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Systemic inflammatory response after
off-pump coronary artery bypass surgery:
comparison of median sternotomy and
minimally invasive techniques

Background: The small difference
in the magnitude of the inflammatory
response between on-and off-pump
coronary artery bypass surgery (CABG)
could be caused by the fact that both
surgical options require comparable in-
vasive surgical access. The aim of the
current study was to assess how sys-
temic inflammatory response is influ-
enced by extent of surgery trauma dur-
ing CABG.

Material and Methods: We studied
52 consecutive patients undergoing,
elective and isolated off-pump CABG
procedure. Patients were divided into
two groups: 35 patients who underwent
conventional median sternotomy off-
pump CABG (OPCAB) and 17 subjects
who underwent minimally invasive di-
rect coronary artery bypass surgery
(MIDCAB). In venous blood samples
drawn before the surgery, 18-36 h and
5-7 days after CABG, we examined the
following inflammatory markers: C-
reactive protein (CRP), fibrinogen and
interleukin 6 (IL-6).

Results: The studied groups were
comparable in demographic, clini-
cal characteristics, and inflammatory
markers levels at baseline. In the post-
operative period, all analyzed markers
were significantly lower in the MIDCAB
patients compared with those after OP-
CAB. 18-36 h after surgery, levels of
the analyzed markers were: CRP 34.0
vs 152.2 mg/L, p<0.0001; fibrinogen
45 vs 55 g/L, p=0.021, respectively.
5-7 days after the CABG, levels of the
studied markers were: CRP 2.3 vs 47.3
mg/L, p<0.0001; fibrinogen 4.3 vs 7.4
g/L, p<0.0001; IL-6 2.8 vs 13.6 pg/mL,
p=0.0004, respectively.

Conclusions: This study provides
additional evidence that extended sur-
gical trauma largely contributes to en-
hanced inflammatory response after
CABG surgery.

Wprowadzenie: Niewielkie réznice
w hatezeniu odpowiedzi zapalnej po-
miedzy klasycznymi operacjami pomo-
stowania aortalno-wiencowego (CABG)
z lub bez uzycia krazenia pozaustrojo-
wego, mogg by¢ spowodowane podob-
na, w obu technikach, rozlegtosciag ura-
zu chirurgicznego. Celem badania byta
ocena wptywu wielkosci urazu chirur-
gicznego na odpowiedz zapalng u cho-
rych poddanych CABG.

Materiat i Metodyka: Badaniem ob-
jeto 52 kolejnych chorych, u ktérych
wykonano planowa, izolowang operacje
CABG bez uzycia krgzenia pozaustro-
jowego. Pacjenci zostali podzieleni na
dwie grupy. U 35 chorych wykonano
operacje z dostepu poprzez peing ster-
notomie (OPCAB), natomiast u 17 pa-
cjentdw wykonano operacje technikg
matoinwazyjng (MIDCAB). We krwi ob-
wodowej oznaczono trzykrotnie (przed
operacja, pomiedzy 18 i 36 godzing oraz
pomiedzy 5 a 7 doba po operacji) steze-
nia biatka C-reaktywnego (CRP), fibry-
nogenu oraz interleukiny-6 (IL-6).

Wyniki: Dane demograficzne oraz
przedoperacyjne cechy kliniczne i ste-
zenia badanych markeréw zapalnych
byty podobne w obu analizowanych
grupach. W okresie pooperacyjnym,
wszystkie badane markery byly istotnie
nizsze u chorych z MIDCAB w poréwna-
niu z grupg OPCAB. W 18-36 godzinie
po operacji, stezenia analizowanych
markeréw wynosity odpowiednio: dla
CRP 34,0 vs 152,2 mg/l, p<0,0001; dla
fiborynogenu 4,5 vs 55 g/l, p=0,021.
Pomiedzy 5 a 7 doba po operacji, ste-
zenia badanych markeréw wynosity
odpowiednio: dla CRP 2,3 vs 47,3 mgl/l,
p<0,0001; dla fibrynogenu 4,3 vs 7,4
g/l, p<0,0001; dla IL-6 2,8 vs 13,6 pg/ml,

p=0,0004.
Whnioski: Przedstawione badanie
dostarcza  dodatkowych dowodoéw

o wptlywie rozlegtosci urazu na nateze-
nie odpowiedzi zapalnej u pacjentéw po
operacjach CABG.

