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Abstract. Patients with obstructive jaundice (OJ) that requires surgery
often have malnutrition associated with increased perioperative morbid-
ity. This study investigated the factors influencing nutritional derange-
ments in these patients. A series of 46 OJ patients were investigated
prospectively (28 malignant tumors, 18 benign obstructions). A nutri-
tional risk index of < 83.5 was used to define protein-calorie malnutri-
tion. Liver function, cholecystokinin (CCK), tumor necrosis factor-a
(TNFa), and endotoxin levels were determined. A multivariate analysis
was performed, and an obstructive jaundice malnutrition index (OJMI)
was obtained. Altogether, 22 (48%) OJ patients had malnutrition (33%
with benign obstructions, 57% with malignant disease). Malnourished
patients had higher serum bilirubin levels (258 = 120 vs. 154 * 62
mmol/L; p = 0.005), longer duration of jaundice (16 = 9 vs. 9 = 5 days;
p = 0.03), and higher plasma levels of CCK (4.0 = 1.3 vs. 1.7 = 1.0
pmol/L; p = 0.005), alanine aminotransferase (ALT) (226 = 209 vs. 187 =
161 UI/L; p = 0.01), endotoxin (15 % 10 vs. 6.5 = 7.0 EU/L; p = 0.007),
and TNFa (69 = 82 vs. 23 *= 15 pg/ml; p = 0.008) than those without
malnutrition. However, only serum bilirubin, CCK, ALT, and patient age
were predictors for malnutrition by multivariate analysis. Malnutrition
might be expected (95% confidence interval) in patients older than 68
years with increased bilirubin (> 290 mmol/L) and ALT (> 210 UI/L)
levels that corresponded with an OJMI > 55. It was concluded that
nutritional alterations in patients with obstructive jaundice were deter-
mined by the intensity of the biliary obstruction correlated with increased
plasma CCK levels as well as with liver dysfunction and patient age.

Perioperative complications in patients with obstructive jaundice
may be aggravated by disturbances in nutritional status. Con-
trolled studies suggest that treatment of nutritional deficiencies
may improve the outcome of surgery [1-3]. Thus identification of
prognostic factors is of value in the surgical treatment of patients
with obstructive jaundice [1-3]. Malnutrition has previously been
observed in patients with benign and malignant biliary obstruc-
tions [4, 5]. The high incidence of malnutrition in obstructive
jaundice-related neoplasia may be caused by the tumor per se and
by the anorexic properties of tumor necrosis factor-a (TNFa) [6].
Malnutrition in patients with benign biliary obstruction is also
reported to be considerable [4]. It is therefore important to iden-
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tify the factors associated with the pathophysiology of the biliary
obstruction that might cause malnutrition.

Although short periods of biliary obstruction rarely induce
malnutrition, prolonged obstruction of the bile duct with low bile
acid secretion may affect fat absorption [7, 8]. It has also been
suggested that the presence of endotoxins, a systemic increase in
bile component levels [9], and liver dysfunction [10] may lead to
anorexia. Miyasaka et al. [11] reported that patients with obstruc-
tive jaundice presented increased cholecystokinin (CCK) concen-
trations. This hormone has powerful anorectic properties [12-14]
and has been shown in experimental studies to reduce food intake
[15, 16].

It is not yet known whether circulating concentrations of TNFe,
endotoxin, bile acids, or CCK are associated with malnutrition in
patients with obstruction of the biliary tract. The purpose of this
study was to identify factors related to the preoperative derange-
ments in the nutritional status of patients with biliary tract ob-
struction.

Materials and Methods

A group of 46 patients with obstructive jaundice (20 men, 26
women) were investigated prospectively. Their mean age was
69 = 11 years. Altogether 18 patients had benign pathologies (12
choledocolithiasis, 6 Mirizzi syndrome), and the remaining 28 had
malignant tumors (9 periampullary tumors, 4 gallbladder tumors,
9 hilar tumors, 6 cholangiocarcinomas). Biochemical and hor-
monal parameters were analyzed in a control group of 18 healthy
subjects similar in age (67.5 = 12.0 years; range 37-76 years) and
gender distribution (9 men, 11 women) to the study group.

