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Hemodynamic instability due to reduced
effective arterial volume following coro-
nary artery bypass grafting (CABG)
performed with the help of cardiopul-
monary bypass (CPB) is a very common
scenario. Endothelial activation has
emerged as a key mechanism among
the various causes of early postoper-
ative hemodynamic compromise. The
endothelial-specific angiopoietin-Tie2
ligand-receptor system serves as an
important booster of endothelial disar-
ray [1, 2]. Triggers such as thrombin
or hypoxia can cause angiopoietin-2
(Angpt2) to be released from Weibel–
Palade bodies in endothelial cells and
disrupt constitutive angiopoietin-1/Tie2
signaling by preventing angiopoietin-1
from binding to the receptor [3, 4]. Dis-
ruption of endothelial tight junctions,
net extravasation of fluid, a decrease in
vascular tone, and collapse of the micro-
circulation are the clinical consequences
of this Tie2 signaling loss [5, 6], which
could be demonstrated in critically ill
patients with acute kidney injury [7, 8],

acute liver failure [9], and more recently
in patients undergoing CPB for vari-
ous cardiac surgery procedures. Clajus
et al. prospectively included 25 patients
receiving valve replacement or CABG.
Angpt2 levels increased within the first
postoperative 24h and were associated
with the duration of CPB, fluid bal-
ance, and disease severity measures. In
immunofluorescence and confocal mi-
croscopy in vitro studies, Angpt2 was
found to be associated with the disrup-
tion of endothelial integrity [10]. A very
recent study confirmed this association
between CPB and higher Angpt2 plasma
levels, although the patient cohort was
small [11]. Minimized extracorporeal
circulation (MECC) has been intro-
duced to reduce such side effects of the
extracorporeal circulation and has been
associated with lower rates of blood
transfusion, major perioperative adverse
events, and in-hospital mortality [12,
13].

Basedontheseobservations, ourstudy
had two aims: (a) to describe the time
course of Angpt2 release and postopera-
tive net fluid balance as surrogate mark-
ers of vascular permeability in a larger,
more homogeneous patient cohort; and
(b) to examine the role of patient-inher-
ent factors and theCPBmodeaspotential
triggers of Angpt2 release.

Patients andmethods

Inclusion and exclusion criteria

Prospective consecutive screening of pa-
tients 18 years of age or older who had
been scheduled for isolated CABG and
consented to participate in the study was
performed at our institution between
September 2015 and September 2016.
Patients with rheumatic or inflammatory
diseases, patients on immunosuppressive
or antineoplastic medications, patients
who had undergone any major operative

Abbreviations
Angpt2 angiopoietin-2

BMI body mass index

CABG coronary artery bypass grafting

CPB cardiopulmonary bypass

CRP C-reactive protein

ICU intensive care unit

LOS length of stay

MECC minimized extracorporeal
circulation

OPCAB off-pump coronary artery bypass

SOFA sequential organ failure assess-
ment

WBC white blood cell count

86 Herz 1 · 2020

https://doi.org/10.1007/s00059-018-4708-0
http://crossmark.crossref.org/dialog/?doi=10.1007/s00059-018-4708-0&domain=pdf
https://doi.org/10.1007/s00059-018-4708-0
https://doi.org/10.1007/s00059-018-4708-0


Fig. 19 Overview
of the study co-
hort. OPCAB off-
pump coronary
artery bypass, CAB
coronary artery
bypass,MECCmin-
imized extracor-
poreal circulation,
CPB (conventional)
cardiopulmonary
bypass

procedure within the past 3 months,
patients with chronic kidney injury of
grade 3 (i. e., an estimated glomerular
filtration rate <60ml/min), as well as
patients with acute coronary syndromes
undergoing nonelective surgery were
excluded.

