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D URING the past year, there 
has been substantial discus-

sion about hydroxyethyl starches 
(HESs), with some claiming that 
neither efficacy nor safety has been 
demonstrated.

In this issue of ANEStHESIoloGy, 
Van der linden et al.1 report a 
clinical efficacy trial with HES 
130/0.4 that has several interest-
ing issues. Some, but not all, are 
discussed relatively briefly, as space 
limitations preclude full exposi-
tion. only tetrastarches (HES 
130/0.4 and 130/0.42) are dis-
cussed, as older HESs with larger 
molecules and greater degree of 
substitution are outmoded owing 
to their undesirable effects, most 
notably, on coagulation and hemo-
stasis2,3 and tissue accumulation.4

First, is the importance of the 
main finding of Van der linden 
et al.: an efficacy of HES 130/0.4 
equivalent to that of 5% human 
serum albumin when used in pedi-
atric cardiac surgery (more about “equivalence” below: begin-
ning with the paragraph that starts with “In sub-titling...”). 
This extends the data from other trials in adults, assessing 
the efficacy (for which HES was intended), and in doing 
so demonstrating volume expansion similar to that of other 

colloids.2,5–7 of some importance, 
as well, was the secondary finding 
of a lesser positive fluid balance 
with HES 130/0.4. lesser posi-
tive fluid balance has produced 
improved outcomes8–10; however, 
this trial was neither designed nor 
powered to assess that.

Safety data are also presented by 
Van der linden et al. There were no 
differences between groups for mor-
tality, biomarkers of renal injury or 
function, coagulation tests, trans-
fusion of any blood component, 
or calculated blood loss. Despite 
the 28-day follow-up and no indi-
cation of safety concerns, it is not 
possible to draw confident conclu-
sions regarding safety from the cur-
rent publication, as with an HES 
safety sample size of 31 per group, 
the power to detect differences was 
small, and the absence of a specific 
event (e.g., death) is compatible 
with a 95% upper confidence limit 
of an incidence of 9.2%.11

Data regarding safety of HES products are of consider-
able importance, as recently two randomized, “pragmatic” 
trials in critically ill patients in intensive care units pur-
ported to indicate some safety issues with two different tet-
rastarches (130/0.42 in the Scandinavian Starch for Severe 
Sepsis [“6S”] trial12 and 130/0.4 in the Crystalloid versus 
Hydroxyethyl Starch trial [“CHESt”]).13 However, a num-
ber of issues cloud the interpretation of the results of those 
trials. trial therapy was initiated many hours after intensive 
care unit admission (approximately 4 h in 6S and 10 h in 
CHESt), after resuscitation, with fluid boluses with no 
objective criteria for either initiation or termination of test 
fluid administration. Central venous pressure at initiation of 
test fluid therapy was approximately 10 mmHg in both trials 
and greater after HES administration. The 6S trial enrolled 
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patients with severe sepsis with approximately 30% in shock, 
and the CHESt trial had a substantial fraction of similar 
patients. Fluid therapy was not goal directed and did not 
take into consideration the pharmacokinetic differences of 
the test fluids14,15 administered.

An intact endovascular glycocalyx functions as a selective 
filter and is critical for the intravascular retention of fluids 
and solutes, preventing their extravasation into extravascular 
compartments.16–18 Degradation of the glycocalyx results in 
immediate tissue edema.19 Microscopic observation in labo-
ratory experiments and measurements of function and con-
centrations of glycocalyx degradation compounds in plasma 
in laboratory experiments and humans, including patients in 
intensive care units, indicate that the glycocalyx is degraded 
by sepsis, septic shock, endotoxemia, hypoxia, ischemia, and 
increased atrial natriuretic peptide secretion.18–30 Sepsis and 
shock likely had degraded the endovascular glycocalyx in the 
CHESt and 6S trials, with further degradation induced by 
atrial natriuretic peptide secretion27,30 owing to additional 
atrial stretching secondary to colloid administration to an 
already full atrium. A degraded glycocalyx diminishes or 
eliminates the efficacy of an administered colloid by failing 
to retain it within vessels. The resulting presence of a colloid 
in the extravascular space might result in unintended conse-
quences. In the presence of an intact glycocalyx, there is far 
less tissue accumulation of modern tetrastarches (as tested by 
Van der linden et al.) than older HES compounds of higher 
molecular weight and greater molecular substitution.31