Patients with the following criteria were included: serum bili-
rubin > 5 mg/dl, alkaline phosphatase > 150 IU/L, and ultrasono-
graphic evidence of extrahepatic and intrahepatic bile duct dila-
tion (> 4 mm and 8 mm, respectively). Patients meeting the
following criteria were excluded: those with acute cholangitis,
body temperature > 38°C, intravenous fluid therapy, use of di-
uretics, parenchymal liver disease, ascites, heart failure, chronic
renal failure.
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Nutritional Assessment

Nutritional assessment included anthropometric parameters [ide-
al body weight (%); mid-arm muscle area (cm?); skinfold thick-
ness (mm): biceps, triceps, subscapular, suprailiac crest]; visceral
proteins [albumin (g/L), transferrin (g/L), prealbumin (mg/L),
retinol-binding protein (mg/L)]; creatinine height index (%); and
total lymphocyte count (cells/mm?). Skinfold thickness was mea-
sured using a Holtain caliper (pressure 10 g/mm?). All anthropo-
metric measurements were performed by the same experienced
observer.

Protein-calorie malnutrition was defined when the Nutritional
Risk Index (NRI) was < 83.5. The NRI was calculated from the
following equation [17].

NRI = 1.519 X albumin (g/L)

+ 0.417 (weight [kg] on admission/usual weight [kg]) X 100

Biochemical Parameters

Bilirubin, alkaline phosphatase, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), and -y-glutamyl transpeptidase
(v-GT) were measured by direct spectrophotometry using a Syn-
chron CX7 analyzer (Beckman-Astra, Brea, CA, USA) [18].

The CCK determination was performed by a sensitive radioim-
munoassay (RIA) with plasma extraction through affinity columns
(Waters Sep-Pak C-18, Barcelona, Spain), and reconstituted with
assay buffer [19, 20]. OAL-656 antiserum was used for the CCK
determination. This antiserum recognizes the sulfated tyrosine
residue of CCK-8 and CCK-33 (which constitutes more than 80%
of CCK recovered from human plasma) but did not cross react
with the non sulfated form of CCK-8 (0.04%), gastrin-17 (0.2%),
or sulfated gastrin-17 (0.9%). The '*’I-labeled Bolton-Hunter
CCK-8 reagent was used to label CCK-8 to provide a tracer for
the CCK assay. Measurements were made in duplicate on a
gamma scintillator (Ultraogamma Counter-INa, Crystal 2-5400
B-5412; Packard, Camberra, Australia). The sensitivity of the
assay was 1.2 pmol/L plasma. The intraassay and interassay vari-
ation coefficients for these measurements were 5.6% and 6.2%
respectively.

Endotoxin was measured using the E-TOXATE kit (Sigma, St.
Louis, MO, USA), for the Limulus semiquantitative test [21, 22].
TNF« in serum was quantified by competitive enzyme immuno-
assay [enzyme-linked immunosorbent assay (ELISA)], as previ-
ously described [23].

Statistical Analysis

The sample size was estimated. A previous study recorded a
mean * SD difference in albumin values of 5 = 4 g/L. between
patients with benign and malignant obstruction [4]. Assuming a
95% confidence interval (CI) and a power of 90%, 14 patients
would be required in each group to detect differences of 5 g/L.
Results are expressed as the means = SD (p = 0.05). Inter-
group and intragroup statistical analyses were performed using
the two-tailed Student ¢-test for unpaired and paired data. Cor-
relation of variables was evaluated using Pearson’s coefficient.
Multivariate analysis was performed to identify prognostic factors
for malnutrition. Potentially useful covariables included age, gen-
der, etiology, biochemical parameters of cholestasis, duration of
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Table 1. Nutritional parameters for benign and malignant obstructions.