Operative procedure

Operations were performed according
to in-house standard operating proce-
dures. General anesthesia was induced
by intravenous application of sufen-
tanil (0.7–1.0ng/kg BW) followed by
propofol (1.0mg/kg BW) and rocuro-
nium (0.6–0.9mg/kg BW). Furthermore,
8 mg dexamethasone was used as an
antiemetic and anti-inflammatory agent
as well as standard antibiotic. Patients
were given 1–2mg lorazepamas premed-
ication before transfer to the operating
theater. After surgical preparation of
the left internal mammary artery, hep-
arin was administered intravenously
(400 IU/kg BW) to raise the activated
clotting time (ACT) over 400 s before
initiating CPB. Heparinization was an-
tagonized by protamine sulfate after
termination of CPB with 1g/100 IU hep-
arin to lower the ACT back to baseline
level. All patients underwent routine
median sternotomy. By definition, off-
pump CABG was performed without
extracorporeal circulation. Conven-

tional CPB was performed with the
help of a heparin-coated circuit (Dideco
C23221/04, LivaNova, London, UK),
a venous blood reservoir (Dideco Syn-
thesis R, LivaNova, London, UK), the
Stöckert S5 CP5 as centrifugal pump
(Sorin Deutschland GmbH, München,
Germany), and Quadrox-i HMO 71000
(Maquet Deutschland GmbH, Rastatt,
Germany) as oxygenator. MECC, which
is characterized by lower priming vol-
umes, reduced foreign surface areas [14]
and the inability to replenish the extra-
corporeal circuit with blood suctioned
from the operating field, but salvaging
andpurgingblood lossesbyaseparatecell
saver device was performedwith the help
of a heparin-coated circuit (Terumo CX-
ROCFX25, TerumoDeutschlandGmbH,
Eschborn, Germany), the Jostra HL20
(Maquet Deutschland GmbH, Rastatt,
Germany) as centrifugal pump, and Ca-
pioxFX25 (TerumoDeutschlandGmbH,
Eschborn, Germany) as oxygenator. The
left internal mammary artery served as
a standard graft, complemented by free
radial artery or saphenous vein grafts at
the discretion of the operator.

Data acquisition, serum sampling,
and Angpt2 quantification

All perioperative laboratory and clini-
cal data, including the Sequential Organ
Failure Assessment (SOFA) score 24h af-

ter ICU admission [15], were obtained
prospectively via electronic chart records
(Imeso®). Obesity was classified as rec-
ommended by the World Health Or-
ganization [16]. Sampling of Angpt2
was performed at baseline, directly be-
fore, directly after, and 24h as well as
72h following the completion of CPB
(before sternal re-adaptation following
off-pump coronary artery bypass [OP-
CAB]). Serum samples were immedi-
ately centrifuged at 3000g for 10min
and stored at –20 °C. Angpt2 was quan-
tified in a blinded fashion by in-house
enzyme-linked immunosorbent assay as
described by our group previously [7, 8].

Statistical analysis

Statistical analysis was performed with
the help of IBM SPSS Statistics ver-
sion 22. Data are presented as medians
(with 25th and 75th percentiles). Differ-
ences between the various CPM modes
were compared univariately using the
Mann–Whitney U test (comparison of
two groups), Kruskal–Wallis test (com-
parison of three groups), or exact Fisher’s
test, as appropriate. Bivariate correla-
tions between Angpt2 levels and contin-
uous clinical or laboratory parameters
were tested according to Spearman. All
analyseswere two-tailed, and the null hy-
pothesis μ0 (assuming equality between
the different CPBmodes or Angpt2 sam-
ples) was rejected on the basis of a type-
1 error rate of <5%.

Results

Patient baseline characteristics
and postoperative clinical course

The study included 75 patients who had
been scheduled for elective CABG and
had gone through the study protocol
(. Fig. 1). Ten out of 75 patients (13.3%)
were female, and the median age was
66years (60–74). Themajorityofpatients
presented with pre-obesity (body mass
index [BMI]: 29.4 [25.8–32.7]). The me-
dian number of coronary anastomoses
performed was 3 (2–4). Nine patients
(12.0%) underwent OPCAB, 31 patients
(41.3%) received MECC, and 35 patients
(46.6%) were operated on with CPB
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Endothelial dysfunction following coronary artery bypass grafting. Influence of patient and
procedural factors

