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INTRODUCTION

Acute and chronic kidney diseases are common
following hematopoietic cell transplantation (HCT)
and can lead to long-term effects. Additionally, the
occurrence of kidney disease in the setting of HCT
can negatively affect mortality and morbidity. Etiologies of HCT-associated kidney injury are often
multifactorial, including conditioning chemotherapy,
radiation, nephrotoxic medications, sepsis, sinusoidal obstruction syndrome (SOS), transplantationassociated thrombotic microangiopathy (TA-TMA),
and graft-versus-host disease (GVHD). Continued
improvement in survival following HCT highlights
the importance of monitoring renal function both
before and after transplant and continued follow-up
of patients with CKD.

AKI
Pretransplant evaluation of renal function

Serum creatinine (SCr) is the most widely used
marker of kidney function in patients undergoing
HCT (1). Measurement of SCr provides estimation
of renal function at the bedside and allows for following trends in renal function. GFR prediction
formulas, such as the Modiﬁcation of Diet in Renal
Disease (MDRD) equation for adults and the
Schwartz formula in children, are available (2,3).
However, several shortcomings are inherent in the
properties of SCr as a functional biomarker of AKI.
These include the delay between the onset of kidney
injury and an increase in SCr, limiting its utility to
provide the earliest window for intervention (4). In
addition, SCr is affected by factors such as age,
muscle mass, and hydration status, issues particularly relevant for HCT patients. Even small changes
in SCr in this population can represent signiﬁcant
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decline in kidney function. Other methods of GFR
estimation include 24-hour urine creatinine clearance, inulin clearance, and use of radioactive isotopes
(Tc-DTPA or Cr-EDTA) or iodinated contrast agents
(iothalamate or iohexol).
Deﬁning AKI

Current deﬁnitions of AKI are based on increases
in SCr and decreased urine output. Two scoring
systems, RIFLE (risk, injury, failure, loss, ESRD) and
Acute Kidney Injury Network (AKIN), have been
developed to standardize stratiﬁcation of AKI
severity (5,6). RIFLE criteria include two additional
categories (loss, ESRD) describing two post-AKI
clinical outcomes. For children, a modiﬁed version
of RIFLE criteria, pRIFLE, has been developed (7).
Several studies have shown a correlation between
these scores and clinical outcomes (8). Recently, a
new staging criteria for AKI was created by KDIGO;
however, this newer deﬁnition has not been prospectively studied in the HCT population.
Epidemiology of AKI

The incidence of AKI varies, based on the deﬁnition
of AKI, type of HCT, and chemotherapeutic conditioning regimen. When AKI is deﬁned as a doubling of
SCr during the ﬁrst 100 days after stem cell infusion,
the prevalence ranges from 15% to 73% (9). Severity
of AKI also varies. In a study of pediatric and adult
allogeneic HCTrecipients, up to a third of all patients
doubled their SCr in the ﬁrst 100 days, and 5% required acute dialysis (10). Severity of AKI is associated with increased risk of morbidity and mortality
(11–13).
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For those receiving high-dose conditioning regimens and
allogeneic HCT, the incidence of AKI is as high as 69%. It often
occurs before day 28, and risk factors include lung toxicity, hepatic toxicity, SOS, amphotericin exposure, and sepsis
(14,15).
For patients receiving reduced-intensity chemotherapy
(RIC) and allogeneic HCT, AKI occurs less frequently, later
after transplant, and less often results in the need for dialysis. A
retrospective cohort study found that 47% of RIC patients
developed AKI compared with 73% in the high-dose treatment
group, developing at a median of 26–60 days after transplant
in the RIC group. Fewer RIC patients required dialysis, and
mortality was signiﬁcantly lower (11,16,17). Compared with
allogeneic HCT, AKI incidence is lower in autologous HCT,
occurring in approximately 21% of these patients (18).
Causes of AKI

Common risk factors and causes of AKI after HCT include
volume depletion, sepsis, nephrotoxic medication exposure,
SOS, and GVHD (Table 1). Owing to a propensity for increased gastrointestinal (GI) ﬂuid losses and poor oral intake,
HCT patients are highly susceptible to volume depletion.
Close tracking of ﬂuid intake, urine output, ﬂuid losses via
the GI tract and insensible losses, and daily weight measurement are required. Additional measures that can discriminate
prerenal AKI from other types include BUN/Cr ratio, fractional excretion of sodium (FENa), and fractional excretion
of urea (FEurea) (Table 2).
Sepsis can result in decreased effective circulating volume
and hypotension and is a major risk factor for AKI. Sepsisinduced inﬂammation leads to increased capillary permeability and intravascular ﬂuid leak, resulting in total body volume
overload while depleting effective circulating volume and end
organ perfusion (19).
GVHD is unique to HCT and likely causes tissue and
endothelial damage via T cell– and cytokine-mediated injury
(20). The GI mucosa is a common site of GVHD, contributing
to inadequate ﬂuid intake and increased GI losses.
Table 1. Risk factors for AKI in HCT
Intravascular volume depletion
Vomiting and diarrhea associated with acute gut GVHD
Systemic vasodilatation
Sepsis
Renal vasoconstriction
Sinusoidal obstruction syndrome
Calcineurin inhibitors
Endothelial injury
Acute GVHD
Calcineurin inhibitors
Total body irradiation
Thrombotic microangiopathy
Tubular injury
Medications: amphotericin, vancomycin
Conditioning chemotherapy
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Table 2. Urinary indices for AKI classiﬁcation
AKI classiﬁcation

BUN/Cr ratio

Prerenal AKI
Intrinsic AKI
Obstructive AKI

.20
Variable
Variable

FENa*

FEurea†

,1%
.3%
Variable

,35%
.35%
Variable

*FENa 5 (urinary Na 3 SCr)/(serum Na 3 urinary Cr).
†
FEurea 5 (urinary urea 3 SCr)/(serum urea 3 urinary Cr).