Both CHESt and 6S trials had mortality as the primary 
endpoint. The former found no difference in mortality with 
HES 130/0.4, and the latter found increased 90-day mortal-
ity with HES 130/0.42 (P = 0.040*) in the intention-to-
treat population. However, the statistical difference did not 
endure in the two per-protocol analyses (those patients actu-
ally treated with the test fluids; P = 0.07 and P = 0.12) or 
analyses of the Kaplan–Meier survival curves (P = 0.07 and  
P = 0.14). I have always thought it more logical to analyze 
randomized, blinded trials for efficacy according to the arti-
cles actually administered rather than according to theoretical  
intent.

CHESt and 6S trials reported increased need for renal 
replacement therapy (P = 0.0495 and P = 0.047, respectively) 

although there were no a priori criteria for institution of this 
therapy, and it was not statistically significant in CHESt 
after correction for covariates. Moreover, it was not sup-
ported by adverse differences of Risk of renal dysfunction; 
Injury to the kidney; Failure of kidney function; loss of kid-
ney function; and End-stage kidney disease (RIFlE) criteria 
in either trial, which is the accepted standard for assessment 
of renal impairment32,33 or renal replacement therapy + sep-
sis-related organ failure assessment score of 3 or greater, or 
increased creatinine two times or more from baseline in 6S. 
Neither trial corrected these findings for fluid balance, which 
can result in a falsely positive finding of acute kidney injury 
in the presence of greater positive fluid balance,34 as occurred 
after study day 1 with HES in CHESt. Perhaps, the further 
increase in central venous pressure when HES was given to 
an already full atrium, with likely greater intravascular reten-
tion than with crystalloid, contributed to the subjective deci-
sion of instituting renal replacement therapy despite lack of 
RIFlE criteria to support that decision. The striking differ-
ence of the patient populations and the purpose and timing 
of therapy of those trials bear little relationship to the use of 
HES in the operating room, as originally intended, for blood 
volume restoration. There is no evidence to support the use 
of any colloid for fluid bolus in septic patients; rather there 
is suggestion of harm.35 Similarly, the CHESt and 6S trials 
might hint at some safety issues with tetrastarches when used 
in that manner in the intensive care unit. one should be 
cautious in drawing conclusions regarding the use of phar-
maceuticals for a context differing from that tested.

With respect to intraoperative use, two recent reviews of 
published trials of tetrastarches used to treat a volume defi-
cit in the perioperative period36,37 have concluded a lack of 
tetrastarch-induced mortality,36 adverse effects on renal func-
tion,36,37 or clinical hemostasis,36 while noting a relatively 
brief duration of clinical follow-up for most trials.† Van der 
linden et al.1 now add data for a substantial postoperative 
period, as seen with some,38,39 but not many reports, in com-
paring the efficacy of HES 130/0.4 with that of other fluids. 
The primary efficacy endpoint was that of colloid volumes 
used during pediatric cardiac surgery. HES and human serum 
albumin were used in “equivalent” volumes, with no differ-
ences in safety measures in the approximately 30 patients per 
group, through 28 postoperative days. This efficacy “equiva-
lence” was established firmly and is in keeping with phar-
macokinetic knowledge in humans40–43 and understanding of 
the function of an intact endovascular glycocalyx.16,17,19 Data 
from perfused ischemic rat and guinea pig hearts and humans 
undergoing cardiopulmonary bypass suggest glycocalyx deg-
radation during these conditions. However, it is difficult to 
know whether that occurred in the children studied by Van 
der linden et al., as the absence of a crystalloid control group 
prevents concluding the absence of any effect despite the 
lack of difference of adverse events and serious adverse events 
between the tetrastarch and human serum albumin.

* My calculation by Fisher exact test; the authors report P = 0.03; 
unadjusted chi-square approximation, as described in the methods 
of the publication, yields P = 0.034.

