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Abstract

Background: Hydroxyethyl starch (HES) solutions are used for
perioperative fluid management. However, robust renal safety
data in surgical patients are lacking.

Methods: A meta-analysis was performed of randomised
clinical trials comparing HES with non-HES control fluid in
adult surgical patients. The endpoint was recourse to renal
replacement therapy (RRT). Eligible trials were identified by
multiple methods including computer database searches.
Results: Fifteen randomised trials with a total of 4409 surgical
patients were included. The Crystalloid versus Hydroxyethyl
Starch Trial (CHEST) was the source for 65.1% of the included
surgical patients. Eighty-three of the 2157 patients assigned to
HES (3.8%) underwent RRT versus 56 of 2252 control patients
(2.5%). HES significantly increased recourse to RRT, with a
pooled relative risk (RR) of 1.44 and 95% confidence interval
(95% CI) of 1.04-2.01. The absolute risk increase in recourse to
RRT attributable to HES was 1.2% (95% CI: 0.1-2.2%), indicating
anumber needed to treat with HES of 85 to prompt RRT in one
additional patient. In a subset of trials comparing HES 130/0.4
with crystalloid, the pooled RR for recourse to RRT (1.47; 95%
CI: 1.02-2.12) coincided closely with the overall pooled RR of
1.44. In a subgroup analysis of data from CHEST, the RR for
RRT was higher in surgical than non-surgical patients (ratio
of RR: 1.19; 95% CI: 0.77-1.83); however, the difference was not
significant (p = 0.43).

Conclusions: HES increased recourse to RRT among surgical
patients. There was no evidence that surgical patients are
at lower risk for HES-induced acute kidney injury than
non-surgical patients.

Introduction

Colloids have long been a common choice for perioperative
volume expansion. In a 2010 survey of 391 intensive care units
(ICUs) in 25 countries, colloids were administered to 67.3%
of patients admitted from the operating room after elective
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surgery and 67.8% of those after emergency surgery.' In the
prospective observational Sepsis Occurrence in Acutely ill
Patients (SOAP) study at 198 European ICUs, 33.6% of elective
surgery patients received the artificial colloid hydroxyethyl
starch (HES) in the ICU; in patients undergoing emergency
surgery this proportion was 20.7%.> Exposure to HES often
commences in the operating room. In a prospective sequential
analysis of perioperative fluid therapy in cardiopulmonary
bypass surgery at one centre, all 6478 patients received HES
intraoperatively to prime the extracorporeal circuit.?

Perioperative fluid management practices may now be in flux,
however, because of safety concerns about HES solutions, most
notably their potential to cause postoperative acute kidney injury
(AKI).*® In a survey of 80 German ICUs treating patients after
cardiothoracic surgery, the proportion of respondents favouring
HES as the first choice for volume therapy declined from 65.3 to
38.7% in the wake of emerging evidence about HES-related AKI.”
Data implicating exposure to HES solutions as a cause of
AKI have accumulated from rigorous large-scale randomised

trials®10

and from meta-analyses of randomised trials.!*'?
While it had been speculated that the renal safety profiles of
various HES solutions might differ, such differences could
not be confirmed in meta-analyses,'”'? and an expert panel
convened by the US Food and Drug Administration (FDA)
concluded that AKI is a class effect of HES solutions."

The European Society of Intensive Care has recommended against
the routine use of HES solutions in patients with severe sepsis
and other ICU patients at increased risk for AKL.** Evidence of
AKI and excess mortality attributable to HES has also prompted
regulatory actions. Both the FDA' and the European Medicines
Agency'® (EMA) have determined that HES should no longer be
used in critically ill patients, including those with sepsis. With the
implementation of new risk minimisation procedures, including
monitoring of renal function for 90 days after HES exposure,
the perioperative administration of HES will still be permitted,
although such continued HES use is controversial."”'$
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EMA has concluded that there is ‘a lack of robust long-term
safety data in patients undergoing surgical procedures’’ In
this meta-analysis of randomised trials, we sought to assemble
the most robust dataset currently available in order to address
a single focused clinical question: do HES solutions increase
recourse to renal replacement therapy (RRT) in surgical
patients?