SOS and hepatorenal syndrome (HRS) have been identiﬁed
as an independent risk factor for AKI. HRS results in decreased
resistance in the systemic and splanchnic vasculature, leading
to renal hypoperfusion and compensatory increase in renal salt
and water reabsorption. It presents as oligo-anuric prerenal
AKI with edema and low urinary sodium. Septic shock and
other causes of AKI must be ruled out. Deﬁbroitide exhibits
antithrombotic and ﬁbrinolytic properties and has been
studied for use in SOS (21).
Common medications related to AKI include vancomycin,
aminoglycosides, and amphotericin. Calcineurin inhibitors
(CNIs) can lead to renal arteriolar vasoconstriction and have
been associated with development of TA-TMA.
Management of AKI

The management of AKI is mainly supportive and speciﬁc to
the underlying cause. For situations of renal hypoperfusion,
prompt administration of intravenous ﬂuids is required to
restore effective circulating volume. However, a critical point is
that ﬂuid overload (FO) can itself be an independent predictor
of mortality in critically ill patients (22,23). Stem cell transplant recipients are a population that may be particularly sensitive to FO, with one study of critically ill children suggesting
that .10% FO in HCT patients correlates with decreased survival (%FO 5 [Fluid In – Fluid Out]/Intensive Care Unit
Admission Weight in kilograms) (24,25). Judicious use and
dose adjustment of antimicrobials should be used to decrease
risk of AKI from nephrotoxin exposure. For those not responsive to medical interventions, dialysis is used as supportive
therapy for management of AKI-related ﬂuid and metabolic
derangements.

CKD AFTER HCT

CKD stage 3 is deﬁned as a GFR of ,60 mL/min per 1.73 m2 for
$3 months. This is often the deﬁnition of CKD used in studies
of HCT patients. The ﬁve stages of CKD (Table 3) range from
mild to ESRD. The prevalence of CKD after HCT, using this
deﬁnition, is between 20% and 30% (26). Cohorts including
children and adults have shown a CKD prevalence of 19% at
1 year and 7% at least 2 years after HCT, with a mean estimated
GFR of 46 mL/min per 1.73 m2 (27,28). Other chronic kidney
disorders following HCT include albuminuria, hypertension,
and renal tubular dysfunction. Regardless of underlying cause,
CKD can progress to ESRD and increases mortality risk after
American Society of Nephrology

Table 3. Stages of CKD (67)
Stage
1
2
3a
3b
4
5

2

Description

GFR (mL/min per 1.73 m )

Kidney damage with normal GFR
Mild
Moderate

$90
60–89
30–44
45–59
15–29
,15

Severe
ESRD

HCT. For those who progress to ESRD, this mortality risk can
be as high as 90% (29). Monitoring changes in renal function
and management of any existing chronic renal disease are important to the long-term survival and quality of life for postHCT patients.

monitoring of levels rather than complete cessation of CNI
may be more appropriate (36,37). In patients not responsive to
these interventions, pharmacologic therapies include rituximab, deﬁbrotide, and eculizumab (33,38,39). Eculizumab, a
monoclonal immunoglobulin that binds complement factor
5, has been used for treatment of TA-TMA. A retrospective
analysis of 12 patients with post-HCT TMA treated with eculizumab reported hematologic response of 50% and overall
survival of 33% (40). In some cases, there may be dysregulation of the complement system; elevated levels of C5b-9, the
membrane attack complex, have been identiﬁed; and eculizumab has been used in these patients with mixed results (41).

