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Background: Increased serum and intrahepatic interferon v inducible protein 10 (IP-10) levels in patients
with chronic hepatitis C (CHC) have been described.

Aim: To analyse the possible association of serum IP-10 levels with different outcomes to antiviral therapy.
Patients: A total of 137 CHC patients treated with peginterferon plus ribavirin.

Methods: Serum IP-10 levels were determined by enzyme linked immunosorbent assay before therapy,
after 12 weeks of treatment, and 24 weeks after cessation of therapy. Variables significantly associated
with a sustained virological response (SVR) on univariate analysis were included in a multivariate logistic
regression model.

Results: Pretreatment serum IP-10 levels in patients with SVR were significantly lower than in non-
responders (NR) (332.4 (222.1) v 476.8 (305.3) pg/ml, respectively; p=0.004). Serum IP-10
concentrations significantly decreased in patients with SVR (pretreatment: 332.4 (222.1) pg/ml; post-
treatment: 170.2 (140.1) pg/ml; p<0.001) but not in NR (pretreatment: 476.8 (305.3) pg/ml; post
treatment: 387.3 (268.1) pg/ml; p=0.06). By multivariate analysis, non-1 genotype (odds ratio (OR) 3.5
(95% confidence interval (Cl) 1.1-10.4); p=0.003) and low viral load at baseline (OR 0.34 (95% Cl
0.14-0.79); p=0.01) were independent predictors of SVR in all patients. When multivariate analysis was
restricted to patients with genotype 1, only baseline viral load (OR 0.38 (95% Cl 0.155-0.96); p=0.04)
and pretreatment serum IP-10 levels (OR 0.99 (95% Cl 0.996-0.999); p=0.03) were identified as
predictive factors of SVR.

Conclusion: Pretreatment serum IP-10 behaves as a predictive factor of SVR to peginterferon plus ribavirin
therapy in genotype 1 infected patients.

170 million people worldwide, being the most frequent

cause of chronic liver disease in Western countries.' *
Chronic HCV infection leads to a wide spectrum of liver
disease, ranging from mild chronic hepatitis to end stage
cirrhosis and hepatocellular carcinoma.’ * The current treat-
ment of choice for chronic hepatitis C (CHC) is based on a
combination of pegylated interferon (IFN)-o and ribavirin,
reaching rates of sustained virological response (SVR) in
different pivotal clinical trials of 54-61%.7 However,
approximately 20% of patients infected with HCV genotype
2 or 3 and 50% of genotype 1 infected patients fail to
eradicate the virus.

The molecular basis underlying failure of antiviral therapy
in CHC is not fully understood but clinical and experimental
studies indicate that the risk of treatment failure is related to
multiple factors, including both viral and host factors.®* > As
therapeutic efficacy of IFN-a plus ribavirin is likely due to
their antiviral and immunomodulatory properties, it is
conceivable that viral and host immune factors play an
equally important role influencing IFN-o plus ribavirin
combination therapy. Low viral load and non-1 genotype
are well known predictors of SVR' "' whereas less is known
of the predictive value of host immune factors influencing
SVR. In this regard, it has been reported that increased serum
levels of cytokines, such as tumour necrosis factor o,'
interleukin (IL)-1B,” and IL-10," as well as chemokines,
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such as IL-8,” '* correlated with a poor response to antiviral
therapy in CHC patients. Recent data from our group
provided evidence that intrahepatic and serum levels of a T
cell specific chemokine termed interferon y inducible protein
10 (IP-10) were elevated in HCV infected patients, and that
serum IP-10 concentrations were higher in non-responders
(NR) than in responders to antiviral therapy.'” The aim of this
study was to analyse the possible association between serum
IP-10 levels and virological response to peginterferon plus
ribavirin therapy, in comparison with known predictors of
SVR such as HCV genotype and viral load.