Methods

Selection criteria

Published and unpublished randomised trials comparing HES
with a non-HES control fluid in adult surgical patients were
eligible. Trials of hypertonic saline/HES were not considered.
Control fluids could consist of other volume expanders such
as crystalloid, albumin or gelatin, but not haemoglobin
substitutes. Recourse to RRT was the endpoint of the
meta-analysis, and RRT data must have been available for a
trial to be included. No limitations were placed on the time
period of the trial or reporting language. Trials were excluded
due to confounding if the control group received concomitant
HES, for instance for postoperative volume expansion in a trial
comparing intraoperative fluids. Trials reported by Boldt and

colleagues were ineligible because of unreliability."

Search methods

Eligible trials were identified by multiple methods, including
computer searches of: Medline; Embase; the Cochrane Library;
ClinicalTrials.gov; the FDA and EMA web sites; abstract
databases for major conferences in surgery, anaesthesiology
and intensive care; and Google. The search strategy for
trials of HES was similar to that described by Mutter et al."
and encompassed the search terms hydroxyethyl starch;
HES; hetastarch; pentastarch; tetrastarch; and commercial
names of individual HES products. Searches were narrowed
to randomised trials assessing renal function in surgical
patients by filtering for additional terms and their variants
including: randomised controlled trial; random allocation;
surgery; operation; transplantation; cardiopulmonary bypass;
coronary artery bypass; abdominal aortic; aortic aneurysm;
valve; ascending aorta; abdominal; colorectal; hepatectomy;
nephrectomy; renal replacement therapy; renal support; renal
failure; kidney injury; dialysis; haemodialysis; haemofiltration;
haemodiafiltration; and nephrotoxicity. Investigators involved
in fluid management for surgical patients and manufacturers
of volume expander products used in those patients were
consulted to identify eligible trials. Reference lists of primary
research papers and review articles were examined, and hard
copies or online contents of selected journals were perused.

Data extraction
Working independently, both investigators determined trial
eligibility and extracted data. Differences in interpretation

were discussed until consensus was reached. The investigators,
patients and methods in all trial reports were scrutinised to
avoid duplication. Data were extracted on: the total number of
patients in each group and the numbers undergoing RRT; age;
type of surgery; fluids compared; and trial quality parameters.
When clarification or supplementary data were needed, the
randomised trial investigators were contacted. Requests under
the Freedom of Information Act were submitted to secure
eligible trial data on file at US government agencies.

Statistical analysis

The primary outcome measure of the meta-analysis was the
relative risk (RR) of recourse to RRT. Since RR is undefined
for trials with zero events in both groups, the absolute risk
difference was also calculated. Data within separate trial arms
evaluating different HES solutions were pooled for analysis
as were data from arms evaluating different control fluids.
However, a subset analysis was planned a priori of trials
comparing HES 130/0.4 with crystalloid, and in that analysis
only the data pertaining to those fluids were used without
pooling. Heterogeneity was assessed by Cochran Q test and the
I? statistic.”® If no significant heterogeneity was present, trial
results were combined under a fixed effects model. Publication
bias was assessed by the method of Egger et al.*» Subgroup
difference was analysed by test of interaction.

A level of 0.05 was the basis for judging statistical significance.
Trial quality was evaluated by three validated criteria:
randomisation method, allocation concealment and blinding.”
All analyses were performed using R version 3.0.2 (The R
Foundation for Statistical Computing, Vienna, Austria)
statistical software.

Results

Included trials

The process of randomised trial selection is outlined in figure 1.
Seventy-eighty candidate trial reports were identified, of which
25 were excluded after screening, most often because of an
ineligible control fluid such as another HES solution. After
detailed review another 38 reports were excluded, usually
because no RRT data were available. Fifteen randomised trials
with a total of 4409 surgical patients reported from 1989 to
2014 were included in the meta-analysis (figure 1).1%**37

All 15 included trials were published. One trial was reported
in abstract form only,* and a full draft manuscript, data,
statistical reports and other documentation for the trial were
obtained from the US Office for Human Research Protections
in response to a Freedom of Information Act request.