IDIOPATHIC OR GVHD-RELATED CKD
Clinical entities associated with CKD after HCT

Preexisting CKD before HCT
Preexisting CKD is not a contraindication to HCT. A study of
141 adult patients with leukemia and pretransplant kidney
dysfunction showed that, at 1 year, these patients did not have
worse survival than those who initially had normal kidney
function. In addition, for some cancer diagnoses, CKD is
related to the underlying disease process and HCT can slow the
progression of CKD.
Important points in managing patients with preexisting
CKD include accurate assessment of renal function prior to
HCT, appropriate changes to medication dosing, and avoidance of nephrotoxins.
Transplantation-associated TMA
TMA is deﬁned by hemolytic anemia with erythrocyte
fragmentation, thrombocytopenia, and renal failure. It is
characterized by endothelial damage, leading to thickened
glomerular and arteriolar vessels, the presence of fragmented
red blood cells, thrombosis, and endothelial cell swelling (30).
Two consensus guidelines outline the clinical criteria for the
diagnosis of TA-TMA. Both require the presence of schistocytes on peripheral smear and an elevated lactate dehydrogenase. The BMT Clinical Trials Network also includes AKI
(doubling of serum creatinine), unexplained CNS dysfunction,
and a negative Coombs test. The International Guidelines from
the European Group for Blood and Marrow Transplantation
include thrombocytopenia, anemia, and decreased haptoglobin
(31–33).
In the setting of HCT, the incidence of TMA ranges from 2%
to 21% (31). The clinical course of TMA can be rapid with
severe AKI but commonly follows a more indolent course,
resulting in CKD and, possibly, progression to ESRD (34).
Risk factors for the development of TMA after HCT include
CNI use, total body irradiation, and GVHD (35).
The mainstay of TA-TMA management remains reduction
in dose or stoppage of CNI and therapeutic plasma exchange. A
response rate of 50%–63% has been reported using these two
interventions (33). Given that GVHD itself can be a risk factor
for the development of TA-TMA, an approach with close
American Society of Nephrology

Many HCT survivors will not present with a clear etiology for
CKD and are labeled as idiopathic CKD. Some data support a
label of GVHD-related CKD, with renal disease resulting from
T cell– and cytokine-mediated tissue damage related to the
chronic inﬂammatory state of GVHD (42,43). The presence
of albuminuria in this patient population may be a marker of
the renal involvement of GVHD either directly or indirectly as
described above. Clinically, albuminuria is monitored using
urine albumin to creatinine ratio (ACR) on a spot urine sample. Microalbuminuria is deﬁned as an ACR of 30–300 mg
albumin/g creatinine, whereas macroalbuminuria is deﬁned
by ACR $300 mg/g creatinine. Albuminuria is common after
HCT and can have long-term effects. In a cohort of 142 HCT
patients, 94% developed albuminuria within 100 days after
HCT, 50% developed it at 1 year, and 4% had an ACR demonstrating overt proteinuria. Microalbuminuria at day 100
was associated with a four times greater risk of CKD, and
macroalbuminuria was associated with a seven times greater
risk of nonrelapse mortality (28). In a more recent study, both
micro- and macroalbuminuria in the ﬁrst 100 days after HCT
were associated with an increased risk of nonrelapse mortality
at 1 year (43). Albuminuria can also provide a readily available
indicator of other underlying pathologic processes, such as
TA-TMA (37).
Recent consensus guidelines recommend screening urinalyses and ACR as part of the day 180 post-HCTevaluation and
then yearly screening after HCT. If macroalbuminuria is present, more frequent monitoring every 3–6 months is indicated
(44). Given its utility as a marker of underlying pathology and
the association between macroalbuminuria and long-term
outcomes, renal biopsy is indicated in patients with persistent
macroalbuminuria.
Glomerular disorders

Glomerular lesions related to HCT are typically discussed in
association with chronic GVHD (cGVHD). HCT-related
glomerular disease results in albuminuria, ranging from
mild to nephrotic range proteinuria. Rarely, post-HCT glomerular disease presents as glomerulonephritis (45). In
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contrast to albuminuria, more severe glomerular diseases are
less common. Among these, membranous nephropathy (67%)
and minimal change disease (33%) are the two most common
pathologies (45,46). Both tend to occur fairly late after transplant, 8–14 months, and often within several months of development of GVHD or lowering of immunosuppression for
GVHD prophylaxis (27,47). Treatment for HCT-associated nephrotic syndrome is similar to that in other settings, with corticosteroids being most common, as well as resumption of
GVHD prophylaxis with CNIs (27,48). HCT patients with
macroalbuminuria are likely to beneﬁt from antiproteinuric
therapy with angiotensin-converting enzyme inhibitors
(ACE-Is) or angiotensin receptor blockers (ARBs) (27,49).
Hypertension

Elevations in BP are a common complication of HCT. In a
retrospective analysis of a cohort of children and adults followed for a median of 16 years after HCT, the prevalence of
hypertension was 17% (50). Risk factors associated with the development of hypertension include prior AKI, total body irradiation, autologous transplant, TA-TMA, obesity, and diabetes.
Consensus recommendations are for BP measurement at
each clinic visit, with a maximum interval of yearly (51).
Thresholds for treating hypertension in the HCT population
follow those of the general population, as recommended in the
Report from the Panel Members of the Eighth Joint National
Committee. For those .60 years of age, treatment goals are
based on a threshold of $150/90 mmHg. For all other adults
($18 years old), including those with CKD, the threshold for
treatment initiation is $140/90 mmHg (52). In children, the
Fourth Report on the Diagnosis, Treatment, Evaluation, and
Treatment of High Blood Pressure in Children and Adolescents deﬁnes hypertension as a systolic or diastolic BP .95th
percentile, based on sex, age, and height (53).
Effective treatment of hypertension can decrease cardiovascular disease risk and slow the progression of CKD. Initial
interventions are lifestyle modiﬁcations, including dietary
sodium restriction and regular exercise. Due to antiproteinuric
and renoprotective properties, ACE-I or ARB therapy should
be ﬁrst choice for pharmacologic treatment of hypertension.
For patients in which ACE-I/ARB use is contraindicated,
choice of antihypertensive should be individualized.

