
D
ow

nloaded
from

https://journals.lw
w
.com

/anesthesia-analgesia
by

fkZJG
Q
Xiew

Xx5bts2neE0TSVR
p2vvFyIyao+m

D
W
grZ2w

kC
W
EKO

Fcb9aU
upTd/zTdhm

0bp3J/idW
H
lN
3yN

e4kd2sh6C
xKi9sx5kxntP8fufoT072M

b3XM
xYTO

aXeO
50kC

on
09/17/2021

Downloadedfromhttps://journals.lww.com/anesthesia-analgesiabyfkZJGQXiewXx5bts2neE0TSVRp2vvFyIyao+mDWgrZ2wkCWEKOFcb9aUupTd/zTdhm0bp3J/idWHlN3yNe4kd2sh6CxKi9sx5kxntP8fufoT072Mb3XMxYTOaXeO50kCon09/17/2021

Copyright © 2021 International Anesthesia Research Society. Unauthorized reproduction of this article is prohibited.
906 www.anesthesia-analgesia.org October 2021 • Volume 133 • Number 4

From the *Anesthesiology Institute, †Department of Inflammation and 
Immunity, Lerner Research Institute, ‡Department of Quantitative Health 
Sciences, §Department of Outcomes Research, ‖Department of Thoracic and 

DOI: 10.1213/ANE.0000000000005664

Effect of 6% Hydroxyethyl Starch 130/0.4 on 
Inflammatory Response and Pulmonary Function 
in Patients Having Cardiac Surgery: A Randomized 
Clinical Trial
Mee Jee Lee, MD,*  Charles Tannenbaum, PhD,†  Guangmei Mao, PhD,§  Yuan Jia, MD,§   
Steve Leung, MD,§  Hüseyin Oğuz Yılmaz, MD,§  Ilker Ince, MD,§  Edward Soltesz, MD, MPH,‖  
and  Andra E. Duncan, MD, MS§¶     

BACKGROUND: Cardiac surgery with cardiopulmonary bypass induces a profound inflammatory 
response that, when severe, can lead to multiorgan system dysfunction. Preliminary data suggest 
that administration of hydroxyethyl starch (HES) solutions may mitigate an inflammatory response 
and improve pulmonary function. Our goal was to examine the effect of 6% HES 130/0.4 ver-
sus 5% human albumin given for intravascular plasma volume replacement on the perioperative 
inflammatory response and pulmonary function in patients undergoing cardiac surgery.
METHODS: This was a subinvestigation of a blinded, parallel-group, randomized clinical trial 
of patients undergoing elective aortic valve replacement surgery at the Cleveland Clinic main 
campus, titled “Effect of 6% Hydroxyethyl Starch 130/0.4 on Kidney and Haemostatic Function 
in Cardiac Surgical Patients.” Of 141 patients who were randomized to receive either 6% HES 
130/0.4 or 5% human albumin for intraoperative plasma volume replacement, 135 patients 
were included in the data analysis (HES n = 66, albumin n = 69). We assessed the cardiopul-
monary bypass–induced inflammatory response end points by comparing the 2 groups’ serum 
concentrations of tumor necrosis factor-alpha (TNF-α), interleukin-6 (IL-6), and macrophage 
migration inhibitory factor (MIF), measured at baseline and at 1 and 24 hours after surgery. We 
also compared the 2 groups’ postoperative pulmonary function end points, including the ratio 
of partial pressure of arterial oxygen to fraction of inspired oxygen (Pao2:Fio2 ratio), dynamic lung 
compliance, oxygenation index (OI), and ventilation index (VI) at baseline, within 1 hour of arrival 
to the intensive care unit, and before tracheal extubation. The differences in the postoperative 
levels of inflammatory response and pulmonary function between the HES and albumin groups 
were assessed individually in linear mixed models.
RESULTS: Serum concentrations of the inflammatory markers (TNF-α, IL-6, MIF) were not signifi-
cantly different (P ≥ .05) between patients who received 6% HES 130/0.4 or 5% albumin, and 
there was no significant heterogeneity of the estimated treatment effect over time (P ≥ .15). 
The results of pulmonary function parameters (Pao2:Fio2 ratio, dynamic compliance, OI, VI) were 
not significantly different (P ≥ .05) between groups, and there was no significant heterogeneity 
of the estimated treatment effect over time (P ≥ .15).
CONCLUSIONS: Our investigation found no significant difference in the concentrations of inflam-
matory markers and measures of pulmonary function between cardiac surgical patients who 
received 6% HES 130/0.4 versus 5% albumin. (Anesth Analg 2021;133:906–14)

KEY POINTS
• Question: Does administration of 6% hydroxyethyl starch (HES) 130/0.4 during cardiac sur-

gery mitigate the perioperative inflammatory response or improve postoperative pulmonary 
function compared with 5% human albumin?

