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Abstract
Hepatitis C virus (HCV) remains the most common cause of liver damage in patients with
chronic kidney disease including patients on long-term dialysis. The natural history of
HCV infection in patients with chronic kidney disease is not fully elucidated despite the
adverse effect of HCV infection on survival in patients receiving long-term dialysis. A
recent meta-analysis of seven observational studies (11,589 patients on dialysis) reported
that the summary estimate for adjusted relative risk (all-cause mortality) with anti-HCV
antibody was 1.34 with a 95% confidence interval of 1.13-1.59. As a cause of death, hepa-
tocellular carcinoma and liver cirrhosis were significantly more frequent among anti-HCV-
positive than -seronegative dialysis patients; the summary estimate for unadjusted
liver-related mortality risk was 5.89 (95% confidence interval 1.93-17.99). Impairment of
quality of life due to HCV has also been suggested to explain the diminished survival in
this setting. Recent data also suggest an excess risk of cardiovascular disease in HCV-
infected dialysis patients. Recent evidence supports the notion that the progression of
HCV-related liver disease is probably slower in the dialysis population than in non-uremic
patients despite the immune compromise conferred from chronic uremia; numerous
mechanisms have been mentioned to explain it. It appears that the hemodialysis proce-
dure per se reduces the HCV viral load, and the mechanisms by which this phenomenon
occurs remain largely speculative - the intradialytic production of interferon-a, hepato-
cyte growth factor, or other cytokines provided with antiviral activities have been impli-
cated. This is an area of intense investigation, and further studies are indicated.

Copyright © 2012 S. Karger AG, Basel

The advent of serologic screening of blood by enzyme-linked immunoassays,
routine use of erythropoietin for patients with anemia and chronic kidney dis-
ease (CKD), and compliance with infection control procedures to prevent the



spread of hepatitis C virus (HCV) within dialysis units have helped to reduce
the transmission of HCV infection among patients on maintenance dialysis in
developed countries [1]. However, HCV infection continues to be the most fre-
quently recognized cause of liver damage in patients with CKD. The aim of this
chapter is to review the recent and available evidence on HCV-related liver dis-
ease in patients undergoing long-term dialysis.

HCV-Related Liver Disease in Dialysis: Biochemical and Clinical
Manifestation

HCV-related liver disease is mostly asymptomatic in patients on long-term
dialysis. Some symptoms which typically occur in non-dialysis patients with
HCV (i.e. asthenia, fatigue, and cognitive impairment) are frequently in the
dialysis population irrespective their HCV serologic status. HCV infection can
be evident at biochemical level, as some enzyme levels (serum transaminase
and gamma glutamyl transpeptidase, GGTP) are frequently elevated in HCV-
infected patients on long-term dialysis. In a large cohort of patients undergo-
ing long-term dialysis in the US (13,664 patients), after adjustment for several
covariates including surrogates of MCS (malnutrition-inflammatory complex
syndrome), an independent relationship between anti-HCV seropositive status
and serum alkaline phosphatase activity was found, OR, 1.01 (95% confidence
interval, CI, 1.0-1.02), p = 0.001 [2]. Among HCV-infected patients, higher
serum intact parathormone levels have been detected, 422 + 423 vs. 338 + 356
pg/ml (p = 0.0001), which persisted even among African-American patients
[3]. These observations have been linked to ‘hepatic osteodystrophy’ that has
been described in non-dialysis subjects with hepatitis [4]. However, dialysis
patients have multiple comorbidities (arterial hypertension, gastrointestinal
bleeding, anemia, and failure of the vascular access, among others), and clini-
cians frequently neglect these biochemical alterations in the everyday clinical
practice. Cirrhosis is an infrequent event among dialysis patients in western
world as it ranges between 1.5 and 2%, according to some international regis-
tries [5].

Natural History of HCV in Dialysis Population

The natural history of HCV in patients on maintenance dialysis remains incom-
pletely appreciated. HCV infection in dialysis patients is usually asymptom-
atic with an apparently indolent course. Because the natural history of HCV
extends over decades rather than years even in patients with normal renal func-
tion, adverse consequences of chronic HCV infection may not be obvious in
patients followed for shorter periods of time. Patients with CKD have higher
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morbidity and mortality rates than the general population because their average
age is higher and because of their frequent comorbidities. The long-term conse-
quences of HCV infection are therefore difficult to assess in this population.

