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KDIGO (Kidney Disease: Improving Global Outcomes) is an international initiative with a key mission
of developing clinical practice guidelines in the area of chronic kidney disease (CKD). KDIGO recently
published evidence-based clinical practice guidelines for the prevention, diagnosis, evaluation, and
treatment of hepatitis C virus infection in individuals with CKD. The process of adaptation of international
guidelines is an important task that, although guided by general principles, needs to be individualized for
each region and country. Therefore, the National Kidney Foundation–Kidney Disease Outcomes Quality
Initiative (KDOQI) convened a multidisciplinary group to comment on the application and implementa-
tion of the KDIGO guidelines for patients with CKD in the United States. This commentary summarizes
the process undertaken by this group in considering the guidelines in the context of health care delivery
in the United States. Guideline statements are presented, followed by a succinct discussion and
annotation of the rationale for the statements. Research recommendations that are of particular interest
to the United States are then summarized to highlight future areas of inquiry that would enable updating
of the guidelines.
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ission to “improve the care and outcomes of

From 1Tufts Center for Guideline Development and Imple-
entation, Tufts Medical Center, Boston, MA; 2University of
isconsin School of Medicine and Public Health, Madison,
I; 3Kaiser Permanente–Southern California, Los Angeles,
A; 4Caritas St Elizabeth’s Medical Center, Tufts University
chool of Medicine, Boston, MA; 5Virginia Tech Carilion
chool of Medicine, Roanoke, VA; 6Central Florida Kidney

enters Inc, Orlando, FL; 7AMAG Pharmaceuticals Inc,

merican Journal of Kidney Diseases, Vol 52, No 5 (November), 2
idney disease patients worldwide through pro-
oting coordination, collaboration, and integra-

ion of initiatives to develop and implement
linical practices guidelines.”1 The recent KDIGO
linical practice guidelines for the prevention,
iagnosis, evaluation, and treatment of hepatitis

ambridge, MA; and 8St Paul’s Hospital, Vancouver,
anada.
Reprint requests to: Donna Fingerhut, National Kidney

oundation, 30 E 33rd St, New York, NY 10016. E-mail:
onnaf@kidney.org
© 2008 by the National Kidney Foundation, Inc.
0272-6386/08/5205-0001$34.00/0

doi:10.1053/j.ajkd.2008.08.005

008: pp 811-825 811

mailto:donnaf@kidney.org


C
k
n
a
U
t
t
g
c
s
a
p
c

s
c
i
l
u
s
a
h
p
i
q

p
e
p
i
w
n
t

s
a
d
p
o
i
n
p
C
(
t
t
g

a

H
t
i
p
a
t
f
t
a
i
g
(
c

d
s
m
t
b
m
t
(
q
a
g
t
“
q
i
v
c

t
H
b
s
r
K

d
v
r
t
D
o
t

Gordon et al812
virus (HCV) infection in patients with chronic
idney disease (CKD) appeared in Kidney Inter-
ational (Issue 109, April 2008).2 To describe
nd adopt international guidelines within a local
S environment, the National Kidney Founda-

ion–Kidney Disease Outcomes Quality Initia-
ive (KDOQI) convened a multidisciplinary
roup. The resulting document describes the spe-
ific guideline recommendations, rationale, and
tatements regarding applicability to the US situ-
tion. The intention is to ensure that a US KDQOI
erspective is available for use by local physi-
ians and care providers.

The burden of HCV in the United States is
ubstantial, with an estimated 3.2 million Ameri-
ans chronically infected with the virus.3 HCV
nfection is associated with an increased preva-
ence of reduced kidney function4 and albumin-
ria5 and an increased risk of developing end-
tage renal disease.6 Moreover, HCV infection is
ssociated with increased mortality in patients on
emodialysis (HD) therapy7 and kidney trans-
lant recipients.8 Thus, how to manage HCV
nfection in patients with CKD is a relevant
uestion in the US context.

KDIGO GUIDELINE PROCESS

KDIGO developed evidence-based clinical
ractice guidelines for the prevention, diagnosis,
valuation, and treatment of HCV infection in
atients with CKD. KDIGO defined CKD as
ncluding patients with CKD stages 1 to 5, as
ell as those on dialysis therapy (HD or perito-
eal dialysis) and kidney transplant recipients, a
erminology we adopt in this text.

In July 2005, two work group co-chairs as-
embled a panel of international experts in HCV
nd nephrology, hepatology, and virology to un-
ertake a systematic review of the literature and
roduce clinical practice guidelines for the care
f patients with CKD and HCV infection. An
nternational team of methodologists coordi-
ated the methods and analytical process and
repared the evidence report. Liaisons from the
enters for Disease Control and Prevention

CDC), World Health Organization, and Na-
ional Institutes of Health (NIH) participated in
he iterative process of evidence review and
uideline development.
The work group focused on 5 aspects of man-
gement of patients with CKD with respect to h
CV infection: diagnosis; treatment; preventing
ransmission in HD facilities; management of
nfected patients before and after kidney trans-
lantation; and management of kidney diseases
ssociated with HCV infection. Specific ques-
ions were formulated addressing these topics to
orm the basis of systematic reviews. For most
opics, eligible studies evaluated patients with
ny CKD stage being tested or treated for HCV
nfection. For treatment-related topics, the work
roup primarily considered clinical outcomes
including adverse events) or sustained virologi-
al response (SVR).

