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A B S TRACT

The aim of the present study was to investigate the acute effect of CABG (coronary artery
bypass graft) surgery on the rates of synthesis of muscle protein, the positive acute-phase
protein fibrinogen and the negative acute-phase protein albumin. Synthesis rates of muscle pro-
tein, fibrinogen and albumin were measured simultaneously before and 4 h after the end of
surgery from the incorporation of L-[?Hs]phenylalanine (given at 43 mg/kg of body weight)
in 12 patients undergoing CABG surgery. Surgery was performed either with the use of
extracorporeal circulation with cardiopulmonary bypass (on-pump; n=15) or with the beating
heart procedure without cardiopulmonary bypass (off-pump; n = 7). Post-surgical muscle protein
fractional synthesis rates were decreased by 36 +6.5% compared with pre-surgical values
(1.59 £0.10 compared with 0.97 £ 0.08 %/day respectively; P < 0.001). In contrast, the synthesis

rates of both fibrinogen (36 -4 compared with 100+ || mg-day~' - kg

' of body weight; P <

0.0001) and albumin (1234 12 compared with 178419 mg-day~' -kg~' of body weight;
P <0.001) were both significantly increased after surgery. No significant differences were found
between surgery performed with or without cardiopulmonary bypass. In conclusion, the results
demonstrate that CABG surgery has a profound effect on protein metabolism, with a differential

response of protein synthesis in muscle and liver.

INTRODUCTION

Surgical trauma is accompanied by accelerated protein
catabolism with mobilization of amino acids [1].
Following surgery, the rate of protein synthesis is reduced
in skeletal muscle [2-4], so amino acids are available for
the synthesis of acute-phase proteins, such as fibrinogen.
There is evidence that fibrinogen synthesis is elevated
in injured patients [5,6], but the specific response of
fibrinogen synthesis to surgical trauma has not been
investigated. The effect of cardiac surgery on the synthesis
of albumin, a negative-phase protein, has also not been

clearly delineated. Although measurements in patients
during elective cholecystectomy suggest a decrease [7,8],
the response of albumin synthesis in the post-operative
period has not been characterized.

Given that over 400000 CABG (coronary artery
bypass graft) surgeries are performed annually in the
U.S.A. [9], the aim of the present study was to assess
the acute impact of CABG surgery on the synthesis
of muscle and the acute-phase liver proteins fibrinogen
and albumin. Synthesis rates of muscle protein and the
plasma proteins fibrinogen and albumin were measured
simultaneously before and 4 h following CABG surgery
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from the incorporation of L-[*Hs]phenylalanine [10-12].
The present study also aimed to assess whether CABG
surgery with or without the use of CPB (cardiopulmon-
ary bypass) had any differential effects on the metabolic
response of protein synthesis to surgical trauma.

MATERIALS AND METHODS

Subjects and experimental design

A total of 12 patients with coronary artery disease and
undergoing coronary revascularization participated in the
study. All patients had unstable angina and were admitted
to Stony Brook University Medical Center to undergo
cardiac catheterization, followed by CABG for coronary
stenosis >50%. All patients were haemodynamically
stable pre-operatively and were not affected by acute
or chronic renal disease (creatinine plasma concentration
<1.7 mg/dl) or had biochemical evidence of liver dys-
function. None of the patients were being treated or had
a previous history of congestive heart failure. The average
pre-operative EF (ejection fraction) was 49.1+2.3 %.

In five patients, CABG surgery was performed with
CPB (on-pump; n=5) whereas, in seven, surgery was
performed with the ‘beating heart’ approach without the
use of CPB (off-pump; n=7).

Anaesthesia consisted of a mixed technique using
inhalational agents and fentanyl. Coronary revascu-
larization was performed through a standard midline
sternotomy in both groups. Standard aortic cannulation
was used. Myocardial preservation was carried out with
the application of antegrade and retrograde blood cardio-
plegia, and a cross-clamping of the aorta was used.
Proximal anastomoses were constructed with the use of a
side-biting clamp. Moderate hypothermia was used, the
temperature ranging between 28 and 32°C in the on-
pump group. For the off-pump group, the temperature
was maintained as close to 37.5°C as possible. The
Guidant® stabilizer system was used in all off-pump cases.

