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Abstract: Pulmonary function is significantly reduced in the acute phase after coronary artery bypass graft (CABG)
surgery. Because pulmonary function partly depends on respiratory muscle strength, we studied whether reduc-
tions in pulmonary function are related to postoperative alterations in circulatory factors that affect muscle protein
synthesis. Methods: Slow vital capacity (SVC) was assessed in 22 subjects before and 9 + 3 days after CABG sur-
gery. Blood testosterone, cortisol, insulin-like growth factor-1 (IGF-1), growth hormone, sex-hormone binding globulin
(SHBG), glucose, insulin, c-peptide, c-reactive protein (CRP) content, and free androgen index, cortisol/testosterone
ratio, HOMA-IR index were assessed before surgery and during the first three days after surgery. Intubation, surgery
time and cumulative chest tube drainage were measured. Correlations between changes in SVC and blood param-
eters after surgery or subject characteristics were studied. This was a prospective observational study. Results:
After CABG surgery SVC decreased by 37 £ 18% (P < 0.01). Free androgen index, blood SHBG, testosterone and
IGF-1 content decreased, while HOMA-IR index, cortisol/testosterone ratio, blood growth hormone, insulin and CRP
content increased (P < 0.0025) in the first three days after surgery. Decrease in SVC was independently (P < 0.05)
related to higher preoperative SVC (SC 3 = 0.66), and greater increase in blood cortisol (SC 3 = 0.54) and CRP (SC 8
= 0.37) content after surgery. Conclusions: Larger reductions in pulmonary function after CABG surgery are present
in patients experiencing greater postoperative increases in blood CRP and cortisol levels. Decrements in pulmonary
function after CABG surgery are, at least in part, thus related to alterations in circulatory factors that affect muscle
protein synthesis.
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Introduction surgery, a hospital stay of one to two weeks is

) generally required.
Approximately 641.470 coronary artery bypass

graft (CABG) surgery procedures are performed
in Europe and the United States each year to
restore or optimize myocardial perfusion in cor-
onary artery disease [1, 2]. Worldwide there are
approximately over 2 million open heart surger-
ies per year [3]. In this surgical intervention,
venous and/or arterial grafts are used to
bypass the coronary occlusion or stenosis.
Because cardioplegia (induction of temporary
cardiac arrest) is routinely used, the patient’s
circulation is coupled to a cardiopulmonary
bypass and access to the heart is most often
achieved by median sternotomy. After CABG

Although CABG surgery is an effective coronary
revascularization technique, it is often associ-
ated with a decrease in pulmonary function.
During the first week after CABG surgery slow
vital capacity decreases by 30-60% [4-7] and
even up to one year remains reduced by 12%
[8, 9l.

Pulmonary complications are a leading cause of
morbidity and mortality after CABG surgery [7].
A deeper understanding of the mechanisms
leading to worse pulmonary function after CABG
surgery could lead to optimized postoperative
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Subjects invited

(n=30)

tent, reduction in insulin sen-
sitivity and an inflammatory
reaction [17-22]. These post-
operative changes may pro-
voke muscle wasting. Indeed,
in a recent study we found
that the magnitude of periph-

Subjects unwilling to participate {n=5)

eral skeletal muscle wasting
was related to changes in

Subj ects‘rncluded

(n=25)

blood cortisol/testosterone
ratio after CABG surgery [23].
The aim of this study was to
examine whether changes in
blood parameters, that af-
fect muscle protein synthe-
sis, after CABG surgery are

follow-up

(n=3)

Subjects did not complete study

related to decrements in pul-
monary function. Such study
may lead to the examination
and development of new
treatment strategies for the
preservation of pulmonary

Subjects comp;feted follow-up

(n=22)

care and thus a reduced morbidity and
mortality.

