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Abstract

Background: Low serum albumin concentration is a predictor of failure of source control for intra-abdominal
infection. However, data on dynamics of albumin synthesis in these patients and to what extent these changes
contribute to hypoalbuminemia are relatively scarce. We investigated in a group of patients with gastrointestinal
fistula the dynamic response of liver albumin synthesis to intra-abdominal abscess and how these related to
hypoalbuminemia and circulating endocrine hormone profiles.
Methods: Eight gastrointestinal fistula patients scheduled to undergo percutaneous abscess sump drainage were
enrolled prospectively to measure albumin synthesis rates at different stages of the inflammatory response
(immediately after diagnosis and 7 d following sump drainage when clinical signs of intra-abdominal sepsis had
been eradicated). Eight age-, sex-, and body mass index–matched intestinal fistula patients were studied as
control patients. Consecutive arterial blood samples were drawn during a primed-constant infusion (priming
dose: 4 micromol$kg - 1, infusion rate: 6 micromol$kg - 1$min - 1) to determine the incorporation rate of L-
[ring-2H5]-phenylalanine directly into plasma albumin using gas chromatography/mass spectrometry analysis.
Results: Patients suffering from intra-abdominal infection had reduced plasma albumin and total plasma protein
concentrations, compared with control patients. Albumin fractional synthesis rates in patients with intra-
abdominal abscess were decreased, compared with those in the control group. When the source of infection
was removed, albumin synthesis rates returned to control values, whereas albumin concentrations did not
differ significantly from the corresponding concentrations in control subjects and patients with intra-abdominal
abscess.
Conclusion: Despite nutritional intervention, albumin synthesis rate is decreased in intestinal fistula patients
with intra-abdominal abscess; albumin synthesis returns to control values during convalescence.

Despite vigorous nutritional support, low serum al-
bumin concentrations still prevail among patients with

complicated intra-abdominal infections (cIAI). Moreover, a
low albumin concentration is a predictor of failure of source
control for intra-abdominal infection according to guidelines
by the Surgical Infection Society and the Infectious Diseases
Society of America [1]. Besides, the results of a 2010 meta-
analysis suggest that hypoalbuminemia is a significant
independent predictor of the development of acute kidney
injury and subsequent clinical outcomes in intensive care
unit patients [2]. Thus, gaining insight into the mechanisms
responsible for a decreased serum albumin concentration

complicating critical illness is important and might lead ulti-
mately to novel therapeutic approaches for these patients.

Serum albumin depletion may be as a result of a disparity
between the rates of protein synthesis and degradation, or
distribution between the vascular and extravascular com-
partments. In the past several years, there was broad agree-
ment that both the rate of albumin degradation and the loss of
albumin to the tissue spaces increases in patients with sepsis
[3,4], and attention has turned to measurement of albumin
synthesis. However, in vivo studies have yielded conflicting
results regarding the effects of infection on albumin synthesis
(decreased [5], increased [6], or unchanged [7]). Meanwhile,
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measurements of albumin synthesis in human beings have
been conducted at only one time point, mostly during the
acute phase, and several studies have addressed the possi-
bility of albumin synthesis responding differently depending
on the stage of the inflammatory process and various stimuli.
In fact, a biphasic response (no change, then a decrease) of
albumin synthesis has been confirmed in a rat model of sepsis
[8]. The pathophysiologic process of intra-abdominal abscess
following gastrointestinal fistula differs from those with an
acute-phase response and possibly elicits different kinetics of
albumin synthesis. However, data on dynamics of albumin
synthesis in these patients are relatively scarce. Thus, changes
in liver albumin synthesis rates in patients with gastrointes-
tinal fistula in conjunction with inflammation need to be
characterized.

The present study was designed to evaluate in a group of
patients with gastrointestinal fistula the response of liver al-
bumin synthesis to intra-abdominal abscess (IAA). In this
study, we determined in vivo the albumin fractional synthesis
rate (FSR) in duplicate—at the time of diagnosis of intra-
abdominal abscess and one week after sump drainage when
clinical signs of intra-abdominal abscess have subsided—and
how these relate to albumin levels and circulating endocrine
hormone profiles.