Synthesis of muscle protein, fibrinogen and albumin
was measured in all patients before and 4 h after comple-
tion of surgery with a flooding dose of L-[?Hs]phenyl-
alanine, as described previously (e.g. [10-13]). The
first measurement was carried out post-absorptively on
the morning of the surgery. Two lines were inserted
into contralateral forearm veins, one to be used for
injection of isotopically labelled amino acid and the
other one for blood sampling. After taking a baseline
blood sample, a sterile solution containing unlabelled
L-phenylalanine (Ajinomoto) plus L-[*Hs]phenylalanine
(43 mg/kg of body weight; 10 mol %; Cambridge Isotope
Laboratories) was injected over 10 min. Blood samples
were then taken over 90 min to determine the enrichment
of unlabelled phenylalanine and that of fibrinogen and
albumin in plasma. At 90 min, following local anaesthesia,
a biopsy of the vastus lateralis muscle was taken under
sterile conditions using a trucut biopsy needle (Temno;
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Bauer Medicals). The measurement was repeated 4 h after
surgery. The protocol of the second measurement was
similar, except that a baseline muscle biopsy was also
taken before isotope injection to assess the background
enrichment of muscle protein, and that the enrichment of
the injected solution was increased from 10 to 20 mol %.

Muscle biopsies were immediately frozen in liquid
nitrogen and kept at —70°C until analysis. Plasma and
serum samples were aliquoted and stored at — 70°C until
analysis.

In addition to assessment of the synthesis of muscle
protein, fibrinogen and albumin, the plasma volume
was also determined both before and after surgery with
Indocyanine Green [14]. Indocyanine Green (IC-Green;
Akorn Inc.) was given as a bolus injection 30 min after the
administration of the labelled phenylalanine, followed
by serial blood sampling to measure the concentration
of Indocyanine Green in plasma. Plasma volume was
calculated as described previously [14].

All subjects gave written informed consent, and the
protocol was approved by the Stony Brook University
Institutional Review Board.

Analytical methods

Enrichment of muscle protein, albumin and fibrinogen
Muscle protein synthesis rates were determined from the
enrichment of the muscle-protein-bound phenylalanine
following acid hydrolysis and plasma unlabelled
phenylalanine, as described previously [12,13].

Fibrinogen was isolated from plasma by sequential am-
monium sulfate precipitation, followed by solubilization
in sodium citrate [11]. Albumin was isolated from plasma
samples after precipitation with trichloroacetic acid,
followed by differential solubility in ethanol, as described
previously [10,15,16]. The purity of the isolated albumin
was confirmed by SDS/PAGE (10 % gel) and visualized
by Coomassie Blue staining, as shown in Figure 1.

Protein enrichments were determined following
acid hydrolysis by monitoring ions with m/z 106
(m+2) and 109 (m+5) of the n-heptafluorobutyryl
derivative of B-phenylethylamine on a MD800 GCMS
(gas chromatograph mass spectrometer) (Fisons
Instruments), operated under electron impact conditions
and in spit mode [12,13,17].

Enrichment of plasma phenylalanine

Plasma unlabelled phenylalanine was purified by cation-
exchange chromatography and derivatized to the tertiary
butyldimethylsilyl derivative. Following electron impact,
the ions at m/z 336 and 341 were monitored (MD800
GCMS) [13,17].

Calculations
The rate of muscle protein synthesis [FSR (fractional
synthesis rate)], expressed as a proportion of muscle
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Figure I Coomassie Blue staining of albumin standards and

albumin isolated from the plasma of three study subjects
before (A) and after (B) surgery

Proteins were stained with Coomassie Blue following separation by SDS/PAGE.
Lanes a—c, albumin standards of |, 2.5 and 5 pug respectively; lane M,
molecular-mass markers.

protein, was calculated with the formula [12,13,17]:
FSR (% /day) = (Ep1 — Ep0)/A x 100

where Ep1—EpO is the increase in enrichment in protein,
and A indicates the AUC (area under the curve) of the
plasma unlabelled phenylalanine enrichment (precursor
pool) over the 90 min incorporation time.

The FSRs of fibrinogen and albumin, expressed as a
proportion of their respective intravascular protein pools,
were calculated similarly from the increase in the
protein-bound phenylalanine enrichment (between 50
and 90 min) and the AUC of the corresponding un-
labelled plasma phenylalanine enrichment by time curve
[10,11,15,16].