The aetiology of worsening in pulmonary func-
tion after CABG surgery is multifactorial:
reduced rib cage expansion and uncoordinated
chest wall motion [6, 10], diaphragmatic dys-
function due to phrenic nerve injury [11, 12],
pleural fluid accumulation and basal atelecta-
sis [13]. However, reduction in pulmonary func-
tion could also be due to dysfunction of respira-
tory muscles. Respiratory muscles are skeletal
muscles and thus vulnerable to alterations in
circulatory factors that affect muscle mass and
strength. Peripheral skeletal muscle protein
synthesis is significantly reduced immediately
after CABG surgery, resulting in a significant
atrophy and muscle weakness in the first weeks
after surgery [14-16]. The relations between
changes in pulmonary function after CABG sur-
gery and changes in circulatory factors that
alter (respiratory) muscle protein synthesis are
unknown.

CABG surgery is associated with short-term
lowering in blood anabolic hormone content
and increasing blood catabolic hormone con-
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function after CABG surgery.

Materials and methods

Figure 1. Study flowchart.

Subjects and design

After inviting 30 eligible can-

didates (from March 2011
up to October 2013), 25 subjects agreed to
participate in this study (Figure 1). The study
sample size (n = 25) was based on previous
studies assessing changes in pulmonary func-
tion after CABG surgery [4, 6, 8]. Due to post-
operative complications and resultant pro-
longed hospitalization, three subjects were
excluded. Data from 22 subjects were anal-
ysed. As a result, data from the present study
reflect changes in blood parameters and pul-
monary function after CABG surgery in subjects
with a normal postoperative course. Subjects
were admitted to the hospital for elective CABG
surgery. Subjects were excluded when pulmo-
nary, neurologic, and/or nephrologic disease
was present. All CABG surgery procedures were
performed by the same surgical team, with sim-
ilar methodology. This study was approved by
the local medical ethical committee (Jessa
Hospital, Hasselt, Belgium), and written
informed consents were obtained from all sub-
jects. This was a prospective observational
study.

On-pump CABG surgery through median ster-
notomy was performed on all subjects. During
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Table 1. Subject characteristics

Electronic Construction & Lo-

Age (yrs)

Gender (n males/females)

Body mass index (kg/m?2)

Revascularized coronary arteries
Left descending artery (n)
Right coronary artery (n)
Circumflex artery (n)

Acute myocardial infarction (n)

Duration of intubation (min)

Duration of hospitalization (days)

Interval between pre-operative vs. post-operative SVC (days)

Blood glycosylated hemoglobin content (%)
Blood total cholesterol content (mg/dl)
Blood LDL cholesterol content (mg/dl)
Blood HDL cholesterol content (mg/dl)
Blood triglyceride content (mg/dl)

gistic nv, Belgium). SVC can be

62+9 ) ; .
derived in two ways. The expira-
19/3 . . .
tory vital capacity (EVC) is the
29.5+5.4 maximal volume of air exhaled
after maximal inhalation. The
19 inspiratory vital capacity (IVC) is
14 the maximal volume of air
11 inhaled after maximal exhala-
2 tion. SVC is a reliable measure-
704 + 590 ment of restrictive pulmonary
function [24] and was used
9+3 . . .
9+3 instead of forced vital capacity
- (FVC) because it is less painful
5.9+0.7 and easier to perform for the
156 + 27 patient in the early postopera-
83+18 tive phase.
41 + 13
157 + 90 Blood samples were collected

between 07.00 and 09.00 AM

Data are expressed as means + SD. Abbreviations: SVC, slow vital capacity; HDL,

high-density lipoprotein; LDL, low-density lipoprotein.

this procedure, patients were connected to an
open circuit extracorporeal circulation (cardio-
pulmonary bypass), the aorta was cross-
clamped and the heart arrested using blood
cardioplegia. Systemic temperature was low-
ered to 34°C. The average duration of the pro-
cedure (start median incision up to end of clos-
ing of sternotomy) was 232 + 43 minutes.
During hospital stay (9 + 3 days) subjects
received physical therapy (daily breathing exer-
cises for a duration of 15 min/day and endur-
ance exercises (walking and cycling) up to 30
min/day at a low intensity (exercise heart rate <
120 bts/min).