Factors modifying progression of liver disease in patients with CKD include
alcohol abuse and coinfection with HBV, HCV, and HIV. Antiviral therapy of
HCV in patients on long-term dialysis and elimination of post-transfusion HCV
hepatitis hamper the implementation of observational studies with appropriate
follow-up. Posttransfusion HCV hepatitis is, in fact, a form of hepatitis in which
the timing of acquisition of the virus is likely to be unequivocal.

Biochemical evaluation of HCV infection in patients with CKD is inaccurate.
Serum aminotransferase values are typically lower in dialysis patients than the
non-uremic populations. Dialysis patients who are HCV viremic have amin-
otransferase levels greater than those without, although values are still within
the ‘normal range. In a series of 394 chronic hemodialysis (HD) patients, serum
aspartate aminotransferase activity in bDNA-positive versus -negative patients
was 23.8 (95% CI, 60.8-9.3) vs. 17.1 (95% CI, 50.4-5.8), p = 0.009, and serum
alanine aminotransferase (ALT) activity, 14.4 (95% CI, 48.9-4.3) vs. 9.8 (95%
CI, 37.3-2.5) IU/1, p = 0.008. Logistic regression analysis showed an association
between HCV viremia and ALT activity (p = 0.01) [6].

Serum GGTP levels are greater in dialysis patients with HCV and/or HBV
infection compared to non-infected patients, but the increase was rather small
(85.1 + 184 vs. 25.8 + 24 IU/l, p = 0.001) and occurred in a minority of patients
(41/184 = 22%). Multivariate analysis established a significant and independent
relationship between serum GGTP and positive anti-HCV antibody (p = 0.001)
in a large population of patients on long-term dialysis in northern Italy (n =
757) [7].

Clinicians are frequently reluctant to perform liver biopsy in dialysis patients
because of concerns about platelet function in chronic uremia. The recent imple-
mentation of guidelines recommending antiviral therapy for HCV infection in
patients with CKD makes difficult the conduction of longitudinal clinical trials
on the natural history of HCV infection in patients with CKD [1].

HCV: Survival and Hemodialysis

Mortality is an unequivocal end point in the natural history of HCV, but data
concerning the relationship between HCV infection and risk for death among
HCV-infected patients are not abundant. However, longitudinal studies with
an appropriate size and follow-up have found an independent and significant
relationship between anti-HCV antibody positivity and reduced patient sur-
vival [8-11]. A recent meta-analysis of seven observational studies about the
effect of anti-HCV serologic status on survival in dialysis patients demonstrated
an independent and significant impact of HCV on mortality among patients
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receiving long-term dialysis (11,589 patients); the summary estimate for rela-
tive risk was 1.34 (95% CI, 1.33-1.86) [12]. In all these studies, hepatocellular
carcinoma (HCC) and liver cirrhosis were significantly more frequent causes
of death in anti-HCV antibody-positive patients on dialysis than in anti-HCV
antibody-negative patients on dialysis. The unadjusted overall estimate for the
relative risk of liver-related mortality was 5.89 (95% CI, 1.93-17.99, p < 0.001)
in anti-HCV antibody-positive patients on dialysis relative to their anti-HCV
antibody-negative counterparts [12].

A recent study from Australia and New Zealand (n = 23,046) also reported
an independent and significant association between anti-HCV-positive sero-
logic status and all-cause mortality over a 10-year follow-up (HR, 1.25, 95%
CI 1.07-1.46, p = 0.004) [13]. Hepatic failure was a more common cause of
death in the anti-HCV-positive group (adjusted hazard ratio, aHR, 5.79, 95%
CI 1.99-16.83, p = 0.001), but this was still infrequent (rate = 0.34 deaths per
100 patients per year). In the anti-HCV-positive group, one of the 9 deaths due
to malignancy was to primary liver cancer compared with 12 of 583 deaths
due to malignancy in the anti-HCV-negative group. These authors suggested
that the majority of dialysis patients who are infected with HCV may not live
long enough to die of long-term complications of HCV-related liver disease
(i.e. HCC and cirrhosis).