Benign obstruction ~ Malignant tumor

Parameters (n = 18) (n = 28)
Ideal body weight (%) 97.0 £ 10.7 88 + 15*
Skinfold thickness (mm)
Triceps 15.0 £ 6.5 13+8
Biceps 14 +7 13.0 £ 6.5
Subscapular 158 120 = 9.5
Iliac 16.5 = 12.0 15+6
Mid-arm muscle area (cm?) 27 =11 239
Visceral proteins
Albumin (g/L) 35+3 30 = 4**
Transferrin (g/L) 2.0 0.6 1704
Prealbumin (mg/L) 139 + 48 124 =52
RBP (mg/L) 41+ 18 3817
TLC (cells/mm?) 1583 = 690 1130 = 473%***

Values are means = SD.
RBP: retinol-binding protein; TLC: total lymphocyte count.
*p = 0.03; **p = 0.001; ***p = 0.02.

jaundice, parameters indicative of liver function, CCK, TNFq,
and endotoxin. Variables for which p > 0.1 were excluded from
the regression study using the “stepwise method” and were ad-
justed to the methodologic selection procedure. An obstructive
jaundice malnutrition index (OJMI) was obtained with this
method.

Results

The mean serum bilirubin level in patients with obstructive jaun-
dice was 230 = 110 mmol/L, and the mean duration of jaundice
was 13.0 £ 8.7 days. On admission, 22 patients (48%) were
malnourished (33% with benign obstruction, 57% with malignant
tumors). The mean weight loss in the 46 patients studied was 7.5%
*+ 4.6% of body weight.

Table 1 provides a comparison between benign and malignant
obstructions. Only weight loss, serum albumin, and total lympho-
cyte count were significantly worse in patients with malignant
tumors. A negative correlation was recorded between the serum
albumin level and both bilirubin (r = —0.62; p = 0.002) and CCK
(r = —0.42; p = 0.001) levels.

Table 2 shows the results of biochemical analyses in patients
with biliary tract obstruction and healthy controls. Liver enzymes,
prothrombin activity, CCK, TNF«, and endotoxin levels were
significantly higher in patients with obstructive jaundice. A corre-
lation between the CCK plasma concentration and bilirubin was
observed with both benign obstruction (r = 0.46; p = 0.03) (Fig.
1) and malignant tumors (r = 0.54; p = 0.005) (Fig. 2).

Cholestasis parameters, duration of jaundice, ALT, plasma con-
centrations of CCK, TNFq, and endotoxins were significantly
higher in malnourished than in nonmalnourished patients (Table
3). The behavior of these variables was identical when the results
for either benign or malignant obstructive jaundice were analyzed
according to the nutritional status, except TNFa. Plasma levels of
TNF« increased only in malnourished patients with neoplasia
(78.0 £ 77.0 pg/ml in malnourished patients versus 20.0 = 8.6
pg/ml in nonmalnourished patients) (p = 0.002). In patients with
benign obstruction the TNFa plasma concentrations showed little
difference (24 = 30 pg/ml in malnourished patients versus 33 * 40
pg/ml in nonmalnourished patients).
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Table 2. Results of biochemical parameters analyzed in obstructive
jaundice patients and controls.

oJ Controls
Parameters (n = 46) (n =18) P
Bilirubin (mmol/L) 230 = 120 13.5 85 0.0002
Alkaline phosphatase (IU/L) 817 = 868 88 £ 25 0.002
v-GT (IU/L) 628 * 678 3513 0.001
AST (IU/L) 172 = 175 37 +23 0.004
ALT (IU/L) 205 = 188 36 =27 0.001
Prothrombin activity (%) 97 =6 NA NA
CCK (pmol/L) 28+ 14 12x02 0.0006
Endotoxin (EU/ml) 12.0 = 9.6 <0.75 0.0001
TNFa (pg/ml) 46.5 + 62.0 2813 0.06

Values are means = SD.

NA: not available; OJ: obstructive jaundice group; y-GT (y-glutamyl
transpeptidase); AST (aspartate aminotransferase); ALT (alanine amino-
transferase); CCK (cholecystokinin); TNFa (tumor necrosis factor-c).