Abstract
Background. Angiopoietin-2 (Angpt2)
mediates endothelial dysfunction (ED)
following coronary artery bypass grafting
(CABG). Its triggers are, however, poorly
understood.
Methods.We examined the time course of
ED beyond the early phase of postoperative
recovery in 75 patients following CABG with
a special focus on different cardiopulmonary
bypass (CPB) modes as potential triggers of
Angpt2 release.
Results. Nine patients (12.0%) underwent
off-pump coronary artery bypass (OPCAB),
31 patients (41.3%) received minimized

extracorporeal circulation (MECC), and
35 patients (46.6%) were operated on with
(conventional) CPB. Angpt2 levels steadily
increased across the observation period (1.7
[1.4–2.1] to 3.4 [2.5–6.1]ng/ml, p< 0.001).
Angpt2 levels did not differ between the
MECC and CPB groups (p= 0.564). There was
no difference betweenMECC and CPB patients
regarding net fluid balance (p= 0.821) and
other surrogate markers of postoperative ED.
The magnitude of Angpt-2 increase correlated
more strongly with baseline C-reactive protein
(r= 0.459, p< 0.001) than with any other
parameter. Hospital length of stay correlated

more strongly with baseline Angpt2 levels
(r= 0.512, p= 0.005) than with follow-
up Angpt2 levels and appeared not to be
influenced by CPBmode (p= 0.428).
Conclusion. CABG is associated with
prolonged ED, which is determined by the
patient’s preoperative inflammatory state
rather than by CPBmodifications.

Keywords
Aortocoronary bypass · Cardiopulmonary
bypass · Angiopoietin-2 · Endothelium ·
Inflammation

Endotheliale Dysfunktion nach koronarer Bypass-Operation. Einfluss von Patientenfaktoren und
Operationstechnik

Zusammenfassung
Hintergrund. Angiopoietin-2 (Angpt2) führt
zur endothelialen Dysfunktion (ED) nach
Koronararterien-Bypass-Operation (CABG).
Über seine Trigger ist jedoch bislang nur
wenig bekannt.
Methoden. Die Autoren untersuchten den
Zeitverlauf der ED jenseits der Frühphase der
postoperativen Genesung bei 75 Patienten
nach CABG mit speziellem Fokus auf den
verschiedenen Arten des kardiopulmonalen
Bypass (CPB) als potenziellem Trigger der
Angpt2-Freisetzung.
Ergebnisse. Bei 9 Patienten (12,0%) erfolgte
eine CABG ohne Herz-Lungen-Maschine
(„off-pump coronary artery bypass“, OPCAB),
bei 31 Patienten (41,3%) unter Einsatz der

minimierten extrakorporalen Zirkulation
(„minimized extracorporeal circulation“,
MECC) und bei 35 Patienten (46,6%) mit (kon-
ventionellem) CPB. Die Angpt2-Werte stiegen
während der Beobachtungsphase ständig
an (von 1,7 [1,4–2,1] bis 3,4 [2,5–6,1]ng/ml,
p< 0,001). Dabei unterschieden sich die
Angpt2-Werte nicht zwischen der MECC- und
der CPB-Gruppe (p= 0,564). Auch gab es
keinen Unterschied zwischen den Patienten
mit MECC und denen mit CPB hinsichtlich
der Nettoflüssigkeitsbilanz (p= 0,821) und
anderer Surrogatmarker der postoperativen
ED. Die Größenordnung des Angpt-2-Anstiegs
war stärker mit dem Ausgangswert für C-re-
aktives Protein korreliert (r= 0,459; p< 0,001)

als mit einem der anderen Parameter. Die
Verweildauer im Krankenhaus war stärker
mit dem Ausgangswert für Angpt2 korreliert
(r= 0,512; p= 0,005) als mit den Folgewerten
für Angpt2 und schien nicht durch die Art des
CPB beeinflusst zu werden (p= 0,428).
Schlussfolgerung. Eine CABG ist mit
prolongierter ED assoziiert, die eher durch
den präoperativen Entzündungsstatus
des Patienten bestimmt wird als durch
Modifikationen des CPB.

