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Objectives 

Recognize the 
spectrum of renal 
complications in 

hematological 
malignancies. 

Discuss  the etiologies  
of renal insufficiency 

pos t HSCT

Evaluate  risk factors  
and 

pathophys iology for 
developing renal 
complications  

Implement diagnos tic  
and monitoring 

s trategies  essential for 
prevention and early 

treatment.



Etiologies of 
Renal 

Insufficiency

Direct infiltra tion/Hydronephrosis  (NHL, AML, MM)

Thrombosis , aHUS/TTP (rare cause)

Tumor lysis/ genesis  syndromes

Electrolyte derangements (NHL, AML, MM)

Nephrotoxic agents

Post-HSCT complications



Case 1

• A 76-year-old man with a history of coronary artery 
disease, peripheral vascular disease, and diabetes 
mellitus evaluated of worsening kidney failure. He had 
developed progressive edema and nephrotic-range 
proteinuria (19.5 g/day) over two months, with a rising 
creatinine from 1.3 to 5.0 mg/dL. Serum studies revealed 
an IgG kappa monoclonal M spike, and bone marrow 
biopsy showed a lymphoplasmacytic infiltrate with 15% 
plasma cells. 

• Next steps?



Focal infiltration of 
the parenchyma by 
small lymphoid 
cell aggregates

Cohen et al. AJKD 2010



Direct kidney infiltration of lymphoma 

Nephropocus.com



Treatment of NHL with Renal Failure

• Treatment of NHL most important
• Need reduced doses  of some medications  - Methotrexate, Cytarabine

• Nephrostomy if necessary to address any obstructive 
components

• IV Hydration
• Alkalinization
• Treat Hyperuricemia with rasburicase
• RRT as indicated



Case 2

• A 67-year old female receives a  TKI (dasatinib) for CML  She has no 
known past medical his tory. Four weeks into therapy, she has 
worsening HTN. She is  prescribed an anti HTN with no major 
response. In 2 weeks, she requires  3 anti HTN agents . Urine 
reveals  hematuria  and 3+ protein and quantification of 4.5g/g. 

• She has normal LDH, normal haptoglobin and no schistocytes on 
blood smear. C3, C4 are in normal range. 

Onconephrologist: This  is  likely renal limited TMA from the TKI.
Oncologist: But the LDH is  normal, and there are no schistocytes in 
the smear. 



Renally limited TMA on kidney biopsy



TMA/aHUS



TMA/aHUS
Izzedine, Hassan et al. AJKD, Volume 66, Issue 5, 857 - 868



Case 3

• A 65-year-old female with a  his tory of multiple myeloma (MM) 
presents  with progressive weakness, bone pain, and polyuria . 

• Laboratory findings reveal normocytic anemia, hypercalcemia, 
and an elevated serum creatinine level. 

• Suggested work-up?



Multiple Myleoma 



Rosner et al. NEJM. 2017



Treatment of renal complications  in MM

• IV Hydration
• Remove contraindicated medications
• Treat hypercalcemia – Zometa (careful with dosing, more 

efficacious than pamidronate but could be toxic)
• Treat hyperuricemia
• Kidney Biopsy?
• RRT if needed - may reverse renal insufficiency in some cases
• Treat the MM - bortezomib containing combination (lenalidamide 

reduced dosing)



Case 4

• A 41-year-old male presented with headache, facial numbness, 
and fever. Notable findings included third cranial nerve palsy and 
laboratory abnormalities , including s evere hypophos phatemia 
(0.6 mg/dL), acute kidney injury (creatinine 2.9 mg/dL), 
hyperuricemia (13.2 mg/dL), elevated LDH (3880 IU/L), 
leukocytosis  (137 × 10⁹/L), and thrombocytopenia (48 × 10⁹/L). 
Further evaluation with flow cytometry and bone marrow biopsy 
confirmed a diagnosis  of T-cell acute  lymphoblas tic  leukemia 
(ALL). 

• Diagnos is?



Tumor lys is  vs . tumor genes is  syndromes

• TGS is  a potentially life-threatening 
condition linked to rapidly proliferating 
neoplas tic cells . 

• The high metabolic demand of tumor 
cells  causes  excess ive phosphate 
uptake, leading to seve re  
hypophospha temia , which may result 
in rapid cardiorespiratory collapse. 

• Patients  with high-burden malignancies, 
such as  leukemias  and lymphomas , 
may present with isola ted TGS, 
isola ted tumor lys is  syndrome  (TLS), 
or a  combined TLS-TGS.

Radi, Suhaib et al. Canadian Journal of Diabetes, Volume 43



Other lyte derangments?
Hyperphos pha temia
• Seen in Tumor Lysis Syndrome (TLS) due to 

massive tumor cell breakdown and phosphate 
release

Hyperka lemia
• Common in TLS due to tumor cell lysis and 

potassium release
• Can lead to cardiac arrhythmias
Hypoka lemia
• Can occur from chemotherapy-induced renal 

losses or diarrhea
Hyperuricemia
• From purine breakdown during cell lysis (TLS)
• May contribute to acute kidney injury

Hypoca lcemia
• Secondary to hyperphosphatemia (calcium-

phosphate precipitation) in TLS
• Can cause tetany, seizures, and cardiac arrhythmias
Hyperca lcemia
• More common in hematologic malignancies with 

bone involvement (e.g., multiple myeloma, adult T-
cell leukemia/lymphoma)

• Due to osteolysis, PTHrP secretion, or vitamin D-
mediated effects

Metabolic  Ac idos is
• Lactic acidosis from high tumor metabolic activity
• Renal failure due to TLS-related nephropathy
Hypona tremia
• SIADH (Syndrome of Inappropriate Antidiuretic 

Hormone Secretion) in leukemias and lymphomas



Case 5

A 56- y old female with CLL presents  with a serum potass ium of 
8mmol/L. Her kidney function is  normal with a serum creatinine of 
0.9mg/dl and BUN is  10mg/dl.  Her cell count is  400 and mostly 
lymphocytes . Her platelets  are 90 and hemoglobin 9g/dl

Would you ask your onconephrologist to perform hemodialysis?