When a multiple logistic regression was applied that included
all parameters, only the serum bilirubin, ALT, and CCK proved to
be reliable predictors of malnutrition in patients with obstructive
jaundice (Table 4). For clinical purposes, a multiple logistic re-
gression, excluding the nonroutine available parameters (CCK,
TNFa, endotoxin) was performed. Serum bilirubin, ALT, and
patient age were the predicting factors for malnutrition (Table 5).

The logistic equation obtained as the OJMI was

OJMI = 24 + 0.05ALT + 0.03 bilirubin + 0.1 age

Patients with a nutritional index > 55 were malnourished. The
sensitivity and specificity of the equation to detect malnutrition
were 82% and 83%, respectively. Positive and negative predictive
values of the equation were 89% (95% CI 79-98%) and 75%
(95% CI 63-88%), respectively. Malnutrition might be expected
(95% CI) in jaundiced patients older than 68 years with serum
bilirubin > 290 mmol/L and ALT > 210 UI/L.

Discussion

This study analyzed various factors potentially related to the
nutritional status of patients with obstruction of the biliary tract.
Of the factors studied, those associated with malnutrition were
the intensity of the bile duct obstruction associated with increased
CCK plasma levels, liver dysfunction, and the patient’s age.

Previous studies have reported a high incidence of malnutrition
in patients with obstructive jaundice [4, 5]. However, the degree of
malnutrition may be underestimated in these patients owing to
abnormally increased serum albumin concentrations resulting
from depleted extracellular and plasma volume [24, 25] associated
with alterations in sodium- and water-regulating hormones [26,
27].

As observed in a previous study [4], weight loss and low serum
albumin concentrations were considerably more marked in pa-
tients with a malignant obstruction. Low serum albumin levels in
cancer patients may be accounted for by a chronic reduction in
food intake and protein-calorie malnutrition, or they may result
from an acute-phase response secondary to the activity of TNFa
and other proinflammatory cytokines that down-regulate albumin
synthesis and induce an increase in energy expenditure [28-30].
TNFa is a cytokine that acts as a cachectin associated with cancer
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Fig. 1. Correlation between serum bilirubin and cholecystokinin (CCK)
in patients with benign obstruction (r = 0.46; p = 0.03). Equation of linear
regression: y = 1.55 + 0.87x.

Fig. 2. Correlation between serum bilirubin and CCK in patients with
malignant obstruction (r = 0.54; p = 0.005). Equation of linear regression:
y =176 + 0.6x.

and endotoxemic status [31-33]. In the present study, TNFa levels
were significantly higher only in the presence of malignant biliary
obstruction with malnutrition. In patients with benign obstructive
jaundice and who met the malnutrition criteria, plasma TNFa
levels were close to those obtained in healthy controls. Although
a high incidence of malnutrition was observed in patients with
malignant obstructive jaundice, multivariate analysis showed that
neither the etiology of the biliary obstruction nor plasma concen-
trations of TNFa and endotoxin were considered prognostic fac-
tors for malnutrition.

Contrary to expectations, the duration of jaundice was not
predictive of malnutrition. However, malnutrition was associated
with the intensity of the biliary obstruction, according to the
plasma bilirubin levels. These findings suggest that an absence of
bile in the duodenum may induce stimulation of anorexia medi-
ators. In the present study, an increase in CCK was observed in
patients with obstructive jaundice and malnutrition compared to
that in patients with normal nutritional status, whose CCK levels
were close to those of healthy controls. Moreover, the correlation
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Table 3. Evaluation of analyzed parameters according to nutritional
status.

Not

Malnourished — malnourished
Parameter (n =22) (n =124 p
Duration of jaundice (days) 16 =9 9+5
Bilirubin (mmol/L) 258 + 120 156 = 62 0.005
Alkaline phosphatase (TU/L) 1017 + 1168 383 + 358 0.008
v-GT (IU/L) 616 + 666 301 + 297 0.03
AST (IU/L) 184 + 206 152 * 105 NS
ALT (IU/L) 226 + 209 187 = 161 0.01
Prothrombin activity (%) 95.0 = 6.5 99.5 = 5.0 0.052
CCK (pmol/L) 4+13 1.7+1.0 0.005
Endotoxin (EU/L) 1510 6.5*7.0 0.007
TNFa (pg/ml) 69 + 82 23+15 0.008

Values are means + SD.