Schlüsselwörter
Aortokoronarer Bypass · Kardiopulmonaler
Bypass · Angiopoietin-2 · Endothel ·
Inflammation

support. The OPCAB, MECC, and CPB
groups were well matched regarding
their baseline clinical values. CPB times
were 90min (75–109) in the MECC
group vs. 83.5min (71.5–101) in the
CPB group (p= 0.310). The SOFA score
24h after ICU admission was 8 (7–9.5).
The ICU length of stay (ICU LOS) was
short (1.3 days [1.0–3.1]) with a small,
but nonsignificant trend towards longer
ICU LOS in the OPCAB and MECC
groups (p= 0.364). All patients were
discharged from hospital after 8 days
(7–9), irrespectively of CPB mode used
(log rank p= 0.428, . Table 1).

Time course of postoperative
Angpt2 level increase

Angpt2 levels steadily increased across
the observation period from 1.7ng/ml
(1.4–2.1) preoperatively to 3.4ng/ml
(2.5–6.1)72hpostoperatively (p< 0.001).
Of note, Angpt2 levels continued to rise
72h after surgery, i. e., beyond the time
of clinical recovery, indicated by the
transition from the ICU to the surgical
ward (. Table 1, . Fig. 2).

Endothelial activation and
inflammatory response according
to CPB modes

Angpt2 levels were higher in patients
scheduled for MECC or conventional
CPB compared with patients undergo-
ing OPCAB (p< 0.02); the levels subse-
quently dropped to reach their trough
directly before CPB was established,
and increased thereafter (p< 0.001).
However, the use of MECC did not
prevent the increase of Angpt2 lev-
els compared with conventional CPB
(p= 0.564, . Table 1, . Fig. 2). In con-
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Table 1 Demographics, clinical course, and epithelial/inflammatorymarkers: comparison between overall, OPCAB,MECC, and conventional CPB
groups

Parameter All patients OPCAB MECC CPB p

Number of patients (%) 75 (100) 9 (12.0) 31 (41.3) 35 (46.6) –

Age (years) 66.3 (60.1–74.3) 68.5 (59.7–79.2) 63.6 (54.4–68.8) 69.2 (61.9–74.6) 0.065

Female gender (%) 10 (13.3) 2 (22.2) 4 (12.9) 4 (11.4) 0.694

Body mass index (kg/m2) 29.4 (25.8–32.7) 29.4 (24.3–33.2) 30.1 (27.2–34.1) 28.7 (24.7–31.5) 0.479

CPB time (min) 80 (62–99) NA 90 (75–109) 83.5 (71.5–101) <0.001

Cross clamp time (min) 45 (34–59) NA 49 (45–66) 44 (38–61.8) <0.001

Number of coronary anastomoses 3 (2–4) 2 (1–2) 3 (3–4) 3 (2.8–4) <0.001

SOFA score after 24h 8 (7–9.5) 9.5 (8.0–10.8) 8.0 (7.0–9.0) 8.0 (7.0–10.0) 0.090

Duration of mechanical ventilation (h) 7.5 (6.0–11.5) 11 (7.0–11.5) 7.5 (6.0–9.0) 7.3 (6.0–12.1) 0.498

eGFR at baseline (ml/min) 82 (68–91) 79 (72–82) 86 (80–97) 83 (65–91) 0.192

eGFR after 24h (ml/min) 85 (71–96) 78 (70–80) 91 (74–99) 83 (64–96) 0.187

Platelet count at baseline (103/μl) 216 (188–268) 203 (186–245) 216 (178–274) 213 (193–265) 0.545

Platelet count after 24h (103/μl) 190 (161–227) 153 (134–227) 185 (168–211) 187 (153–217) 0.643

Platelet count after 48h (103/μl) 176 (152–217) 168 (129–213) 174 (143–217) 182 (152–211) 0.955