The guideline document included detailed evi-
ence tables summarizing the overall conclu-
ions and quality of evidence for all studies that
et the inclusion criteria. With the assistance of

he Evidence Review Team, work group mem-
ers rated the quality of the individual studies. A
odification of the Grading of Recommenda-

ions Assessment, Development and Evaluation
GRADE) method9 was applied to appraise the
uality of evidence for key outcomes of interest
nd of the overall body of evidence for each
uideline statement. Guideline statements were
hen formulated and their strength was rated as
strong,” “moderate,” or “weak” based on the
uality of evidence and other considerations,
ncluding the size of the effect estimate and
alues and preferences. Costs were not formally
onsidered.

The guidelines were endorsed by the interna-
ional work group and the KDIGO Board. The
CV guidelines underwent external peer review
y individuals and organizations worldwide. Sub-
equent to that process, feedback was incorpo-
ated and a final document was published in
idney International.2

KDOQI PROCESS FOR ADAPTATION OF
HCV GUIDELINES

Although the KDIGO guidelines were pro-
uced through a robust process of evidence re-
iew, it is imperative that they be reviewed
egarding their applicability and implementation
o a particular context, ie, for the United States.
ifferences in the target population, prevalence
f disease, availability of various diagnostic tests,
herapeutic interventions, and organization of

ealth services can result in reasonable varia-
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KDOQI Hepatitis C Commentary 813
ions in how evidence is interpreted and guide-
ine recommendations are formulated and ap-
lied, even when they are based on the same best
vailable evidence.10 Local adaptation of interna-
ional guidelines has received increasing atten-
ion.10,11 It requires consideration of how spe-
ific medical, organizational, legislative, and
ultural issues impact on the applicability of the
ecommendations.

KDOQI convened a multidisciplinary group
o comment on the application and implementa-
ion of the KDIGO clinical practice guidelines in
he United States, as well as to serve as a model
or adaptation of future KDIGO guidelines. The
riginal KDIGO guideline recommendations for
CV diagnosis, evaluation, and treatment are
resented verbatim with the strength that was
riginally assigned to them and with references
o additional tables or algorithms contained in
he KDIGO guidelines, which are not repro-
uced here. After each set of recommendations, a
ationale commentary is provided that comments
n their applicability in the United States. The
arget population is patients with CKD of all
tages, including HD patients and kidney trans-
lant recipients. The target audience is the practi-
ioners caring for these patients in the United
tates. The process included comparison of the
DIGO guidelines with other United States–
ased guidelines for HCV infection, including
hose published by the American Association for
he Study of Liver Diseases (AASLD),12 Ameri-
an Gastroenterological Association (AGA),13

IH,14 and the CDC.15,16

The KDOQI panel considered the medical
are delivery system in the United States and has
ttempted to describe here for US practitioners
he key guidelines regarding HCV diagnosis,
valuation, and treatment. Explicit consideration
f cost implications of the recommendations
arrants detailed analysis and is beyond the

cope of this report.

GUIDELINE 1: DETECTION AND EVALUATION OF
HCV IN CKD

1.1.1 It is suggested that CKD patients be
tested for HCV. (Weak)

1.1.2 Testing for HCV should be performed

in patients on maintenance HD therapy C
(CKD Stage 5D) and kidney transplant
candidates. (Strong)

1.2.1 Patients on HD therapy should be tested
when they first start HD or when they
transfer from another HD facility.
(Strong)

● In HD units with a low prevalence of
HCV, initial testing with enzyme
immunoassay [EIA]; (if positive, fol-
lowed by nucleic acid testing [NAT])
should be considered (see Algorithm
1 in the KDIGO guideline). (Moder-
ate)

● In HD units with a high prevalence
of HCV, initial testing with NAT
should be considered (see Algorithm 1
in the KDIGO guideline). (Moderate)

1.2.2 For patients on HD therapy who test
negative for HCV, retesting every 6 to
12 months with EIA should be consid-
ered. (Moderate)

1.2.3 Testing for HCV with NAT should be
performed for HD patients with unex-
plained abnormal aminotransferase(s)
levels. (Strong)

1.2.4 If a new HCV infection in an HD unit is
suspected to be nosocomial, testing
with NAT should be performed in all
patients who may have been exposed.
(Strong)

● Repeated testing with NAT is sug-
gested within 2 to 12 weeks in initially
NAT-negative patients. (Weak)

RATIONALE

The detection and evaluation of HCV in a
atient with CKD is important because HCV
ay be the cause of CKD and may be linked to

oor clinical outcomes. The recommendations
uggest the most appropriate testing strategy and
requency in patients with different stages of
KD. The evidence base is relatively modest in

he area of diagnosis and evaluation, but the
tatements reflect best practices and recommen-
ations, which incorporate risk to the patient,
isk to others, and both diagnostic and prognostic
spects.

Even if hepatitis C is unrelated to the cause of

KD, it can still be an independent predictor of
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Gordon et al814
ore rapid progression of CKD, as shown in
atients with diabetes mellitus.17 Therefore, test-
ng may be reasonable in this population. How-
ver, there is little evidence to support the prac-
ice of routine HCV testing in all patients with
KD based on the unproven benefits in the face
f possible substantial costs. Still, as outlined in
he AASLD guideline for the general population,
t is recommended that HCV testing be per-
ormed in patients with CKD at risk of acquiring
CV. This includes persons who have injected

llicit drugs in the recent or remote past, persons
ho received a blood transfusion or organ trans-
lant before July 1992, and persons with human
mmunodeficiency virus infection, among
thers.12

In a small proportion of individuals with CKD,
CV infection is the cause of CKD, which may
anifest as membranoproliferative glomerulone-

hritis (MPGN) with or without cryoglobuline-
ia, focal and segmental glomerulosclerosis, or
embranous glomerulopathy.18 Therefore, indi-

iduals with glomerular hematuria or proteinuria
f unknown cause should be tested for HCV
Guideline 1.1.1) as part of the evaluation of the
ause of CKD.