Materials and Methods

Materials

L-[ring-2H5]-phenylalanine (99 atom percent excess, Cam-
bridge Isotopes, Andover, MA) was dissolved in sterile 0.9%
NaCl to a final concentration of 6 g/L. Then, the solution was
passed through a 0.22 micron filter and sterilized before being
dispensed in ampoules by the pharmacy department at the
Jinling Hospital, Nanjing, China. Tests were performed to
ensure the correct identity and concentration, as well as a
sterile and pyrogen-free product.

Subjects

Eight patients with intra-abdominal abscess admitted to
the Research Institute of General Surgery at Jinling Hospital,
Nanjing, China were included prospectively in this investi-
gation. In parallel, eight patients with controlled en-
terocutaneous fistula matched for age, gender, and body mass
index served as controls. Patients with IAA were eligible for
inclusion if they were aged 18–60 years, showed clinical evi-
dence of IAA, and were scheduled to undergo percutaneous
abscess sump drainage using a 12-mm trocar [9] within 1 d of
study entry. The diagnosis of IAA was made primarily on the

basis of computed tomography findings and supplemented
with clinical parameters [1], including one or more of the
following: Fever or hypothermia, leukocytosis, high C-reac-
tive protein (CRP) concentration, abdominal wall involuntary
guarding, and abdominal tenderness or pain. The diagnosis
was confirmed by aspiration and culture of pus retrieved from
the abscess. All patients received a worldwide-accepted pro-
tocol designed for the treatment of patients with en-
terocutaneous fistulas [10]. All subjects were screened prior to
study and were excluded for hepatic, renal, or endocrine
disease, having diabetes mellitus or other metabolic abnor-
malities, showing clinical evidence of infections at other body
sites, or having received somatostatin therapy. Subjects with
rapidly progressing disease or immediately life-threatening
illness also were excluded.

The study protocol was reviewed and approved by the ethics
review board of Jinling Hospital, Nanjing, China. Written in-
formed consent for participation in the study was obtained
from all participants after the purposes and potential risks of the
experimental procedures had been explained in detail.

Experimental protocol

Measurement of albumin synthesis in patients with IAA
was performed in duplicate, immediately before (Period 1)
and one week following sump drainage when clinical signs of
intra-abdominal sepsis had been eradicated (Period 2; Fig. 1).
In control patients, albumin synthesis rates were determined
at one time point only (Period 0). Albumin fractional synthesis
rate was measured from the rate of incorporation of
L-[ring-2H5]-phenylalanine into plasma albumin and all
studies were conducted in the absorptive state following an
overnight fast of at least 8 h [11]. On the morning of study,
subjects’ height was measured in triplicate with a stadiometer
to the nearest 0.1 cm and weight with an electronic scale to the
nearest 0.1 kg. An intravenous catheter was then placed in an
antecubital vein for the infusion of stable isotopically labeled
amino acid and a second catheter in the radial artery of the
contralateral arm for blood sampling. The hand was kept
warm with a heating blanket to relieve discomfort. After
baseline blood samples were taken for determination of nat-
ural isotopic enrichments, liver enzymes, amino acids and
hormone concentrations, a primed, constant infusion of L-
[ring-2H5]-phenylalanine (priming dose: 4 micromol$kg - 1,
infusion rate: 6 micromol$kg - 1$min - 1) was started at 0700
and maintained during the whole course of the protocol (6 h).
Additional 3-mL arterial blood samples were drawn at
hourly intervals throughout the infusion into pre-chilled
tubes containing ethylenediaminetetraacetic acid (EDTA) and

FIG. 1. Schematic representation of the isotope infusion protocol. Patients with intra-abdominal abscess (IAA) were studied
at the day when IAA was diagnosed (Period 1) and one week after sump drainage (Period 2). For the control patients, only
one measurement was taken (Period 0). After obtaining blood samples for background enrichment at 0 min, a primed
continuous infusion of L-[ring-2H5]-phenylalanine was administrated intravenously for six hours. Arrows indicate blood
sampling times.
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centrifuged immediately at 4�C; the plasma was stored at
- 80�C until further analysis. Physiologic parameters (i.e.,
body temperature, heart rate) were monitored and recorded
hourly during the study.

Analytical procedures

Precursor pool enrichment. For measurement of plasma
free phenylalanine enrichment, initially plasma samples were
deproteinized by adding 10 microliters of 5-sulphosalicylic
acid solution (45%) to 100 microliters of sample [12]. After
vortex mixing, the samples were centrifuged at 1,000 rmp for
10 min at 4�C. The supernatant was acidified to pH 3 and
loaded to a solid phase extraction (SPE) cartridge [13]. Amino
acids trapped on the cartridge were washed out by 2 mL of
3 mol/L ammonia water, and effluents were collected and
dried in vacuo.