Another population-based survey has been reported by Johnson et al. [14] in
dialysis patients (HD and peritoneal dialysis, PD) from Asia-Pacific countries.
Analysis of the Japanese cohort (76,201 patients) showed that the presence of
anti-HCV antibody was an independent predictor of all-cause mortality (RR,
1.37; 95% CI, 1.15-1.62, p = 0.003). Similarly, in the cohort from Australia and
New Zealand (21,487 patients), all-cause mortality was linked to the presence of
anti-HCV at baseline (aHR, 1.29; 95% CI, 1.05-1.58, p = 0.016) and acquisition
of anti-HCV antibody during the course of dialysis (aHR, 1.27; 95% CI, 1.05-
1.55, p = 0.017) [14]. Unfortunately, no information on liver-related or cardio-
vascular death risk was provided.

These findings are consistent with accumulating evidence from other sources
[15, 16]. The Dialysis Outcomes and Practice Patterns Study on patients under-
going regular dialysis in three continents had reported an independent and
significant association between positive anti-HCV antibody and mortality risk
(adjusted relative risk, aRR, 1.17; p < 0.0159) [16].

HCV: Survival and Peritoneal Dialysis
Evidence on the relationship between HCV and survival among patients on
PD is even more limited. Wang et al. [17] retrospectively reviewed 538 PD

patients from 1996 to 2005. Of these patients, 75 (13.9%) were anti-HCV posi-
tive at the beginning of PD. Cox regression analysis suggested that chronic HCV

HCV in Dialysis 45



Table 1. Impact of HCV on survival in dialysis patients: aRR of all-cause mortality

First author Patients aRR Reference year Country
B. Pereira 496 1.41 1998 us

C. Stehman-Breen 200 1.97 1998 us

E. Nakayama 1,470 1.57 2000 Japan
M. Espinosa 175 1.62 2001 Spain

K. Kalantar-Zadeh 2,778 1.28 2005 us

A. Di Napoli 6,412 1.29 2006 Italy
S.M.Wang 538 2.19 2008 Taiwan

infection was associated with increased 10-year mortality. The adjusted HR
of HCV infection was 2.195 (95% CI, 1.486-3.243, p = 0.001). The incidence
of liver cirrhosis-related mortality was higher in patients with HCV infection
than in those without; however, it was not statistically significant (p = 0.146).
HCV infection was not significantly associated with any specific cause of death.
The frequency of the three most frequent causes of death (CVD, infection and
cancer) was not significantly different in patients with and without HCV (p =
0.597). Serum levels of albumin (3.1 + 1 vs. 3.4 + 0.8 mg/dl), cholesterol (178 +
44 vs. 198 + 52 mg/dl), and triglyceride (194 + 12 vs. 212 + 17 mg/dl) were lower
in anti-HCV-positive patients, suggesting that HCV infection might result in
increased mortality due to impaired nutritional status.

HCV: Survival and Cardiovascular Disease

Kalantar-Zadeh et al. [3] were the first investigators to establish a relation-
ship between anti-HCV antibody serologic status and cardiovascular mor-
tality. In a population-based survey (2,778 patients undergoing long-term
dialysis at DaVita system), the HR for all-cause mortality and cardiovascular
death was 1.28 (95% CI, 1.02-1.62, p = 0.03) and 1.48 (95% CI, 1.05-2.08, p
= 0.02), respectively, after adjustment for several case-mix parameters. The
link between anti-HCV antibody positivity and cardiovascular death was
partially mitigated after adjustment for available surrogates of malnutrition-
inflammation syndrome, HR, 1.43 (95% CI, 1.00-2.06, p = 0.05). However,
the association between anti-HCV positive serologic status and CVD mortal-
ity did persist after adjustment for case-mix and MICS covariates, HR = 1.80
(95% CI, 1.1-2.95, p = 0.02), in the subgroup of dialysis patients younger than
65 years (n = 1,551).