Measurements

The observed parameters were slow vital
capacity (SVC), blood cortisol, c-reactive pro-
tein (CRP), insulin-like growth factor 1 (IGF-1),
growth hormone, sex-hormone binding globulin
(SHBG), insulin, c-peptide, testosterone, glyco-
sylated haemoglobin content, cortisol/testos-
terone ratio, homeostatic model assessment-
insulin resistance index (HOMA-IR index), free
androgen index, cumulative chest tube drain-
age, length of hospitalization, surgery duration
and intubation time.

SVC was measured before surgery and at the
day of discharge from the hospital (9 + 3 days
postoperative) (Pocket-Spiro USB100, Medical
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after an overnight fast, and pro-

cessed and stored at the

University Biobank Limburg
(UBiLim). Blood parameter analysis was per-
formed by standard diagnostic tests at the clini-
cal laboratory of the Jessa Hospital. Blood gly-
cosylated haemoglobin content (HbAlc) was
determined in whole EDTA (ethylene-diamine-
tetra-acetic) blood via a commercial HPLC
(high-performance liquid chromatography)
based method (Hi-Auto A1C Analyser, Menarini
Diagnostics). Serum tubes were left to clot for
30 min and subsequently centrifuged for 5 min
at 2500 g. These serum samples were used to
asses blood hormones affecting skeletal mus-
cle protein synthesis such as total testosterone
(by chemiluminescent ELISA on an automated
ELISA device Architect i2000SR, Abbott), total
cortisol (by direct chemiluminescence sand-
wich ELISA on ADVIA Centaur XP analyser,
Siemens), total IGF-1 (by ImmuneRadioMetric
Assay [IMRA] IGF-I kit, Beckman Coulter) and
total growth hormone (by hGH-IRMA Kkit,
DiaSource), as well as for SHBG (by 2-step
Chemiflex ImmunoAssay on automated ELISA
device Architect i2000SR, Abbott), insulin,
c-peptide content (both by direct chemilumi-
nescence sandwich ELISA on ADVIA Centaur
XP, Siemens) and blood glucose level (by colori-
metric Hexokinase-Glucose-6-fosfaat dehydro-
genase method on a Beckman Coulter AU 2700
chemical analyser, Beckman Coulter). Lithium
heparin plasma was obtained by spinning blood
samples for 5 min at 2500 g. In these samples
the lipid profile (total cholesterol, triglycerides,
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A Change in pulmonary function (l)

—_ 5

o 5

£ 4

g a4

= 3

g 3

2 2

E 2

g 1

£ 1

- 1]

a pre-op post op pre-op posl op pre-op posl op
| mean (liter) 3,92 2,46 3,74 2,35 3,90 2,44

Pulmonary function (%)

Change in pulmonary function (%)
140

120
100
80
60
40
20
0 pre-op pmr op | pre-op posl op | pre-op post op
mean (%) 99,5 62,6 95,3 59,8 99,6 62,2

Figure 2. Changes in pulmonary function after CABG surgery. A: Change in litres + SD. SVC from 3.9+ 0.7 Lt0 2.5
0.7L,P<0.001, IVCfrom 3.7 £0.7Lt02.3+ 0.6 L, P<0.001 and EVC from 3.9 + 0.7 Lt0 2.4 + 0.7 L, P < 0.001.
B: Change in percentages + SD. SVC from 100 £ 18% to 63 + 18% of predicted SVC, P < 0.001), ICV from 95 + 15%
to 60 + 17% of predicted IVC, P < 0.001 and EVC, from 100 + 18% to 62 + 18% of predicted EVC, P < 0.001.

low-density lipoprotein (LDL) cholesterol, high-
density lipoprotein (HDL) cholesterol) was mea-
sured by enzymatic colorimetry, together with
the inflammatory status based on blood CRP
content by antibody based turbidimetric meth-
od, on a Beckman Coulter AU 2700 chemical
analyser. HOMA-IR index was calculated to esti-
mate whole-body insulin sensitivity: [(insulin
oo % glucose (mmol/L)]/22.5. Free androgen
index was calculated by: (blood total testo-
sterone content (nmol/l) x 100)/blood sex-
hormone binding globulin content (nmol/I).
Catabolic-anabolic hormone balance was cal-
culated by: blood total cortisol content/blood
total testosterone content.