Routine testing in HD patients is recom-
ended (1.1.2). Patients on HD therapy should

e tested for HCV when they first start HD
herapy and also when they transfer between HD
acilities (1.2.1). This KDIGO recommendation
s applicable to the US context because the
revalence of HCV in patients on maintenance
D therapy in the United States is 10-fold greater

han that of the general population.3,19 Patients
ay acquire HCV before initiating HD therapy

r be infected through nosocomial transmission
n HD facilities. In addition, HCV infection is
ssociated with increased mortality in HD pa-
ients.7 Testing serves 2 purposes: to identify and
anage those with active HCV infection and

rovide surveillance to detect nosocomial trans-
ission in the HD facility.
The prevalence of HCV in individual HD

enters should guide the choice between EIA or
AT for HCV RNA as the initial test. The overall
revalence of HCV in HD patients in the United
tates is 14%,19 but varies across centers. The
ositive and negative predictive values of EIA
esting vary by local prevalence of HCV, which

etermines the pretest probability. In dialysis p
enters with a high prevalence of HCV infection,
ore cases of false-negative EIA test results may

ccur. Thus, initial testing with NAT should be
onsidered. This differs from the CDC recom-
endation that EIA be the initial test in all

atients on HD therapy.15

Rates of HCV infection generally are lower
or patients on peritoneal dialysis therapy; there-
ore, guidelines for HCV testing may not be
pplicable to this population, except for those
ho have changed modalities from HD. Data for
CV rates for home HD patients are limited, but

t is likely that the rates are lower than for
n-center HD patients.

CONSIDERATIONS FOR US DIALYSIS
FACILITY–SPECIFIC IMPLEMENTATION

There is considerable cost associated with the
niversal implementation of these guidelines on
esting. Given the variation in HCV prevalence
nd the direct relationship between the dialysis
acility prevalence and incidence rates of new
ases,20 it seems reasonable to implement this
uideline based on dialysis facility–specific crite-
ia: eg, HCV prevalence in the dialysis facility
opulation and the risk-factor profile for HCV
nfection in the facility’s population, among oth-
rs. For example, testing of individuals transfer-
ing from 1 facility to another in the same geo-
raphic area with low HCV rates might not be
ecessary. In addition, testing patients who trans-
er from another facility, but have documentation
f results from recent testing, also may not be
ecessary.

epeatedHCVTesting inSeronegative
DPatients

For patients on HD therapy who test negative
or HCV, repeated testing every 6 to 12 months
sing EIA may be considered (1.2.2). Unless an
vent has occurred in the meantime, these pa-
ients have a low pretest probability of infection;
herefore, the expensive NAT is unnecessary.
his is consistent with the CDC recommendation

hat patients on HD therapy undergo HCV test-
ng every 6 months and monthly aminotransfer-
se testing.15 NAT should be performed for HD
atients with unexplained abnormal aminotrans-
erase levels (1.2.3), who thus have an increased

robability of HCV infection. This guideline is
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KDOQI Hepatitis C Commentary 815
imilar to the CDC recommendation that testing
or NAT should be considered in EIA-negative
atients with a persistent increase in alanine
minotransferase levels.15

In the setting of suspected nosocomial HCV
nfection in an HD facility, testing with NAT
hould be performed in all patients who may
ave been exposed (1.2.4). Repeated testing with
AT is suggested within 2 to 12 weeks in ini-

ially NAT-negative patients because of the risk
f false-negative NAT test results early after
nfection.

Applicability of Guideline 1 to the
United States

HCV testing of patients with CKD should
be performed in patients with unexplained
proteinuria, microscopic hematuria, increased
aminotransferase levels, or risk factors for
HCV acquisition. The choice of initial test
(EIA versus NAT) for HD patients should be
individualized to facility-specific prevalence
because of moderate rates of false-negative
EIA test results in high-prevalence units. The
optimal frequency of follow-up testing for
HCV in US-based HD facilities requires
further study, but for now, should follow CDC
recommendations.

GUIDELINE 2: TREATMENT OF HCV INFECTION IN
PATIENTS WITH CKD

2.1.1 It is suggested that CKD patients with
HCV infection be evaluated for antivi-
ral treatment. (Weak)

2.1.2 It is suggested that the decision to treat
be based on the potential benefits and
risks of therapy, including life expect-
ancy, candidacy for kidney transplanta-
tion, and comorbidities. (Weak)

2.1.3 It is suggested that in CKD patients—
except kidney transplant recipients—
who develop an acute HCV infection, a
waiting period beyond 12 weeks to
observe spontaneous clearance (by
NAT) is not justified, and that antiviral

treatment should be started. (Weak)
2.1.4 It is suggested that HCV-infected
patients accepted for kidney transplan-
tation be treated (see Guideline 4).
(Weak)

2.1.5 It is suggested that treatment of HCV-
infected kidney transplant recipients be
considered only when the benefits of
treatment clearly outweigh the risk of
allograft rejection due to interferon
(IFN)-based therapy (for example, fi-
brosing cholestatic hepatitis and life-
threatening vasculitis). (Weak)