† On June 24, 2013, after the acceptance of the article by Van der 
Linden et al., and the writing of this editorial, the FDA issued a 
boxed warning against the use of all HES (without distinguish-
ing among the various HES molecules) in patients with sepsis and 
those admitted to an ICU, and a warning about excessive bleeding 
when HES is used in conjunction with cardiopulmonary bypass. 
Center for Biologics Evaluation and Research USFDA: FDA Safety 
Communication: Boxed Warning on increased mortality and severe 
renal injury, and additional warning on risk of bleeding, for use of 
hydroxyethyl starch solutions in some settings. June 24, 2013. Avail-
able at: http://www.fda.gov/BiologicsBloodVaccines/SafetyAvail-
ability/ucm358271.htm. Accessed June 24, 2013.
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Considering the extant data and their limitations, it is 
probably prudent to avoid the use of HES for intermittent 
boluses after resuscitation in patients with sepsis, and espe-
cially septic shock. Similarly, it might be sensible to avoid 
the use of HES for fluid maintenance for other conditions 
of ischemia/hypoxia. A notable exception is that of trauma, 
where a full study39 and a subgroup analysis of CHESt13 did 
not demonstrate a detrimental effect of a tetrastarch. There is 
a lack of data to cause concern for the use of tetrastarches for 
perioperative volume replacement. Additional data should 
be available when the recently completed and presented 
study testing Colloids versus Crystalloids for Resuscitation 
in the Critically Ill trial (“CRIStAl”) is published.

Those involved in this phase 4 trial are to be commended. 
Regulatory authorities impose such a requirement when it 
is considered that efficacy and safety data are sufficient for 
approval, but that additional information is desirable or nec-
essary for a more complete understanding of the risk:benefit 
profile. However, a substantial majority of phase 4 trials are 
never initiated,44 fewer are completed,44 and even less are 
reported in the public domain.‡

In subtitling this editorial, “If nothing is the same, 
is everything different?” I have paraphrased Hanley and 
lippman-Hand’s classic article “If nothing goes wrong, 
is everything all right?”11 Here, I point out, very briefly, 
hopefully for the benefit of the readership, conceptual, and 
practical differences between trials of “superiority,” “nonin-
feriority,” and “equivalence.” Demonstration of superiority 
of one therapy compared with another requires rejection of 
the null hypothesis that the groups do not differ statistically. 
That is, the probability that there is no difference is less than 
an a priori arbitrarily defined value, usually, by convention, 
5% (P < 0.05). In such a test, there is no a priori (or at 
times, even post hoc) definition of what constitutes a clinically 
important difference. Thus, statistical significance can result 
in a difference without clinical meaning (“a tale ... full of 
sound and fury, signifying nothing,”45§); (for example, the 
CHESt trial reported difference [P < 0.001] of transfusion 

of unspecified “blood products” of 0.057 ml kg−1 day−1 for the 
first 4 days). Therein lies the conceptual difference between 
on the one hand a “superiority” trial and on the other hand 
“noninferiority” and “equivalence” trials. In the latter two, 
the quantitative difference between groups that determines 
trial success or failure must be decided a priori. This differ-
ence, frequently labeled as “delta” (Δ), or sometimes “M,” 
should have a clinically meaningful basis. The magnitude of 
this limit is subject to opinion or may be imposed by regula-
tory authorities, as occurred in the trial reported by Van der 
linden et al.1 Furthermore, in these trials, the test article 
should be assessed against a comparator with proven value: 
without that, there is little clinical meaning to “noninferior” 
or “equivalent.”‖ The success or failure of these trials rests not 
only on the mean difference between groups but also on the 
CI (by convention, usually 95%) associated with that mean. 
The Δ should be chosen with great care, as when a limit of 
the CI lies outside Δ by even a small amount, the result is a 
failed trial48 that can lead to absence of regulatory approval 
and termination of product development. Figure 1 depicts 
possible results of noninferiority testing. to demonstrate 
noninferiority, the lower confidence limit must be above the 
a priori designated −Δ. Examples 1A, B, D, and E show non-
inferiority, whereas 1C does not, because although the mean 
difference is above the specified −Δ, it is not so with 95% 
confidence or greater, as the lower 95% CI limit is below −Δ. 
Noninferiority design, scientific, statistical, and regulatory 
considerations are reviewed in depth elsewhere.49#