In their subsequent survey (13,664 patients on regular dialysis followed
during 3 years), the HR of 3-year all-cause mortality related to HCV antibody
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positivity was 1.25 (95% CI, 1.12-1.39, p = 0.001) [2]. The relative risk of car-
diovascular disease mortality associated with HCV infection persisted across
almost all group of patients, although it did not reach statistical significance.

Interestingly, Scott et al. [13] in another population-based study reached
similar conclusions. The predominant cause of death in their cohort was cardio-
vascular: also, having taken into account patient characteristics including age
and pre-existing cardiovascular disease, a significantly increased risk of cardio-
vascular death among the anti-HCV positive cohort persisted (HR, 1.34, 95%
CI, 1.08-1.67, p = 0.007). This study differed from other studies as the authors
censored their data at the time of transplant in order to remove the potential for
confounding by post-transplant outcomes [12]. However, their observation was
valid as follow-up of the dialysis cohort continued through the transplantation
period (aHR = 1.27, 95% CI, 1.10-1.48).

Another observation is that HCV-infected dialysis patients have a higher
prevalence of hypoalbuminemia when compared to non-HCV-infected coun-
terparts. A survey from the US reported a significant difference in serum levels
of albumin in their cohort of patients on long-term dialysis (n = 69,294), 3.68
+0.45 vs. 3.76 £ 0.41 g/dl (p = 0.0001) [2]. They suggested that the impact of
HCV infection on nutritional status and inflammation may be a main cause
of cardiovascular mortality in this population. Inflammation associated with
chronic infections may contribute to the increased CVD death risk in dialysis
individuals. In addition, multiple studies have shown that HCV is associated
with liver steatosis, insulin resistance, and hypoadiponectinemia [18]. In addi-
tion to conventional cardiovascular risk factors in dialysis population such as
hypertension, hypercholesterolemia, and hyperhomocysteinemia, HCV infec-
tion may be an important factor. This view is supported by the notion that
traditional risk factors only partially explain the mortality excess in dialysis
population [19].

The link between cardiovascular mortality and HCV infection in patients
on long-term dialysis has been studied by Oyake et al. [20] using pulse-wave
velocimeter measurements. They prospectively evaluated 94 dialysis patients
(17 being HCV positive) by measurements of aortic stiffness (by carotid-femoral
pulse wave velocity). Multiple logistic regression analysis found that mean
blood pressure and HCV viremia (OR, 9.7, 95% CI, 1.18-81.19, p < 0.05) were
significantly and independently associated with high PWV (=210.0 m/s, mean).
Kaplan-Meier survival curves for cerebrovascular and cardiovascular event-free
rates indicated a highly significant difference between HCV RNA-positive or
-negative patients on dialysis (log-rank test, p < 0.05). They suggested that HCV
infection plays an atherogenic role through aggravation of metabolic syndrome
and dyslipidemia.

According to the meta-analysis of observational studies reported above [12],
the summary estimate for unadjusted RR of cardiovascular-related mortality
was 0.95 (95% CI, 0.76-1.18), NS.
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HCV: Survival and Quality of Life

It has been recently suggested that one of the mechanisms of increased mortal-
ity in HCV-positive patients is due to an impairment of quality of life (QOL).
Several authors have noted that the QOL is diminished in dialysis population;
also, HCV-infected individuals with intact kidney function have an impair-
ment of QOL scores. However, the relationship between HCV infection and
QOL among patients receiving long-term dialysis has been to date analyzed
only by Afsar et al. [21]. They studied 165 patients on regular dialysis, 83 of
whom being anti-HCV positive. They evaluated QOL by SF-36, a test which
consists of 36 items, assigned to eight subscales, that can be summarized by
a physical component summary score and mental component score (MCS).
SE-36 has been commonly used and validated in CKD patients. There was an
independent relationship between anti-HCV-positive status and reduced men-
tal component summary score (B, -3.423, p = 0.016). No association with the
physical component summary score was noted (NS). The presence of symptoms
of depression might be one explanation — depression is frequent in patients with
HCV as a reactive phenomenon related to the diagnosis (‘labeling’ effect) and
concerns over long-term health. Depression may be secondary to symptoms
such as fatigue and cognitive impairment that can be frequently observed in
HCV-infected individuals. In addition, HD treatment is independently associ-
ated with an increased prevalence of depression, which in turn negatively affects
health-related QOL. It remains unclear whether treatment of HCV in HD pop-
ulation can decrease mortality by improving QOL, irrespective of biological
markers (i.e. liver histology or virologic features); thus, dialysis patients with
advanced liver disease could still benefit from antiviral therapy in terms of QOL
and therefore lowered mortality.