MATERIALS AND METHODS

Patient population

Consecutive naive patients from four Spanish hospitals were
studied and treated according to standard clinical practice.
All patients (n=137; 77 men (56.2%) and 60 women
(43.8%); mean age 42 (9.7) years (range 19-68)) had
persistently elevated serum alanine aminotransferase (ALT)
levels, were HCV RNA positive, and had biopsy proven
Abbreviations: CHC, chronic hepatitis C; IFN, interferon; IP-10,
interferon y inducible protein 10; HCV, hepatitis C virus; HSC, hepatic
stellate cells; NR, non-responders; SVR, sustained virological response;
IL, interleukin; ALT, alanine aminotransferase; HBsAg, hepatitis B surface
antigen; HIV, human immunodeficiency virus; ELISA, enzyme linked
immunosorbent assay; ROC, receiver operating characteristic; AUC,
area under the curve
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Table 1 Baseline characteristics of the patients studied
Age (y) 42 (9.7)
Sex

Male 77 (56.2%)
Female 60 (43.8%)
ALT (U/]) 117.2 (81.6)
HCV
Genotype
1 103 (75.2%)
Non-1 34 (24.8%)
Low viral load (<5x10° IU/ml) 52 (37.9%)
High viral load (=5x10° 1U/ml) 85 (62.1%)
Grade score (Ishak)
0-6 78 (56.9%)
7-14 59 (43.1%)
Stage score (Ishak)
0-3 106 (77.3%)
4-6 31 (22.7%)
Data are n (%) or mean (SD).
ALT, alanine aminotransferase; HCV, hepatitis C virus;

chronic hepatitis six months prior to initiation of therapy
with peginterferon (alfa-2a 99 patients; alfa-2b 38 patients)
plus ribavirin. Genotype distributions were as follows:
genotype 1, n=103 (75.2%); genotype 2, n=9 (6.6%);
genotype 3, n=25 (18.2%). Characteristics of the patients
included in this study are detailed in table 1.

Written informed consent was obtained from each patient,
and approval for the study was granted by the institution’s
ethics committee. Patients with active alcohol consumption
>80 g/day were excluded and no patient had been treated
with antiviral drugs. In addition, they were seronegative for
hepatitis B surface antigen (HBsAg) and for antibodies to
human immunodeficiency virus (HIV).

Treatment outcomes

Patients were treated on a genotype based strategy for
24 weeks (non-1 genotypes: 2 and 3) or 48 weeks (genotype
1). Ninety nine patients received 180 pg of peginterferon alfa-
2a (Pegasys; Hoffmann-LaRoche, Basel, Switzerland) weekly
plus ribavirin (Hoffmann-LaRoche); 38 patients were treated
with peginterferon alfa-2b (PEG-Intron; Schering-Plough,
Kenilworth, New Jersey) adjusted by weight (1.5 pg/kg per
week) plus ribavirin (Rebetol; Schering-Plough). In all cases,
the dose of ribavirin was adjusted according to body weight
(<75 kg, 1000 mg/day; >75 kg, 1200 mg/day). SVR was
defined as undetectable HCV RNA in serum 24 weeks after
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cessation of therapy. Patients with reappearance of HCV RNA
after conclusion of treatment or serum HCV RNA positivity
during therapy were considered as NR.

Virological tests

HBsAg and antibodies to HIV were assessed by means of
immunoenzymatic  assays  (Murex, Dartford, UK).
Quantification of serum HCV RNA levels was performed
according to a polymerase chain reaction assay (Amplicor
HCV Monitor Test, version 2.0; Roche Diagnostics,
Branchburg, New Jersey, USA). The lower limit of detection
was 50 IU/ml. HCV genotyping was performed with a line
probe hybridisation assay (INNO-LiPA HCV II; Innogenetics,
Zwijnaarden, Belgium), according to the manufacturer’s
instructions.

Liver histology

Biopsy specimens from all patients, obtained by the
percutaneous route under ultrasonographic control, were
read and scored by local pathologists at the university
hospitals participating in this study. The Ishak score'® was
used for grade of inflammation and necrosis (range 0-18,
with higher scores indicating more severe abnormalities) and
for stage of fibrosis (range 0-6: 0, no fibrosis; 1, fibrous
expansion of some portal areas; 2, fibrous expansion of most
portal areas; 3, occasional bridging; 4, marked bridging; 5,
incomplete cirrhosis; and 6, definite cirrhosis).

Assay for serum IP-10 levels

All serum samples assessed were stored at —70°C, shipped on
dry ice, and thawed only for performing this laboratory
investigation. A commercially available solid phase sandwich
enzyme linked immunosorbent assay (ELISA) was used,
according to the manufacturer’s instructions, for quantitative
measurement of IP-10 (human IP-10 immunoassay Kkit;
BioSource Europe SA, Nivelles, Belgium) in the serum of all
patients included in this study before therapy, after 12 weeks
of treatment, and 24 weeks after therapy. The minimum
detectable level of IP-10 for this ELISA is <2 pg/ml, and intra
and interassay coefficients of variations are <5% and <7%,
respectively.