• Findings: Administration of 6% HES 130/0.4 versus 5% human albumin did not result in sig-
nificant differences in the perioperative inflammatory response or postoperative pulmonary 
function.

• Meaning: Selection of the appropriate colloid solution, such as 6% HES 130/0.4 or 5% 
albumin, for intravascular volume repletion during cardiac surgery should not be based 
on potential anti-inflammatory effects or pulmonary benefits, rather it should be based 
on other characteristics of the intravascular solutions, patient-specific indications, or 
contraindications.
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GLOSSARY
ARDS = acute respiratory distress syndrome; ASA = American Society of Anesthesiologists; ASD 
= absolute standardized difference; BMI = body mass index; BSA = bovine serum albumin; CABG 
= coronary artery bypass graft; CI = confidence interval; COPD = chronic obstructive pulmonary 
disease; CPB = cardiopulmonary bypass; CRP = C-reactive protein; ELISA = enzyme-linked immu-
nosorbent assay; FFP = fresh frozen plasma; Fio2 = fraction of inspired oxygen; HES = hydroxyethyl 
starch; ICU = intensive care unit; IL = interleukin; LVEF = left ventricular ejection fraction; MAP = 
mean airway pressure; MIF = macrophage migration inhibitory factor; NF-κB = nuclear factor kappa 
B; OD = optical density; OI = oxygenation index; Pao2:Fio2 = ratio of partial pressure of arterial 
oxygen to fraction of inspired oxygen; PBS = phosphate-buffered saline; PEEP = positive end-expi-
ratory pressure; PIP = peak inspiratory pressure; RBC = red blood cell; RR = respiratory rate; SD 
= standard deviation; TNF-α = tumor necrosis factor-alpha; VI = ventilation index; VT = tidal volume

Cardiac surgery with cardiopulmonary bypass 
(CPB) induces an inflammatory response that, 
when severe, can lead to multiorgan system 

dysfunction including coagulopathy, respiratory 
failure, myocardial dysfunction, renal insufficiency, 
and neurocognitive defects.1,2 Preliminary data sug-
gest that hydroxyethyl starch (HES) solutions given 
for intravascular plasma volume replacement may 
blunt this inflammatory response. In a few reports 
in animal models, HES reduced inflammation 
and oxidative stress by inhibiting the nuclear fac-
tor kappa B (NF-κB) pathway and reducing tumor 
necrosis factor-alpha (TNF-α) concentrations.3,4 Two 
clinical reports in a small number of patients dem-
onstrated that HES administration reduced inflam-
mation and decreased matrix metalloproteinase 
production in patients having abdominal surgery (N 
= 36).5 Administration of 6% HES 130/0.4 in cardiac 
surgical patients (N = 30) mitigated the inflamma-
tory response to a greater degree than 4% modified 
gelatin or a balanced electrolyte solution.6 HES also 
decreased lung injury by reducing lung inflamma-
tion and pulmonary vascular permeability in animal 
models.7–10 Systemic inflammation impairs oxygen-
ation and pulmonary compliance by increasing pul-
monary vascular permeability and extravascular 
lung water; thus, the purported anti-inflammatory 
effects of HES may also benefit pulmonary func-
tion.11–13 However, clinical data examining the effect 

of HES on inflammation and pulmonary function are 
sparse, and further research is needed.

Our goal was to determine the effect of 6% HES 
130/0.4 on the inflammatory response and postop-
erative pulmonary function in patients undergoing 
cardiac surgery. We hypothesized that the patients 
who received 6% HES 130/0.4 would demonstrate 
a reduced inflammatory response and less impaired 
pulmonary function compared to those who received 
5% human albumin.