WBC at baseline (103/μl) 8.0 (6.8–9.5) 7.2 (5.9–8.6) 8.4 (7.3–10.5) 7.4 (6.6–8.6) 0.097

WBC after 24h (103/μl) 13.6 (10.8–16.0) 11.0 (10.4–13.8) 14.9 (12.9–17.0) 12.7 (10.7–14.8) 0.004

CRP at baseline (mg/l) 2.4 (1.4–5.4) 2.7 (1.4–5.0) 3.1 (1.6–12.7) 2.0 (1.1–4.7) 0.328

CRP after 24h (mg/l) 28.7 (18.0–44.6) 74.8 (21.6–83.4) 34.0 (20.3–50.0) 25.4 (16.5–38.4) 0.062

Lactate after 24h (mmol/l) 1.5 (1.0–1.9) 0.8 (0.6–1.4) 1.5 (1.0–1.7) 1.6 (1.1–2.1) 0.066

Maximum lactatewithin 72h after surgery (mmol/l) 2.2 (1.8–2.8) 1.3 (1.2–2.2) 2.4 (2.1–3.1) 2.2 (1.7–2.8) 0.031

Fluid balancewithin the first 24h (ml) 1320 (703–1930) 1290 (599–2170) 1570 (1100–2630) 1085 (177–1547) 0.072

Fluid balance between 24 and 48h after surgery (ml) 527 (187–902) –61 (–319–462) 638 (260–996) 649 (375–956) 0.068

ICU LOS (days) 1.3 (1.0–3.1) 3.0 (1.0–3.2) 1.8 (1.0–3.8) 1.1 (1.0–2.9) 0.364

Hospital LOS (days) 8 (7–9) 10.0 (8.0–11.0) 8.0 (7.0–9.0) 8.0 (7.0–9.0) 0.595

Data are presented as numbers. Values in brackets refer to corresponding percentages or to medians with corresponding 25th and 75th percentiles
CPB (conventional) cardiopulmonary bypass, CRP C-reactive protein, eGFR estimated glomerular filtration rate, ICU LOS intensive care unit length of stay,
MECCminimized extracorporeal circulation, OPCAB off-pump coronary artery bypass, SOFA Sequential Organ Failure Assessment score,WBCwhite blood
cell count

trast to the OPCAB group, patients
operated on with the help of extracorpo-
real support experienced a continuous,
but not statistically significant, decline
in platelet counts (p= 0.643). How-
ever, there was no difference between
MECC and CPB patients regarding
platelet counts at 48h (174 [143–217] vs.
182103/μl [152–211], p= 0.763), lactate
levels at 24h (1.5 [1.0–1.7] vs. 1.6mmol/l
[1.1–2.1], p= 0.580), and net fluid bal-
ance at 48h (638 [260–996] vs. 649ml
[375–956], p= 0.821). Although patients
in the MECC group had slightly higher
C-reactive protein levels at 24h (34.0
[20.3–50.0] vs. 25.4mg/l [16.5–38.4],
p= 0.018), the pattern of overall in-
flammatory postoperative response was
similar between the MECC and CPB
groups (. Table 1, . Fig. 3).

Role of baseline circulating Angpt2
levels and inflammatory markers
in outcome prediction

Baseline Angpt2 levels correlated well
with BMI and were more often andmore
strongly associatedwith follow-upmark-
ers of inflammation and endothelial dys-
functionthanwere follow-upAngpt2 lev-
els. The strength of early Angpt2 levels
in predicting inflammation and hospital
LOSwasmorepronounced inpatients re-
ceivingMECC (r= 0.512, p= 0.005) than
in those receiving conventional CPB.The
magnitude of Angpt2 increase correlated
more strongly with baseline C-reactive
protein levels (r= 0.459, p< 0.001) than
with any other (patient-inherent or pro-
cedural) parameter. Interestingly, CPB
time correlated more closely with base-

line Angpt2 than with post CPB Angpt2
levels (. Fig. 4, Supplementary Table 1).