2.1.6 It is suggested that antiviral therapy be
considered for patients with HCV-
related glomerulonephritis (see Guide-
line 5.3). (Weak)

2.2.1 For HCV-infected patients with CKD
stages 1 and 2, combined antiviral
treatment using pegylated (PEG)-IFN
and ribavirin is suggested, as in the
general population. (Weak)

● It is suggested that ribavirin dose be
titrated according to patient toler-
ance. (Weak)

2.2.2 For HCV-infected patients with CKD
Stages 3, 4, and 5 not yet on dialysis
therapy, monotherapy with PEG-IFN
with doses adjusted to the level of
kidney function is suggested. (Weak)

2.2.3 For HCV-infected patients with CKD
Stage 5D on maintenance HD therapy,
monotherapy with standard IFN that is
dose-adjusted for a glomerular filtra-
tion rate (GFR) �15 mL/min/1.73 m2

is suggested. (Weak)
2.2.4 For HCV-infected kidney transplant re-

cipients in whom the benefits of antivi-
ral treatment clearly outweigh the risks
(see Guideline 2.1.5), monotherapy with
standard IFN is suggested. (Weak)

2.3.1 SVR, defined as HCV RNA clearance 6
months after completion of antiviral
treatment, is suggested for assessing
response to antiviral treatment. (Weak)

2.3.2 If SVR is achieved, it is suggested that
testing with NAT be performed annu-
ally to ensure that the patient remains

nonviremic. (Weak)
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Gordon et al816
● For patients on maintenance HD
therapy, repeated testing with NAT
every 6 months is suggested. (Weak)

2.3.3 All patients with HCV infection, regard-
less of treatment or treatment response,
should be followed up for HCV-associ-
ated comorbidities. (Strong)

● Patients who have evidence of clini-
cal or histological cirrhosis should
have follow-up every 6 months.
(Strong)

● Annual follow-up for patients with-
out cirrhosis is suggested. (Weak)

RATIONALE

eneral Considerationof Trade-offsBetween
enefits andHarmsof Treatment

Treatment of HCV in the general population is
ssociated with lower rates of mortality,21,22 cir-
hosis,23,24 and hepatocellular carcinoma.21,25 It
s uncertain to what extent the benefit from
voiding morbidity and mortality would apply to

Table 1. Recommended Treatment of HCV Infection i

KD Stage Interferon*

and 2 Pegylated interferon alfa-2a,
180 �g SC/wk

Pegylated interferon alfa-2b,
1.5 �g/kg SC/wk

800-1
do

and 4 Pegylated interferon alfa-2a,
135 �g SC/wk

Pegylated interferon alfa-2b,
1 �g/kg SC/wk

Stage
div
rec
50

Pegylated interferon alfa-2a,
135 �g SC/wk

Pegylated interferon alfa-2b,
1 �g/kg SC/wk

Not r

D Alfa-2a interferon, 3 mU SC
3�/wk

Alfa-2b interferon, 3 mU SC
3�/wk

Not r

T 1-5 Not recommended unless treating
fibrosing cholestatic hepatitis or
life-threatening vasculitis

Not r

Abbreviations: CKD, chronic kidney disease; eGFR, e
ubcutaneous; mU, million units.
*Patients with genotypes 1 and 4 should receive 48 week
eeks (�2 log fall in viral titer). Genotypes 2 and 3 should b
†See text for detailed discussion of ribavirin use and dos

nd 3 infection should receive 800 mg/d with stages 1 and

,000 to 1,200 mg/d with stages 1 and 2 CKD.
atients with CKD, who in general have a shorter
ife expectancy. Patients with CKD traditionally
ave been excluded from trials, thus making
ost of these treatment recommendations moder-

te to weak. Nonetheless, they are consistent
ith the recommendations of other official bod-

es that provide guidance on treatment of patients
ith HCV. Treatment of HD patients who de-
elop acute hepatitis C should be delayed to
etermine whether spontaneous HCV RNA clear-
nce occurs, but not beyond 12 weeks after
nfection (2.1.3). Antiviral treatment should then
e considered in patients with CKD (2.1.1) after
eighing the potential benefits and risks of

herapy for individual patients. Consideration
hould include: kidney function level (based on
stimated GFR); the likelihood of successful
reatment in terms of clearing HCV RNA; the
atient’s candidacy for kidney transplantation;
edical comorbidities, including psychiatric or

ematologic diseases; and estimated life expect-
ncy, among other factors (2.1.2).12,13 Hepatolo-
ists and transplant surgeons may be helpful in

nts With CKD and Their Associated Adverse Events

ibavirin† Common Adverse Events

g/d in 2 divided Interferon: headache, flu-like illness,
depression

Ribavirin: worsened anemia due to
hemolysis

-800 mg/d in 2
ses; not

nded for eGFR �
/1.73 m2

Interferon: same as above
Ribavirin can cause hemolytic

anemia and its use must be
supported with increased
erythropoietin as needed

ended Interferon: same as above

ended Interferon: same as above

ended Interferon has been associated with
allograft rejection and failure

d glomerular filtration rate; HCV, hepatitis C virus; SC,

terferon therapy if an early viral response is obtained at 12
ed for 24 weeks.
patient with CKD stages 3 to 5. Patients with genotypes 2
. Patients infected with genotypes 1 and 4 should receive
n Patie

R

,200 m
ses

3: 400
ided do
omme
mL/min

ecomm

ecomm

ecomm

stimate

s of in
e treat
ing in
2 CKD



t
a
b
l
e

p
c
d
m
c
a
m
d
i
r
c

C

C
t
s
(
p
K
r
w
b
p
u
s
s
t
D
a
l
b
h
S
(
d
t

C
T

t
e
h
m
b
e
p
t
o
f
q
b
a
l
t
t
(
p
o
e
P
S
r
c
l
o
s
g
b
t

K

p
r
t
e
t
k
e
s
i
t
r

KDOQI Hepatitis C Commentary 817
he decision-making process. Because this is an
rea of weak evidence and there are trade-offs
etween potential benefits and harms, it is particu-
arly important to incorporate the patient’s pref-
rences and values in this decision.