METHODS
Study Design and Participants
This investigation was a substudy of a blinded ran-
domized clinical trial of patients undergoing elective 
cardiac surgery at the Cleveland Clinic main campus, 
titled “Effect of 6% Hydroxyethyl Starch 130/0.4 on 
Kidney and Haemostatic Function in Cardiac Surgical 
Patients.” The primary trial examined the effect of 
HES on kidney function and reported no difference 
in postoperative urinary neutrophil gelatinase–asso-
ciated lipocalin concentrations or urine interleukin 
(IL)-18 concentrations in patients who received 6% 
HES 130/0.4 versus 5% albumin.14

This report presents the exploratory outcomes 
from the primary clinical trial, including measures of 
the inflammatory response and pulmonary function 
in patients who received 6% HES 130/0.4 versus 5% 
albumin. These exploratory outcomes were selected a 
priori and collected prospectively. The study protocol 
was approved by the Cleveland Clinic Institutional 
Review Board (IRB# 12-973), and written informed 
consent was obtained from all subjects participating 
in the trial. The trial was registered before patient 
enrollment at clinicaltrials.gov (NCT02192502, 
principal investigator: A.E.D., date of registration: 
July 16, 2014). This article adheres to the applicable 
CONSORT guidelines.

Patients eligible for the study were aged between 
40 and 85 years and were scheduled for elective aor-
tic valve replacement surgery with or without coro-
nary artery bypass grafting (CABG) with or without 
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additional minor surgical procedures between June 
2015 and February 2018. Exclusion criteria for the 
study were (1) preoperative renal insufficiency (cre-
atinine >1.6 mg/dL), (2) renal failure with oliguria or 
anuria not related to hypovolemia, (3) preoperative 
hemodialysis, (4) planned intraoperative hypother-
mic circulatory arrest, (5) known hypersensitivity 
or allergy to HES or the excipients of HES solution, 
(6) preoperative plasma volume overload, (7) hyper-
natremia or hyperchloremia, (8) recent intracranial 
bleeding, (9) pregnant or breast-feeding, (10) critical 
illness including sepsis, (11) severe liver disease, and 
(12) preexisting coagulation or bleeding disorder.

Of 141 patients (HES n = 69, albumin n = 72) who 
were randomized to receive HES 130/0.4 versus 5% 
albumin in the primary trial, 6 patients (n = 3 HES; 
n = 3 albumin) were excluded because they had no 
available data on inflammatory marker concentra-
tions. Thus, a total of 135 patients were included in 
this analysis (HES n = 66, albumin n = 69).

Randomization and Masking
Patients were randomized (1:1) to receive either 6% 
HES 130/0.4 (Voluven, Fresenius Kabi) or human 
albumin 5% by means of a secure password-protected 
web randomization site with randomly sized blocks 
of 2 to 6 patients. A reproducible algorithm in the pro-
cedure in SAS statistical software was used for treat-
ment assignments.

Patients, study investigators, and outcomes asses-
sors were blinded to treatment allocation. The study 
solutions were blinded by the Cleveland Clinic 
research pharmacy by repackaging them into simi-
lar containers, which were labeled with codes and 
delivered to the cardiac operating room by study 
personnel not involved in patient care, data collec-
tion, or outcome assessment. Fluid contents and 
intravenous infusion set were covered by a shroud, 
opaque tape, and aluminum foil to ensure blinding 
of the anesthesia and surgical teams. The blinded 
study solution was administered by the anesthesia 
team when plasma volume replacement was clini-
cally indicated.

Procedures
Anesthesia and Surgery. Intraoperative monitoring 
devices for anesthesia included standard American 
Society of Anesthesiologists (ASA) monitors, an 
arterial catheter, a central venous or pulmonary artery 
catheter, and transesophageal echocardiography. 
Intravenous anesthetic drugs including 
midazolam, etomidate, propofol, sufentanil and/
or fentanyl, volatile anesthetics, and depolarizing 
or nondepolarizing muscle relaxant were given for 
induction and maintenance of anesthesia. For surgical 

incisions, full midline sternotomy, minimally invasive 
upper hemisternotomy, or minimally invasive right 
thoracotomy were performed.