Natural History of HCV: Dialysis versus Non-Uremic Controls

Despite these data showing the adverse impact of anti-HCV serologic status
on survival in the dialysis population, the course of HCV infection the dialysis
population has not been fully characterized, although there is evidence pro-
moting the notion of a difference in the natural history of chronic hepatitis C
between dialysis and non-uremic populations. A severe clinical course of HCV-
related liver disease seems unusual in most HD patients. Another distinctive
feature is that antiviral therapy can be very effective in the minority of patients
requiring such treatment. In a case-control study, Okuda and Yokosuka [22]
gave the most important information to date. 189 patients with anti-HCV anti-
body were followed up for more than 4 years and compared with twice as many
gender- and age-matched controls with chronic hepatitis C diagnosed in the
same month as the case and followed up for comparable periods. The longest
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follow-up was 23 years in dialysis cases. No dialysis patients with chronic hepa-
titis C progressed to cirrhosis, whereas the disease progressed to cirrhosis in
more than one quarter of the controls (62/228). These differences were highly
significant (p < 0.0001).

Ishida et al. [23] found an incidence rate of HCC and cirrhosis of 1.8%
(114/6,222) and 8.6% (536/6,242), respectively, in 314 dialysis units from Japan.
These incidence rates appear much lower than those they attributed to nor-
mal adults, according to the medical literature (cirrhosis in 15-20%; HCC in
5-28%). Furthermore, the incidence rates of HCC and cirrhosis in patients who
underwent HD therapy for more than 10 years were lower than in patients who
had been on HD for less than 10 years: 0.5% (17/3,533) vs. 4.2% (79/1,870) and
6% (211/3,533) versus 13% (243/1,870), respectively. In view of the high risk of
cancer in patients on maintenance HD, a very high incidence rate of HCC in
dialysis patients with HCV had been postulated. The authors did not clarify the
paradoxical phenomenon they found.

HCV Viral Load: Uremic versus Non-Uremic Controls

The relationship between HCV viral load and liver disease progression is cur-
rently a matter of debate. An increase in HCV RNA load by 8-fold or more com-
pared with natural infection has been observed in various immunosuppressed
populations, including liver or renal transplant recipients, and patients with
HCV/HIV coinfection. The accelerated progression of HCV-related liver disease
in these groups has been related, at least in part, to a high viral load. It remains
unclear if these findings apply to dialysis patients with immune compromise
due to chronic uremia. At least 5 cross-sectional studies [reviewed in 24] have
concluded that the HCV load is lower in HCV-infected dialysis patients than in
patients with chronic hepatitis C and intact kidney function, whereas at least 3
other studies [reviewed in 24] have failed to find any significant difference in
the viral load between dialysis patients and non-uremic controls. Overall, the
available information does not support an increase in HCV load in patients on
maintenance HD despite the immune abnormalities related to uremia and the
HD procedure per se.

There is a paucity of longitudinal studies of HCV virology during natural
infection in chronic dialysis patients with HCV. Two prospective studies [24]
have not reported differences in HCV viremia over time in patients on mainte-
nance dialysis, but the short follow-up precluded definitive conclusions. In con-
trast, two prospective controlled trials with appropriate follow-up have given
contrasting findings [24]. Furusyo et al. [25] found that HCV RNA levels were
significantly lower in 98 HD patients (median, 0.4 mEq/ml) than in 228 non-
uremic individuals (median, 3.0 mEq/ml; p < 0.05). Their prospective observa-
tions over 3 years revealed a significant decrease in HCV RNA levels in 47 HD
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patients with HCV genotype 1b (2.6 + 0.7 vs. 1.8 + 0.6 mEq/ml, p = 0.0082),
whereas levels in 155 non-uremic subjects with genotype 1b did not decrease
(5.7 £ 0.7 vs. 5.8 £ 0.6 mEq/ml, NS).