A clinical trial test of “equivalence” is somewhat analo-
gous with respect to the imposition of an a priori delineated 
Δ but is a bidirectional test. That is, the mean difference 
between groups and both sides of the CI must be within ±Δ.  
In figure 2, examples 2A and B would be declared to be 
“equivalent” (the Van der linden trial fits these), but 2C, D, 
and E would not, as the 95% CI band of each extends out-
side ±Δ. Note that 2C would also fail tests of noninferiority 
and superiority. However, 2D and E are clearly noninferior, 
but are not “equivalent.” 2D has the possibility of having a 
difference greater than +Δ and thus includes the possibility 
of superiority. 2E actually demonstrates superiority, as the 

Fig. 1. Possible results of tests of noninferiority. −Δ is the a 
priori assigned noninferiority margin. Examples A, B, D, and 
E demonstrate noninferiority in that the mean and 95% CI of 
each is above −Δ. Example C fails the test of noninferiority, as 
the 95% CI extends below −Δ.

‡ Completion of phase 4 trials may increase in frequency following 
expanded FDA authority to mandate and track such obligations.

§ Although 1623 is the first publication of this work, it is believed 
to have been written in 1606 and first performed in 1611 (see 
Rowse AL46).

║ Note here that in trials of “noninferiority” or “equivalence,” the 
comparator is an active agent that has been tested previously. It is 
assumed (but not tested in the trial) that it has an efficacy in the cur-
rent trial that is similar to that shown in earlier trials. This demands 
a similar trial population and trial design, but still may be incorrect 
owing to changes in practice, concomitant therapy, trial conduct, 
or other conditions. Thus, regulators generally take a conservative 
approach47 and Temple RJ: FDA Guidance on Non-Inferiority Tri-
als. General Issues. FDA/DIA Statistics Forum. April 2010. Available 
at: www.fda.gov/downloads/drugs/news/events/ucm209270.pdf. 
Accessed June 21, 2013.

# Temple RJ: FDA Guidance on Non-Inferiority Trials. General 
Issues. FDA/DIA Statistics Forum. April 2010. Available at: www.
fda.gov/downloads/drugs/news/events/ucm209270.pdf. Accessed 
June 21, 2013.
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mean and the entire 95% CI exceed zero. It should be noted 
that regulatory authorities recognize the ability to switch, 
post hoc, between analyses for noninferiority and superiority, 
provided the trial design is adequate, the primary outcome 
variable, and the Δ remain unchanged, and the possibility is 
included in the a priori statistical analysis plan.50 “Equiva-
lence” is not ordinarily included in this switching paradigm; 
however, many trials designated as “equivalence” trials are 
really tests of “noninferiority”# (but not in the case of the 
trial reported by Van der linden et al.1). “Superiority” of 
efficacy might also suggest the possibility of differences of 
safety, owing to greater potency or a different mechanism 
of action. Thus, a comparison could fail to be “equivalent,” 
as in 2D, because the test article might (P > 0.05) actually 
be better, creating an indeterminate state. It is possible to 
be unable to accept the hypothesis that there is equivalence 
(e.g., examples 2C and D; i.e., it is not probable that they 
are the same; depending on the selected α and Δ) while 
simultaneously being unable to reject the null hypothesis of 
superiority (that there is no statistical difference: the 95% 
CI includes zero): if nothing is the same, it does not mean 
that everything is different. This seeming ambiguity (not 
really: it is an issue of probabilities, not absolutes) does not 
pertain to the results of the trial of Van der linden et al.1 
HES 130/0.4 and human serum albumin had clear efficacy 
equivalence, with a mere 2% difference in volumes used and 
the 95% CI band was within ± 16% of zero: well within the 
a priori Δ of 45%.

Example 2F is an interesting possible result that highlights 
a point made earlier in this editorial. 2F would seem to pres-
ent a conundrum in that it appears to satisfy, simultaneously, 
the criteria for both “superiority” (both the mean and the 
entire 95% CI band are above zero) and “equivalence” (both 
the mean and the entire 95% CI band are within ±Δ). As 
with interpretation of trial results with tetrastarches, context 
is important. In the setting of a superiority trial, 2F would, 
indeed, be interpreted as “superior,” but again, without an 

a priori definition of the quantitative difference that consti-
tutes clinical importance. However, in an equivalence trial, 
in the light of a clinically determined a priori Δ, that prob-
able difference would be assessed to be of no clinical impor-
tance, and hence “equivalence” will have been established 
(provided other conditions are met): the difference, although 
established by rejection of the null hypothesis of a lack of 
difference with statistical probability, is so small as to be not 
clinically meaningful (i.e., is “equivalent”).