The selection of HCV treatment agent de-
ends on CKD stage and should be made in
onsultation with a hepatologist (Table 1). SVR,
efined as achieving HCV RNA negativity 6
onths after completing treatment, is the ac-

epted measure of treatment success. PEG-IFN
nd ribavirin combination therapy for 6 to 12
onths depending on HCV genotype is the stan-

ard treatment for patients with HCV infection
n the general population.12,26,27 However, expe-
ience with the use of these agents is limited in
ertain groups of patients with CKD.

RECOMMENDED TREATMENT OF HCV INFECTION
IN PATIENTS WITH CKD AND THEIR ASSOCIATED

ADVERSE EVENTS

KDStages1 to5,Nondialysis

Although all HCV-infected patients with
KD should be considered for treatment, pa-

ients with HCV-related glomerulonephritis
hould be specifically targeted for treatment
2.1.6) to possibly reduce proteinuria and slow
rogressive loss of kidney function. The
DIGO guidelines recommended PEG-IFN and

ibavirin combination therapy only for patients
ith CKD stages 1 and 2 (2.2.1), in part
ecause the Food and Drug Administration
ackage inserts for these agents permit their
se at this level of kidney function28-30 and
tudies of PEG-IFN and ribavirin excluded
ubjects with serum creatinine values 1.5 times
he upper limit of normal.26 The Food and
rug Administration suggests that ribavirin be

voided in patients with creatinine clearance
ess than 50 mL/min because ribavirin is cleared
y the kidneys and can cause life-threatening
emolytic anemia.30 Thus, patients with CKD
tages 3 to 5 may be treated with PEG-IFN
2.2.2) or IFN monotherapy. These recommen-
ations are consistent with those published by

he AASLD and the AGA.12,13 n
KDStage5HDandKidney
ransplantCandidates

Patients on HD therapy, particularly kidney
ransplant candidates (2.1.4), should be consid-
red for treatment. Patients on HD therapy
ave SVR rates of 33% to 37%,31,32 but also a
uch shorter life expectancy during which any

enefits may accrue and a high rate of adverse
vents.31,32 Individuals who are kidney trans-
lant candidates are a special subgroup in that
heir life expectancy is longer than that of
ther patients on HD therapy and their risk
rom untreated HCV infection during subse-
uent immunosuppression is greater. Still, the
enefits of treatment have to be weighed against
possible delay in transplantation during the

engthy treatment of patients with HCV infec-
ion. The KDIGO guidelines suggest mono-
herapy with IFN for patients on HD therapy
2.2.3). More recent studies of PEG-IFN in HD
atients have found similar SVR rates to those
f IFN monotherapy in HD patients.33-35 How-
ver, none of the IFN studies and only 1 of the
EG-IFN studies34 was conducted in the United
tates. Thus, it is unclear how directly the
esults are applicable to US HD patients be-
ause of potential differences in patient popu-
ation, HCV genotype prevalence, and severity
f HCV disease. These recommendations are
imilar to those made by the AASLD and AGA
uidelines, which recommend PEG-IFN or IFN,
ut suggest ribavirin not be used in HD pa-
ients.12,13

idneyTransplantRecipients

Potential treatment benefits in kidney trans-
lant recipients have to be weighed against the
isk of acute allograft rejection caused by IFN
herapy36,37 and lack of evidence showing the
fficacy of both IFN and ribavirin in this popula-
ion.36-38 However, IFN can be considered in
idney transplant recipients if the potential ben-
fits of treating life-threatening vasculitis or fibro-
ing cholestatic hepatitis outweigh a 7% to 19%
ncidence of allograft loss caused by rejec-
ion36,37 (2.1.5). The AASLD guidelines also
ecommend against antiviral treatment after kid-

ey transplantation.12
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Gordon et al818
ollow-upof TreatedPatients, All
KDPopulations

Follow-up of treated patients should include
ssessment of SVR (2.3.1). Periodic testing of
CV RNA in patients who achieved SVR should
e performed to monitor for long-term persis-
ence of viral negativity (2.3.2). As in the gen-
ral population, patients with CKD and cirrho-
is presumed to be caused by HCV should be
anaged in consultation with a hepatologist

nd should be screened for hepatocellular car-
inoma and other sequelae of HCV infection
nd cirrhosis, as recommended by the AGA
nd AASLD (2.3.3).12,13

Applicability of Guideline 2 to the
United States

Although the available evidence support-
ing HCV treatment is weak as applied to the
US population, it favors treatment of appropri-
ate individuals. Thus, after weighing the risks
and benefits for the individual patient, treat-
ment is indicated because of the high morbid-
ity and mortality associated with persistent
HCV infection. Specifically, patients with
CKD stages 1 to 2 are candidates for the
current gold standard of PEG-IFN and ribavi-
rin, and HD patients appear to have high SVR
rates after IFN monotherapy. Further study is
needed to clarify the overall clinical benefit of
HCV treatment in US patients with CKD and
the optimal treatment strategy for patients at
any stage of CKD.