The characteristics of the included trials are summarised in
table 1. Thirteen trials (86.7%) were reported after 2000 and
seven (46.7%) after 2010. A single trial, the Crystalloid versus
Hydroxyethyl Starch Trial (CHEST) of HES 130/0.4 vs. normal
saline, was the source for 2872 surgical patients comprising
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65.1% of the total in the meta-analysis.” CHEST was a trial
with a total of 7000 ICU patients at 32 adult medical-surgical
ICUs in Australia and New Zealand. The patients from that
trial included in the meta-analysis had been admitted from the
operating room after elective or emergency surgery. CHEST
patients could have received up to 1000 ml HES outside the
ICU within the 24 hours before randomisation.

Twelve included trials were limited to elective surgical
procedures. Eligibility of elective vs. emergency procedures was
not specified for two trials.?*?* In CHEST, reported results were
not stratified according to elective vs. emergency procedures.

Figure 1. Randomised trial selection process. HES = hydroxyethyl
starch; RRT = renal replacement therapy.

78 candidate trial
reports identified

25 reports excluded after screening
Reports Reason Excluded
19 ineligible control fluid
4 paediatric surgery
1 study of hypertonic saline/HES
1 Boldt et al. study

53 reports retrieved
for detailed review

38 reports excluded after detailed review
Reports Reason Excluded

32 no RRT data
4 concomitant HES in control group

1 non-surgical population
1 unspecified control colloid
15 randomised clinical
trials included
Table 1. Included trials.
Trial n Age' (y) Type of surgery
London et al., 1989% 94 63.5 (7.0) CABG and/or valve
Cittanova et al., 1996* 47 44.0 (11.0) Renal transplantation
Bennett-Guerrero et al., 2001 200 67.0 (10.8) First-time CABG and/or valve
Mahmood et al., 2007% 62 72.3(7.3) Aortic aneurysm
Ando et al.,, 2008 21 68.6 (10.5) Abdominal
Godet et al., 2008% 65 73.0(7.9) Abdominal aortic
Mukhtar et al., 2009*° 40 53.0(5.9) Liver transplantation
Ooi et al., 2009 90 58.0(9.9) CABG
Leeetal., 20113 106 64.0 (8.5) Off-pump CABG
Yang et al., 2011% 20 49,6 (12.2) Partial hepatectomy
Hung etal., 20123 80 49.2 (9.8) Major abdominal
Myburgh et al., 2012 2872 63.0 (16.9) Elective or emergency
Gurbuzetal., 2013%* 200 61.7 (9.7) Isolated CABG
Skhirtladze et al., 2014%¢ 236 66.7 (13.6) CABG, valve or ascending aorta
Yates et al., 2014% 206 71.0 (6.3) Colorectal

In 13 trials with 4156 patients (94.3%), postoperative care
was rendered in the ICU, while the setting of such care was
unspecified for the remaining two trials. In three of those
13 trials,?¢3%35 patients did not receive any study fluid after
transfer to the ICU.

The mean patient age ranged from 44-73 years. In ten trials
(66.7%), the mean age exceeded 60 years. Coronary artery
bypass grafting was the type of surgery in six trials (40.0%),
more than any other surgical procedure.

Patients with sepsis were excluded from one trial.>® In CHEST,
sepsis patients comprised 28.8% of the overall population;
however, it was not reported how many;, if any, of the surgical
patients were septic. Inclusion of sepsis patients was not
specified for the other 13 trials.

A single HES solution was evaluated in 14 trials (93.3%). Two
different HES solutions were compared with gelatin in one
trial. By far the most frequent HES solution was HES 130/0.4,
which was evaluated in 11 trials (73.3%). HES 200/0.62 was a
test HES solution in two trials and HES 70/0.5, HES 200/0.5
and HES 450/0.7 in one trial each. The most common control
fluid was crystalloid, which was compared with HES in nine
trials (60.0%). Albumin and gelatin were control fluids in four
trials (26.7%) each. Study fluids were administered during
the intraoperative period in only four trials, exclusively
postoperatively in four and both in seven trials

Trial quality

An adequate method of randomisation, usually computer
generation of random numbers, was reported for eight trials
(53.3%), while the randomisation method was unspecified for
the remaining seven trials (46.7%). Allocation concealment
was adequate for five trials (33.3%) and unspecified for ten
trials (66.7%). Nine trials (60.0%) were blinded and two (13.3%)

Fluids compared

10% HES 200/0.5 vs. 5% albumin

6% HES 200/0.62 vs. 3% succinylated gelatin

6% HES 450/0.7 vs. 5% albumin or RL

6% HES 130/0.4 or 6% HES 200/0.62 vs. 4% succinylated gelatin
6% HES 70/0.5 vs. Ringer’s acetate