Dodatkowe stowa kluczowe: pomo-
stowanie aortalno-wienncowe, uraz chirur-
giczny, odpowiedz zapalna
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Introduction

Activation of systemic inflammation
which occurs after coronary artery bypass
graft surgery (CABG) may result from
a number of factors including the use of
cardiopulmonary bypass, cardioplegic
myocardium arrest, retransfusion of peri-
cardial blood collected intraoperatively,
surgical trauma, preexisting comorbidities
or genetic predisposition [1,2]. The role
of assessing the size of the inflammatory
response after CABG is vital as systemic
inflammation results in heightened activa-
tion of blood coagulation, impairment of
physiological anticoagulant mechanisms,
and inhibition of fibrinolysis. It therefore
influences the development of several ad-
verse postoperative outcomes such as:
perioperative myocardial infarction, renal,
pulmonary and neurological complications,
bleeding and multiple organ dysfunction
[3,4]. To reduce the extent of systemic in-
flammation after CABG, procedures which
avoid cardiopulmonary bypass as well as
new methods of myocardial protection and
less invasive techniques have been stud-
ied and implemented in clinical practice in
recent years. Which part of the procedure
plays the most important role in the de-
velopment of inflammatory response after
CABG is still the subject of scientific debate
and the results are inconclusive [5,6]. Our
previous studies validated the concept that
during CABG surgery mechanisms other
than cardiopulmonary bypass or type of
myocardial protection play a role in the
systemic inflammatory response [7,8]. Dur-
ing the early postoperative period, cardio-
pulmonary bypass is the major determinant
of the onset of the inflammatory response,
but in the later phases, the surgical trauma
itself could play a major role [3,9].

The aim of this study was to assess
how the systemic inflammatory response
is influenced by the extent of surgery trau-
ma during CABG. For this purpose, white
blood count (WBC), acute phase proteins
(C-reactive protein (CRP) and fibrinogen)
and interleukin 6 (IL-6), the main stimulus
for production of these proteins, were eval-
uated in patients who underwent conven-
tional median sternotomy off-pump CABG
(OPCAB) and patients who underwent
minimally invasive direct coronary artery
bypass surgery (MIDCAB). We hypothe-
sized that general surgical trauma, derived
from surgical access may play an important
role in systemic inflammatory response af-
ter CABG.

Methods

Patients

Study protocol was approved by the
local Research Ethics Board and all par-
ticipating patients signed an informed
consent. The study was performed in ac-
cordance with the Declaration of Helsinki.

We studied 52 consecutive patients
who underwent primary, elective and iso-
lated off-pump CABG procedure. Indica-
tions for CABG were consistent with the
European Society of Cardiology and the
European Association for Cardio-Thoracic
Surgery guidelines on myocardial revascu-
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larization. Exclusion criteria were: history
of previous cardiac surgery, percutaneous
coronary intervention within 1 month prior
to surgery, renal or liver insufficiency and
signs or symptoms of acute infections,
presence of extensive dental disease, and
concomitant diseases such as autoim-
mune disorders or cancer. Patients were
divided into two groups: 35 patients who
underwent OPCAB and 17 subjects upon
which MIDCAB was performed.

Blood samples were drawn from an
antecubital vein with minimal stasis after
an overnight fast, before the start of any
anesthesia or surgery related procedures,
and examined for CRP and fibrinogen then
checked again 18-36 h post-CABG and
5-7 days after surgery. WBC and IL-6 were
measured twice, first before and then dur-
ing the first 18-36 h after surgery or 5-7
days after CABG, respectively.

Surgical technique

Classical CABG was carried out
through median sternotomy. Revascular-
ization was performed on the beating heart
using the Octopus system (Medtronic Inc.,
Minneapolis, USA) and a coronary flow-
shunt was always passed into the coronary
arteriotomy. Anticoagulation was accom-
plished by administration of heparin (500
IU/kg) and was monitored by means of an
activated clotting time above 400 s. After all
anastomoses were complete, anticoagula-
tion was reversed by protamine chloride to
a normal activated clotting time.