Histopathology of HCV-Related Liver Disease in Dialysis and Non-Uremic
Controls

Evidence comparing liver biopsy findings between dialysis patients and non-
uremic controls infected with HCV is limited. A large controlled study con-
ducted by Cotler et al. [26] compared histology findings between renal transplant
candidates (n = 46) and non-uremic individuals (n = 46) with chronic HCV.
Study and control patients were well matched for age, gender, and race. All study
patients with CKD had been on long-term dialysis. As already reported by other
authors, aspartate aminotransferase and ALT were significantly lower in CKD
patients than in the non-uremic controls. Patients with CKD had less inflam-
mation, 3.5 (2.0-7.0) versus 6 (3.0-9.0), p = 0.033, and less bridging fibrosis
or cirrhosis, 13% (6/46) versus 30% (14/46), p = 0.043, than controls. Similar
observations were noted by other authors in another controlled study, although
the small number of patients included (n = 20) prevented definitive conclu-
sions [27]. Alric et al. [28] observed that Knodell score was similar between
HCV-infected dialysis patients (n = 30) and control (non-transplanted and non-
hemodialyzed) patients (n = 30), 5.14 £ 0.54 vs. 5.1 £ 0.3 (NS), although fibrosis
progression/year was lower in HCV-infected HD patients than in controls, 0.11
(0.04-0.17) versus 0.17 (0.14-0.20), p < 0.05.

Kinetics of HCV Load during Hemodialysis

According to the data reported above, the question is why there is such a dis-
tinct difference in the natural history of chronic hepatitis C between dialysis
and non-uremic patients. It is well known that liver injury caused by HCV is
mainly through immunologic processes rather than due to a direct cythopathic
activity of the virus. Current data suggest that many different immune distur-
bances occur in HD patients, and the lower immune competence of HD patients
has been considered a possible cause of attenuated inflammatory reactions and
reduced hepatocyte destruction caused by HCV.

It appears that the HD procedure per se can protect patients from a more
aggressive course of HCV by reduction in the viral load. The mechanisms by
which the HD procedure lowers HCV viremia remain largely speculative: the
passage of viral particles into the dialysate [29, 30], the trapping of HCV on the
surface of the dialysis membrane [31, 32], and an indirect host-mediated phe-
nomenon have been cited. The latter hypothesis implicates the production of
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interferon-a [33], hepatocyte growth factors [27], or other cytokines with anti-
viral activities during the HD sessions.

Conclusions

HCV-related liver disease remains frequent in patients on long-term dialysis
with an impact upon survival. Several lines of evidence support the concept
that progression of HCV-related liver disease is probably slower than in HCV-
infected individuals with intact kidney function, despite immune compromise
due to uremia. Numerous mechanisms have been suggested to explain it, and it
is possible that an indirect host-mediated mechanism could be involved. Clinical
trials and experimental studies aimed at clarifying this issue are needed.

Acknowledgements

This work has been supported in part by the grant Project Glomerulonephritis. It is in
memory of Pippo Neglia.

References

»1 Kidney Disease Improving Global Outomes. ~ »6 Fabrizi E Martin P, Dixit V; Brezina M, Cole

KDIGO clinical practice guidelines for the M]J, Gerosa S, Vinson S, Mousa M, Gitnick
prevention, diagnosis, evaluation and treat- G: Quantitative assessment of HCV load
ment of hepatitis C in chronic kidney dis- in chronic haemodialysis patients: a cross-
ease. Kidney Int 2008;73:51-599. sectional survey. Nephron 1998;80:428-433.