6% HES 130/0.4 vs. 3% succinylated gelatin

6% HES 130/0.4 vs. 5% albumin

6% HES 130/0.4 vs. 4% succinylated gelatin

6% HES 130/0.4 vs. balanced isotonic electrolyte
6% HES 130/0.4 vs. 20% albumin or RL

6% HES 130/0.4 vs. RL

6% HES 130/0.4 vs. 0.9% NaCl

6% HES 130/0.4 vs. balanced multielectrolyte
6% HES 130/0.4 vs. 5% albumin or RL

6% HES 130/0.4 vs. Hartmann'’s solution

CABG = coronary artery bypass graft; HES = hydroxyethyl starch; RL = Ringer’s lactate. TMean (standard deviation).
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unblinded. Blinding was unspecified for the remaining four
trials (26.7%). In three trials, including CHEST, blinding and
adequate randomisation method and allocation concealment
were all implemented.

RRT

A total of 139 patients in ten trials underwent RRT, of which
106 (76.3%) were in CHEST (figure 2). In five trials with a total
of 481 patients, no patients underwent RRT. Unpublished RRT
data included in the meta-analysis were provided upon request
by the investigators of four trials, including CHEST.13%3%37
RRT was administered in 83 of 2157 patients assigned to HES
(3.8%) vs. 56 of 2252 control patients (2.5%). The pooled RR for
RRT among the ten trials with at least one patient undergoing
RRT was 1.44 with a 95% confidence interval (95% CI) of
1.04-2.01, signifying a 44% increase in RR for recourse to RRT
attributable to HES (p = 0.029). There was no evidence of
significant heterogeneity (p = 0.54) or publication bias (p = 0.93).
The absolute risk increase in recourse to RRT attributable to
HES, based on the data from all 15 trials, was 1.2% (95% CI:
0.1-2.2%; p = 0.030). On the basis of that absolute increase,
the number needed to treat with HES to prompt RRT in one
additional patient is 85.

In a subset of four trials, including CHEST, HES 130/0.4 was
compared with crystalloid, and at least one patient underwent
RRT. In that subset the pooled RR for recourse to RRT (1.47;

95% CI: 1.02-2.12; p = 0.040) coincided closely with the overall
pooled RR of 1.44.

Among trials in which study fluid was administered exclusively
during the intraoperative period, the RR for RRT was higher
than that of trials with postoperative study fluid administered
(ratio of RR: 2.98; 95% CI: 0.81-10.94). The difference was not
significant, however (p = 0.10).

CHEST subgroups

The above findings demonstrate that HES increases recourse
to RRT in surgical patients, as has been shown previously in
non-surgical patients. Comparison of the CHEST RRT data
between the surgical and non-surgical subgroups of that trial
allows an assessment of whether the magnitude of increased
RRT risk differs between those subgroups. In CHEST, 61 of
1425 surgical patients assigned to HES (4.3%) and 45 of 1447 to
saline (3.0%) underwent RRT (RR: 1.38; 95% CI: 0.94-2.01; figure
2), compared with 173 of 1919 non-surgical patients assigned to
HES (9.0%) and 150 of 1925 to saline (7.8%), respectively (RR:
1.16; 95% CI: 0.94-1.43). Thus, the RR for recourse to RRT in
CHEST was higher in surgical than nonsurgical patients, with
a ratio of RR equalling 1.19 (95% CI: 0.77-1.83), although the
difference was not statistically significant (p = 0.43). Hence,
there was no evidence from CHEST that surgical patients might
be less susceptible to HES-induced renal failure prompting
RRT than their non-surgical counterparts.

Figure 2. RR for RRT. Error bars indicate 95% Cl. Data points scaled according to meta-analytic weight.