GUIDELINE 3: PREVENTING HCV TRANSMISSION IN
HD UNITS

3.1 HD units should ensure implementation
of, and adherence to, strict infection-
control procedures designed to prevent
transmission of blood-borne pathogens,
including HCV. (Strong)

● Isolation of HCV-infected patients is
not recommended as an alternative to
strict infection-control procedures for
preventing transmission of blood-

borne pathogens. (Weak) K
● The use of dedicated dialysis ma-
chines for HCV-infected patients is
not recommended. (Moderate)

● When dialyzer reuse is unavoidable, it
is suggested that the dialyzers of HCV-
infected patients can be reused pro-
vided there is implementation of, and
adherence to, strict infection-control
procedures. (Weak)

3.2 Infection-control procedures should in-
clude hygienic precautions (Tables 18
and 19 in the KDIGO guideline39) that
effectively prevent the transfer of blood
or fluids contaminated with blood be-
tween patients, either directly or via
contaminated equipment or surfaces.
(Strong)

● It is suggested to integrate regular
observational audits of infection-con-
trol procedures in performance re-
views of HD units. (Weak)

RATIONALE

Transmission of HCV occurs primarily through
ercutaneous exposure to infected blood. A sys-
ematic review of studies using molecular epide-
iology to track the pattern of HCV outbreaks in
D facilities confirmed patient-to-patient trans-
ission as the major route of transmission,40-42

ith only 1 study implicating the internal path-
ays of the dialysis apparatus.43 Although none
f the studies in the systematic review was per-
ormed in the United States, there is little reason
o believe that routes of transmission substan-
ially differ in HD centers in or outside of the
nited States. A recent abstract showed break-
owns in 4 infection control practices as risk
actors for HCV outbreaks in HD facilities.44

Infection control procedures identical to those
sed for other blood-borne pathogens, such as
epatitis B virus and human immunodeficiency
irus, should be followed to prevent the nosoco-
ial transmission of HCV (3.1). These include

taff education, hand hygiene before and after pa-
ient contact, and use of single-use vials for medi-
ines. Dialysis stations should be cleaned with
ow-level disinfectant after treatment sessions, but
igher level disinfectants should be used in the
vent of visible contamination of equipment. The

DIGO guidelines did not explicitly comment on
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he risk of HCV infection to staff members in HD
enters, but the practice of universal precautions
hould minimize this risk, as well.

Large prospective studies have not identified
solation of HCV-infected HD patients as an effec-
ive measure to reduce nosocomial HCV transmis-
ion.19,45,46 The use of dedicated machines also is
ot recommended (3.1) because all except 1 study
xcluded transmission of HCV through the internal
athways of the dialysis apparatus after appropriate
isinfection. Dialyzer reuse does not appear to be a
isk factor for HCV transmission provided that
trict infection-control procedures are used in the
terilization process (3.1).20,47,48 The KDIGO rec-
mmendations are consistent with the CDC recom-
endation that routine isolation of HCV-infected
D patients is unnecessary.15

Applicability of Guideline 3 to the
United States

Although few studies of HCV transmission
in HD units were performed in the United
States, there is little reason to suspect the
mechanisms of transmission are different.
Moreover, the recommended infection con-
trol procedures are identical to those for other
blood-borne pathogens, which are already
applied in the US setting.

GUIDELINE 4: MANAGEMENT OF HCV-INFECTED
PATIENTS BEFORE AND AFTER
KIDNEY TRANSPLANTATION

4.1.1 All kidney transplant candidates should
be evaluated for HCV infection (see
Algorithm 2 in the KDIGO guideline).
(Strong)

● In low-prevalence settings, initial
testing with EIA and follow-up of
positive EIA with NAT should be
considered. (Moderate)

● In high-prevalence settings, initial
testing with NAT should be consid-
ered. (Moderate)

4.1.2 HCV infection should not be consid-
ered a contraindication for kidney trans-

plantation. (Moderate)
4.1.3 It is suggested that HCV-infected kid-
ney transplant candidates undergo a
liver biopsy before transplantation.
(Weak)

4.1.4 It is suggested that HCV-infected pa-
tients with cirrhosis confirmed by liver
biopsy, but clinically compensated liver
disease, be considered for kidney trans-
plantation only in an investigational
setting. (Weak)

4.1.5 It is suggested that HCV-infected kid-
ney transplant candidates be consid-
ered for treatment with standard IFN
before transplantation (see Algorithm 2
in the KDIGO guideline). (Weak)

4.1.6 It is suggested that patients on a kidney
transplant waiting list be evaluated for
HCV infection (see Algorithm 3 in the
KDIGO guideline). (Weak)

● For patients who have never been
tested for HCV, it is suggested that
testing be performed with EIA in
low-prevalence settings (with fol-
low-up of positive results by NAT)
and NAT in high-prevalence settings
(see Guideline 1.1.1). (Weak)

● It is suggested that HCV-infected
patients not previously known to be
viremic be placed on hold status
pending full evaluation of the sever-
ity of their liver disease. (Weak)

● It is suggested that patients who had
received antiviral treatment before
listing and experienced an SVR have
testing with NAT repeated at least
annually (see Guideline 2.3.2)
(Weak); if NAT becomes positive, it
is suggested that the patient be put
on hold status and have full evalua-
tion of their liver disease. (Weak)