Standard intraoperative procedures for systemic 
heparinization, arterial and venous cannulation for 
CPB, commencement of CPB, and myocardial pro-
tection strategies were followed. Buckberg or del 
Nido cardioplegia buffered in cold blood was used 
to achieve cardioplegic arrest. Buckberg cardioplegia 
was typically given anterograde and retrograde and 
redosed every 15 to 20 minutes. A single shot of del 
Nido cardioplegia was used for single valve replace-
ments or procedures in which aortic clamp time was 
expected to be 1 hour or less. If necessary, hypothermic 
circulatory arrest was implemented targeting a blad-
der temperature of approximately 18 °C. Following 
separation from CPB and repletion of intravascular 
volume, hemodynamic targets included mean arterial 
pressure >80 mm Hg and cardiac index >2.0 L/min/
m2. The targets were achieved by epinephrine and/
or milrinone infusion for low cardiac index (<2.0 L/
min/m2) or norepinephrine and/or vasopressin for 
low systemic vascular resistance (<700 dyn·s/cm5).

Intraoperative Fluid Management. For hypovolemia 
requiring plasma volume replacement, the blinded 
study drug (HES 130/0.4 or 5% human albumin) 
was administered in increments of 250 or 500 mL 
when the patient presented with (1) ≥20% decrease in 
cardiac output and/or cardiac index from baseline, 
(2) ≥20% increase in heart rate from baseline, (3) 
≥20% decrease in mean or systolic blood pressure 
from baseline, (4) ≥20% increase in vasopressor 
requirement from baseline, (5) ≥20% decrease in 
central venous and/or pulmonary artery diastolic 
pressures from baseline, or (6) acute surgical 
hemorrhage. Fluid challenges were repeated based 
on aforementioned parameters until patients were 
adequately fluid resuscitated. A flow chart of 
hemodynamic and fluid management is included 
as Supplemental Digital Content, Figure 1, http://
links.lww.com/AA/D608. No maintenance fluid 
was given. Lactated Ringers’ solution was given 
for drug administration. Maximum allowed dose of 
HES 130/0.4 was 35 mL/kg/d. Because the study 
solutions were blinded, the same maximum allowed 
dose was applied to both solutions.

Outcomes
Measures of Inflammatory Response. The 
inflammatory markers that assess the proinflammatory 
response to CPB and correlate with cardiac and 
pulmonary dysfunction were measured at baseline and 
at 1 and 24 hours after surgery. These measurements 
were compared between patients who received HES 

http://links.lww.com/AA/D608
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130/0.4 (Voluven) versus 5% human albumin. The 
following inflammatory markers were assessed:

 1. TNF-α is an early inflammatory cytokine that 
initiates the inflammatory response and is 
pyrogenic. TNF-α facilitates leukocyte–endo-
thelial interaction, induces pulmonary vascular 
barrier dysfunction, increases lung water con-
tent, and impairs oxygenation. Elevated levels 
of TNF-α have been correlated with capillary 
leak syndrome.15 TNF-α is also associated with 
myocardial dysfunction and hemodynamic 
instability following CPB.16–19

 2. IL-6 is an inflammatory cytokine marker that 
increases in response to tissue injury. It acti-
vates T lymphocytes and promotes production 
of acute phase proteins during inflammation. 
Higher IL-6 concentrations correlate with lon-
ger stay in the intensive care unit (ICU), post-
operative pulmonary dysfunction, prolonged 
intubation, and cardiac dysfunction after car-
diac surgery.20–24

 3. Macrophage migration inhibitory factor (MIF) 
is a proinflammatory mediator that is rapidly 
released by immune cells in response to micro-
bial pathogens, inflammatory cytokines, and 
stress. Higher MIF concentrations are associ-
ated with post-CPB pulmonary and cardiovas-
cular dysfunction and correlate with low ratio 
of partial pressure of arterial oxygen to fraction 
of inspired oxygen (Pao2:Fio2 ratio), longer 
duration of mechanical ventilation, and higher 
degree of cardiovascular impairment.25 There 
have been several reports of organ-protective 
effects of MIF in cardiac surgery, however. 
Increased MIF concentrations were associated 
with less organ dysfunction, lower incidence 
of acute kidney injury, and increased cardiac 
power index after reperfusion.26–28

Measures of Postoperative Pulmonary Function. 
Measures of oxygenation and ventilation were 
compared between groups at baseline (following 
anesthetic induction), within 1 hour of arrival 
to the ICU, and after surgery before weaning 
from mechanical ventilation (immediately before 
spontaneous breathing trial and tracheal extubation, 
but no later than 6 hours following surgery, whichever 
was earlier).