It is interesting to see a report of an equivalence trial 
for a mature product, such as HES 130/0.4. An increasing 
number of equivalence and noninferiority trials are to be 
expected, as governmental regulations and rules are slow-
ing pharmaceutical development, and a growing number of 
generic, biosimilar, and “me-too” products are likely.

The author thanks John Feiner, M.D., Professor, University of Cali-
fornia, San Francisco, California; Timothy Houle, Ph.D., Assistant 
Professor, Wake Forest School of Medicine, Winston-Salem, North 
Carolina; Michael James, M.B.Ch.B., Ph.D., F.R.C.A., F.C.A.(S.A.), 
Emeritus Professor, University of Capetown, Capetown, South Af-
rica; Steven Shafer, M.D., Professor, Stanford University, Stanford, 
California; Toby Silverman, M.D., Paraxel Consulting, Bethesda, 
Maryland; and David Warltier, M.D., Professor, Medical College of 
Wisconsin, Milwaukee, Wisconsin, for their helpful comments and 
suggestions.
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Francisco, California. rbw@itsa.ucsf.edu, rbw@theweiskopf-
group.com 

References
 1. Van der Linden P, De Villé A, Hofer A, Heschl M, Gombotz 

H: Six percent hydroxyethyl starch 130/0.4 (Voluven®) versus 
5% human serum albumin for volume replacement therapy 
during elective open-heart surgery in pediatric patients. 
ANesthesiology 2013; 119:1296–309

 2. Gandhi SD, Weiskopf RB, Jungheinrich C, Koorn R, Miller 
D, Shangraw RE, Prough DS, Baus D, Bepperling F, Warltier 
DC: Volume replacement therapy during major orthopedic 
surgery using Voluven (hydroxyethyl starch 130/0.4) or het-
astarch. ANesthesiology 2007; 106:1120–7

 3. Kozek-Langenecker SA, Jungheinrich C, Sauermann W, Van 
der linden P: the effects of hydroxyethyl starch 130/0.4 (6%) 
on blood loss and use of blood products in major surgery: 
A pooled analysis of randomized clinical trials. Anesth Analg 
2008; 107:382–90

 4. Jungheinrich C, Neff tA: Pharmacokinetics of hydroxyethyl 
starch. Clin Pharmacokinet 2005; 44:681–99

 5. Jungheinrich C, sauermann W, Bepperling F, Vogt Nh: 
Volume efficacy and reduced influence on measures of coag-
ulation using hydroxyethyl starch 130/0.4 (6%) with an opti-
mised in vivo molecular weight in orthopaedic surgery: A 
randomised, double-blind study. Drugs R D 2004; 5:1–9

 6. langeron o, Doelberg M, Ang et, Bonnet F, Capdevila X, 
Coriat P: Voluven, a lower substituted novel hydroxyethyl 
starch (HES 130/0.4), causes fewer effects on coagulation in 
major orthopedic surgery than HES 200/0.5. Anesth Analg 
2001; 92:855–62

 7. Gallandat Huet RC, Siemons AW, Baus D, van Rooyen-Butijn 
Wt, haagenaars JA, van oeveren W, Bepperling F: A novel 
hydroxyethyl starch (Voluven) for effective perioperative 
plasma volume substitution in cardiac surgery. Can J Anaesth 
2000; 47:1207–15

Fig. 2. Possible results of tests of equivalence. −Δ and +Δ 
are the a priori assigned equivalence margins. The results of 
Van der LInden et al.1 fit examples A or B. Examples A and B 
pass the test of equivalence, as the mean and 95% CI of each 
are within ±Δ. Examples C, D, and E fail the test of equiva-
lence, as the 95% CI of each extend outside ±Δ. F presents a 
possible trial result appearing to demonstrate simultaneously 
both equivalence and superiority, highlighting the importance 
of context.