● It is suggested that HCV-infected
patients who had prior evaluation
with liver biopsy, but either failed or
refused antiviral treatment, have re-
peated liver biopsy performed every
3 to 5 years while on the transplant
waiting list, depending on their histo-
logical stage. (Weak)

4.2.1 All kidney donors should be tested for

HCV infection. (Strong)
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● Testing with both EIA and NAT (if
NAT is available) is suggested. (Weak)

4.2.2 It is suggested that transplantation of
kidneys from donors infected with HCV
be restricted to recipients with positive
NAT results. (Weak)

4.3 All conventional current maintenance
immunosuppressive regimens can be
considered for use in HCV-infected
kidney transplant recipients. (Weak)

4.4.1 It is suggested that HCV-infected
kidney transplant recipients more than
6 months after transplantation have
their liver disease evaluated at least
annually. (Weak)

4.4.2 For HCV-infected kidney transplant
recipients in whom the benefits of
antiviral treatment clearly outweigh
the risks (see Guidelines 2.1.5 and
2.2.4), monotherapy with standard
IFN is suggested. (Weak)

4.4.3 It is suggested that HCV-infected
kidney transplant recipients be
screened for the development of hy-
perglycemia after transplantation.
(Weak)

4.4.4 It is suggested that HCV-infected
kidney transplant recipients be tested
at least every 3 to 6 months for
proteinuria. (Weak)

● It is suggested that patients who
develop new-onset proteinuria (ei-
ther urine protein/creatinine ratio �1
or 24-hour urine protein greater than
1 g on 2 or more occasions) have an
allograft biopsy with immunofluores-
cence and electron microscopy in-
cluded in the analysis. (Weak)

4.4.5 Because of the risk of rejection, it is
suggested that kidney transplant re-
cipients with HCV-associated glo-
merulopathy not receive IFN-based
therapy, unless it is determined that
the benefits of therapy outweigh the
risks of treatment. (Weak)

RATIONALE

HCV infection is not a contraindication to

idney transplantation, but all transplant candi- w
ates should be evaluated for HCV infection
4.1.1 and 4.1.2). HCV-infected kidney trans-
lant recipients have lower mortality rates than
CV-infected patients on HD therapy and the

ransplant waiting list.49-51 Because HCV-
nfected kidney transplant recipients have
reater rates of mortality,52-54 graft loss,55,56

osttransplantation diabetes,57-59 and glomeru-
onephritis60,61 than uninfected kidney trans-
lant recipients, treatment of HCV infection is
uggested in kidney transplant candidates
4.1.5). The majority of HD patients who
chieve SVR after IFN monotherapy remain
CV RNA negative after transplantation.62-64

oreover, limited retrospective data suggest
hat rates of posttransplantation diabetes62 and
lomerular disease65 are lower in treated pa-
ients.

HCV-infected kidney transplant candidates
hould undergo a liver biopsy to investigate for
he presence of cirrhosis (4.1.3). If cirrhosis is
etected on liver biopsy, patients could be
onsidered for combined liver and kidney trans-
lantation. KDIGO suggests that in the setting
f histological, but not clinical, cirrhosis, kid-
ey transplantation alone can be considered,
ut only in investigational settings (4.1.4).
Before undergoing transplantation, kidneys

rom deceased donors should be tested for
CV using EIA because of time constraints or
AT if rapid testing is available (4.2.1). HCV-

nfected donor kidneys should be restricted to
ecipients with positive NAT results (4.2.2).
his practice is associated with shorter waiting

ist times66 without an apparent increase in
ortality.66 The risk of superinfection with a

ifferent viral genotype exists, but mixed infec-
ion has not been associated with increased
ortality.67

There are no data suggesting that any immu-
osuppressive agent is superior to others in
CV-infected kidney transplant recipients

4.3). After transplantation, HCV-infected kid-
ey transplant recipients should be monitored
or the development of liver disease (4.4.1),
yperglycemia (4.4.3), and proteinuria (4.4.4).
hen an allograft biopsy is performed to evalu-

te proteinuria in HCV-infected kidney trans-
lant recipients, it should also be examined

ith immunofluorescence and electron micros-
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opy to look for pathological states associated
ith HCV-related kidney disease.

Applicability of Guideline 4 to the
United States

The database studies of outcomes associ-
ated with kidney transplantation in HCV-
infected patients with CKD were performed
in US populations. Accordingly, the guide-
lines for kidney transplantation in HCV-
infected patients with CKD and use of HCV-
positive donors are applicable to US patients.
Posttransplantation testing for diabetes and
proteinuria are currently recommended by the
American Society of Transplantation.68

GUIDELINE5:DIAGNOSISANDMANAGEMENTOF
KIDNEYDISEASESASSOCIATEDWITHHCV INFECTION

5.1 It is suggested that HCV-infected patients be
tested at least annually for proteinuria, hema-
turia, and estimated GFR to detect possible
HCV-associated kidney disease. (Weak)

5.2 It is suggested that a kidney biopsy be per-
formed in HCV-infected patients with clini-
cal evidence of glomerulonephritis. (Weak)

5.3 It is suggested that for patients with HCV-
associated glomerular diseases, particularly
MPGN, antiviral treatment according to
Guideline 2.2 be considered. (Weak)

● It is suggested that immunosuppressive
agents be considered for patients with
cryoglobulinemic kidney diseases. (Weak)