Statistical analysis and calculations

All data are expressed as means + SD.
Statistical analyses were executed by use of
SPSS version 22.0. Shapiro-Wilk tests indicat-
ed that most data were not normally distribut-
ed. Therefore, non-parametric tests were
applied. Changes in blood parameters and pul-
monary function during follow-up were anal-
ysed by related-sample Friedman variance of
ranks tests, in which Bonferroni corrections for
multiple comparisons (pre-operative vs. post-
operative, n = 22) were applied (statistical sig-
nificance was set at P < 0.0025, 2-tailed).
Relations between individual parameters were
analysed by Spearman’s correlations. A forward
stepwise multivariate regression model was
constructed to examine which factors were
related to a decrease in pulmonary function.
From this model, age, gender, body mass index
(BMI), preoperative pulmonary function, preop-
erative glycaemic control (glucose, insulin,
HOMA-IR, glycated haemoglobin (HbA1c)), cor-
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tisol/testosterone ratio, free androgen index,
CRP, cumulative chest tube drainage, length of
hospitalization, surgery duration and intubation
time came out as possible predicting factors. In
final, a multivariate linear regression model
was created in which relations between chang-
es pulmonary function and detected significant
independent predictors from the forward step-
wise multivariate regression model were exam-
ined. In these regression models statistical sig-
nificance was set at P < 0.05, 2-tailed.

Results
Subject characteristics

Twenty-two subjects were examined (3 females,
average age 62 + 9 years, Table 1). Two sub-
jects were revascularised by CABG surgery
after acute myocardial infarction, the others
were revascularised for stable angina with a
positive stress test. Subjects were intubated
during 704 + 590 minutes after CABG surgery
and were hospitalized for 9 + 3 days.

Changes in pulmonary function

SVC decreased significantly (from 3.9 + 0.7 L to
2.5+ 0.7 L, from 100 + 18% to 63 + 18% of
predicted SVC, P < 0.001), together with IVC
(from 3.7 £0.7 Lt0 2.3 £ 0.6 L, from 95 + 15%
to 60 + 17% of predicted IVC, P < 0.001) and
EVC (from 3.9 + 0.7 Lto 2.4 + 0.7 L, from 100
+ 18% to 62 + 18% of predicted EVC, P < 0.001)
after CABG surgery (Figure 2).

Changes in blood parameters
During the first three days after CABG surgery, a

significant inflammatory reaction and worsen-
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Table 2. -Blood parameters and impact of CABG surgery

pre-operative Day 1 after CABG Day 2 after CABG Day 3 after CABG

glucose (mg/dl) 57+23 6.9+16 6.8+1.6 7.0+£2.3
c-peptide (ng/ml) 19+1.0 1.0+1.0 1.8+1.8 2.7+3.0
insulin (mU/1) 10.7 £ 6.5" 59 +51 33+18 36 + 36
HOMA-IR index 2.7+2.0" 19.7 + 18.7 9.8+6.8 119+ 17.7
c-reactive protein (mg/dl) 0.5+0.8" 9.5+35 21.0+5.8 22.1+6.6
cortisol (total, ug/dl) 18+5 21+6 18+ 6 19+ 6
testosterone (total, ng/ml) 3.7+19 0.8+0.6 0.8+0.5 1.0+ 0.7
sex-hormone binding globulin (nmol/l) 43 + 16" 27 £ 11 28+ 9 29+9
insulin-like growth factor 1 (ug/l) 138 + 46~ 102 + 27 97 + 20 90 + 23
growth hormone (ug/l) 0.2+0.1" 1.7+13 1.1+0.7 0.6+04
free androgen index (%) 31+ 16" 11+7 9+6 12+7
cortisol/testosterone ratio 21 + 51" 66 + 136 38+ 41 29 + 26

Data are expressed as means * SD. *Significantly different as opposed to post-operative values in the first three days only (P <
0.0025). Abbreviations: HOMA-IR, homeostatic model assessment-insulin resistance.

ing in insulin sensitivity occurred, as can be
observed by significant increases in blood CRP
content and HOMA-IR index (P < 0.0025, Table
2). In addition, significant decreases in blood
testosterone, IGF-1 and SHBG content, free
androgen index, and increases in blood growth
hormone levels and cortisol/testosterone ratio,
were observed (P < 0.0025, Table 2).