Albumin pool enrichment. Albumin in plasma samples
was isolated by differential solubility in absolute ethanol from
trichloroacetic acid (TCA) precipitated proteins, as described
by Debro and Korner [14]. In short, the plasma was precipi-
tated with cold 10% TCA and centrifuged. The acid was
poured off and cold absolute ethanol was then added to dis-
solve the protein pellet. The resulting supernatant contained
exclusively albumin and was dried under vacuum. The purity
and identity of the extracted albumin has been demonstrated
previously [15, 16]. Further to remove traces of free amino
acids, the residue was suspended in 0.3 mol/L sodium
hydroxide at 37�C for 1 h and further reprecipitated in
2 mol/L perchloric acid (HClO4). Following washing with 0.2
mol/L HClO4, albumin was hydrolyzed with 6 mol/L hy-
drogen chloride in an evacuated sealed tube at 110�C for 24 h.
The hydrolysates were further purified by passing through a
0.22 micron filter and were evaporated to dryness for mea-
surement of isotopic enrichment.

Mass spectrometry. The purified amino acids from
plasma, as well as albumin hydrolysates, were derivatized
with N-methyl-N-trimethylsilyltrifluoroacetamide plus 1%
trimethylchlorosilane at 37�C, respectively, for 30 min. The
isotopic enrichment of L-[2H5] phenylalanine from the plasma
free amino acid pool and from albumin was measured by gas
chromatography mass spectrometry analysis (model 5973;
Hewlett-Packard, Palo Alto, CA) in the electron impact ioni-
zation mode. Mass-to-charge ratio (m/z) of 192 (m + 0) and
197 (m + 5) for phenylalanine were selectively monitored for
unlabeled phenylalanine and [2H5] phenylalanine, respec-
tively. The enrichment was expressed as tracer (labeled ami-
nos acids) to tracee (unlabeled amino acids) ratio (TTR).

Other analytical procedures

White blood cell (WBC) count, plasma total protein content,
albumin concentrations, plasma CRP concentrations and liver
function tests were analyzed by routine clinical laboratory
methods. Amino acid concentrations were performed on Agi-
lent 1100 high performance liquid chromatograph (Santa Clara,
CA). Plasma concentrations of cortisol and serum concentrations
of GH, free triiodothyronine (FT3), free thyroxine, total triiodo-
thyronine, total thyroxine, and thyroid-stimulating hormone
were measured by chemiluminescent immunoassays on an
Advia Centaur instrument (Bayer, Leverkusen, Germany).

Calculation

The FSR of albumin (i.e., the fraction of the total albumin-
bound pool that is synthesized per day [%/d]), was calculated
from the rate of incorporation of [ring-2H5]-phenylalanine into
plasma albumin, using a standard precursor-product model
as follows [17]:

FSR¼ EB(t2)�EB(t1)

EP · t
· 60 · 24 · 100

where EB (t1) and EB (t2) represent the isotopic enrichment
(TTR) of albumin-bound phenylalanine at two consecutive time
points after albumin enrichment becomes linearly increased, EP
is the isotopic enrichment of precursor at plateau and t is the
time interval in minutes between two blood samples. In this
study, plasma [ring-2H5]-phenylalanine was used as surrogate
for precursor enrichment according to previous studies [18].

Statistical analysis

Data are presented as means – S.E.M. unless otherwise
noted. Categorical variables were analyzed by Chi-square test
or Fisher exact test, and continuous variables by Student
t-test, one-way ANOVA, or Kruskal-Wallis H-test as appro-
priate. A repeated measures of analysis of variance with a post
hoc LSD test was used when comparing more than two var-
iables. Correlations between the protein synthesis rates and
clinical parameters were tested by the Spearman test. All
statistical analyses were performed with IBM SPSS Statistics
18 (SPSS Inc., Chicago, IL, USA) and p values < 0.05 were
considered statistically significant. All statistical analyses
were two-tailed.