study in pediatric HCT patients reported a 22% prevalance of
hemorrhagic cystitis, developing at a median of 35 days after
HCT, which was associated with worse survival (55). Risks for
developing BK-related complications include unrelated donor, myeloablative conditioning, and GVHD (56).
Despite a reported prevalence of 10%–30% for BK viremia,
less is known about the relationship between BK viremia and
nephropathy in the HCT population. In a study of 124 adult
allogeneic HCT recipients, 65% developed viruria and 17%
developed viremia after a median follow-up of 454 days.
Only 2 of 21 patients had persistent viremia and biopsyproven nephropathy; the remaining cases of viremia were
mild and transient. BK viremia was an independent risk factor
for an increase in post-HCT creatinine (57). In children after
HCT, BK viremia has been reported as more predictive of poor
renal outcomes than viruria, supporting the use of plasma BK
polymerase chain reaction (PCR) levels when monitoring for
the development of nephropathy (58). For those with elevations in SCr suspected to be related to BK nephropathy, deﬁnitive diagnosis requires kidney biopsy.
Current treatment options for hemorrhagic cystitis include
pain control, continuous bladder irrigation, and urologic
intervention for clearance of clots causing obstruction. Pharmacologic interventions include cidofovir, leﬂunomide, and
ﬂuoroquinolones (59). CMX100 is an oral formulation of cidofovir and may have less kidney toxicity (60). Another novel
therapy being investigated is the use of exogenous BK-speciﬁc
T cells and manipulation of immunosuppression to maximize
the patient’s own immune response (61,62).

ESRD AND KIDNEY TRANSPLANT AFTER HCT

There are limited data on the risk of ESRD after HCT. The
reported prevalence ranges from 0.4% to 4.4% (63). One study
calculated a risk of end-stage kidney disease as being 16 times
higher than the general population 20 years after HCT (64). For
those progressing to ESRD, dialysis and renal transplant remain
the treatment options. There are several reports of successful
kidney transplantation in both children and adults (65,66).

CONCLUSION
BK nephropathy

BK virus is a double-stranded DNA virus in the polyomavirus
family with a seroprevalence of 80% reported in healthy blood
donors (54). After infection, BK remains dormant in the urothelial cells without clinical effects in immunocompetent
individuals. In the immunosuppressed, BK virus has been associated with nephropathy after both kidney transplant HCT;
however, hemorrhagic cystitis is more common in the HCT
population. In post-HCT patients, BK virus–associated hemorrhagic cystitis occurs in 10%–25% of patients and can lead
to obstructive AKI, long-term urologic dysfunction, need for
invasive intervention, and increased mortality. A prospective
4
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HCT patients are a population clearly at risk for the development of kidney disease, necessitating close monitoring with a
multidisciplinary approach involving both oncologists and
nephrologists.

TAKE HOME POINTS
c Acute and chronic kidney problems are common following HCT and are

associated with an increased risk of nonrelapse mortality and a decrease
in overall survival.
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c Micro- and macroalbuminuria are associated with an increased risk of mor-

tality and CKD at 1 year after HCT. It is unclear if the presence of albuminuria
is a marker of systemic or local inﬂammation or a marker of GVHD.

17.

c Hypertension should be managed with ACE-Is or ARBs.
c A multidisciplinary approach is needed to insure appropriate manage-

18.

ment of renal issues occurring after HCT.