The ASRs (absolute synthesis rates) of albumin and
fibrinogen (i.e. the total amount of protein synthe-
sized/day) were calculated by multiplying the FSR by
the intravascular mass of either fibrinogen or albumin.
Intravascular mass of either fibrinogen or albumin were
obtained from the plasma volume and plasma concen-
trations of the respective proteins.

Other analytical procedures

Plasma fibrinogen, albumin, IL-6 (interleukin-6) and
amino acid concentrations were measured in baseline
samples collected before and 4 h after the end of surgery.
Fibrinogen concentrations were determined using an
ACL Advance/Futura coagulometer (Instrumentation
Laboratory) [18]. Albumin concentrations were meas-
ured with an automated Bromocresol Green method [19].
IL-6 was assayed by ELISA (Linco Research), and plasma
amino acid concentrations were measured by HPLC, as
described previously [12,20].

Table | Anthropometric and intra-operative characterist-

ics of all the patients, or when grouped depending on
whether surgery was performed with (on-pump) or without
(off-pump) CPB

Values are means = S.E.M. ACC, aortic cross-clamping; n/a, not applicable.

On-pump Off-pump
Al(n=12)  (n=9) (n=7)

Age (years) 60+3 6516 5543
Height (m) 1.76 £ 0.02 1.80 - 0.03 1.71240.02
Weight (kg) 91 +4 92+17 90 £ 4
BMI (kg/m?) 295+ LI 83+19 304+13
Gender (n) (male/female) 171 5/0 6/1
Preoperative EF (%) 49.1+23 53+12 464144
Duration of surgery (min) U2+ 14 N6+ 20318
ACC duration (min) n/a 9819 n/a
CPB duration (min) n/a 132420 n/a
Grafts (n) 33403 34402 3.1+04

Statistics

Values are expressed as means+ S.E.M. Comparisons
between basal and post-surgical values in the same subject
were analysed using a paired Student’s ¢ test. Comparisons
between changes in values in patients operated with (on-
pump) or without (off-pump) the use of CPB were
performed using two-tailed unpaired Student’s ¢ tests.
P <0.05 was taken to be statistically significant.

RESULTS

The anthropometric and intra-operative characteristics of
all of the patients (7 =12), including when subdivided
depending on whether individuals underwent surgery
with (on-pump; 7 =5) or without the use of CPB (off-
pump; 7n=7), are shown in Table 1. The patients in the
two groups were comparable for age and BMI (body
mass index). There was no significant difference in the
pre-operative EF, number of grafts each patient received
or in the overall duration of the surgical procedure in
the on-pump and off-pump groups. No patients required
prolonged mechanical ventilation in the post-operative
period, or developed an infection or any other significant
complication. The post-surgical length of the hospital
stay was 5.2 + 0.3 days, which was comparable in the two
groups.

The plasma concentration of IL-6 was undetectable
in the pre-surgical samples in seven patients (three in the
on-pump and four in the off-pump groups), but increased
significantly 4 h after surgery (Table 2). No difference
was detected in the post-surgical increase between the
on-pump and off-pump groups (Table 2).

The plasma concentrations of NEAAs [non-essential
amino acids (alanine, aspartate, asparagine, cysteine, glu-
tamate, glutamine, glycine, serine and tyrosine)], EAAs
[essential amino acids (histidine, isoleucine, leucine,

© The Authors Journal compilation © 2008 Biochemical Society



342

G. Caso and others

Table 2 Plasma fibrinogen, albumin, IL-6 and amino acid concentrations before and after surgery in all of the patients, or

when grouped depending on whether surgery was performed with (on-pump) or without (off-pump) CPB

Values are means & S.EM. *P < 0.05 compared with pre-surgical values. Change in concentration after surgery was significantly different from the on-pump group.