For MIDCAB surgery a double tube lu-
men tracheal tube was used allowing for
separate lung ventilation. Surgery began
with thoracoscopic harvesting of the left
internal mammary artery (LIMA). A 10 mm
thoracoscope was introduced through the
trocar placed in the 5th intercostal space,
electrocautery was introduced through the
trocar placed in the 3rd intercostal space,
and a grasper was introduced through the
trocar placed in the 7th intercostal space in
the anterior axillary line on the left side of
the chest. Continuous carbon dioxide insuf-
flation was applied during LIMA harvesting
to keep the pressure in the left hemithorax
around 10 mmHg. After LIMA was gath-
ered, a minithoracotomy (6-8 cm) was
made in the 4th intercostal space on the
left side of the chest below the left nipple.
The LIMA to left anterior descending coro-
nary artery anastomosis was performed on
the beating heart, under direct vision using
Octopus heart stabilizer (Medtronic Inc.,
Minneapolis, USA) and an intracoronary
shunt placed in the coronary artery. Careful
haemostasis was performed and a single
drain was placed in the left hemithorax be-
fore the minithoracotomy was closed. Pa-
tients from both groups received uniform
postoperative care.

Blood sampling and biochemical
measurements

Routine laboratory variables were de-
termined using standard laboratory meth-
ods. CRP was measured by an immuno-tur-
bidimetric assay (Dade Behring, Marburg,
Germany). Fibrinogen was determined us-

ing the Clauss method [10]. A commercially
available immuno-enzymatic assay was
used to determine serum IL-6 (R&D Sys-
tems Inc., Minneapolis, USA). The minimal
detectable IL-6 concentration was 0.03 pg/
mL. All measurements were performed
by technicians blinded to the origin of the
samples. Intra- and inter-assay coefficients
of variation were < 7%.

Statistical analysis

A descriptive statistic was described as
numbers and percentages for categorical
variables. Continuous variables were pre-
sented as mean and standard deviation (+)
or as median with 25th, 75th percentiles
inter-quartile range (IQR). The Shapiro-
Wilk test was used to test the normal dis-
tribution. To detect the differences between
the two independent groups, Student's
t-test (for continuous normally distributed
variables) or the Mann-Whitney U-test (for
non-normally distributed variables) were
used. The X2 test or Fisher's exact test were
used to compare distributions of categori-
cal variables between independent groups.
No multivariate logistic regression analysis
was performed because of low incidence of
major adverse cardiovascular events in the
groups studied. Data were analyzed us-
ing standard computer software (Statistica
10.0, StatSoft, Tulsa, USA). A two-sided
p-value of less than 0.05 was considered
statistically significant.

Results

Fifty two CABG patients were enrolled
in the study of whom 35 patients underwent
OPCAB and 17 subjects were operated on
using the MIDCAB technique. The mean
age for all patients was 63.8+8.7 years.
The patient demographic data did not differ
between the two groups, except for history
of previous myocardial infarction, which
was more common in patients from the
OPCAB group (Tab. |). EuroSCORE | was
similar between the analyzed groups.

We did not find significant differences
between the groups in the number of grafts
and levels of cardiac markers excluding
creatine kinase, which were almost 3 times
greater in OPCAB (p=0.036) (Tab. II).

Levels of the inflammatory markers
are shown in Table IIl. There were no dif-
ferences in preoperative values of the ana-
lyzed parameters between the two groups.
In the OPCAB, CRP increased mark-
edly to 152.2 mg/L 18-36 h after surgery
(p<0.0001) and then decreased by 69 %
in 5-7 days after CABG (p<0.0001). In the
MIDCAB group the initial rise of CRP was
not as high at only 34 mg/L (p<0.0001),
and then their CRP decreased to normal
range in 5-7 days after CABG (p<0.0001).
Among the OPCAB patients, fibrinogen in-
creased significantly by 25 % 18-36 h af-
ter surgery (p=0.02) and then grew to 34
% 5-7 days after the CABG (p =0.0003).
By contrast, in the MIDCAB group, fibrino-
gen increased only by slightly more than 2
% 18-36 h post CABG (p<0.950) to reach
a value below baseline in 5-7 postopera-
tive days (p=0.457). In the OPCAB group,
IL-6 increased more than 5 times in 5-7-
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Table |
Baseline characteristics of patients.
Przedoperacyjna charakterystyka pacjentow.