REFERENCES
1. Tichelli A, Royo A, Gratwohl A. Late pulmonary, cardiovascular, and
renal complications after hematopoietic stem cell transplantation and
recommended screening practices. Hematology Am Soc Hematol
Educ Program 2008: 125–133, 2008
2. Schwartz GJ, Brion LP, Spitzer A. The use of plasma creatinine concentration for estimating glomerular ﬁltration rate in infants, children,
and adolescents. Pediatr Clin North Am 34: 571–590, 1987
3. Levey AS, Coresh J, Greene T, Stevens LA, Zhang YL, Hendriksen S,
Kusek JW, Van Lente F; Chronic Kidney Disease Epidemiology Collaboration. Using standardized serum creatinine values in the modiﬁcation of diet in renal diseases study equation for estimating glomerular
ﬁltration rate. Ann Intern Med 145: 247–254, 2006
4. Devarajan P. Emerging biomarkers of acute kidney injury. Contrib
Nephrol 156: 203–212, 2007
5. Mehta RL, Kellum JA, Shah SV, Molitoris BA, Ronco C, Warnock DG, Levin A;
Acute Kidney Injury Network. Acute Kidney Injury Network: Report of an
initiative to improve outcomes in acute kidney injury. Crit Care 11: R31, 2007
6. Ronco C, Levin A, Warnock DG, Mehta R, Kellum JA, Shah S, Molitoris
BA; AKIN Working Group. Improving outcomews from acute kidney
injury (AKI): Report on an initiative. Int J Arfit Organs 30: 373–376, 2007
7. Arkan-Arikan A, Zappitelli M, Loftis LL, Washburn KK, Jefferson LS,
Goldstein SL. Modiﬁed RIFLE criteria in critically ill children with acute
kidney injury. Kidney Int 71: 1028–1035, 2007
8. Hoste EA, Clermont G, Kersten A, Venkataraman R, Angus DC, De Bacquer
D, Kellum JA. RIFLE criteria for acute kidney injury are associated with hospital
mortality in critically ill patients: A cohort analysis. Crit Care 10: R73, 2006
9. Hingorani SR, Guthrie K, Batchelder A, Schoch G, Aboulhosn N, Manchion
J, McDonald GB. Acute renal failure after myeloablative hematopioetic
cell transplant: Incidence and risk factors. Kidney Int 67: 272–277, 2005
10. Gooley TA, Chien JW, Peregam SA, Hingorani S, Sorror ML, Boeckh M,
Martin PJ, Sandmaier BM, Marr KA, Appelbaum FR, Storb R, McDonald
GB. Reduced mortality after allogeneic hematopoietic-cell transplantation. N Engl J Med 363: 2091–2101, 2010
11. Parikh CR, Yarlagadda SG, Storer B, Sorror M, Storb R, Sandmaier B.
Impact of acute kidney injury on long-term mortality after nonmyeloablative hematopoietic cell transplantation. Biol Blood Marrow
Transplant 14: 309–315, 2008
12. Bao YS, Xie RJ, Wang M, Feng SZ, Han MZ. An evaluation of the RIFLE
criteria for acute kidney injury after myeloablative allogeneic haematopoietic stem cell transplantation. Swiss Med Wkly 141: w13225, 2011
13. Ando M, Mori J, Ohashi K, Akiyama H, Morito T, Tsuchiya K, Nitta K,
Sakamaki H. A comparative assessment of the RIFLE, AKIN and conventional criteria for acute kidney injury after hematopoietic SCT. Bone
Marrow Transplant 45: 1427–1434, 2010
14. Kersting S, Koomans HA, Hene RJ, Verdonck LF. Acute renal failure
after allogeneic myeloablative stem cell transplantation: Retrospective
analysis of incidence, risk factors and survival. Bone Marrow Transplant
39: 359–365, 2007
15. Parikh CR, Schrier RW, Storer B, Diaconescu R, Sorror ML, Maris MB,
Maloney DG, McSweeney P, Storb R, Sandmaier BM. Comparison of
ARF after myeloablative and nonmyeloablative hematopioetic cell
transplantation. Am J Kidney Dis 45: 502–509, 2005
16. Liu D, Yan C, Xu L, Wang Y, Han W, Zhang X, Liu K, Huang X. Diarrhea
during the conditioning regimen is correlated with the occurrence of

American Society of Nephrology

19.

20.
21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

31.

32.

33.

34.
35.

severe acute graft-versus-host disease through systemic release of inﬂammatory cytokines. Biol Blood Marrow Transplant 16: 1567–1575, 2010
Kersting S, Drop SV, Theobald M, Verdonck LF. Acute renal failure after
nonmyeloablative stem cell transplantation in adults. Biol Blood Marrow Transplant 14: 125–131, 2008
Lopes JA, Jorge S, Silva S, de Almeida E, Abreu F, Martins C, do Carmo
JA, Lacerda JF, Parta MM. Acute renal failure following myeloablative
autologous and allogeneic hematopoietic cell transplantation. Bone
Marrow Transplant 38: 707, 2006
Wan L, Bagshaw SM, Langenberg C, Saotome T, May C, Bellomo R.
Pathophysiology of septic acute kidney injury: What do we really know?
Crit Care Med 36[4 Suppl]: S198–S203, 2008
Parikh CR, Coca SG. Acute renal failure in hematopoietic cell transplantation. Kidney Int 69: 430–435, 2006
Keating GM. Deﬁbrotide: A review of its use in severe hepatic venoocclusive disease following haematopoietic stem cell transplantation.
Clin Drug Investig 34: 895–904, 2014
Murphy CV, Schramm GE, Doherty JA, Reichley RM, Gajic O, Afessa B,
Micek ST, Kollef MH. The importance of ﬂuid management in acute
lung injury secondary to septic shock. Chest 136: 102–109, 2009
Boyd JH, Forbes J, Nakada TA, Walley KR, Russell JA. Fluid resuscitation in septic shock: A positive ﬂuid balance and elevated central
venous pressure are associated witih increased mortality. Crit Care
Med 39: 259–265, 2011
Michael M, Kuehnle I, Goldstein SL. Fluid overload and acute renal failure
in pediatric stem cell transplant patients. Pediatr Nephrol 19: 91–95, 2004
Goldstein SL, Currier H, Graf C, Cosio CC, Brewer ED, Sachdva R.
Outcome in children receiving continuous venovenous hemoﬁltration.
Pediatrics 107: 1309–1312, 2001
Choi M, Sun CL, Kurian S, Carter A, Francisco L, Forman SJ, Bhatia S.
Incidence and predictors of delayed chronic kidney disease in longterm survivors of hematopoietic cell transplantation. Cancer 113: 1580–
1587, 2008
Abboud I, Peraldi MN, Hingorani S. Chronic kidney diseases in long-term
survivors after allogeneic hematopoietic stem cell transplantation: Monitoring and management guidelines. Semin Hematol 49: 73–82, 2012
Hingorani SR, Seidel K, Lindner A, Aneja T, Schoch G, McDonald G.
Albuminuria in hematopoietic cell transplantation patients: Prevalence,
clinical associations, and impact on survival. Biol Blood Marrow
Transplant 14: 1365–1372, 2008
Cohen EP, Piering WF, Kabler-Babbit C, Moulder JE. End-stage renal
disease (ESRD) after bone marrow transplantation: poor survival compared to other causes of ESRD. Nephron 79: 408–412, 1998
Batts ED, Lazarus HM. Diagnosis and treatment of transplantationassociated thrombotic microangiopathy: Real progress or are we still
waiting? Bone Marrow Transplant 40: 709–719, 2007
Ho VT, Cutler C, Carter S, Martin P, Adams R, Horowitz M, Ferrara J,
Soiffer R, Giralt S. Blood and Marrow Transplant Clinical Trials Network
Toxicity Committee consensus summary: Thrombotic microangiopathy
after hematopoietic stem cell transplantation. Biol Blood Marrow
Transplant 11: 571–575, 2005
Ruutu T, Barosi G, Benjamin RJ, Clark RE, George JN, Gratwohl A, Holler E,
Iacobelli M, Kentouche K, Lämmle B, Moake JL, Richardson P, Socié G,
Zeigler Z, Niederwieser D, Barbui T; European Group for Blood and Marrow
Transplantation; European LeukemiaNet. Diagnostic criteria for hematopoietic stem cell transplant-associated microangiopathy: Results of a consensus
process by an international working group. Haematologica 92: 100, 2007
Kim SS, Patel M, Yum K, Keyzner A. Hematopoietic stem cell transplantassociated thrombotic microangiopathy: Review of pharmacologic
treatment options. Transfusion 55: 452–458, 2015
Van Why SK, Friedman AL, Wei LJ, Hong R. Renal insufﬁciency after bone
marrow transplantation in children. Bone Marrow Transplant 7: 383–388, 1991
Schriber JR, Herzig GP. Transplantation-associated thrombotic
thrombocytopenic purpura and hemolytic uremic syndrome. Semin
Hematol 34: 126–133, 1997