P2 Kalantar-Zadeh K, Kilpatrick R, McAllister »7  Fabrizi E De Vecchi A, Qureshi A, Aucella F
C, Miller L, Daar S, Gjertson D, Kopple J, Lunghi G, Bruchfeld A, Bisegna S, Mangano
Greenland S: Hepatitis C virus and death risk S, Limido A, Vigilante D, Forcella M, Delli
in hemodialysis patients. ] Am Soc Nephrol Carri P, Martin P: Gamma glutamyltranspep-
2007;18:1584-1593. tidase activity and viral hepatitis in dialysis

»3  Kalantar-Zadeh K, McAllister C, Miller LG: population. Int J Artif Organs 2007;30:6-15.
Clinical characteristics and mortality in P38 Stehman-Breen C, Emerson S, Gretch D,
hepatitis C-positive haemodialysis patients: Johnson RJ: Risk of death among chronic
a population based study. Nephrol Dial dialysis patients infected with HCV. Am J
Transplant 2005;20:1662-1669. Kidney Dis 1998;32:629-634.

» 4 Goral V, Simsek M, Mete N: Hepatic osteo- »9 Nakayama E, Akiba T, Marumo E, Sato C:
dystrophy and liver cirrhosis. World J Prognosis of anti-hepatitis C virus antibody-
Gastroenterol 2010;16:1639-1643. positive patients on regular hemodialysis

»5 Marcelli D, Stannard D, Conte F, Held P, therapy. ] Am Soc Nephrol 2000;11:1896-
Locatelli E, Port F: ESRD patient mortality 1902.
with adjustment for comorbid conditionsin  »10 Espinosa M, Martin-Malo A, Alvarez de Lara
Lombardy (Italy) versus the United States. M, Alijama P: Risk of death and liver cir-
Kidney Int 1996;50:1013-1018. rhosis in anti-HCV positive long-term hae-

modialysis patients. Nephrol Dial Transplant
2001;16:1669-1674.

HCV in Dialysis 51



>11

>12

»13

»14

»15

»16

> 13

»19

»20

52

Di Napoli A, Pezzotti P, Di Lallo D, Petrosillo P21
N, Trivelloni C, Di Giulio S, The Lazio
Dialysis Registry: Epidemiology of hepatitis
C virus among long-term dialysis patients:
a 9-year study in an Italian registry. Am J
Kidney Dis 2006;48:629-637.

Fabrizi F, Takkouche B, Lunghi G, Dixit V,
Messa P, Martin P: The impact of hepatitis
C virus infection on survival in dialysis
patients: meta-analysis of observational stud- P23
ies. J Viral Hepat 2007;14:697-703.

Scott DR, Wong ], Spicer T, Dent H, Mensah
E, McDonald S, Levy M: Adverse impact of
hepatitis C virus infection on renal replace-
ment therapy and renal transplant patients in
Australia and New Zealand. Transplantation
2010;90:1165-1171.

Johnson D, Dent H, Yao Q, Tranaeus A,
Huang C, Han D, Jha V, Wang T, Kawaguchi
Y, Qian J: Frequencies of hepatitis B and C
infections among haemodialysis and perito-
neal dialysis patients in Asia-Pacific coun-
tries: analysis of registry data. Nephrol Dial
Transplant 2009;24:1598-1603.

Santoro D, Mazzaglia G, Savica V, Li Vecchi
M, Bellinghieri G: Hepatitis status and mor-
tality in haemodialysis population. Ren Fail
2009;31:6-12.

Goodkin D, Bragg-Gresham J, Koenig K, et
al: Association of comorbid conditions and
mortality in hemodialysis patients in Europe,
Japan and the United States: The dialysis out-
comes, and practice patterns study (DOPPS).
J Am Soc Nephrol 2003;14:3270-3277.

Wang SM, Liu H, Chou C, Huang C, Shih C,
Chen W: Mortality in hepatitis C-positive
patients treated with peritoneal dialysis. Perit
Dial Intern 2008;28:183-187.

Petit JM, Minello A, Jooste V, et al:
Decreased plasma adiponectin concen-
trations are closely related to steatosis in
hepatitis C virus-infected patients. ] Clin
Endocrinol Metab 2005;90:2240-2243.
Kalantar-Zadeh K, Daar E, Eysselein V,
Miller L: Hepatitis C infection in dialysis
patients: a link to poor clinical outcome? Int
Urol Nephrol 2007;39:247-259.