Statistical analyses

All parametric values are expressed as means (SD). Different
groups were compared using the Mann-Whitney U test or the
Student’s ¢ test for continuous variables and by the % test for

Table 2 Patient characteristics at baseline and response to treatment
Variable SVR (n=79) NR (n=58) p Value
Age (y) 40.9 (9.9) 43.3(9.3) 0.84
Sex
Male 44 (57.1%) 33 (42.9%) 0.15
Female 35 (58.3%) 25 (41.7%)
ALT (U/) 122.5(73.2) 110.5 (92.6) 0.78
HCV genotype
1 52 (50.5%) 51(49.5%) 0.003
Non-1 27 (79.4%) 7 (20.6%)
HCV viral load
Low (<5x10° IU/ml) 40 (76.9%) 12 (23.1%) 0.01
High (=5x10% IU/ml) 39 (45.9%) 46 (54.1%)
Grade score (Ishak)
0-6 43 (55.1%) 35 (44.9%) 0.46
7-14 36 (61.1%) 23 (38.9%)
Stage score (Ishak)
0-3 64 (60.4%) 42 (39.6%) 0.1
4-6 15 (48.4%) 16 (51.6%)
Serum IP-10 (pg/ml) 332.4 (222.1) 476.8 (305.3) 0.004
SVR, sustained virological responders; NR, non-responders; ALT, alanine aminotransferase; HCV, hepatitis C
virus; IP-10, inferferon v inducible protein 10.
Data are n (%) or mean (SD).
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regression analysis)

Table 3 Independent baseline factors for sustained virological response (logistic

All HCV patients

Genotype 1 patients

Variable

OR (95% CI)

p Value OR (95% Cl) p Value

Non-1 genotype
Low HCV viral load (<5x10° IU/ml)
Serum IP-10 (pg/ml)

3.53 (1.10-11.41)
0.34(0.14-0.79)  0.01
0.99 (0.99-1.001)  0.07

0.003
0.38 (0.155-0.961) 0.04
0.99 (0.996-0.999) 0.03

HCV, hepatitis C virus; IP-10, interferon y inducible protein 10; OR, odds ratio; Cl, confidence inferval.

categorical data. The Spearman coefficient was used to
evaluate correlations. Logistic regression was used in the
univariate and multivariate analysis to determine factors
associated with SVR. Variables included in the analyses were
age, sex, liver histology (grade and stage), ALT, baseline
serum IP-10 level, viral load, and genotype. Statistical
analyses were performed by SPSS 11.0 for Windows (SPSS
Inc., Chicago, Illinois, USA) and by BMDP 1.1 for Windows
(BMDP Statistical Software LTD., Cork, Ireland). Sensitivity,
specificity, receiver operating characteristic (ROC) curves,
and area under the curve (AUC) were carried out using
MedCalc (Mariakerke, Belgium) software. If not otherwise
stated, all tests were two tailed and p values lower than 0.05
were considered significant.

RESULTS
From the 137 patients treated, 79 (57.7%) achieved an SVR
whereas 58 (42.3%) were NR.

Baseline features associated with sustained
virological response
Baseline characteristics significantly associated with SVR in
all patients were non-1 genotype (p = 0.003), a low viral load
(p=0.01), and pretreatment serum IP-10 levels (p = 0.004)
by univariate comparisons of SVR and NR (table 2). Age, sex,
serum ALT levels, grade of necroinflammatory activity, and
stage of fibrosis were not significantly associated with SVR.
Furthermore, no significant advantage of treatment with
peginterferon alfa-2a or alfa-2b for SVR could be observed.
From multivariate logistic regression analysis of all
patients, non-1 genotype (p = 0.003) and a low baseline viral
load (p = 0.01) were independent predictors for SVR whereas
the significance of pretreatment serum IP-10 disappeared. In
contrast, when analysis was performed in the cohort of
genotype 1 infected patients, pretreatment serum IP-10 levels

100
8of
= L
5 eop
E L
a I
& 401 .
2ok " AUC 0.635 (95% Cl 0.546-0.717)
r PPV 86.8%
[ NPV 44.1%
ol v v
0 20 40 60 80 100

100-specificity

Figure 1 Receiver operating characteristic (ROC) curve of pretreatment
serum inferferon v inducible protein 10 levels in genotype 1 infected
patients and therapeutic response. The curve shows an area under the
curve (AUC) of 0.635 (95% confidence interval 0.546-0.771), with a
positive predictive value (PPV) and a negative predictive value (NPV) of
86.8% and 44.1%, respectively.
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and baseline viral load were independent predictors for SVR
(p=0.03 and p = 0.04, respectively) (table 3).

