the study population. Values are mean (SD), number (proportion)
ormedian (IQR [range]).

Factor

HES130/0.4 Albumin5%

ASDa

n = 69 n = 72

Missing Summary Missing Summary

Age; years 0 71 (10) 0 69 (9) 0.19

Female 0 22 (32%) 0 28 (39%) 0.15

Diabetes 0 0 0.32

Type 1 3 (4%) 0

Type 2 15 (22%) 20 (28%)

Hypertension 0 53 (77%) 0 54 (75%) 0.04

Stroke 0 6 (9%) 0 4 (6%) 0.12

Myocardial infarction 1 4 (6%) 0 4 (6%) 0.01

Previous cardiac surgery 0 13 (19%) 0 14 (19%) 0.02

Surgery type 0 0 0.20

Aortic valve only 35 (51%) 32 (44%)

Aortic valve +CABG 12 (17%) 16 (22%)

Aortic valve +other 14 (20%) 18 (25%)

Aortic valve +CABG +other 8 (12%) 6 (8%)

Duration of aortic cross-clamp;min 0 65 (48–91 [26–176]) 0 60 (45–89 [25–375]) 0.10

Total fluid; l 0 2.8 (2.3–3.2 [1.2–5.5]) 0 2.8 (2.1–3.7 [0.9–9.8]) 0.05

Transfusion 0 19 (28%) 0 16 (22%) 0.12

RBC 0 13 (19%) 0 10 (14%) 0.13

Platelets 0 10 (14%) 0 10 (14%) 0.02

Fresh frozenplasma 0 8 (12%) 0 5 (7%) 0.16

Cryoprecipitate 0 3 (4%) 0 4 (6%) 0.06

Use of antifibrinolytic drug 0 4 (6%) 0 7 (10%) 0.15

Volumeof study solution;ml 0 500 (400–750 [200–1000]) 0 750 (500–1000 [250–1000]) 0.18

aAbsolute standardised difference (ASD), defined as the absolute difference inmeans,mean ranks or proportions dividedby the pooled
standarddeviation. ASD > 0.33were considered imbalanced. RBC, redblood cells.
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function measures (ADP- and collagen-induced platelet

aggregation), were non-inferior for HES vs. albumin (Fig. 4).

TEG R times and arachidonic acid-induced platelet

aggregation in HES group were not non-inferior to albumin;

thus, we could not claim non-inferiority of HES to albumin on

overall coagulation and platelet function. As a post-hoc

analysis, we compared arachidonic acid induced-platelet

aggregation between HES (n = 53) and albumin (n = 58)

groups in patients who either were not treated with aspirin

or stopped before surgery and similar to the initial results,

HES was not considered non-inferior on arachidonic acid-

induced platelet aggregation (difference (95%CI) of �1.55

(�7.30–4.19)%max, p = 0.267).

However, postoperative chest tube output over the first

24 h following surgery was similar between treatment

groups: 590 (460–810 [110–2520]) ml in patients who

received HES and 600 (410–826 [120–2170]) ml in patients

who received albumin.

Patients were contacted at one year after surgery to

assess long-term kidney function and mortality. All patients

in the HES group were alive, whereas two patients from the

albumin group died within one year of surgery. In total, 26

Figure 3 Non-inferiority (NI) tests on the primary and secondary outcomes. Non-inferiority was claimed if p < 0.021 for urinary
NGAL, or p < 0.013 for urinary IL-18 andAKI, definedby RIFLE categories: Risk, Injury or Failure. HES, Third-generation
hydroxyethyl starch; NGAL, urinary neutrophil gelatinase-associated lipocalin; IL-18, urinary interleukin-18; AKI, acute kidney
injury assessed as Risk, Injury or Failure by RIFLE classification based on creatinine values vs. No Risk.

Table 2 A comparison of HES vs. albumin on kidney function outcomes using RIFLE classification based on creatinine and urine
output.

Outcomes
HES130/0.4 Albumin5%

Relative risk of any
risk/injury/failure

NI delta
NI

n = 69 n = 72 (95%CI) p value2

No risk 27 (39%) 17 (24%) 0.80 (0.61, 1.03) 1.15 < 0.001

Risk 35 (51%) 48 (67%)

Injury 6 (9%) 7 (10%)

Failure 1 (1%) 0 (0%)

HES, hydroxyethyl starch; NI, non-inferiority.
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(43%) patients in the HES group and 18 (25%) patients in the

albumin group had creatinine measurement within

one year. Only one patient had risk of kidney injury (HES).