 1. The Pao2:Fio2 ratio is a common and reliable 
indicator of oxygenation status, with impor-
tant prognostic value in predicting mortality 
in patients with acute lung injury and acute 
respiratory distress syndrome (ARDS) and ICU 
patients.29–32 A low Pao2:Fio2 ratio is associated 
with respiratory conditions such as atelectasis, 

ARDS, acute pulmonary edema, and pneu-
monia or conditions that cause hemodynamic 
instability.

 2. Dynamic lung compliance was calculated by 
using the formula: Dynamic compliance = VT/
(PIP − PEEP), where VT = tidal volume, PIP = 
peak inspiratory pressure, and PEEP = posi-
tive end-expiratory pressure. Dynamic lung 
compliance offers information on respiratory 
physiology such as elastic and airway resis-
tance. Pathologic conditions associated with 
decreased lung compliance include pulmonary 
edema, acute lung injury, pulmonary fibrosis, 
and atelectasis.

 3. Gas exchange capacity was assessed by mea-
surements of the oxygenation index (OI) and 
ventilation index (VI), calculated from the fol-
lowing formulas: OI = MAP × Fio2/Pao2, where 
MAP = mean airway pressure, Fio2 = fraction 
of inspired oxygen; VI = RR × (PIP − PEEP) 
× Paco2/1000, where RR = respiratory rate. 
Alveolar gas exchange is impaired in the setting 
of pulmonary edema, which leads to hypox-
emia and further respiratory complications.

Laboratory Methods
TNF-α, IL-6, and MIF serum concentrations were 
measured using R&D Systems DuoSet Sandwich 
Enzyme-Linked Immunosorbent Assay (ELISA) kits 
in accordance with the ELISA Protocol provided by 
the manufacturer. Briefly, patient sera were used 
undiluted (TNF-α), at 1:15 (IL-6), or 1:30 (MIF) dilu-
tions, as directed. For each assay, 100 μL of each 
sample was incubated for 2 hours in ELISA wells that 
had been previously coated with the relevant capture 
antibody and subsequently blocked with 1% bovine 
serum albumin (BSA) in phosphate-buffered saline 
(PBS). Detection antibodies specific for each assay 
were added to the wells after 3 rounds of aspiration 
and wash, following which detection was achieved 
by consecutive incubations with streptavidin-horse 
radish peroxidase and substrate solution. Optical 
densities (ODs) of each well were read at 450 nm 
immediately after stopping the reactions with 2N 
H2SO4, and cytokine concentrations were determined 
by plotting the ODs on a concurrently generated 
standard curve made by using dilutions of the recom-
binant protein.

Statistical Analysis
The balance of randomized groups was assessed by 
using absolute standardized difference (ASD), calcu-
lated from the difference in means, mean ranks, or 
proportions divided by the pooled standard devia-
tion. Baseline variables with ASD >0.33 were consid-
ered imbalanced and were adjusted accordingly.33
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The effect of HES 130/0.4 versus 5% albumin on the 
inflammatory response and pulmonary function was 
analyzed by using a repeated measures linear mixed 
model with an unstructured within-subject correla-
tion structure, adjusted for baseline level imbalanced 
baseline characteristics as independent variables. The 
heterogeneity of the estimated treatment effect over 
time was assessed by testing the treatment-by-time 
interaction using a significance criterion of P < .15. For 
log-normal distributed variables, log transformation 
was performed first and the estimated ratio of geo-
metric means was reported correspondingly.

All comparisons were 2-tailed tests for superior-
ity. The overall α levels were .05 for both inflam-
matory and pulmonary outcomes. To adjust for 
multiple comparisons, we used Bonferroni correc-
tions. Thus the significance levels for the 3 inflam-
matory markers were 0.017 (ie, 0.05/3) and the 
significance levels for the 4 pulmonary outcomes 
were 0.013 (ie, 0.05/4).

Posthoc Power Estimation
A post hoc analysis estimated the power to detect a 
50% increase in cytokine levels. The coefficient of vari-
ance was about 0.5 for IL-6 and MIF, and 3 for TNF. 
With 66 patients in HES group and 60 in albumin 
group, we had 99% power to detect 50% increase in 
IL-6 and MIF, and 20% power to detect 50% increase 
in TNF-α, at α level of .0167 (ie, 0.05/3).