To identify a suitable threshold for baseline serum IP-10
levels, an ROC curve for predicting SVR for genotype 1
infected patients was calculated, and showed an AUC of
0.635 (95% 95% confidence interval 0.546-0.771) (fig 1). The
resulting threshold for predicting SVR was 594.1 pg/ml, with
a positive predictive value and a negative predictive value of
86.8% and 44.1%, respectively.

Serum IP-10 levels and virological response

Taking into account the overall HCV study cohort, in patients
with an SVR, significantly lower pretreatment serum IP-10
levels (332.4 (222.1)) were observed compared with NR
(476.8 (305.3); p=0.004) (fig 2). Considering only patients
infected with genotype 1, those who achieved an SVR also
showed significantly lower baseline IP-10 concentrations
(347.2 (197.4)) than patients with NR (500.6 (311.2);
p=0.003) (fig 3). In contrast, no significant difference was
observed in serum IP-10 levels after 12 weeks of treatment in
patients with SVR (289.3 (197.6)) or in NR (323.8 (200.2);
p =0.14). As expected from our previous work,'” serum IP-10
concentrations were significantly decreased 24 weeks after
completion of therapy in patients with an SVR (pretreatment:
332.4 (222.1) pg/ml; post-treatment: 170.2 (140.1) pg/ml;
p<<0.001) but not in NR (pretreatment: 476.8 (305.3) pg/ml;
post-treatment: 387.3 (268.1) pg/ml; p = 0.06) (fig 2).

p=0.004 p=0.06
I \
600 - Pretreatment
476.8 (305.3)
Post-treatment
500 - 387.3 (268.1
p<0.001 ik 7.3 (268.1)
— Pretreatment
€ 400 332.4(222.1) ™
£ [
()]
2
O [ E—
o 300
Post-treatment
170.2 (140.1)
100
SVR (n=79) NR (n=58)

Figure 2 In the overall hepatitis C virus study cohort (n=137), in
patients with a sustained virological response (SVR), significantly lower
pretreatment serum interferon y inducible protein 10 (IP-10) levels
(332.4 (222.1)) were observed compared with non-responders (NR)
(476.8 (305.3); p=0.004). In addition, serum IP-10 concentrations
were significantly decreased 24 weeks after cessation of therapy in
patients with an SVR (n=79) (pretreatment: 332.4 (222.1) pg/ml; post-
treatment: 170.2 (140.1) pg/ml, p<0.001) but not in NR (n=58)
(pretreatment: 476.8 (305.3) pg/ml; post-treatment: 387.3 (268.1) pg/
ml; p=0.06). Values are means (SD).
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Figure 3 In genotype 1 infected patients (n=103), those who achieved
a sustained virological response (SVR) also showed significantly lower
baseline inferferon v inducible protein 10 (IP-10) concentrations (347.2
(197.4)) than non-responders (NR) (500.6 (311.2); p=0.003). Values
are means (SD).

Association of pretreatment serum IP-10 with baseline
parameters

Pretreatment IP-10 was significantly associated with HCV
genotype, as serum levels of this chemokine were signifi-
cantly higher in genotype 1 patients (421.8 (266.2)) than in
those infected with non-1 genotypes (304.1 (261.3); p = 0.04)
(table 4). No significant association of sex, viral load, or grade
of necroinflammatory activity from the liver biopsy obtained
before initiation of antiviral therapy with pretreatment IP-10
levels in HCV patients was detected. In contrast, in HCV
patients with advanced fibrosis (stage scores 4-6), signifi-
cantly higher pretreatment serum IP-10 concentrations
(510.7 (313.4) pg/ml) were observed compared with those
with mild fibrosis (stage scores 0-3) (353.6 (234.1) pg/ml;
p =0.005). This association was also significant when the
analysis was performed in the subgroup of genotype 1
infected patients.

DISCUSSION

IP-10, also termed CXCL10, belongs to the CXC chemokine
family and exerts its chemotactic function on different cell
types following binding to its specific receptor CXCR3." *° It
has been shown that the majority of liver infiltrating T cells

377

in patients with CHC expressed CXCR3,” and that the
amount of hepatic IP-10 mRNA and protein was markedly
increased in these patients'” ** and correlated strongly with
serum IP-10 concentrations,” suggesting that this chemokine
could play an important role in the pathogenesis of chronic
HCV infection.