All On-pump Off-pump

Pre Post Pre Post Pre Post
Fibrinogen (g/l) 5.9540.50 5.0440.33* 6.26 + 1.04 4744 0.52* 5.71 4051 5254045
Albumin (g/l) 31.7+08 3.7+ 1.4* 364+ 14 282+ IL.T* 38.6+08 340 £ 1.5%¢
IL-6 (ng/l) 9.6+3 107 +31* 15431 83 +37 I+5 123 + 48*
NEAAs (emol/l) 1689 + 67 1397 4+ 70* 1681 + 110 13954 101 1694 490 1375492
EAAs (remol/l) 1060 £ 52 780 + 36* 1070 +170 825 £ 62* 1056 171 166 £ 41*
BCAAs (emol/l) 426 + 122 Bl 17 436124 361 £ 62* 430 135 330 4+ 24*

254
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Figure 2 Individual changes in muscle protein FSRs before

and after CABG surgery performed with (on-pump) or
without (off-pump) CPB
(@) With CPB (n=5); (O) without (PB (n=T).

lysine, methionine, phenylalanine, threonine, tryptophan
and valine)] and BCAAs [branched-chain amino acids
(leucine, isoleucine and valine)] were decreased 17
(P <0.02),26 (P <0.001)and 22 % (P < 0.02) respectively,
following surgery (Table 2). The fall in plasma amino acid
concentration was comparable in the on-pump and off-
pump groups (Table 2).

Muscle protein synthesis

Rates of muscle protein synthesis (FSRs) decreased
significantly following surgery (Figure 2). At 4 h after
surgery, muscle FSR was 36+6% lower compared
with pre-surgical values [1.5940.10 compared with
0.97 +0.08 %/day (n=12); P <0.001]. The muscle FSR
decreased from 1.61+0.12 to 0.94+0.12%/day in the
on-pump group (P <0.005), and from 1.58+0.16 to
1.00 4 0.12 %/day in the off-pump group (P < 0.05). No
difference was detected in the depressive effect between
the two surgical procedure (—42+6 compared with
— 324 10 %; P value was not significant).

Plasma protein synthesis

Plasma fibrinogen concentrations were significantly
lower after surgery (P <0.02; n=12; Table 2). The

© The Authors Journal compilation © 2008 Biochemical Society

FSR (%/day)

Pre Post

-

ASR (mg/kg/day)

Pre Post

-

Figure 3 Individual changes in fibrinogen FSRs (A) and
ASRs (B) before and after CABG surgery performed with
(on-pump) or without (off-pump) CPB
(@) With CPB (n=15); (O) without (PB (n=17).

magnitude of the decrease in concentration tended to be
greater in the patients who underwent surgery with CPB
(—20+ 8 in the on-pump CPB compared with —9+3 %
in the off-pump CPB groups), although this difference
did not reach statistical significance (P=0.1; Table 2).
The synthesis of fibrinogen was increased after surgery
(Figure 3). When expressed as the FSR, fibrinogen syn-
thesis was stimulated 186 +32% [18.3 +2.4 compared
with 48.8+5.3%/day (n=12); P <0.005; Figure 3A].
Fibrinogen FSR increased 135427 % (23.7 £4.9 com-
pared with 55.1 +10.9 %/day; P <0.02) in the on-pump
group and by 223+47% (14.5+1.1 compared with



Protein metabolism following CABG

343

FSR (%/day)

Pre Post

N @

0 =3

& =3
L

-
=
=3

Pre Post

Figure 4 Individual changes in albumin FSRs (A) and
ASRs (B) before and after CABG surgery performed with
(on-pump) or without (off-pump) CPB
(@) With CPB (n=5); (O) without CPB (n=1).

44.0+4.9%/day; P<0.005) in the off-pump group.
Similarly, when fibrinogen was expressed as an ASR,
synthesis was stimulated 204+37% in the post-
operative period [35.9+4.0 compared with 100.1+
11 mg-day~!-kg™! of body weight (n=12); P <0.005;
Figure 3A]. The Fibrinogen ASR increased from
40.5+5.9t093.8+16.6 mg-day ! -kg™! of body weight
(P<0.02) after the on-pump procedure and from
32.6 +5.5 compared with 104.7 +15.7 mg-day ! - kg™!
of body weight (P < 0.01) after the off-pump procedure.
The percentage stimulation of fibrinogen synthesis was
not significantly different following the on-pump and
off-pump procedures, although there was a tendency for
the increase in ASR to be higher in the off-pump group
(+255 + 54 compared with + 133 £30%; P=0.1).
Plasma albumin concentrations decreased from
37.7£0.8 to 31.7 + 1.4 g/l following surgery (P < 0.005;
Table 2), and declined more in the on-pump than in the
off-pump group (—23 £+ 3 compared with —12 43 % re-
spectively; P < 0.02; Table 2). However, despite a decrease
in the plasma concentration of albumin, the synthesis
of albumin was significantly increased in the post-
surgical period (Figure 4). When expressed as the FSR,
the synthesis of albumin increased 41 +5% [9.31+0.5
compared with 13.07 £0.8%/day (n=12); P <0.001;
Figure 4A]. The albumin FSR increased 43 +8 % in the
on-pump group (from 9.94 1+ 0.6 to 14.16 + 1.0 %/day;