RESULTS
Patients
The 135 patients with available outcome data (6% 
HES 130/0.4 = 66, 5% albumin = 69) were included 
in this analysis. A patient flow diagram is shown in 
Figure 1. Baseline demographic, medical, and proce-
dural characteristics of the study population are sum-
marized in Tables  1 and 2. Left ventricular ejection 
fraction (LVEF) percent was not balanced between 
the 2 groups and consequently was adjusted in all 
analyses.

Analyses on Inflammatory Response
We assessed the effect of 6% HES 130/0.4 versus 
5% albumin on serum concentrations of inflamma-
tory markers (IL-6, MIF, TNF-α) measured at 1 and 
24 hours after surgery as ratio of geometric means, 
adjusted for baseline levels and LVEF. There was no 
significant heterogeneity of the estimated treatment 
effect over time (treatment-by-time interaction P ≥ .15) 
and thus the overall treatment effect was collapsed 
over time. Results were not significantly different 
(P ≥ .05) for all 3 inflammatory markers between 6% 
HES 130/0.4 and 5% albumin (Figure 2, Supplemental 
Digital Content, Table 1, http://links.lww.com/AA/
D608).

Analyses on Pulmonary Function
Mean tidal volume, PEEP, PIP, and MAPs were mea-
sured at baseline, at 1 hour before tracheal extuba-
tion or 6 hours after surgery, whichever was earlier. 
Summary statistics by treatment are presented in 
Supplemental Digital Content, Table 2, http://links.
lww.com/AA/D608.

The Pao2:Fio2 ratio, dynamic compliance, OI, and 
VI 1 hour after surgery and before extubation were 
compared between 6% HES 130/0.4 and 5% albumin, 
adjusted for their baseline levels and LVEF. There was 
no significant heterogeneity of the estimated treat-
ment effect over time (P ≥ .15) and thus the results 
were collapsed over time. Results were not signifi-
cantly different (P ≥ .05) for all 4 pulmonary function 
parameters between the 2 treatment groups (Figure 3, 
Supplemental Digital Content, Table 3, http://links.
lww.com/AA/D608).

Figure 1. Patient flow diagram. HES indicates hydroxyethyl starch.

Table 1. Summarized Baseline Demographics and 
Medical History of the Study Population

Factor
HES 130/0.4  
(N = 66)

Albumin 5%  
(N = 69) ASDa

Demographics    
 Age (y) 71 ± 9.6 69 ± 8.3 0.18
 Female (%) 21 (32) 28 (41) 0.18
 White (versus other; %) 59 (97) 65 (96) 0.06
 BMI (kg/m2) 29 ± 5.4 30 ± 5.5 0.10
Medical history    
 Diabetes (%) 18 (27) 20 (29) 0.04
 COPD (%) 14 (21) 13 (19) 0.06
 Hypertension (%) 51 (77) 52 (75) 0.04
 Heart failure (%) 2 (3) 8 (12) 0.33
 Carotid artery disease (%) 8 (12) 5 (7) 0.17
 Previous cardiac surgery (%) 13 (20) 14 (20) 0.01
 Stroke (%) 6 (9) 3 (4) 0.19
 Myocardial infarction (%) 4 (6) 4 (6) 0.02
 LVEF % 61 ± 7.3 57 ± 9.9 0.46

Summary statistics are presented as mean ± SD for continuous variables 
and N (%) for categorical variables.
Abbreviations: ASD, absolute standardized difference; BMI, body mass index; 
COPD, chronic obstructive pulmonary disease; HES, hydroxyethyl starch; LVEF, 
left ventricular ejection fraction; SD, standard deviation.
aASD is defined as the absolute difference in means, mean ranks, or propor-
tions divided by the pooled SD. ASD >0.33 were considered imbalanced.

http://links.lww.com/AA/D608
http://links.lww.com/AA/D608
http://links.lww.com/AA/D608
http://links.lww.com/AA/D608
http://links.lww.com/AA/D608
http://links.lww.com/AA/D608
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DISCUSSION
Our investigation found no difference in the concen-
trations of inflammatory markers and measures of 
pulmonary function between cardiac surgical patients 
who received 6% HES 130/0.4 versus 5% albumin. 
These results suggest that choice of fluid for intra-
vascular volume repletion should not be based on a 
potential effect on inflammation or pulmonary func-
tion, but rather on other distinctive characteristics of 
the intravascular volume solutions, such as osmolal-
ity, oncotic pressure, plasma half-life, plasma volume 
expansion, acid-base composition, and electrolyte 

contents, as well as considerations for patient-specific 
indications and contraindications.