Oyake N, Shimada T, Murakami Y, Ishibashi
Y, Satoh H, Suzuki K, Matsumori A, Oda T:
Hepatitis C virus infection as a risk factor
for increased aortic stiffness and cardiovas-
cular events in dialysis patients. ] Nephrol
2008;21:345-353.

»22

»24

» 25

»26

»27

»23

»29

»30

Afsar B, Elsurer R, Sezer S, Ozdemir NF:
Quality of life in haemodialysis patients: hep-
atitis C virus makes sense. Int Urol Nephrol
2009;41:1011-1019.

Okuda K, Yokosuka O: Natural history

of chronic hepatitis C in patients on hae-
modialysis: case control study with 4-23
years of follow-up. World ] Gastroenterol
2004;10:2209-2212.

Ishida H, Agishi T, Koyama I, Sawada T,
Murakami T, Utsumi K, Tsuji K, Kawase

T, Ishii Y, Ishimori I, kaneko I, Tojimbara

T, Nakajima I, Mineshina M, Fuchinoue S,
Yoshioka T: Hemodialysis paradox: survey
on the incidence rate of hepatocellular car-
cinoma in anti-hepatitis virus C-antibody
positive chronic haemodialysis patients. Artif
Organs 2001;25:58-71.

Fabrizi F, Messa P, Martin P: Impact of
haemodialysis therapy on hepatitis C virus
infection: a deeper insight. Int J Artif Organs
2009;32:1-11.

Furusyo N, Hayashi ], Ariyama I, Sawayama
Y, Etoh Y, Shigematsu M, Kashiwagi S:
Maintenance haemodialysis decreases serum
hepatitis C virus RNA levels in haemodialy-
sis patients with chronic HCV infection. Am
] Gastroenterol 2000;95:490-496.

Cotler S, Diaz G, Gundlapalli S, Jakate S,
Chawla A, Mital D, Jensik S, Jensen DM:
Characteristics of hepatitis C in renal
transplant candidates. ] Clin Gastroenterol
2002;35:191-195.

Rampino T, Arbustini E, Gregorini M,
Guallini P, Libetta C, Maggio M, Ranghino
A, Silini E, Soccio G, Dal Canton A:
Haemodialysis prevents liver disease caused
by hepatitis C virus: role of hepatocyte
growth factor. Kidney Int 1999;56:2286-
2291.

Alric L, Di Martino V, Selves J, et al: Long-
term impact of renal transplantation on liver
fibrosis during hepatitis C virus infection.
Gastroenterology 2002;123:1494-1499.
Lombardi M, Cerrai T, Dattolo P, et al: Is

the dialysis membrane a safe barrier against
HCV infection? Nephrol Dial Transplant
1995;10:578-579.

Noiri E, Nakao A, Oya A, Fujta T, Kimura S:
Hepatitis C virus in blood and dialysate in
hemodialysis. Am ] Kidney Dis 2001;37:38-
42.

Fabrizi - Dixit - Messa - Martin



P31 Mizuno M, Higuchi T, Yanai M, Kanmatsuse P33 Badalamenti S, Catania A, Lunghi G, Covini

»32

K, Esumi M: Dialysis-membrane-dependent
reduction and adsorption of circulating

C virus during haemodialysis. Nephron
2002;91:235-242.

Hayashi H, Okuda K, Yokosuka O, et al:
Adsorption of hepatitis C virus particles
onto the dialyzer membrane. Artif Organs
1997;21:1056-1059.

Dr. Fabrizio Fabrizi

Divisione Nefrologica, Ospedale Maggiore, Pad. Croff

Via Commenda 15
IT-20122 Milano (Italy)
Tel. +39 2 55034553, E-Mail fabrizi@policlinico.mi.it

HCV in Dialysis

G, Bredi E, Brancaccio D, Salvadori M,
Como G, Ponticelli C, Graziani G: Changes
in viremia and circulating interferon-alpha
during haemodialysis in hepatitis C virus-
positive patients: only coincidental phenom-
ena? Am ] Kidney Dis 2003;42:1-11.

53