Trial RRT (n) RR (95% Cl)  Weight, %
HES Control

London et al., 19892 1 (50) 1 (44) . 0.88 (0.06-13.7) 1.8
I

Cittanova et al., 19962% 9 (27) 1 (20) +———— o 6.67(0.92-48.4) 2.0
|

Bennett-Guerrero et al., 200126 4 (95) 2 (105) : 2.21 (0.41-11.8) 3.3
I

Mahmood et al., 200727 2 (42) 3 (20) <—n——§— 0.32 (0.06-1.75) 7.0
|

Godet et al., 2008%° 0(32) 1(33) : 0.34 (0.01-8.13) 2.6
I

Mukhtar et al., 2009%° 1 (20) 1 (20) : 1.00 (0.07-14.9) 1.7
I

Lee et al., 201132 1 (53) 0 (53) : 3.00 (0.12-72.0) 0.9

Myburgh et al., 20121° 61 (1425) 45 (1447) [:|- 1.38 (0.94-2.01) 77.4

Skhirtladze et al., 201438 1 (81) 2 (155) ; 0.96 (0.09-10.4) 2.4
1

Yates et al., 2014%7 3(106) 0 (100) : 6.61 (0.35-126) 0.9

Total 83 (1931) 56 (1997) ‘ 1.44 (1.04-2.01)  100.0

2 = 0% (Cl, 0-57%); p = 0.54 Favours HES | Favours Control

0.1 1 10

RR (95% CI)

Cl = confidence interval; HES = hydroxyethyl starch; RR = relative risk; RRT = renal replacement therapy.
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Discussion

This is the first meta-analysis to demonstrate increased
recourse to RRT in surgical patients receiving HES. The subset
analysis of trials comparing HES 130/0.4 with crystalloid
provides further confirmation that AKI is a class effect of HES
solutions.

The demonstration of a significant effect on RRT was made
possible by the availability of data from CHEST, which
furnished 77.4% of the meta-analytic weight (figure 2). On
the other hand, the other trials included in the meta-analysis
contributed important statistical power, since the RRT increase
due to HES was not statistically significant within the CHEST
surgical subgroup by itself (figure 2).

Some systematic reviews and meta-analyses have suggested a
favourable renal safety profile of HES in surgical patients;***°
however, only relatively small studies were included and short
follow-up in many of those studies and other confounding
factors weaken safety inferences.***

Surgical admissions accounted for 26.2% of the total in
the Colloids Versus Crystalloids for the Resuscitation of
the Critically Ill (CRISTAL) randomised trial of 2857 ICU
patients.” There was no evidence of excess RRT attributable
to colloid in that trial, although RRT results were not reported
separately either for HES recipients or surgical patients. Also
complicating the interpretation of that trial was the co-admin-
istration of albumin to 16.4% of the crystalloids control group.
Recourse to RRT is incorporated as an indicator of severe AKI
under both the RIFLE* and AKIN* classification systems.
Nevertheless, standardised criteria for instituting RRT have not
been established, and disparate criteria may have been applied
among the trials included in this meta-analysis. This limitation
should have been at least partly mitigated by including
randomised trials only. The same criteria for commencing
RRT would have been applied in each randomised group of any
particular randomised trial.

It has been proposed that surgical patients might be at lower
risk of HES-mediated AKIL* The endothelial glycocalyx is
presumed to be intact in surgical patients, whereas it is likely
to be degraded in critically ill patients such as those with severe
sepsis. Lack of an intact glycocalyx could permit extravasation
of large molecules such as HES that might otherwise be
retained within the intravascular space. The premise of this
argument may be faulty, however, since there is evidence that
glycocalyx disruption occurs after major surgery as well as in
sepsis.”? Furthermore, increased capillary permeability may
not be an essential mechanism of HES-mediated AKI. There is
evidence that such injury may result from uptake of filtered HES
molecules on the luminal side of the renal tubules independent
of a transvascular mechanism such as capillary leak.>

The potential of renal HES storage to mediate AKI
is underscored by one of the trials included in this
meta-analysis.? In that trial osmotic nephrosis, a characteristic
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histological manifestation of HES storage, developed in all
biopsied recipients of transplanted kidneys exposed to HES
but none of the control patients. In a recent systematic review
of clinical studies on HES tissue storage with 635 patients, HES
was found to be stored in kidney tissue to a greater extent than
in other major organs and to persist there for as long as ten
years.” Of all groups providing evidence of HES storage in the
systematic review, surgical patients accounted for the highest
share (45.9%).

EMA has announced that additional studies will be performed
on HES in elective surgical patients.’® Pending the results of
those studies, current evidence assembled in this meta-analysis
suggests that surgical patients may be at no less risk of
HES-induced AKI than other groups.
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