RATIONALE

The prevalence of glomerular disease in pa-
ients infected with HCV is not known. How-
ver, HCV is associated with MPGN and possi-
ly with other glomerular diseases.18 Thus,
creening HCV-infected patients for hematuria,
roteinuria, or reduced GFR can detect cases of
CV-related CKD (5.1).69 This screening would
ave to be carried out by hepatologists, infec-
ious disease specialists, or general internists
ho care for the majority of HCV-infected pa-

ients. Kidney biopsy is indicated when HCV
nfection is suspected as a cause of hematuria,

roteinuria, or reduced GFR (5.2).
When HCV-associated MPGN is diagnosed, it
s suggested that antiviral treatment be consid-
red (5.3). The choice of treatment agent should
e tailored to the individual patient with consid-
ration of their CKD stage and comorbid dis-
ases. Studies of patients with MPGN primarily
ave investigated IFN monotherapy and, to a
esser degree, PEG-IFN or ribavirin. For patients
ith cryoglobulinemic MPGN, immunosuppres-

ion with steroids, cyclophosphamide, or ritux-
mab may be considered (5.3). A phase 3 NIH-
ponsored study currently is investigating the use
f rituximab in patients with MPGN from HCV
nfection.

Applicability of Guideline 5 to the
United States

Many studies of the management of HCV-
associated kidney diseases were conducted in
the United States. However, the quality of the
evidence on these topics was overall low, high-
lighting the need to individualize treatment.

RESEARCH RECOMMENDATIONS

Because the process of guideline development
nvolves a systematic review of the literature, it
lso identifies gaps in the evidence and raises
mportant questions for future research. We list
everal research questions identified by the
DIGO guidelines that have direct relevance for

he care of patients with CKD and HCV infection
n the United States.

RESEARCH QUESTIONS PERTAINING TO
EVALUATION (GUIDELINE 1)

Knowledge of the pretest probability of HCV
in different CKD populations is essential for a
better understanding of the utility of both
screening and follow-up testing of patients. A
study to examine the prevalence of HCV
infection in patients with various stages of
CKD would allow better assessment of the
utility and costs of screening and possibly
support a rationale for testing in targeted
settings.
Rates of seroconversion for HCV of long-term
HD patients should be defined in US dialysis

centers.
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Cost-effectiveness studies should be per-
formed to clarify the optimal pretest preva-
lence above which initial NAT testing should
be used.

RESEARCH QUESTIONS PERTAINING TO
TREATMENT (GUIDELINE 2)

KDNon-HDPopulations

Studies are needed in HCV-infected patients
with CKD Stages 3 to 5 without HCV-related
kidney disease to identify the optimal treat-
ment strategy.
Trials also should be performed to determine
the best treatment regimen for patients with
HCV-associated glomerular diseases with and
without cryoglobulinemia.

DPopulations

Only 1 study has investigated treatment op-
tions for patients on HD therapy in the United
States, and a large multicenter trial comparing
different treatment regimens would be useful.
These studies should evaluate both SVR and
clinical outcomes, such as mortality. Patients
of African-American descent need to be repre-
sented in the studies because they make up
37% of the HD population70 and have greater
rates of HCV infection4 and lower response
rates to treatment.71

Trials also should generate observational data
for identification of factors predictive of SVR
and long-term clinical outcomes after SVR to
help select successful treatment candidates.

idneyTransplantPopulations

Few treatment options for patients with HCV
infection are available for kidney transplant
recipients. Future studies should consider new
agents or combinations of treatments designed
to maximize efficacy while minimizing ad-
verse events. The inclusion of kidney trans-
plant recipients in studies of new medications
and strategies should be encouraged.

RESEARCH QUESTIONS PERTAINING TO
PREVENTION (GUIDELINE 3)

Studies should be performed in US HD cen-
ters using molecular epidemiology methods to

clarify whether nosocomial infection in the u
United States occurs from contact with the
external surfaces of the dialysis apparatus or
through the internal pathways, with special
emphasis on the potential impact of dialyzer
reuse practices on nosocomial transmission of
HCV infection.

RESEARCH QUESTIONS PERTAINING TO HCV AND
KIDNEY TRANSPLANTATION (GUIDELINE 4)

A registry should track clinical outcomes of
HCV RNA–positive recipients who under-
went transplantation of an HCV-infected de-
ceased donor kidney to determine the risk of
adverse outcomes.

RESEARCH QUESTIONS PERTAINING TO
CV-ASSOCIATED KIDNEY DISEASES (GUIDELINE 5)

The epidemiology of HCV-associated glomer-
ular diseases needs to be better characterized
in terms of prevalence, pathological variants,
and the causal connection with HCV.

CONCLUSIONS

We have reviewed the KDIGO clinical prac-
ice guidelines on HCV and CKD, which were
eveloped by an international work group com-
osed of experts in HCV and nephrology, hepa-
ology, virology, and guideline methods. The
urpose of our review is to determine the applica-
ility of the recommendations to US patients
ith CKD and HCV infection. We have adapted

nd contextualized the guidelines to the US health
are delivery system. Specifically, we considered
he availability of diagnostic tests, therapeutic
lternatives, organization of the health care sys-
em, and practices related to HD and kidney
ransplantation.10

Similar commentaries on the KDIGO guide-
ines can be performed for guideline adaptation
o other countries or regions. The process of
daptation of international guidelines is an impor-
ant task that, although guided by general prin-
iples, needs to be individualized for each region
nd country.10 The KDIGO guidelines offer an
xcellent framework from which to adapt spe-
ific guidelines to clinical practice and from
hich to develop important research questions

hat will strengthen the evidence base for a future

pdate of these guidelines.
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