Onco-Nephrology Curriculum

5

36. Mii A, Shimizu A, Kaneko T, Fujita E, Fukui M, Fujino T, Utsumi K, Yamaguchi
H, Tajika K, Tsuchiya S, Iino Y, Katayama Y, Fukuda Y. Renal thrombotic microangiopathy associated with chronic graft-versus-host disease after allogeneic hematopoietic stem cell transplantation. Pathol Int 61: 518–527, 2011
37. Laskin BL, Goebel J, Davies SM, Jodele S. Small vessels, big trouble in the
kidneys and beyond: Hematopoietic stem cell transplantation-associated
thrombotic microangiopathy. Blood 118: 1452–1462, 2011
38. Au WY, Ma ES, Lee TL, Ha Sy, Fung AT, Lie AK, Kwong YL. Successful
treatment of thrombotic microangiopathy after haematopoietic stem
cell transplantation with rituximab. Br J Haematol 137: 475–478, 2007
39. Corti P, Uderzo C, Tagliabue A, Della Volpe A, Annaloro C, Tagliaferri E,
Balduzzi A. Deﬁbrotide as a promising treatment for thrombotic
thrombocytopenic purpura in atient sundergoing bone marrow transplantation. Bone Marrow Transplant 29: 542–543, 2002
40. de Fontbrune FS, Galambrun C, Sirvent A, Huynh A, Faguer S, Nguyen
S, Bay JO, Neven B, Moussi J, Simon L, Xhaard A, Resche-Riggon M,
O’Meara A, Fremeaux-Bacchi V, Veyradier A, Socié G, Coppo P, de
Latour RP. Use of eculizumab in patients with allogeneic stem cell
transplant-associated thrombotic microangiopathy: A study from the
SFGM-TC. Transplantation 99: 1953–1959, 2015
41. Jodele S, Davies SM, Lane A, Khoury J, Dandoy C, Goebel J, Myers K,
Grimley M, Bleesing J, El-Bietar J, Wallace G, Chima RS, Paff Z, Laskin BL.
Diagnostic and risk criteria for HSCT-associated thrombotic microangiopathy:
A study in children and young adults. Blood 1214: 645–653, 2014
42. Hingorani S, Guthjrie KA, Schoch G, Weiss NS, McDonald GB. Chronic
kidney disease in long-term survivors of hematopoietic cell transplant.
Bone Marrow Transplant 39: 223–229, 2007
43. Hingorani S, Gooley T, Pao E, Sandmaier B, McDonald G. Urinary cytokines
after HCT: Evidence for renal inﬂammation in the pathogenesis of proteinuria and kidney disease. Bone Marrow Transplant 49: 403–409, 2014
44. Pulsipher MA, Skinner R, McDonald GB, Hingorani S, Armenian SH, Cooke
KR, Gracia C, Petryk A, Bhatia S, Bunin N, Nieder ML, Dvorak CC, Sung L,
Sanders JE, Kurtzberg J, Baker KS. National Cancer Institute, National Heart,
Lung and Blood Instsitute/Pediatric Blood and Marrow Transplantation Consortium First International consensus conference on late effects after pediatric
hematopoietic cell transplantation: The need for pediatric-speciﬁc long-term
followup guidelines. Biol Blood Marrow Transplant 18: 334–347, 2012
45. Chanswangphuwana C, Townamchai N, Intragumtornchai T, Bunworasate U.
Glomerular diseases associated with chronic graft-versus-host disease after
allogeneic peripheral blood stem cell transplantation: Case reports. Transplant Proc 46: 3616–3619, 2014
46. Hu SL. The role of graft-versus-host disease in haematopoietic cell
transplantation-associated glomerular disease. Nephrol Dial Transplant 26: 2025–2031, 2011
47. Brukamp K, Doyle AM, Bloom RD, Bunin N, Tomaszewski JE, Cizman B.
Nephrotic syndrome after hematopoietic cell transplantation: Do glomerular lesions represent renal graft-versus-host disease? Clin J Am
Soc Nephrol 1: 685–694, 2006
48. Niscola P, Tendas A, Luo XD, Catalano G, Scaramucci L, Cupelli L,
Giovannini M, Ferranini M, Bondanini F, Piccioni D, Dentamaro T, Palumbo
R, Perrotti AP, Liu QF, de Fabritiis P. The management of membranous
glomerulopathy in allogeneic stem cells transplantation: Updated literature. Cardiovasc Hematol Agents Med Chem 11: 67–76, 2013
49. Osugi Y, Yamada H, Hosoi G, Noma H, Ikemiya M, Ishii T, Sako M. Treatment with candesartan combined with angiotensin-converting enzyme
inhibitor for immunosuppressive treatment-resistant nephrotic syndrome
after allogeneic stem cell transplantation. Int J Hematol 83: 454–458, 2006
50. Hoffmeister PA, Hingorani SR, Storer BE, Baker KS, Sanders JE. Hypertension in long-term survivors of pediatric hematopoietic cell
transplantation. Biol Blood Marrow Transplant 16: 515–524, 2010
51. Rizzo JD, Wingard JR, Tichelli A, Lee SJ, Van Lint MT, Burns LJ, Davies
SM, Ferrara JL, Socié G. Recommended screening and preventive
practices for long-term survivors after hematopoietic cell transplantation: Joint recommendations of the European Group for Blood and
Marrow Transplantation, the Center for International blood and Marrow