Results

Subject characteristics

The subjects’ anthropometric characteristics are presented in
Table 1. The eight infectious patients consisted of six females and
two males; eight sex-matched intestinal fistula patients were
recruited. All of the patients with IAA were studied twice in a
similar interval of seven days. The average age at study enroll-
ment was 33.38 – 3.48 yrs for patients with IAA and 34.0 – 2.68
yrs for control patients. Body mass index and weight in partic-
ipants with IAA was similar to that in control subjects and re-
mained unchanged over the 7-d period of observation. All
patients had increased body temperature, WBC counts and se-
rum CRP concentrations and were diagnosed to have abdomi-
nal abscess by abdominal computed tomography (CT) scan. All
patients had received antibiotic therapy, parenteral nutrition,
sump drainage, and other supportive therapy.

The median time from fistula development to study entry
was 37.75 d in control patients and 21.63 d in IAA patients
(Table 2). The site of the fistula in control patients was in
duodenum in two cases, jejunum in three cases, ileum in two
cases, and colon in one case. In IAA patients, four fistulas
involved the duodenum, one involved jejunum, one involved
ileum, and two involved colon. There were three high-output,
three medium-output, and two low-output fistulas in control
patients, whereas four fistulas of IAA patients were of high
output, two were of medium output, and two were of low
output. Six fistulas were believed to be secondary to original
injuries from trauma in IAA patients, whereas there were four
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in control patients. Three control patients developed a fistula
after previous abdominal surgery but only one in IAA pa-
tients. There was one patient in both groups, who developed
spontaneous fistulation secondary to Crohn disease. Fistula
closure was accomplished in all patients. Spontaneous closure
occurred in five control patients and two patients with IAA,
while surgical intervention achieved closure in three control
patients and six patients with IAA.

Plasma albumin concentration
and fractional synthesis rate

All participants’ physiologic parameters were monitoring
during the isotope infusion. Compared with control patients,
though patients with IAA had increased body temperature, re-
spiratory rates and heart rates, these parameters remained con-
stant during the isotope infusion, indicating a physiological
steady state. During a 6-h tracer infusion in both groups in the
post-absorptive state, we observed a rapid, marked increase of
the enrichments of plasma free phenylalanine in the first 2 h, and
then the enrichments reached plateau values and remained un-
changed (mean, 0.124884 in control and 0.128672 in IAA patients;
p > 0.05), indicating complicated intra-abdominal infections had
no influence on plasma free phenylalanine enrichments. The
enrichments of albumin-bound phenylalanine TTR increased
linearly over the 6-h infusion of [2H5]-phenylalanine.

Patients suffering from IAA had reduced serum albumin
concentrations (31.71 – 1.14 g/L vs. 38.46 – 1.66 g/L; p < 0.05)
and albumin fractional synthesis rates (5.3 – 0.56%/d and
7.8 – 0.41%/d, respectively; p < 0.05), compared with control
patients (Fig. 2).

When the source of infection was removed, fractional syn-
thesis rate increase (5.3– 0.56%/d and 6.8 – 0.33%/d; p < 0.05,
compared with phase of abscess formation, i.e., Period 1),
whereas serum albumin concentrations did not differ from pa-
tient with IAA (Period 1). Both albumin synthesis rates and
serum albumin concentrations were not significantly different
between IAA patients during convalescence and control patients.

Plasma concentrations of free amino acids

Measurement of plasma free amino acids concentrations
was performed once, immediately before the first isotope in-

fusion. As shown in Table 3, the plasma concentration of
phenylalanine and proline in patients with intra-abdominal
abscess was higher than that in control subjects, whereas
glutamic acid decreased, compared with controls. The plasma
concentrations of other amino acids did not differ between
both groups.

Plasma endocrine hormone levels

The circulating concentration of FT3 in patients with IAA
was significantly lower than that in both control patients and
IAA patients after sump drainage. The concentration of all
other endocrine hormones presented in Table 1 was not sig-
nificantly different among the three groups.

Discussion

The primary goal of this study was to investigate the re-
sponse of albumin synthesis to intra-abdominal abscess in pa-
tients with gastrointestinal fistula and the albumin synthesis
kinetics during convalescence following sump drainage. We
found that both serum albumin concentrations and albumin
fractional synthesis rates were lower in patients with intra-
abdominal abscess relative to control values. Furthermore, our
results show that albumin fractional synthesis rates normalized
during convalescence, whereas serum albumin concentrations
did not differ significantly from the corresponding concentra-
tions in control subjects and patients with intra-abdominal
abscess.