P <0.005) and 40+7 % in the off-pump group (from
8.86 0.8 to 12.29+1.1%/day; P <0.005), with no
significant difference between the patients undergoing
the two surgical procedures. When expressed as the
ASR, albumin synthesis also significantly increased from
123412 to 178 +19mg-day~! -kg™! of body weight
(n=12; P <0.001; Figure 4B). The albumin ASR was
stimulated from 111 +12 to 156 + 20 mg - day~! - kg~! of
body weight in the on-pump group (P < 0.05) and from
132+20 to 193+ 28 mg-day~' - kg™! of body weight in
the off-pump group (P < 0.05). The increase in albumin
ASR following the two procedures was comparable
(+40+ 10 compared with +47 4 14 %; P value was not
significant).

DISCUSSION

The present study demonstrates that muscle protein
synthesis is acutely inhibited following CABG surgery.
At 4h after completion of surgery, muscle protein
synthesis rates were 36 +6 % lower than pre-operative
values (P < 0.001; 7z = 12). In contrast with the decreased
effect on muscle, surgery was accompanied by a
significant stimulation of synthesis of both fibrinogen
and albumin. These findings demonstrate that CABG
surgery has a profound effect on protein metabolism,
with a differential response of protein synthesis in muscle
and liver.

The decrease in the rate of muscle protein synthesis
observed after CABG surgery is consistent with previous
studies demonstrating that surgical trauma has a negative
impact on protein synthesis in human muscle. Essen et al.
[3] showed that muscle protein synthesis is approx. 30 %
lower than pre-operative values immediately after open
cholecystectomy, and a similar degree of inhibition has
been demonstrated 1 day following the same procedure
[4]. It is noteworthy that the degree of inhibitory
effect on muscle protein synthesis after cholecystectomy
[3] is comparable with that observed in the present
study, despite the difference in surgery. The similarity
of the metabolic response of muscle to the two surgical
procedures may suggest that the decreased response of
muscle protein synthesis immediately following surgery
is not related to the characteristics and severity of the
surgery. This observation is similar to findings of Essén
et al. [2], showing that the decline in muscle protein
synthesis 1day after minimally invasive laparoscopic
cholecystectomy was comparable with that observed
after the more invasive open cholecystectomy procedure.
Although the acute response of muscle protein synthesis
to surgery may be similar despite different surgical
procedures, it is possible that the recovery of muscle
protein synthesis may be more rapid after less traumatic
procedures. Further studies are required to determine if
this is the case.
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Traditionally, CABG surgery is performed with the
circulation maintained on CPB, allowing the heart
to be stopped for the placement of the coronary
artery grafts. Although facilitating bypass grafts, CPB
is associated with a systemic inflammatory response
which can increase tissue damage and contribute to post-
operative morbidity (i.e. [21-23]). A study by Lofberg
et al. [24] showed that muscle protein synthesis was
significantly decreased in healthy volunteers following
haemodialysis, suggesting that exposure of blood to
foreign surfaces may have a detrimental effect on protein
metabolism. The use of CPB during CABG surgery
may therefore contribute additive catabolic effects on
protein metabolism. However, in the present study, the
conventional and beating heart surgeries had a similar
overall acute impact on muscle, and no detectable
difference was observed in the degree of inhibition of
muscle protein synthesis either with or without CPB
(—42+6 compared with —32+10% respectively). In
the present study, the measurements were carried out
4 h after surgery and only assessed the acute response
to surgery. The study did not address the question of
whether the beating heart procedure would minimize the
catabolic response in muscle later in the post-operative
period, thus reducing the overall loss of muscle protein
following surgery.