6

Onco-Nephrology Curriculum

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.
62.

63.

64.

65.

66.

67.

Transplant Research, and the American Society of Blood and Marrow
Transplantation. Biol Blood Marrow Transplant 12: 138–151, 2006
James PA, Oparil S, Carter BL, Cushman WC, Dennison-Himmelfarb C,
Handler J, Lackland DT, LeFevre ML, MacKenzie TD, Ogedegbe O,
Smith SC Jr, Svetkey LP, Taler SJ, Townsend RR, Wright JT Jr, Narva AS,
Ortiz E. 2014 evidence-based guideline for the management of high
blood pressure in adults: report from the panel members appointed to
the Eighth Joint National Committee. JAMA 311: 507–520, 2014
National High Blood Pressure Education Program Working Group on High
Blood Pressure in Children and Adolescents. The fourth report on the
diagnosis, evaluation, and treatment of high blood pressure in children
and adolescents. Pediatrics 114[2 Suppl 4th Report]: 555–576, 2004
Egli A, Infanti L, Dumoulin A, Buster A, Samaridis J, Stebler C, Gosert R,
Hirsch HH. Prevalence of polyomavirus Bk and JC infection and replication in 400 healthy blood donors. J Infect Dis 199: 837–846, 2009
Cesaro S, Facchin C, Tridello G, Messina C, Calore E, Biasolo MA, Pillon
M, Varotto S, Brugiolo A, Mengoli C, Palù G. A prospective study of
Bi-virus-associated haemorrhagic cystitis in paediatric patients undergoing allogeneic haematopoietic stem cell transplantation. Bone
Marrow Transplant 41: 363–370, 2008
Giraud G, Priftakis P, Bogdanovic G, Remberger M, Dubrulle M, Hau A,
Gutmark R, Mattson J, Svahn BM, Ringden O, Winiarski J, Ljungman P,
Dalianis T. BK-viruria and haemorrhagic cystitis are more frequent in
allogeneic haematopoietic stem cell transplant patients receiving full
conditioning and unrelated-HLA-mismatched grafts. Bone Marrow
Transplant 41: 737–742, 2008
O’Donnell PH, Swanson K, Josephson MA, Artz AS, Parsad SD,
Ramaprasad C, Pursell K, Rich E, Stock W, van Besien K. BK virus infection is associated with hematuria and renal impairment in recipients
of allogeneic hematopoetic stem cell transplants. Biol Blood Marrow
Transplant 15: 1038–1048, 2009
Haines HL, Laskin BL, Goebel J, Davies SM, Yin HJ, Lawrence J, Mehta
PA, Bleesing JJ, Filipovich AH, Marsh RA, Jodele S. Blood, and not
urine, BK viral load predicts renal outcome in children with hemorrhagic
cystitis following hematopoietic stem cell transplantation. Biol Blood
Marrow Transplant 17: 1512–1519, 2011
Ramos E, Drachenberg CB, Wali R, Hirsch HH. The decade of polyomavirus Bi-associated nephropathy: State of affairs. Transplantation
87: 621–630, 2009
Dropoulic LK, Cohen JI. Update on new antivirals under development
for the treatment of double-stranded DNA virus infections. Clin Pharmacol Ther 88: 610–619, 2010
Babel N, Volk HD, Reinke P. BK polyomavirus infection and nephropathy:
The virus-immune system interplay. Nat Rev Nephrol 7: 399–406, 2011
Mani J, Jin N, Schmitt M. Cellular immunotherapy for patients with
reactivation of JC and BK polyomaviruses after transplantation. Cytotherapy pii(S1465–3249(14)00559-3), 2014
Touzot M, Elie C, van Massenhove J, Maillard N, Buzyn A, Fakhouri F.
Long-term renal function after allogenic haematopoietic stem cell
transplantation in adult patients: A single-centre study. Nephrol Dial
Transplant 25: 624–627, 2010
Cohen EP, Drobyski WR, Moulder JE. Signiﬁcant increase in end-stage
renal disease after hematopoietic stem cell transplantation. Bone
Marrow Transplant 39: 571–572, 2007
Hingorani S. Chronic kidney disease in long-term survivors of hematopoietic cell transplantation: Epidemiology, pathogenesis, and treatment. J Am Soc Nephrol 17: 1995–2005, 2006
Bunin N, Guzikowski V, Rand ER, Goldfarb S, Baluarte J, Meyers K,
Olthoff KM. Solid organ transplants following hematopoietic stem cell
transplant in children. Pediatr Transplant 14: 1030–1035, 2010
Levey AS, Coresh J, Balk E, Kausz AT, Levin A, Steffes MW, Hogg RJ,
Perrone RD, Lau J, Eknoyan G; National Kidney Foundation. National
Kidney Foundation practice guidelines for chronic kidney disease:
Evaluation, classiﬁcaiton, and stratiﬁcation. Ann Intern Med 139: 137–
147, 2003