Variable All patients OPCAB MIDCAB o
n=52 n=35 n=17

Age (years) 63.8+8.7 65.1+7.3 60.9+10.6 0.096
Male, n (%) 41(78.8) 27 (17.1) 14 (82.3) 0.999
Diabetes mellitus, n (%) 21 (40.4) 14 (40.0) 7(41.2) 0.988
Hypertension, n (%) 39 (75.0) 32(91.4) 7(41.2) 0.430
Previous myocardial infarction, n (%) 38(73.1) 31(88.6) 7(41.2) 0.0001
Total cholesterol 49410 48+0.8 5.0+1.4 0.617
BMI (kg/m?) 27.3+35 279440 26.1+1.4 0.079
ACE inhibitors, n (%) 43(82.7) 29 (82.8) 14 (82.3) 0.500
Statins, n (%) 44 (84.6) 30(85.7) 14 (82.3) 0.459
Beta-blockers, n (%) 48 (92.3) 32(91.4) 16 (94.1) 0.549
COPD, n (%) 3(58) 2(57) 1(5.8) 0.489
EuroSCORE | (points) 3 (2-5) 3(2-5) 3(2-5) 0.178

Values are displayed as meantstandard deviation, number (percentage) or median with inter-quartile range.
ACE inhibitors: angiotensin-converting-enzyme inhibitors; BMI: body mass index; COPD: chronic obstructive
pulmonary disease; MIDCAB: minimally invasive direct off-pump coronary artery bypass surgery; OPCAB:
conventional median sternotomy off-pump coronary artery bypass surgery.

Table Il
Perioperative characteristics of patients.
Okolooperacyjna charakterystyka pacjentow.

Variable All pftients OP_CAB MID_CAB o
n=52 n=35 n=17
Number of grafts 1.9+0.8 2.3+0.7 +0.0 0.956
Creatine kinase 247 (162-621) 471(278-662) 167 (149-219) 0.036
Creatine kinase MB 31(21-48) 20 (19-72) 35 (30-44) 0.224
Cardiac troponin | 1.31(0.724.53) | 2.00(1.12-10.2) | 0.76(0.52-0.98) | 0.410
In-hospital cardiovascular death, n (%) 1(1.9) 1(2.8) 0(0.0) 0.491

Values are displayed as mean & standard deviation, number (percentage) or median with inter-quartile range.
MIDCAB: minimally invasive direct off-pump coronary artery bypass surgery; OPCAB: conventional median
sternotomy off-pump coronary artery bypass surgery.

Table Il
Changes of analyzed inflammatory response after coronary artery bypass graft surgery.
Zmiany stezen analizowanych markeréw zapalnych po operacjach pomostowania aortalno-wiericowego.

Variable All pi_:tients OPPAB MID_CAB p
n=52 n=35 n=17
CRP (mg/L)
At baseline 2.1(1.1-3.6) 3.1(1.9-5.1) 0.9(0.6-1.2) 0.088
18-36 h after CABG 1127 (42.1-163.1) | 152.2(115.1-177.1) 34.0(28.1-46.4) <0.0001
5-7-days after CABG 15.2 (2.4-59.8) 47.3(25.8-81.7) 2.3(21-3.3) <0.0001
Fibrinogen (g/L)

At baseline 44+14 44+14 44413 0.943
18-36 h after CABG 5.0+1.3 5.5+15 45+08 0.021
5-7-days after CABG 58+19 7413 43+07 <0.0001

IL-6 (pg/mL)
At baseline 1.9(0.9-3.6) 26(1.7-5.8) 14(0.7-1.9) 0.232
5-7-days after CABG 6.7 (1.3-14.1) 13.6 (7.6-18.1) 28(1.25.5) 0.0004
WBC
At baseline 7.3£17 7.3+18 7.2+16 0.842
18-36 h after CABG 8.5+29 9.4+31 7.0+1.6 0.005

Values are displayed as meantstandard deviation or median with inter-quartile range.

CRP: C-reactive protein; IL-6: interleukin 6; MIDCAB: minimally invasive direct off-pump coronary artery
bypass surgery; OPCAB: conventional median sternotomy off-pump coronary artery bypass surgery; WBC:
white blood count.
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days after procedure (p<0.0001). Among
the MIDCAB patients, IL-6 increased only
twice in 5-7 postoperative days (p=0.045).
Lastly, WBC in the OPCAB surgery group
increased by 30 % 18-36 h after CABG
(p=0,002). In the MIDCAB group WBC did
not change significantly (p=0.681) 18-36 h
after the procedure. In the postoperative
period, all analyzed markers were signifi-
cantly lower in the MIDCAB group (Tab. II1).

Discussion

In this study, we tested the hypothesis
that the extent of surgery trauma may play
an essential role in systemic inflammatory
response after CABG. We therefore con-
ducted a prospective, observational study
to compare the influence of range of surgi-
cal trauma during off-pump CABG on sys-
temic inflammatory response, measured by
CREP, fibrinogen, IL-6 and WBC.