Regression analysis

A higher preoperative IVC (SC 3 = 0657, P =
0.001), a larger increase in blood cortisol (SC
= 0.536, P =0.004) and CRP (SC B =0.37, P =
0.019) content after CABG surgery were inde-
pendently related to a larger decrease in IVC
after CABG surgery (model adjusted r? = 0.64, P
< 0.001) (see Figure 3A-C for univariate
correlations).

A larger increase in blood CRP content (SC 3 =
0.67, P < 0.001) after CABG surgery was inde-
pendently related to a larger decrease in EVC
after CABG surgery (model adjusted r? = 0.60,
P = 0.001) (see Figure 3D for univariate
correlations).

A larger increase in blood CRP content (SC 3 =
0.669, P < 0.001) after CABG surgery was inde-
pendently related to a larger decrease in SVC
after CABG surgery (model adjusted r? = 0.53,
P = 0.001) (see Figure 3E for univariate
correlations).

Discussion

In this study pulmonary function was decreased
significantly on the 9™ day after CABG surgery
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and the magnitude of reduction in pulmonary
function was related to pre-operative pulmo-
nary function and changes in blood cortisol and
CRP concentrations during the first 3 days after
surgery.

A significantly impaired pulmonary function
(IVC, EVC and SVC) was found within nine days
after CABG surgery. This decrease in pulmo-
nary function is in line with previous observa-
tions and was thus expected [4-7]. Because
respiratory muscles, and hence pulmonary
function, are affected by circulatory factors
that coordinate skeletal muscle mass and
strength, we therefore studied the relations
between changes in these blood parameters
after CABG surgery and changes in pulmonary
function. We observed that a larger postopera-
tive increase in blood CRP and cortisol concen-
tration was independently associated with larg-
er reductions in pulmonary function. These
data indicate, to our knowledge for the first
time, that changes in circulatory factors after
CABG surgery may also mediate changes in pul-
monary function. However, it should be men-
tioned that correlations do not indicate
causality.

Data are in support of the hypothesis that
infammatory markers are related to pulmonary
function. For example, Aronson [25] found an
inverse relation between blood CRP level and
pulmonary function in healthy subjects in a
cross-sectional observation, while Jiang et al.
[26] found that greater circulatory fibrinogen
levels predict larger declines in pulmonary
function in the elderly during follow-up.

Int J Clin Exp Med 2015;8(7):10938-10946
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It should be explored in greater detail how
short-term changes in blood CRP and cortisol
concentrations after CABG surgery are related
to decrements in pulmonary function. Such
knowledge may lead to improvements in post-
operative respiratory care. Based on current
literature, hypercortisolaemia leads to skeletal
muscle wasting by a combination of an increase
in protein breakdown (by activation of cellular
proteolytic systems such as ubiquitin-protea-
some system (UPS), lysosomal system (cathep-
sins) and calcium-dependent system (calpains)
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Figure 3. Relations between changes in pul-
monary function and subject features. A: Re-
lation between preoperative IVC and change
in IVC (SC B = 0.657, P = 0.001). B: Relation
between change in blood cortisol and change
in IVC (SC B = 0.536, P = 0.004). C: Relation
between change in CRP and change in IVC
(SC B =0.37, P=0.019). D: Relation between
change in CRP and change in EVC (SC B =
0.67, P < 0.001). E: Relation between change
in CRP and change in SVC (SC 3 = 0.669, P <
0.001).