American Society of Nephrology

REVIEW QUESTIONS

1. Following hematopoietic stem cell transplant your patient
is having a progressive rise in serum creatinine. A recent
CBC and blood smear showed anemia, thrombocytopenia,
and the presence of schistocytes. Considering the possibility
of transplant-associated thrombotic microangiopathy, labs
are sent and show an elevated lactate dehydrogenase level,
an undetectable haptoglobin level, and the Coombs test is
negative. Of the following, the best ﬁrst step(s) in the treatment of this patient is:
a.
b.
c.
d.
e.

Administration of rituximab
Therapeutic plasma exchange (TPE)
Red blood cell and platelet transfusion
Decreasing dose of calcineurin inhibitor therapy
Both b and d

Answer: e is correct. Calcineurin inhibitor therapy, used
for GVHD prophylaxis, has been associated with TA-TMA
in the HCT population. First-line therapy includes lowering of CNI dose or stoppage and TPE, with the majority
of patients responding to these two interventions. Other
therapies being studied include rituximab, deﬁbrotide,
and eculizumab.
2. In septic HCT patients, the pathophysiologic mechanism
most likely to lead to total body volume overload and
edema is:
a. Increased capillary leak related to sepsis-induced inﬂammatory response
b. Heart failure
c. Administration of pressors
d. Endothelial damage related to high-dose antibiotics
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e. Decreased venous return related to positive pressure
ventilation
Answer: a is correct. Sepsis results in a cytokine and complement-stimulated systemic inﬂammatory response causing
increased capillary leak, total body volume overload, and decreased effective circulating volume. Sepsis is a common cause
of AKI following HCT. Other common causes include volume
depletion, nephrotoxic medication exposure, sinusoidal obstruction syndrome, and GVHD. Volume overload has been
associated with increased morbidity and mortality in critically
ill patients and HCT speciﬁcally.
3. As part of annual screening after HCT, your patient is
noted to have a urine albumin/creatinine ratio of 500 mg/g
Cr. Your frequency of monitoring for proteinuria should be
changed to:
a.
b.
c.
d.
e.

Monthly
Weekly
Continue with annual monitoring
Every 3–6 months
You no longer need to check for proteinuria

Answer: d is correct. Albuminuria is a common long-term
consequence of HCTand has been associated with progression to
CKD and non–relapse-associated mortality. Microalbuminuria
is deﬁned as an ACR of 30–300 mg albumin/g creatinine,
whereas macroalbuminuria is deﬁned by ACR $ 300 mg/g creatinine. Recent consensus guidelines recommend screening ACR
as part of the day 180 post-HCT evaluation and then yearly
screening after HCT. If proteinuria is present, more frequent
monitoring every 3–6 months is indicated. Additionally, for
those with persistent macroalbuminuria, renal biopsy is indicated to make deﬁnitive diagnosis of the underlying etiology.
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