Discussion

To the best of our knowledge, this study
is the largest to characterize Angpt2,
a marker of endothelial dysfunction, in
the post-CABG setting and the first to
compare OPCAB, MECC, and conven-
tional CPB regarding their role in Tie2
system imbalance.

Clajus et al. were the first to show
that the endothelial-specific angiopoi-
etin-Tie2 ligand-receptor system me-
diates endothelial activation following
cardiac surgery. Their study was, how-
ever, limited by the number of patients
included (n= 25), the mixture of sur-
gical procedures performed (only 36%
of patients underwent isolated CABG),

Herz 1 · 2020 89



Original articles

Fig. 28 Time course of angiopoietin-2 levels according to CPBmode.Angpt2 angiopoietin-2,OP-
CAB off-pump coronary artery bypass,MECCminimized invasive extracorporeal circulation, CPB (con-
ventional) cardiopulmonary bypass

as well as the short Angpt2 observation
period of 24h [10]. Using propensity
matching, Jongman et al. demonstrated
that Angpt2 levels increase beyond 48h
in patients after CABG and that Angpt2
levels show a particular rise in patients
with postoperative acute kidney injury
[17]. Charbonney et al. included 41 pa-
tients undergoing cardiac surgery (n= 20
with CABG), again limiting their sam-
pling period to 24h postoperatively [18].
These studies found circulating Angpt2
levels to correlate with the duration of
CPB, thereby suggesting a pathogenic
potential of intraoperative extracorpo-
real circulation. However, a prospective
randomized trial including 60 patients
following on-pump vs. off-pump CABG
suggested that CPB was not associated
with an increased Angpt2 release [19].
Accordingly, in a very recent prospec-
tive trial, CABG patients randomized to
the off-pump arm had no benefit over
patients in the on-pump arm regarding
survival, stroke, myocardial infarction,
renal failure, or repeat revascularization
[20].

A main finding of our study is that
on-pump CABG was associated with

higher Angpt2 levels than off-pump
CABG was. Our data also confirm ear-
lier results that the duration of CPB is
associated with Angpt2 levels. Of note,
our findings suggest that a miniaturized
CPB (MECC) had no advantage over
a conventional CPB in terms of reduc-
ing endothelial activation and adverse
outcomes. This finding is surprising
because the use of conventional CPB
is sometimes thought to be accompa-
nied by a pronounced low output state
and increased third-space fluid losses
due to endothelial barrier dysfunction
postoperatively, and MECC has been
applied in an attempt to ameliorate these
side effects. One should keep in mind,
however, that a potential advantage of
MECC regarding endothelial activation
might have been masked by the use of
modern centrifugal pump systems in the
conventional CPB group and a (non-
significant) trend toward higher CPB
times in the MECC group. When using
modern centrifugal pumps and heparin-
coated circuits, the time on CPB might
be more important than other factors
(circuit surface, addition of suctioned
blood to the circuit in conventional CPB

settings) in terms of endothelial bar-
rier dysfunction. Additionally, patient-
related factors might have biased our
results, as the allocation to CPB modes
was not randomized.

To precisely characterize the triggers
of Angpt2 release, sampling was under-
taken at five different pre-, intra-, and
postoperative time points. Interestingly,
Angpt2 levels dropped from the time of
hospital admission on the afternoon be-
fore surgery to the time of CPB institu-
tion, although sternotomy and cannula-
tion of central vessels had already been
performed. ThefactthatOPCABpatients
presented with the lowest baseline and
follow-up Angpt2 levels, received fewer
bypass anastomoses, and presented with
lower lactate levels at 24h and lower fluid
balance at 48h after surgery might indi-
cate a lower disease and inflammatory
burden in this patient group; however,
this hypothesis is not supported by the
other inflammatorymarkers or the SOFA
score.