The acute albumin synthetic response to stress has been ex-
amined in detail [19–21]. In 1987, reduced albumin synthesis
was measured in four patients with inflammatory diseases,
including periappendicular abscess, using the [14C]-carbonate
technique [22]. In recent years, however, a decreased albumin
synthesis rate has been challenged by several studies in human
beings, indicating that the synthesis rate of albumin in patients
with an acute-phase response is increased rather than de-
creased, as well as volunteers who received endotoxin [23–25].

These measurements were made at only one time point
following stress, and it is confirmed that albumin synthesis
responded differently depending on the stage of the inflam-
matory process. In particular, a dynamic response (no change,
a decrease, and then an increase) of albumin synthesis has

FIG. 2. Serum albumin concentrations and fractional synthesis rates in control patients (Period 0) and in intra-abdominal
abscess patients immediately before (Period 1) and one week following sump drainage when clinical signs of intra-abdominal
sepsis had been eradicated (Period 2). Circles represent individual values, horizontal lines represent means. ***p < 0.05,
compared with Period 0 and Period 2. #p < 0.05, compared with Period 0.
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been demonstrated in a rat model of sepsis [8]. Also, several
studies in humans have shown a biphasic change of albumin
synthesis in different phases of cholecystitis, which corre-
sponds to studies in small animals. An increased albumin
synthesis is observed in acute cholecystitis patients (within
2–4 d after initiation of symptoms) [6], whereas in patients
with cholecystolithiasis, a lower albumin synthesis (FSR,
5.9 – 1.2%/d) was found [26]. Taken together, these results
suggest that timing of measurement should be taken into
consideration to make comparisons.

The question remains: Why does IAA itself result in a
decrease in albumin synthesis in patients with gastrointes-
tinal fistula? First, unlike models based on intravascular
administration of endotoxin or bacteria, an abscess will
persist for several days until the diagnosis is made. Data
presented in this study are only a glimpse of albumin
synthesis at the time point when the diagnosis of intra-
abdominal abscess was made and one week after sump
drainage. On the contrary, many other studies in humans
have been conducted at only one stage of the inflammatory
process, mostly during the acute phase. In fact, when intra-
abdominal infection was induced in rats, albumin synthesis
was found to be decreased during the early acute phase [27]
and the chronic phase [8], which was the case in present
study. Thus, the degree or type of catabolic insult seem to be
important.

Second, the stress state of patients also appears to play an
important role. It is accepted increasingly that stress hor-
mones could be implicated in maintaining albumin synthesis
in injury [28]. Although the two groups have similar growth
hormone and cortisol concentrations (decreased compared

with normal values), patients with IAA have lower levels of
serum FT3, which have been dubbed a ‘‘nonthyroidal illness
syndrome (NTIS)’’ or ‘‘low-T3 syndrome’’ [29]. In fact, we
collected 226 intestinal fistula patients prospectively in our
center, and found that NTIS occurred frequently, with a
prevalence of 57.5% [30]. Once these patients complicated
with sepsis, a significantly greater decline in plasma FT3 val-
ues was noted. Interestingly, we found positively correlations
between the albumin synthesis rate and serum FT3 concen-
tration (Fig. 3). Because thyroid hormones are known to have
anabolic effects and FSRs of albumin correlated positively
with plasma FT3 concentrations, the reduction of FT3 may be a
pathogenic factor that contributes to the decreased synthesis
rates of albumin in the present study. Further interventional
investigation will make clear to what extent low FT3 plays a
role in albumin synthesis.

Albumin synthesis, which depends on the availability of
intracellular amino acids, is well known to be influenced by
the nutritional state [31]. Starvation and protein-deficient di-
ets were associated with increased whole body protein ki-
netics and reduced albumin synthesis in vivo [32, 33], whereas
the progressive restoration of food intake was associated with
a progressive increase in albumin synthesis [8]. In the present
study, to determine specifically the effect of infection, every
patient received standard parenteral nutrition support and
exercise program. Skeletal muscle wasting and weight loss
was not observed in these patients. Moreover, liver functions
were affected to a slight degree in few of the patients in this
study and amino acid concentrations were consistent with
values in control subjects (Table 3). Thus, the reduction of
albumin synthesis in the present study was most likely not
due to a decreased supply of amino acids to the liver or the
result of a liver dysfunction.