In contrast to our results, an earlier investigation 
reported that HES administration reduced inflam-
mation in patients having abdominal surgery.5 
Differences in the patient population may explain 
this difference in results. Our study included patients 
undergoing cardiac surgery with CPB where a sig-
nificant systemic proinflammatory response is 
induced via complement activation, contributing to 
postoperative morbidity.34–36 It is possible that a pro-
nounced CPB-induced perioperative inflammatory 

Table 2. Summarized Surgical Variables of the Study Population

Factor
HES 130/0.4  
(N = 66)

Albumin 5%  
(N = 69) ASDa

Surgical information    
 Surgery type (%)   0.21
  Aortic valve only 32 (48) 29 (42)  
  Aortic valve + CABG 12 (18) 16 (23)  
  Aortic valve + other 14 (21) 18 (26)  
  Aortic valve + CABG + other 8 (12) 6 (9)  
 Surgical incision (%)   0.15
  Sternotomy 43 (65) 48 (70)  
  Thoracotomy 13 (20) 14 (20)  
  Hemisternotomy 10 (15) 7 (10)  
 Total surgery time (h) 356 ± 119 348 ± 131 0.06
 Duration of aortic cross-clamp (min) 73 ± 32 76 ± 53 0.07
 Total volume of fluids (L) 2.8 [2.3–3.2] 2.8 [2.1–3.7] 0.07
 Any blood or blood component transfusion (%) 19 (29) 15 (22) 0.16
  RBC (%) 13 (20) 10 (14) 0.14
  Platelets (%) 10 (15) 9 (13) 0.06
  FFP (%) 8 (12) 4 (6) 0.22
  Cryoprecipitate (%) 3 (5) 4 (6) 0.06
 Volume of investigation solution (mL) 616 ± 283 681 ± 278 0.23
 Volume of investigation solution/weight (mL/kg) 7.2 ± 3.3 7.9 ± 3.3 0.22

Summary statistics are presented as mean ± SD for continuous variables and N (%) for categorical variables.
Abbreviations: ASD, absolute standardized difference; CABG, coronary artery bypass graft; FFP, fresh frozen plasma; HES, hydroxyethyl starch; RBC, red blood 
cell; SD, standard deviation.
aASD is defined as the absolute difference in means, mean ranks, or proportions divided by the pooled standard deviation. ASD >0.33 were considered imbal-
anced.

Figure 2. Effect of 6% HES 130/0.4 versus 5% human albumin on inflammatory markers across 1 and 24 h after arrival to ICU. The overall 
effect was assessed in a linear mixed model after log transformation, adjusted for preoperative baseline and LVEF percent separately, since 
time × treatment interaction was not significant (P ≥ .15). The significance level is 0.017 (ie, 0.05/3 Bonferroni correction) for each outcome, 
and corresponding 98.3% confidence level is presented. The circles present ratio of geometric means comparing HES to albumin; error bars 
present confidence intervals. CI indicates confidence interval; HES, hydroxyethyl starch; ICU, intensive care unit; IL, interleukin; LVEF, left ven-
tricular ejection fraction; MIF, macrophage migration inhibitory factor; TNF-α, tumor necrosis factor-alpha.
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response may have overwhelmed any potential anti-
inflammatory effects from an intravascular volume 
replacement solution. Though HES 130/0.4 admin-
istration did not reduce measures of the inflamma-
tory response in this study, it is possible that a higher 
dose of 6% HES 130/0.4 may have had greater effect. 
Indeed, the median volume of HES 130/0.4 admin-
istered was 7.2 ± 3.3 mL/kg (maximum allowed 
dose of 35 mL/kg/d), and if mitigation of inflamma-
tion is dose-dependent, our patients may have been 
“underdosed.” Further study is needed to determine 
whether large dose of HES may have a greater effect 
on the inflammatory response or pulmonary function. 
Another possible explanation for the lack of effect is 
the timing of intraoperative HES administration: 
most HES solution was administered following CPB, 
and we did not test whether prophylactic administra-
tion of HES (given before CPB) may provide benefit.