Table 4. Results of multiple logistic regression applied for malnutrition
in obstructive jaundice patients, including all parameters analyzed.

Variable Coefficient SE Wald P OR
Bilirubin 0.04 0.13 6 0.01 1.35
CCK 0.2 0.13 5.5 0.03 12
ALT 0.09 0.01 2 0.05 0.9
Constant 21 2 8 0.005

SE: standard error; Wald: statistic that tests the null hypothesis that
a coefficient in a logistic regression model is zero; OR: odds ratio.

between CCK and malnutrition proved statistically significant by
multivariate analysis.

Clinical studies suggest that the presence of bile in the gut
exerts negative feedback on CCK secretion [34, 35]. By contrast,
in patients with biliary tract obstruction, the absence of bile in the
duodenum and the consequent accumulation of bile components
in the blood was accompanied by increased plasma CCK levels.
CCK is involved in biliopancreatic physiology, stimulating the
secretion of bile and pancreatic enzymes. Several studies have
shown that CCK has considerable anorectic properties [12-14, 36,
37]. CCK acts as a neuropeptide in the central nucleus of satiety
and in the digestive tract by slowing down the rate of gastric
emptying.

Finally, malnutrition is known to be more frequent in patients
with marked liver dysfunction and low anabolic capacity [10].
Nevertheless, obstruction of the biliary tract usually leads to
moderate impairment of liver function, as observed here. In the
present study, patients who met malnutrition criteria had higher
ALT levels than those without malnutrition. Moreover, ALT
plasma concentrations remained in the logistic regression equa-
tion as a prognostic factor for malnutrition.

Based on our data, for perioperative management special at-
tention should be paid to patients with obstructive jaundice who
are older than 68 years and have high plasma bilirubin and ALT
levels, as malnutrition may be expected in these individuals. Pre-
operative drainage might alleviate some of the nutritional alter-
ations in these patients [21]. Despite proper drainage, though, a
postdrainage period longer than 10 days is necessary to improve
the overall nutritional status, particularly in those with malignant
disease [21]. Perioperative nutritional support might be consid-
ered in this selected group of patients with persistent severe
malnutrition to reduce the major postoperative complications
[1-3, 38].
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Table 5. Results of multiple logistic regression applied for malnutrition
in obstructive jaundice patients excluding nonroutine parameters (CCK,
TNFa, endotoxin).

Variable Coefficient SE Wald P OR
Bilirubin 0.03 0.19 7 0.01 1.5
Age 0.1 0.1 4 0.02 1.3
ALT 0.05 0.01 2.5 0.05 1.1
Constant 24 2.5 9.5 0.005
Conclusions

Malnutrition observed in patients with obstructive jaundice was
mainly related to the intensity of the bile duct obstruction, asso-
ciated with increased plasma CCK levels and the degree of liver
dysfunction and the age of the patient. Patients older than 68
years with high plasma levels of bilirubin and ALT (OJMI > 55)
displayed an increased risk of severe malnutrition.