The main finding of the present study was the association
of serum IP-10 levels with SVR to peginterferon plus ribavirin
therapy in patients with CHC infected by genotype 1,
showing that pretreatment IP-10 concentrations lower than
594.1 pg/ml had a positive predictive value of 86.8% in this
study population. Noteworthy, after successful antiviral
therapy with an SVR, serum IP-10 concentrations decreased
to levels lower than baseline whereas they were unchanged
in NR, suggesting that HCV itself may be responsible for
elevated serum IP-10 concentrations found in HCV infected
patients. Supporting this notion, we have recently demon-
strated that HCV proteins such as NS5A and core, alone or in
combination with proinflammatory cytokines, can induce
IP-10 gene expression and secretion in human hepatocyte
derived cells.”* The biological meaning of this HCV mediated
IP-10 induction is still unknown but it has been reported that
expression of the HCV NS5A protein in human cells was
found to induce a CXC chemokine termed IL-8, and
enhanced IL-8 was associated with inhibition of the antiviral
effects of IFN-a in vitro.”” Whether IP-10 interferes with
IFN-a signalling in HCV infected hepatocytes has yet to be
defined.

Based on our results, IP-10 may have a role in failure of
antiviral therapy in patients with chronic HCV infection, as
NR had significantly higher serum IP-10 levels than patients
with an SVR. Similarly, persistently elevated IP-10 concen-
trations have been correlated with failure of highly active
antiretroviral therapy in HIV patients.”* However, the
mechanism by which IP-10 modulates the efficacy of
peginterferon plus ribavirin therapy remains elusive, but it
is conceivable that it is related to its biological functions.

CXCR3/IP-10 interactions have been associated with a
number of viral infections in animals and humans,> >’
serving both to modulate viral infection and to recruit
effector T cells to sites of infection. Analysing IP-10 effects
on viral replication, Lane and colleagues® have shown that
IP-10 stimulated HIV replication in primary human lympho-
cytes and macrophages in vitro as well as neutralising
endogenous IP-10 or blocking CXCR3 binding reduced HIV
replication in these same cells. They also observed that IP-10
was active in the range 5-125 ng/ml, which is likely to be

Table 4 Association of pretreatment serum interferon  inducible protein 10 (IP-10) with
baseline characteristics of hepatitis C virus (HCV) patients
Serum IP-10 levels (pg/ml))
Variable All HCV patients (n=137) p Value Genotype 1 patients (1=103)  p Value
Sex
Male 348.5 (253.3) (n=77) 0.09 374.1 (265.2) (n=64) 0.07
Female 428.2 (277.6) (n=60) 458.5 (254.3) (n=39)
HCV genotype
1 421.8 (266.2) (n=103) 0.04
Non 1 304.1 (261.3) (n=34)
Viral load
Low 365.9 (236.5) (n=52) 0.13 371.1 (214.3) (n=37) 0.08
High 414.5(285.1) (n=85) 451.9 (291.5) (n=66)
Grade score
0-6 362.9 (241.6) (n=78) 0.11 395.24+243.7 (n=56) 0.39
7-14 421.6 (283.1) (n=59) 425.64275.9 (n=47)
Stage score
0-3 353.6 (234.1) (n=106) 0.005 376.1 (239.5) (n=78) 0.02
4-6 510.7 (313.4) (n=31) 525.7 (292.1) (n=25)
Values are mean (SD).
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physiologically relevant as cerebrospinal fluid levels of IP-10
of up to 40 ng/ml have been detected in HIV infected
individuals.”® While serum IP-10 concentrations ranged
between 0.02 and 1.19 ng/ml in our HCV study cohort, the
amount of chemokine available in liver tissue where HCV
replication occurs is likely to be much higher. We found that
IP-10 concentrations in the culture supernatant of cytokine
activated HCV transfected human hepatocytes were in the
range 58.18-158.96 ng/ml,** an scenario mimicking the
intrahepatic microenvironment during chronic HCV infection
in vivo. There is no evidence to date that IP-10 might
contribute to treatment failure by enhancing hepatocellular
HCV replication, but it is interesting to note that genotype 1
infected patients with a high viral load had greater serum
IP-10 levels than those with a low viral load (451.9 (291.5)
and 371.1 (214.3), respectively), but these differences were
not statistically significant (p = 0.08).