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/119/6/1249/263429/20131200_0-00012.pdf by guest on 19 M
ay 2023

mailto:rbw@itsa.ucsf.edu
mailto:rbw@theweiskopfgroup.com
mailto:rbw@theweiskopfgroup.com


Anesthesiology 2013; 119:1249-54 1253 Richard B. Weiskopf

EDITORIAL VIEWS

 8. Nisanevich V, Felsenstein i, Almogy g, Weissman C, einav s, 
Matot i: effect of intraoperative fluid management on out-
come after intraabdominal surgery. ANesthesiology 2005; 
103:25–32

 9. Brandstrup B, tonnesen h, Beier-holgersen R, hjortso e, 
ording h, lindorff-larsen K, Rasmussen Ms, lanng C, Wallin 
l, iversen lh, gramkow Cs, okholm M, Blemmer t, svendsen 
Pe, Rottensten hh, thage B, Riis J, Jeppesen is, teilum D, 
Christensen AM, Graungaard B, Pott F: Effects of intravenous 
fluid restriction on postoperative complications: Comparison 
of two perioperative fluid regimens: A randomized assessor-
blinded multicenter trial. Ann surg 2003; 238:641–8

 10. lobo DN, Bostock KA, Neal KR, Perkins AC, Rowlands BJ, 
Allison SP: Effect of salt and water balance on recovery of 
gastrointestinal function after elective colonic resection: A 
randomised controlled trial. lancet 2002; 359:1812–8

 11. hanley JA, lippman-hand A: if nothing goes wrong, is every-
thing all right? interpreting zero numerators. JAMA 1983; 
249:1743–5

 12. Perner A, haase N, guttormsen AB, tenhunen J, Klemenzson 
G, Aneman A, Madsen KR, Moller MH, Elkjaer JM, Poulsen 
LM, Bendtsen A, Winding R, Steensen M, Berezowicz P, Soe-
Jensen P, Bestle M, strand K, Wiis J, White Jo, thornberg 
KJ, Quist l, Nielsen J, Andersen lh, holst lB, thormar K, 
Kjaeldgaard AL, Fabritius ML, Mondrup F, Pott FC, Moller 
tP, Winkel P, Wetterslev J: hydroxyethyl starch 130/0.42 ver-
sus Ringer’s acetate in severe sepsis. N engl J Med 2012; 
367:124–34

 13. Myburgh JA, Finfer S, Bellomo R, Billot L, Cass A, Gattas 
D, Glass P, Lipman J, Liu B, McArthur C, McGuinness S, 
Rajbhandari D, taylor CB, Webb sA: hydroxyethyl starch or 
saline for fluid resuscitation in intensive care. N engl J Med 
2012; 367:1901–11

 14. Norberg A, hahn Rg, li h, olsson J, Prough Ds, Børsheim 
E, Wolf S, Minton RK, Svensén CH: Population volume kinet-
ics predicts retention of 0.9% saline infused in awake and 
isoflurane-anesthetized volunteers. ANesthesiology 2007; 
107:24–32

 15. Svensén C, Hahn RG: Volume kinetics of Ringer solution, 
dextran 70, and hypertonic saline in male volunteers. 
ANesthesiology 1997; 87:204–12

 16. hu X, Adamson Rh, liu B, Curry Fe, Weinbaum s: starling 
forces that oppose filtration after tissue oncotic pres-
sure is increased. Am J Physiol Heart Circ Physiol 2000; 
279:h1724–36

 17. hu X, Weinbaum s: A new view of starling’s hypothesis at 
the microstructural level. Microvasc Res 1999; 58:281–304

 18. Ward BJ, Donnelly JL: Hypoxia induced disruption of the 
cardiac endothelial glycocalyx: implications for capillary per-
meability. Cardiovasc Res 1993; 27:384–9

 19. van den Berg BM, Vink h, spaan JA: the endothelial gly-
cocalyx protects against myocardial edema. Circ Res 2003; 
92:592–4

 20. Mulivor AW, lipowsky hh: inflammation- and ischemia-
induced shedding of venular glycocalyx. Am J Physiol Heart 
Circ Physiol 2004; 286:h1672–80