No patient received renal replacement therapy (Table 3).

Discussion
Our study has demonstrated that the observed urinary

NGAL and IL-18 concentrations, which are early, predictive

biomarkers of postoperative kidney dysfunction, were

slightly lower in patients who received a third-generation

HES compared with another commonly used colloid, 5%

human albumin. However, variability in the kidney markers

was higher than expected. We thus could not claim that

HES was non-inferior. Risk for kidney injury assessed by

RIFLE criteria with HES was also inconclusive. Overall,

these data show that observed measures of kidney

function were similar between groups and evidence of

harm was lacking. Measures of coagulation and platelet

function were also largely similar between HES and

albumin. Nine of 11 individual measures of coagulation,

Figure 4 Forest plot of non-inferiority tests on coagulation and platelet function. The estimated difference of HES compared
with albumin is shown as a square and error bars indicate the 95%CI. Non-inferiority delta is 15%of the control groupmean.
Non-inferiority of each outcomewas claimed if p < 0.025. NI, non-inferiority; PT, prothrombin time; aPTT, activated partial
thromboplastin time; PLT, platelet count; AA, arachidonic acid; ADP, adenosine diphosphate; TEG, thromboelastogram;
R value, reaction time; K value, kinetics; LY 30, amplitude at 30 min;MA,maximumamplitude.

Table 3 Summary of one-year outcomes. Values are number (proportion) ormedian (IQR [range]).

Factor

HES130/0.4 Albumin 5%

n = 69 n = 72

Missing Outcomes Missing Outcomes

1-yearmortality (%) 2 0 (0) 1 2 (3)

Creatinine (mg.dl�1) 43 0.96 (0.80–1.12 [0.67–1.65]) 54 0.99 (0.80–1.13 [0.51–1.44])

RIFLE class (%) 43 54

No risk 25 (96%) 18 (100%)

Risk 1 (4%) 0

Injury 0 0

Failure 0 0

Renal replacement therapy 4 0 1 0

HES, hydroxyethyl starch.
The number of patients withmissingdata is shown in column titled ‘Missing’.
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platelet count and function were non-inferior to albumin,

but two exceptions, specifically, TEG R-time and

arachidonic acid-induced platelet aggregation, precluded

HES from being considered non-inferior. The observed

differences between groups on coagulation and platelet

function, however, appeared minimal and clinically

irrelevant.

Variability in urinary NGAL concentrations was greater

than expected. Confidence intervals spanned from a 43%

reduction in kidney injury with HES to a 44% increase

compared with albumin. Despite high variability, the

observed urinary NGAL values demonstrated minor

changes from baseline and were slightly lower with HES

than albumin. Use of theCSA-NGAL score, a score designed

for cardiac surgery [36], suggests that HES did not increase

risk. In fact, the odds ratio for kidney injury with HES was

reduced. However, broad 95% confidence intervals

precluded the claim that risk was non-inferior. A larger

sample size was required to claim non-inferiority, but our

sample size was based on a report of postoperative urinary

NGAL which described lower variability [35]. If we had

selected clinical outcomes, an even larger sample size

would have been required.

Kidney injury measured by IL-18 concentrations was

non-inferior with HES at 1 h after surgery. This result

provides evidence supporting overall non-inferiority of HES

on kidney function, consistent with previous reports that

urine IL-18 early after surgery (1–2 h postoperatively) is the

most predictive of kidney outcomes [31]. Other clinically

important cut-off points for observed urinary IL-18

concentrations [32, 37, 38] found that fewer patients were

at risk for kidney injury with HES, though confidence

intervals at the 24-h time-point extended past the non-

inferiority boundary.

Because only four patients (3%) experienced kidney

injury or failure, we could not make any statistical inference

as planned and categories of Risk, Injury and Failure defined

by RIFLE were combined. Although the point estimate

suggested an increased risk with HES administration, these

fragile results were based on a small number of patients, low

incidence of kidney injury, with wide confidence intervals.