The concentrations of inflammatory markers follow-
ing CPB are highly variable, and thus a large sample 
size is required to detect a potential difference between 
groups. Our study with 135 patients had adequate 
power to identify a large difference in IL-6 and MIF 
concentrations, but not TNF-α concentrations; a larger 
sample size may have found a smaller difference in 
these inflammatory markers. It is also possible that a 
more extensive set of inflammatory biomarkers, such 
as complement, the proinflammatory cytokine IL-8, 
the anti-inflammatory cytokine IL-10, elastase, and 
C-reactive protein (CRP) may have responded differ-
ently, though we found no evidence to support this 
possibility.37

Our results which compared the effect of HES 
versus 5% albumin on pulmonary function were 

consistent with the results of the inflammatory 
response analysis. As pulmonary function is affected 
by systemic inflammation, the measured values of 
oxygenation, ventilation, and lung compliance in 2 
treatment groups were largely similar. Interestingly, 
the duration of treatment and the timepoint at which 
the results were compared may be important to con-
sider. A previous study in cardiac surgery patients 
measured extravascular lung water, oncotic pressure, 
and alveolar-arterial difference in oxygen tension until 
postoperative day 1 for patients who received 6% HES 
and 25% albumin as CPB prime solutions, although 
no significant difference was seen between 2 groups.38 
Our study followed measures of oxygenation and 
ventilation until 6 hours after surgery. Importantly, 
timepoints before tracheal extubation were selected 
because a more accurate Fio2 can be measured. Our 
data provided no evidence, however, to suggest that 
administration of a greater volume of HES and mea-
surement of pulmonary function beyond postopera-
tive day 1 would have affected the results.

Mechanical ventilation strategies during the peri-
operative period may affect the pulmonary outcome. 
Our goal was to use a protective lung strategy for all 
patients by applying fixed parameters, including VT 
of 6 mL/kg (ideal body weight) and PEEP of 8 mm 
Hg. However, many VT settings were based on actual 
body weight, rather than ideal body weight, which 
led to larger VT ventilation. On review of the mean VT, 
PEEP, PIP, and MAPs for both groups, only 29% of the 
HES group and 26% of the albumin group followed 
strict lung-protective mechanical ventilation strate-
gies, although these variables were balanced between 
groups.

Figure 3. Effect of 6% HES 130/0.4 versus 5% human albumin on pulmonary function across 1 and 6 h (or before tracheal extubation) after 
arrival to ICU. The overall effect was assessed in a linear mixed model, adjusted for preoperative baseline and LVEF percent separately, since 
time × treatment interaction was not significant (P ≥ .15). The significance level is 0.013 (ie, 0.05/4 Bonferroni correction) for each outcome 
and correspondingly 98.7% confidence level is presented. The circles present estimated difference comparing HES to albumin; error bars 
present confidence intervals. Pao2:Fio2 values divided by 10 were presented in the forest plot using the same axis as other outcomes. CI 
indicates confidence interval; HES, hydroxyethyl starch; ICU, intensive care unit; LVEF, left ventricular ejection fraction; Pao2:Fio2, ratio of partial 
pressure of arterial oxygen to fraction of inspired oxygen.
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Our investigation was restricted to patients having 
aortic valve surgery; however, there is no reason to 
believe that the effect on inflammation or pulmonary 
function would differ in patients having CABG or 
other cardiac surgeries.

Finally, one of the major limitations of our study is 
that the effect of HES was only compared to another 
colloid, without any comparison with crystalloids. It 
is therefore difficult to judge whether HES and albu-
min were equally beneficial or harmful with respect 
to the inflammatory response and pulmonary func-
tion. Addition of crystalloid group in the study would 
have given more comprehensive information on the 
effect of HES.

In conclusion, our investigation found no evidence 
that administration of 6% HES 130/0.4 versus 5% 
human albumin for intravascular volume replace-
ment during cardiac surgery affects the perioperative 
inflammatory response or postoperative pulmonary 
function. Thus, in the context of the inflammatory 
response or pulmonary function, the choice of fluid 
should be selected based on the other properties of 
the intravascular solutions as well as patient-specific 
indications and contraindications. E
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