 21. Chappell D, Jacob M, Hofmann-Kiefer K, Rehm M, Welsch 
U, Conzen P, Becker BF: Antithrombin reduces shedding of 
the endothelial glycocalyx following ischaemia/reperfusion. 
Cardiovasc Res 2009; 83:388–96

 22. Marechal X, Favory R, Joulin o, Montaigne D, hassoun s, 
Decoster B, Zerimech F, Neviere R: endothelial glycocalyx 
damage during endotoxemia coincides with microcircula-
tory dysfunction and vascular oxidative stress. Shock 2008; 
29:572–6

 23. Bansch P, Nelson A, ohlsson t, Bentzer P: effect of charge 
on microvascular permeability in early experimental sepsis 
in the rat. Microvasc Res 2011; 82:339–45

 24. Nelson A, Berkestedt i, schmidtchen A, ljunggren l, 
Bodelsson M: increased levels of glycosaminoglycans during 

septic shock: Relation to mortality and the antibacterial 
actions of plasma. shock 2008; 30:623–7

 25. sallisalmi M, tenhunen J, yang R, oksala N, Pettilä V: 
Vascular adhesion protein-1 and syndecan-1 in septic shock. 
Acta Anaesthesiol scand 2012; 56:316–22

 26. svennevig K, hoel t, thiara A, Kolset s, Castelheim A, Mollnes 
t, Brosstad F, Fosse e, svennevig J: syndecan-1 plasma levels 
during coronary artery bypass surgery with and without car-
diopulmonary bypass. Perfusion 2008; 23:165–71

 27. Bruegger D, Jacob M, Rehm M, Loetsch M, Welsch U, Conzen 
P, Becker BF: Atrial natriuretic peptide induces shedding of 
endothelial glycocalyx in coronary vascular bed of guinea pig 
hearts. Am J Physiol heart Circ Physiol 2005; 289:h1993–9

 28. Bruegger D, Schwartz L, Chappell D, Jacob M, Rehm M, 
Vogeser M, Christ F, Reichart B, Becker BF: Release of atrial 
natriuretic peptide precedes shedding of the endothelial gly-
cocalyx equally in patients undergoing on- and off-pump 
coronary artery bypass surgery. Basic Res Cardiol 2011; 
106:1111–21

 29. Rehm M, Bruegger D, Christ F, Conzen P, thiel M, Jacob M, 
Chappell D, Stoeckelhuber M, Welsch U, Reichart B, Peter 
K, Becker BF: Shedding of the endothelial glycocalyx in 
patients undergoing major vascular surgery with global and 
regional ischemia. Circulation 2007; 116:1896–906

 30. groban l, Cowley AW Jr, ebert tJ: Atrial natriuretic pep-
tide augments forearm capillary filtration in humans. Am J 
Physiol 1990; 259(1 Pt 2):h258–63

 31. leuschner J, opitz J, Winkler A, scharpf R, Bepperling F: 
tissue storage of 14C-labelled hydroxyethyl starch (hes) 
130/0.4 and HES 200/0.5 after repeated intravenous admin-
istration to rats. Drugs R D 2003; 4:331–8

 32. Bellomo R, Kellum JA, Ronco C: Defining and classifying 
acute renal failure: From advocacy to consensus and valida-
tion of the RiFle criteria. intensive Care Med 2007; 33:409–13

 33. Bellomo R, Ronco C, Kellum JA, Mehta RL, Palevsky P: Acute 
renal failure—Definition, outcome measures, animal mod-
els, fluid therapy and information technology needs: the 
second international Consensus Conference of the Acute 
Dialysis Quality initiative (ADQi) group. Crit Care 2004; 
8:R204–12

 34. liu KD, thompson Bt, Ancukiewicz M, steingrub Js, Douglas 
is, Matthay MA, Wright P, Peterson MW, Rock P, hyzy RC, 
Anzueto A, truwit JD: Acute kidney injury in patients with 
acute lung injury: impact of fluid accumulation on classifica-
tion of acute kidney injury and associated outcomes. Crit 
Care Med 2011; 39:2665–71

 35. Bihari S, Prakash S, Bersten AD: Post resusicitation fluid 
boluses in severe sepsis or septic shock: Prevalence and effi-
cacy (price study). shock 2013; 40:28–34