How IP-10 might induce treatment failure may also be
explained on the basis of its important role in the recruitment
of effector Thl lymphocytes into the liver parenchyma of
patients with chronic HCV infection,” ** potentially contri-
buting to the host immune response against the virus as well
as to disease progression. Here, we confirmed our previous
results'” showing that elevated serum IP-10 levels in
genotype 1 infected patients were significantly associated
with a poor response to antiviral therapy. We hypothesised
that elevated IP-10 concentrations within the liver of HCV
patients may lead to further accumulation of effector T cells
secreting Thl-type cytokines. Thus this vigorous immune
pressure exerted on the virus would favour the outgrowth of
variant viruses generating immune escape mutants. The
extent to which viral escape mutants are generated during
antiviral therapy should play a decisive role as a cause of HCV
resistance. Whether or not this scenario exists in vivo and
plays a role in treatment outcome remains unknown.

It is well known that hepatic stellate cells (HSC) are key
fibrogenic cells” and, therefore, those factors involved in
activation, proliferation, and migration of these cells, such as
cytokines, platelet derived growth factors, and chemokines,
among others, could play a central role in the pathogenesis of
liver fibrosis.>* CXCR3 has been found to be expressed on HSC
and, more interestingly, IP-10 induced migration of these
cells in a dose dependent manner.”” These data in conjunction
with our results showing that HCV patients with advanced
fibrosis had significantly higher serum IP-10 levels than
those with mild fibrosis (510.7 (313.4) and 353.6 (234.1),
respectively; p = 0.005), strongly suggest that IP-10 could
play an important role in the progression of hepatic fibrosis in
chronic HCV infection.

Predicting response to antiviral therapy is a crucial point in
the management of patients with CHC and, in this regard,
HCV genotype is currently considered the major determinant
of outcome to treatment.”® However, given the high propor-
tion of patients with genotype 1 who still do not respond to
antiviral therapy, searching for predictive factors in these
groups of difficult-to-cure patients is needed. Here, we have
provided evidence that pretreatment serum IP-10 is a
predictive factor of SVR to peginterferon plus ribavirin
therapy in genotype 1 infected patients, identifying those
with low serum IP-10 as the subgroup of patients with the
best profile of response to 48 weeks of antiviral therapy.
Whether tailoring treatment on the basis of serum IP-10
levels at baseline could improve the SVR rate of patients
infected by HCV genotype 1 should be investigated in future
prospective clinical trials.

It has recently been reported that insulin resistance
correlated with a poor response to peginterferon plus
ribavirin therapy in genotype 1 infected patients,”” suggesting
that therapeutic interventions aimed at decreasing insulin
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resistance in these patients may be useful to improve the
response rate to antiviral therapy. In this study, pretreatment
serum IP-10 was an independent predictor of SVR in
genotype 1 infected patients, as significantly lower serum
levels of this chemokine were observed in patients with SVR
compared with NR. These results identify IP-10 as a possible
new target for improving virological response rate of these
poor response patients.

In conclusion, our study found that pretreatment serum
IP-10 is an independent predictive factor of SVR in HCV
patients infected by genotype 1. As IP-10 may play a role in
the mechanism of failure of antiviral therapy, interventions
neutralising endogenous IP-10 or blocking the function of its
receptor, CXCR3, may provide new strategies to improve the
treatment outcome of these difficult-to-cure patients.
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EDITOR’S QUIZ: GI SNAPSHOT

Chewing is an important first step in digestion

Clinical presentation
A 52 year old man with a known history of renal stones
presented with symptoms and signs of right renal colic. No
fever or infectious signs were noted. Right ureteral stone
impaction was diagnosed and treated by ureteroscopy and
internal ureteral stenting. Twenty four hours later he
complained of fever that occurred concomitantly with a
vague crampy abdominal pain. An abdominal ultrasound was
normal. Blood and urinary cultures were taken and a broad
spectrum antibiotherapy was started for a presumed pyelo-
nephritis. Fever subsided within 48 hours, cultures were
negative, and the patient was discharged five days later.
The day after discharge he was readmitted to hospital for
septicaemia. Physical examination showed high temperature
with normal blood pressure and right upper abdominal Figure 1
tenderness.

Question

An abdominal computed tomography scan was performed
(figs 1, 2). What does it show?

See page 424 for answer
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