Previous studies in the field have at-
tributed endothelial dysfunction to the
surgical intervention, central vessel can-
nulation, and/or the harmful effects of
CPB [10]. This hypothesis has been chal-
lenged, however, by the noninferiority of
on-pumpversusoff-pumpsurgery inare-
cent randomized controlled trial regard-
ing robust endpoints [20]. Using a well-
established, specific marker of endothe-
lial injury, we showed that (a) reducing
the invasiveness of CPB (MECC) nei-
ther affected Angpt2 temporal kinetics
nor reduced hospital LOS, that (b) base-
line instead of post-CPB Angpt2 levels
were associated with hospital LOS, and
that (c) baseline CRP most strongly cor-
related with the magnitude of Angpt2
increase. It is therefore tempting to spec-
ulate that the baseline inflammatory state
of the CABG candidate has a greater in-
fluence on clinical outcomes than proce-
dural factors do. This has already been
demonstrated for post-CABGneurocog-
nitive outcomes, whichhadbeen thought
to be amenable to procedural modifica-
tionsbut laterappeared tobemoreclosely
linked to the degree of preoperative cere-
brovascular disease than to the periop-
erative management itself [21–23]. It re-
mains speculative, but preventive mea-
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Fig. 38 a–d Selectedmarkers of inflammation and endothelial dysfunction according to CPBmode.OPCAB off-pump coro-
nary artery bypass,MECCminimized extracorporeal circulation,CPB (conventional) cardiopulmonary bypass,CRPC-reactive
protein,WBCwhite blood cell count,N.S.not significant
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Fig. 48 Correlation of baseline Angpt2with clinical and laboratory endpoints:a BMI,bCPB time, c baseline CRP,dnet fluid
balanceat48h,eWBCat24h,and fhospital lengthofstay.Angpt2angiopoietin-2,BMIbodymass index,CPBcardiopulmonary
bypass, CRPC-reactive protein,WBCwhite blood cell count
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sures to improve thepreoperative inflam-
matory state of the patient, e. g., by post-
poning the operation date or by preoper-
atively administrating anti-microbial or
anti-inflammatory drugs, might receive
more attention aiming to minimize en-
dothelial activation in the future.

It is of clinical importance that the
state of increased systemic inflamma-
tion and endothelial activation with as-
sociated endothelial barrier dysfunction
and third-space volume shifts following
CABG seems to outweigh the phase of
acute illness. In our study, themajority of
patientswere transferred from the ICUto
thewardata timewhen24-hfluidbalance
was still positive and Angpt2 continued
to rise, indicating that barrier dysfunc-
tion and effective arterial volume had not
yet normalized.

In comparison to recent studies in the
field, our prospective study is character-
ized by a large and homogeneous patient
cohort treated at a center with significant
experience with MECC (41% of CABG
procedures performed). The exclusion of
combined coronary valve and emergency
procedures probably led to lower Angpt2
baseline levels (2.0 vs. 2.6ng/ml), shorter
CPBtimes(80vs. 117min),muchshorter
mechanical ventilation times (7 vs. 41h),
shorter ICU stays (1.3 vs. 4 days), and
a more favorable hospital discharge rate
(100% vs. 84%) compared with recent
data from our group [10].

Limitations

The limitations of this study are: (a) an
imbalance regarding thepatientnumbers
in the OPCAB vs. MECC/conventional
CPB groups, (b) a probable underestima-
tion of real-world disease severity owing
toexclusionofpatientswithhigher-grade
chronic kidney injury, (c) the possibil-
ity that the application of MECC circuit
components other than those used here
might have led to different results, and
(d) the fact that Angpt2 levels were not
measured beyond the 72-h observation
period.

Conclusion

In conclusion, endothelial barrier dys-
function continues beyond the phase of
overt acute clinical illness and is mainly
determined by the patient’s baseline
inflammatory state. On-pump CABG is
associated with higher Angpt2 levels
than off-pump CABG.When compared
with modern centrifugal-pump con-
ventional CPB systems, MECCs seem to
offer no advantage in terms of reduced
endothelial activation. Further study is
warranted to clarify whether postcar-
diotomy endothelial activation can be
targeted by preoperative anti-inflam-
matory therapeutic strategies or a more
vigorous prolonged fluid repletion.
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