Résumé

Fond du probleme: Les patients souffrant d’un ictere par
obstruction (IO) qui nécessite un geste chirurgical sont souvent
dénutris, augmentant ainsi la morbidité périopératoire. Cette
étude a examiné les facteurs influencant les perturbations
nutritionnelles chez ces patients. Méthodes: Quarante-six patients
ayant un IO [28 tumeurs malignes et 18 cas d’obstructions
d’origine bénignes] ont été examinés prospectivement. On a défini
la malnutrition en calories sous forme de protéines par un indexe
de risque nutritionnel inférieur a 83,5. On a mesuré la fonction
hépatique et les taux de cholécystokinine (CCK), de TNF-« et des
endotoxines. Par analyse multifactorielle, on a déterminé un
indexe de malnutrition d’ictere par obstruction (IMIO).
Résultats: Vingt-deux patients (48%) ayant un IO avaient une
malnutrition (33% en cas d’obstruction bénigne, et 57% en cas de
maladie maligne). Par rapport aux patients sans malnutrition, les
patients dénutris avaient un taux de bilirubine sérique plus élevé
(256 = 120 mmol/L vs 154 = 62 mmol/L; p = 0,005), une durée
plus longue d’ictere (16 = 9 jours vs 9 = 5 jours; p = 0,03) et un
taux plasmatique augmenté de CCK (4 = 1,3 pmol/L vs 1,7 = 1
pmol/L; p = 0,005), des ALAT (226 = 209 UI/L vs 187 £ 161
UI/L; p = 0,01), d’endotoxines (15 = 10 EU/L vs 6,5 = 7 EU/L;
p = 0,007) et de TNF-a (69 = 82 pg/mL vs 23 = 15 pg/mL; p =
0,008). Cependant, seuls, la bilirubine sérique, le CCK, les ALAT
et 'age des patients étaient prédictifs de malnutrition par analyse
multifactorielle. On pourrait s’attendre (IC a 95%) a une
malnutrition chez les patients plus dgés que 68 ans avec une
augmentation de la bilirubine (> 290 mmol/L) et des ALAT (>
210 UI/L), correspondant a un IMIO plus élevé de 55.
Conclusions: Les modifications nutritionnelles chez les patients
ayant un IO sont déterminées par l'intensité de I'obstruction
biliaire et sont corrélées avec des taux augmentés de CCK
plasmatique aussi bien qu’avec la dysfonction hépatique et 1’age.

Resumen

Antecedentes: Los pacientes con ictericia obstructiva (I0) que
requieren cirugia con frecuencia exhiben malnutricion, la cual se
asocia con aumento de la morbilidad perioperatoria. El presente
estudio buscé determinar los factores que influyen sobre las
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alteraciones nutricionales en estos pacientes. Métodos: Cuarenta
y seis pacientes con 10 (28 tumores malignos y 18 obstrucciones
benignas) fueron investigados en forma prospectiva. Se utilizé un
indice de riesgo nutricional menor de 83.5 para establecer el
diagnoéstico de desnutricion caldrico-proteica. Se hicieron
determinaciones de funcién hepdtica, colecistoquinina (CCK),
TNF-= y niveles de endotoxina. Se derivd un indice de
malnutricién de ictericia obstructiva (IMIO) mediante andlisis
multivariable. Resultados: Veintidés (48%) de los casos tenian
malnutricién (33% en la obstruccién benigna y 57% en la
enfermedad maligna). Los pacientes con desnutricion
presentaron niveles mds altos de bilirrubina sérica (256 = 120
mmol/L vs 154 = 62 mmol/L; p = 0.005), mas larga duracién de
la ictericia (16 = 9 dias vs. 9 £ 5 dias; p = 0.03) y mas altos niveles
plasméticos de CCK (4 = 1.3 pmol/L VS 1.7 pmol/L; p = 0.005),
de ALT (226 + 209 UI/Lvs 187 = 161 UI/L; p = 0.01) endotoxina
(15 £ 10 EU/L vs 6.5 = 7 EU/L; p = 0.007) y TNF- (69 * 82
pg/ml vs 23 = 15 pg/mL; p = 0.008) que aquellos que no tenian
malnutricién. Sin embargo, sélo la bilirrubina sérica, la CCK, la
ALT y la edad del paciente fueron factores de prediccion de
malnutricién en el andlisis multivariable. Se debe sospechar
malnutricién (CI95%) en pacientes mayores de 68 afos con
incremento de la bilirrubina (> 290 mmol/L) y de la ALT (> 210
UI/T) que corresponde a un IMIO mayor de 55. Conclusiones: Las
alteraciones nutricionales en pacientes con ictericia obstructiva
fueron determinadas mediante la intensidad de la obstruccion
biliar correlacionada con incrementos en los niveles plasmaticos
de CCK, con disfuncién hepdtica y con la edad.
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