In contrast with the decrease in the rate of muscle
protein synthesis observed in the present study, the
synthesis of fibrinogen was increased after CABG
surgery. Fibrinogen synthesis rates were stimulated
considerably 4 h after surgery to 204 % of pre-operative
values (Figure 3). Elevated synthesis of fibrinogen has
been demonstrated previously in animals following acute
inflammation [25] and in patients after trauma [5,6].
The stimulation of hepatic synthesis of fibrinogen and
other acute-phase proteins is mediated by cytokines and
contributes to the increase in the plasma concentrations
of these proteins following trauma and inflammation
[26,27]. Among the cytokines, IL-6 appears to be
a major regulator of fibrinogen synthesis during the
acute-phase response, an effect mediated by enhancing
transcription of mRNA for fibrinogen [28,29]. The
dramatic stimulation of fibrinogen synthesis rates
detected in the present study may result from the
inflammatory and acute-phase response to the surgical
trauma and triggered, in part, by the release of IL-6,
which was also found to be significantly elevated 4 h after
CABG surgery (Table 2).

As with other kinds of surgical trauma, CABG
is accompanied by a stimulation of the immuno/
inflammatory response, and the plasma concentration of
many cytokines and markers of inflammation increase
in a tumely fashion following surgery [21-23,30,31].
The use of CPB during CABG can itself contribute to
activation of the immune system, and several studies
have indicated that the immuno/inflammatory response
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is attenuated following the ‘beating heart’ procedure [31-
35]. However, in the present study, no difference was
detected in the plasma concentrations of the immuno/
inflammatory marker IL-6 between the on-pump and off-
pump groups. These findings suggest that the acute-phase
response following the two procedures was probably
comparable, at least at the time of measurement, in these
patient populations, which led to similar increases in the
synthesis of fibrinogen between the on-pump and off-
pump groups.

Albumin is considered a negative acute-phase protein,
i.e. the plasma concentration of albumin is decreased by
trauma [26,27], and Barle et al. [7,8] have shown that both
the rates of synthesis of albumin and total liver proteins
are decreased during elective laparoscopic cholecystec-
tomy. In one of these studies, Barle et al. [7] measured
albumin synthesis within 1 h from the start of surgery.
In the present study, conducted approx. 8.5 h after the
start of the surgical procedure, the synthesis of albumin
was not decreased, but rather was increased significantly
(Figure 4). Although it is possible that the contrasting
response of albumin synthesis in the two studies may
be related to the different surgical procedures, taken
together these two studies suggest that there may be a
biphasic response in albumin synthesis to surgical trauma,
with an immediate decrease in synthesis, followed by
a subsequent stimulation. The stimulation of albumin
synthesis following surgery is consistent with human
studies with different types of catabolic states resulting
from endotoxin administration [36], head trauma [5] and
critical illness [37]. Another study by Barle et al. [38]
showed that during laparoscopic cholecystectomy albu-
min synthesis is higher in patients with acute cholecystitis
compared with those undergoing elective cholecystec-
tomy without acute inflammatory response, suggesting
that inflammation also contributes to an increase in
albumin synthesis. It can therefore be hypothesized that
following surgery albumin synthesis rates are initially
decreased, but are then subsequently stimulated when an
immuno/inflammatory response to surgical trauma de-
velops. The magnitude and time course of the stimulatory
effect on albumin synthesis may depend on the type of
surgery and the extent of the acute-phase reaction elicited.
In the present study, the increase in albumin synthesis
was already observed 4 h after the end of the surgical
procedure, in association with a detectable acute-phase
response (i.e. increase in plasma IL-6 levels). In addition,
the stimulation of albumin synthesis was comparable in
patients who underwent surgery with or without CPB
(Figure 4).

The increase in albumin synthesis occurred at the same
time as plasma albumin concentrations were decreased
(Table 2), implying that the decrease in albumin concen-
tration following trauma and injury does not reflect
a decrease in synthetic rates, but mainly reflects an
enhanced rate of transcapillary escape of albumin [27,39].
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In summary, the results of the present study demon-
strate that CABG surgery has a profound effect on
tissue protein metabolism acutely, with an opposite
response in skeletal muscle and liver export proteins.
In particular, muscle protein synthesis is decreased,
whereas the hepatic synthesis of both acute-phase protein
fibrinogen and albumin are significantly stimulated 4 h
following surgery. The present study did not detect any
difference in the magnitude of the metabolic response
of muscle or liver protein synthesis whether CABG
surgery was performed with or without CPB. However,
further studies are needed to better characterize the time
course response of muscle and liver protein metabolism
to surgical trauma and to ascertain whether the off-pump
procedure has any advantage in minimizing the loss of
muscle protein during the post-operative period.
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