 36. Van der linden P, James M, Mythen M, Weiskopf RB: safety 
of modern starches used during surgery. Anesth Analg 2013; 
116:35–48

 37. Martin C, Jacob M, Vicaut E, Guidet B, Van Aken H, Kurz 
A: Effect of waxy maize-derived hydroxyethyl starch 130/0.4 
on renal function in surgical patients. ANesthesiology 2013; 
118:387–94

 38. Feldheiser A, Pavlova V, Bonomo t, Jones A, Fotopoulou C, 
Sehouli J, Wernecke KD, Spies C: Balanced crystalloid com-
pared with balanced colloid solution using a goal-directed 
haemodynamic algorithm. Br J Anaesth 2013; 110:231–40

 39. James MF, Michell Wl, Joubert iA, Nicol AJ, Navsaria Ph, 
Gillespie RS: Resuscitation with hydroxyethyl starch 
improves renal function and lactate clearance in penetrat-
ing trauma in a randomized controlled study: the FiRst 
trial (Fluids in Resuscitation of severe trauma). Br J Anaesth 
2011; 107:693–702

 40. Weiskopf RB, Viele MK, Feiner J, Kelley S, Lieberman J, 
Noorani M, leung JM, Fisher DM, Murray WR, toy P, Moore 
MA: Human cardiovascular and metabolic response to acute, 
severe isovolemic anemia. JAMA 1998; 279:217–21

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/119/6/1249/263429/20131200_0-00012.pdf by guest on 19 M
ay 2023



Anesthesiology 2013; 119:1249-54 1254 Richard B. Weiskopf

Editorial Views

 41. Payen JF, Vuillez JP, Geoffray B, Lafond JL, Comet M, Stieglitz 
P, Jacquot C: Effects of preoperative intentional hemodilution 
on the extravasation rate of albumin and fluid. Crit Care Med 
1997; 25:243–8

 42. Lehmann GB, Asskali F, Boll M, Burmeister MA, Marx G, 
Hilgers R, Förster H: HES 130/0.42 shows less alteration of 
pharmacokinetics than HES 200/0.5 when dosed repeatedly. 
Br J Anaesth 2007; 98:635–44

 43. Waitzinger J, Bepperling F, Pabst g, opitz J: hydroxyethyl 
starch (HES) [130/0.4], a new HES specification: 
Pharmacokinetics and safety after multiple infusions of 10% 
solution in healthy volunteers. Drugs R D 2003; 4:149–57

 44. Pray l, Robinson l: Challenges for the FDA: the Furture of 
Drug safety, Workshop summary. Washington, D.C., institute 
of Medicine of the National Academies. the National 
Academis Press, 2007

 45. shakespeare W: Macbeth. Act V, scene V, l26-28. Mr. William 
shakespeare’s Comedies, histoires, and trageies. london, 
edward Bount, William Jaggard, isaac Jaggard, 1623

 46. Rowse Al: the Annotated shakespeare, Volume iii. the 
tragedies and Romances. New york, Charles N. Potter, inc., 
1978

 47. Food and Drug Administration: guidance for industry. iCh 
E10 Choice of control group and related issues in clinical tri-
als, 2001

 48. Moore ee, Moore FA, Fabian tC, Bernard AC, Fulda gJ, 
hoyt DB, Duane tM, Weireter lJ Jr, gomez gA, Cipolle MD, 
Rodman gh Jr, Malangoni MA, hides gA, omert lA, gould 
SA: Human polymerized hemoglobin for the treatment of 
hemorrhagic shock when blood is unavailable: the UsA mul-
ticenter trial. J Am Coll surg 2009; 208:1–13

 49. Fleming tR, odem-Davis K, Rothmann MD, li shen y: some 
essential considerations in the design and conduct of non-
inferiority trials. Clin trials 2011; 8:432–9

 50. Committee for Proprietary Medicinal Products (CPMP) 
EAftEoMPE: Points to consider on switching between 
superiority and non-inferiority. Br J Clin Pharmacol 2001; 
52:223–8

D
ow

nloaded from
 http://asa2.silverchair.com

/anesthesiology/article-pdf/119/6/1249/263429/20131200_0-00012.pdf by guest on 19 M
ay 2023