and lowering in protein synthesis (by lowered
transport of amino acids into the muscle, inhibi-
tion of insulin and IGF-1 action, and/or inhibi-
tion of phosphorylation of elFAE-binding pro-
tein-1 and ribosomal protein S6 kinase-1) [27].
Elevated circulatory CRP levels impair skeletal
muscle protein synthesis by various mecha-
nisms [28]. Inflammation leads to activation of
intramuscular caspase-3 that breaks down the
complex protein structure of muscle. Moreover,
inflammation leads to a lowering in phosphory-
lation of Akt (p-AKT) which decreases phos-
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phorylation of the forkhead transcription factor
and permits its translocation into the nucleus,
where it stimulates the expression of atrogin-1/
muscle atrophy F-box (MAFbx) and muscle ring
finger 1 (MuRF1). These enzymes are specific
E3 ubiquitin-conjugating enzymes that recog-
nize specific muscle proteins and increase their
degradation in the UPS by promoting ubiquitin
conjugation to the proteins. The increase in
these E3 enzymes leads to loss of muscle pro-
teins and thus muscle wasting [29]. It remains
uncertain whether similar intramuscular bio-
chemical changes are present in respiratory
muscles during episodes of hypercortisolaemia
and/or inflammation.

Whether different catabolic effects of CRP and
cortisol on different muscle fibre types occur in
humans is also unknown. During normal breath-
ing mainly slow fibres are activated while fast
muscle fibres are activated when breathing
faster and deeper. When performing a SVC test,
as executed in the present study, the dia-
phragm, intercostal muscles and accessory
respiratory muscles are important contributors
to pulmonary function [30]. The adult human
diaphragm consists of 55% slow muscle fibres
(type 1), 21% fast oxidative muscle fibres (type
2A) and 24% fast glycolytic muscle fibres (type
2X). The intercostal muscles consist of 60%
slow fibres and 40% fast fibres [30, 31]. In ani-
mal studies inflammation has a more pro-
nounced catabolic effect on type 2 fibres [32],
but the impact of hypercortisolemia on differ-
ent muscle fibres types remains unknown. It
thus remains speculative whether a reduction
in pulmonary function after CABG surgery in the
present study is related to predominantly respi-
ratory type 1 or type 2 muscle fibre atrophy.

Based on the findings from this study, novel
therapies for the preservation of pulmonary
function after CABG surgery can be tested or
implemented. In this regard, it should be stud-
ied whether a less invasive surgical technique
(minimally invasive CABG surgery and/or off-
pump CABG surgery) indeed leads to a lesser
postoperative inflammation and hypercorti-
solemia and hence preserved pulmonary
function.

Because of the significant reductions in pulmo-
nary function after CABG surgery, early physical
therapy with or without nutritional support is
mandatory. Early deep breathing exercises

10944

after CABG surgery contribute to a better pres-
ervation of pulmonary function [33]. Nutritional
support, such as protein supplementation, in
combination with resistance-type exercises sig-
nificantly augments type 1 and type 2 muscle
fibre cross-sectional area (CSA), at least in
peripheral muscles [34]. The impact of such
intervention on respiratory muscles and respi-
ratory function should be studied as well.
Whole-body physical activity leads to a
decrease in blood CRP content [35]. It should
be examined whether early ambulation after
CABG surgery contributes to better preserva-
tion in pulmonary function via a suppression of
blood CRP content.

Anabolic supplementation could lead to a bet-
ter preservation of muscle mass [21], but fur-
ther research is needed because of the side
effects, especially in women [29].

In conclusion, higher preoperative IVC and
greater postoperative increases in blood CRP
and cortisol concentrations are related to a
greater decrease in pulmonary function after
CABG surgery. Decrements in pulmonary func-
tion after CABG surgery are, at least in part,
thus related to alterations in circulatory factors
that affect muscle protein synthesis. However,
it should be mentioned that correlations do not
indicate causality and that he aetiology of wors-
ening in pulmonary function after CABG surgery
is multifactorial.
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