The study showed that a lower degree
of surgical trauma during CABG plays an
important role in reduction of systemic in-
flammatory response. Patients who un-
derwent MIDCAB had significantly lower
inflammatory markers in all postoperative
time points. To the best of our knowledge
this is the first study that compares these
markers in patients who underwent MID-
CAB and OPCAB. The analyzed groups
were comparable in demographic, clinical
characteristics, and inflammatory mark-
ers levels at baseline. Only the history of
myocardial infarctions was more frequent
among the classically operated patients.
This can be explained by the fact that pa-
tients with more advanced coronary dis-
ease needed more than one by-pass and
because of this could not be a candidate
for MIDCAB surgery. As several studies
have shown pleiotropic effects of statins,
resulting not only from lipid-lowering, but
also their anti-inflammatory properties, the
analyzed groups were similar in terms of
perioperative statins use [11].

Numerous studies have emphasized
the important role of cardiopulmonary by-
pass in inflammatory response after CABG
[12]). By contrast, our previous studies
validate the concept that the cardiopulmo-
nary bypass does not significantly affect
systemic inflammatory response following
CABG procedure [6,7,9]. A possible expla-
nation for the small difference in the inflam-
matory response between on-and off-pump
CABG may be that both methods share the
necessarily invasive nature of surgical ac-
cess. Surgical incisions made by classical
sternotomy are highly traumatic and im-
poses significant injury to the tissues and
produce a marked inflammatory response
[4,13]). The acute phase response that
occurs after tissue trauma is stimulated
mainly by IL-6. This cytokine, the level of
which reflects the degree of tissue dam-
age, stimulates production in the liver of
acute phase proteins, i.e. CRP and fibrino-
gen [14]. MIDCAB surgery causes less tis-
sue injury than OPCAB procedures, so the
increase of these inflammatory markers is
more pronounced in conventional surgery.
Also during lateral thoracotomy CABG,
a more invasive method than MIDCAB,
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lower average concentrations of IL-6 were
observed than in the OPCAB group [15].
Using less invasive techniques not only in
CABG surgery but in atrial valve replace-
ment procedures as well, likewise showed
more clinical advantages [16]. In our study,
clinical aspects of different CABG proce-
dures were beyond the possibility of this
research. A much larger cohort should be
recruited for such analysis. The observa-
tion regarding influence of surgical trauma
on inflammatory response is also consis-
tent with reports from non-cardiac surgery
[15,17]. In contrast to our observations,
some reports observed that IL-6 also re-
flects the degree and duration of surgical
trauma whereas CRP does not depend on
the extension of trauma [18].

Because of a low incidence of major
adverse cardiovascular events we did not
correlate the perioperative values of inflam-
matory markers with the clinical outcomes
after CABG. However, except for creatine
kinase, the levels of cardiac markers after
surgery were comparable between the two
analyzed groups. Higher levels of creatine
kinase which occurred in OPCAB patients
can be explained by augmented rhabdo-
myolysis because of extensive surgery ac-
cess rather than myocardial ischemia, as
the concentration of creatine kinase MB
and cardiac troponin | were similar in both
groups.

Several limitations should be acknowl-
edged in this study. The size of the study
groups was limited. Therefore, lack of sig-
nificant differences should be interpreted
with caution. On the other hand, marked
differences observed here strongly suggest
that the impact of two surgical techniques
is quite potent on the inflammation. Anoth-
er limitation of our study is the short period
of time in which postoperative inflammatory
markers were monitored. It would of inter-
est to assess the variables also within the
first 24 hours and later after hospital dis-
charge to better characterize the changes
in these parameters as a function of time
since the surgery. A study on a larger group
of patients is needed to evaluate the preva-
lence of complications such as low cardiac
output or perioperative myocardial infarc-
tion and their correlation with the inflam-
matory markers. Moreover, the influence
of epicardial blood flow as well as platelet
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reactivity on inflammatory response after
CABG was not analyzed [19,20]. Final-
ly, this is an analysis of data collected in
a single center. Long term follow-up may
help to assess the associations between
the degree of perioperative inflammatory
response and prognosis after the two dif-
ferent CABG techniques analyzed.

In conclusion, our study adds to the
concept that the extension of surgical trau-
ma might play a crucial role in the develop-
ment of inflammatory response after CABG
surgery.
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