It is worth mentioning that even with the increased albu-
min synthesis during convalescence, the synthesis rate of

Table 1. Patient Characteristics

Control patients IAA patients

Period 0 Period 1 Period 2

Age (years) 34.0 – 2.68 33.38 – 3.48 33.38 – 3.48
Male/female 6/2 6/2 6/2
Weight (kg) 64.26 – 3.38 58.28 – 2.94 58.9 – 2.25
Height (cm) 173.63 – 1.05 170.63 – 2.46
BMI (kg/m2) 21.65 – 0.84 20.61 – 1.16 20.81 – 0.85
Body

temperature
(�C)

36.58 – 0.08 38.65 – 0.16* 37.1 – 0.11

WBC (109/L) 5.9 – 0.26 12.38 – 1.79{ 8.3 – 0.35{

CRP (mg/L) 9.73 – 1.74 116.07 – 29.1* 35.48 – 6.59
Albumin (g/L) 38.46 – 1.66 31.71 – 1.14{ 35.21 – 1.05
Cortisol

(nmol/L)
378.75 – 72.89 466.25 – 86.7 371.25 – 58.42

GH (ug/L) 1.57 – 0.38 1.49 – 0.30 1.59 – 0.30
TSH (mU/L) 2.37 – 0.42 1.77 – 0.33 2.07 – 0.33
FT3 (pmol/L) 4.56 – 0.32 3.41 – 0.41* 4.49 – 0.29
TT3 (nmol/L) 1.47 – 0.24 1.26 – 0.21 1.27 – 0.24
FT4 (pmol/L) 11.1 – 0.79 11.39 – 0.78 10.76 – 0.85
TT4 (nmol/L) 100.2 – 5.87 84.86 – 6.39 95.63 – 5.81

*p < 0.05 compared with control patients (Period 0) and IAA
patients following sump drainage (Period 2).

{p < 0.05 compared with control patients (Period 0).
IAA, intra-abdominal abscess; BMI, body mass index; WBC, white

blood cell; CRP, C-reactive protein; GH, growth hormone; TSH,
thyroid-stimulating hormone; FT3, free triiodothyronine; TT3, total
triiodothyronine; FT4, free thyroxine; TT4, total thyroxine.

Table 2. Clinical Characteristics of Enteric

Fistula in All Patients

Control
patients

IAA
patients p

Duration of fistula
(days)

35.75 – 12.12 21.63 – 5.41 0.305

Fistula origin 0.506
Duodenum 2 4
Jejunum 3 1
Ileum 2 1
Colon 1 2

Output (mL/day) 0.842
< 200 2 2

200–500 3 2
> 500 3 4

Underlying surgery/
disease

0.497

Trauma 4 6
Operation 3 1
Crohn disease 1 1

Closure 0.315
Spontaneous 5 2
Surgical 3 6

IAA, intra-abdominal abscess.
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albumin remains relatively low, compared with its pool size.
Further, depleted plasma albumin concentrations under
pathological condition may result from reduced rate of syn-
thesis, increased rate of degradation, or altered distribution
between extra- and intravascular compartments. An increase
in vascular permeability has the potential to change plasma
albumin very rapidly and to a greater extent than changes in
synthesis and degradation because its rate can be as much as
several times higher than synthesis in patients with infections.
Thus, it may take several days for changes in synthesis to be
reflected in serum albumin concentrations, if other dynamic
parameters remain unchanged. In other words, changes in
albumin synthesis are more sensitive to the extent of inflam-
mation, compared with serum albumin concentration. Fur-
ther studies are needed to demonstrate whether albumin

synthesis rate is a predictor of the degree of intra-abdominal
infection and subsequent clinical outcome.

In summary, our study provides insight in the dynamics
of albumin synthesis in patients with complicated intra-
abdominal infections. Patients with IAA have decreased al-
bumin synthesis and serum albumin concentrations. After
removal of the sources of infection, that is, in convalescence,
albumin synthesis rate was elevated, whereas serum albumin
concentrations did not differ significantly from the corre-
sponding concentrations in control subjects and patients with
intra-abdominal abscess. These findings suggest that de-
creased serum albumin synthesis rates in patients with intra-
abdominal abscess might partially contribute to the decline in
serum albumin concentrations and albumin synthesis rate
appears to be more sensitive to the degree of intra-abdominal
infection.
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