Interestingly, we assessed the effect of HES on kidney injury

by RIFLE criteria post-hoc based on serum creatinine and

urine output as recommended by the Second International

Consensus Conference of the Acute Dialysis Quality

Initiative Group [39], which found that HES was non-inferior

to albumin.

Our investigation was designed to test for non-

inferiority with a non-inferior delta of 15%. In other words,

HES would be considered non-inferior if the postoperative

urinary NGAL concentrations and upper 95% confidence

limit for the treatment effect were no more than 15% worse.

The non-inferiority margin of 15% was conservatively

chosen based on clinical experience; however, diagnostic

categories of kidney injury, including RIFLE, allow a 50%

increase in creatinine concentration before kidney injury is

diagnosed [39]. Had we allowed a similar increase of 50% in

urinary NGAL concentration (non-inferiority delta of 0.5),

HESwould have been considered non-inferior to albumin.

Though higher than expected variability did not permit

us to conclude that HES was non-inferior to albumin, the

observed long-term kidney outcomes and mortality were

similar between groups. Event rates at one year following

surgery were too low to make a definitive conclusion;

however, these data suggest that intra-operative HES

administration is associated with preserved long-term

kidney function and survival. A larger sample size is

needed to definitively conclude that the long-term effect of

HES and albumin are comparable on kidney function and

mortality.

Peri-operative coagulopathy and increased blood loss

was a concern with older generation HES products [27].

Thus, third-generation modern HES solutions were

developed to minimise interference with coagulation.

Coagulation measures including PT and aPTT and nearly all

TEG measures, including those that assess clot

amplification, propagation, strength and lysis, were

comparable in both groups. Only the reaction time, which

represents clot initiation, was slightly longer (0.4 min or

24 s) in patients who received HES. The reaction time

measures the initiation phase of enzymatic clotting factor

activation, also known as the fluid phase of coagulation,

which correlates with PT and aPTT. Since aPTT and PT were

non-inferior with HES, the reaction time was slightly longer

but remained within the normal reference range, and all

other measures of clot formation efficiency and viscoelastic

properties were non-inferior, we conclude that there was no

clinically meaningful adverse effect of HES on coagulation

factors.

Platelet count, ADP-induced and collagen-induced

platelet aggregation were comparable between groups.

However, arachidonic acid-induced platelet aggregation

was not. Interestingly, arachidonic acid-induced platelet

aggregation was abnormal at baseline in both groups

(normal > 70%), probably due to pre-operative aspirin

treatment in some, but not all patients. Residual aspirin may

have contributed to great variability and wide confidence

intervals, thus precluding the conclusion of non-inferiority of

HES on arachidonic acid-induced platelet aggregation.

Supporting the conclusion that haemostatic outcomes were
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clinically similar between groups, peri-operative blood loss,

blood product transfusion and postoperative chest tube

output were similar betweenHES and albumin groups.

This study is strengthened by the inclusion of patients

limited to aortic valve surgery with or without coronary artery

bypass grafting, reducing procedural heterogeneity and

variability in peri-operative fluid requirements and blood

loss. Including only elective cardiac surgical patients with

aortic stenosis, however, may limit the generalisability of our

results to other cardiac pathologies, though different results

are not expected in patients undergoing coronary artery

bypass grafting or other cardiac surgical procedures. The

biomarkers of kidney function exhibited higher than

expected variability and thus could not claim non-inferiority

despite minimal differences in outcomes between groups.

Similar to other clinical trials examining the benefit/risk ratio

of HES given during surgery [3–5], our investigation

examined the effect of intra-operative use ofHESgiven over a

few hours of administration. The amount of investigative

solution in our trial was lower compared with one major

clinical trial in non-cardiac surgery [3] (0.6 l vs. 1.0 l);

however, this amount of HES given during our trial

comprised a significant amount (approximately 25%) of the

total intravenous fluids receivedduring surgery.

In summary, HES administration during cardiac surgery

produced similar observed effects on postoperative kidney

function, coagulation, platelet count and platelet function

compared with albumin, though greater than expected

variability and wide confidence intervals precluded the

conclusion of non-inferiority. Long-termmortality and kidney

function appeared similar betweenHES andalbumin.
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