Chowdhury R e t a l, AJKD 2023



CLL and the Potass ium

Mos t common e lec trolyte  dis order encounte red in CLL pa tients  is  
ps eudohyperka lemia . 
Potassium tends to stay predominantly in the intracellular compartment. 
Leakage of potassium from the intracellular compartment at the time of 
collection due to hemolysis, cell fragility or heparin-induced damage can 
lead to spurious elevation of measured potassium levels, which is  known 
as pseudohyperkalemia. 
High pla te le ts  and leukocytos is —lead to an a rtifac tua lly e leva ted 
s e rum potas s ium leve l or s purious  hyperka lemia  
Below a white blood cell count of 50 × 109cells/L, the median estimated 
percentage of a patient’s potassium being elevated  1.7%, but was 
considerably higher, at 8.1%, when the white blood cell count was ≥100 × 
109/L. 

Katkish et al, Minn Med 2015
Wanchoo et al, CKJ 2018



https ://www.nature.com/articles /nrc.2018.10

Renal complications 
post Allogenic 
Hematopoietic Stem 
Cell Transplantation 
(Allo-HSCT)



Acute Kidney Injury: Epidemiology

• 1989: Zager et al. Retrospectively analyzed 272 patients with HSCT.
• 53% of patients developed AKI and 24% required RRT after HSCT.
• BMT transplant requiring RRT had morta lity of 84%

• 2002: Parikh et al. 2002: 88 patients who received HSCT at the University of Colorado.
• Allogenic Transplant + Myeloablative strategy associated with an incidence of ~92% of 

AKI.
• Allogenic + myeloablative group had a 4x increase in the need for RRT vs 

nonmyeloablative group.
• RRT once gain conferred a morta lity of ~82.6%
• Autologous transplants have incidence of AKI ~20%.

Zager RA. Acute Rena l Fa ilure Following Bone Marrow 
Transplanta tion: A Retrospective Study of 272 Pa tients . American 
Journa l of Kidney Diseases . 1989;13(3):210-216.
Parikh CR. Rena l dysfunction in a llogeneic hematopoietic cell 
transplanta tion. Kidney International. 2002;62(2):566-573.



Acute Kidney Injury: Epidemiology

• 2020: meta-analysis by Kanduri et al. 36 
cohort studies with a total of 5144 patients 
undergoing HCT

• Incidence of AKI and severe AKI was 
55% and 8.3%, respectively.

• Key points:
• Inc idence  of AKI pos t HSCT like ly 

a round ~50%
• Ons e t of AKI can be  as  la te  a s  ~100 

days  pos t-trans plant.
• Allogenic  HSCT + mye loabla tive  

s tra tegy has  the  highes t ris k of AKI, 
~73%

• AKI pos t HSCT requiring RRT confe rs  
a  morta lity be tween 60-80%

Kanduri SR. Incidence and mortality of acute kidney injury in patients 
undergoing hematopoietic stem cell transplantation: a systematic review 
and meta-analysis. QJM: An International Journal of Medicine. 
2020;113(9):621-632.



Acute Kidney Injury: Risk Factors

Pre-Trans plant 
Crea tinine /CKD

Allogenic  + 
myeloabla tive 

s tra tegy
• CNI/cyclophos us e

Volume 
deple tion

Nephrotoxic  
Therapy

• Ampho, vanc, 
cidofovir

GVHD Seps is

Hingorani S. Renal Complications of Hematopoietic-Cell 
Transplantation. New England Journal of Medicine. 2016



Acute  Kidney Injury: The  usua l suspec ts

• Pre-Renal
• Low EABV

• Volume depletion 
(mucositis, 5FU/Mel)

• CHF
• Cirrhosis

• CNI
• Diuretic Use
• Contrast

Structures  of the glomerulus. Kitcheng et a l. 2016. CJASN



Pre-Renal AKI: HSCT Rela ted

• Acute  Engra ftment Syndrome/  pe ri-engra ftment res pira tory dis tres s  s yndrome (PERDS)
• Occurs ~12 days post-transplant. (Irazabal et al. AJH 2011)
• Attributed to rapid neutrophil increase and release of IL-2, TNF, IL-6, IL-8
• 2011: Irazabal et al. incidence of AKI in Engraftment Syndrome to be as high as 93.1% in AL 

Amyloid patients s/p Autologous HSCT.
• Association with POEMS
• In all other disease ~26%.

Engraftment syndrome criteria . Poonsombudlert et a l. 
JHSW 2020



Pre-Renal AKI: HSCT 
Related

• Acute  Engra ftment Syndrome/PERDS
• Management

• Methylprednisolone 1mg/kg q12 
with pred taper over weeks to 
months.

• No clear data that steroids improve 
renal function (it did not uniformly 
prevent acute renal failure in this 
study by Irazebel).

• One poss ibility is  tha t because  not a ll pa tients  
met crite ria  for ES 



• GVHD – T cell mediated!
• Occurs in Allogenic HSCT
• Maculopapular rash, diarrhea, 

hepatitis
• Occurs in 40-60% of HSCT patients .
• Acute GVHD usually before 100 days 

post tx.
• PPX: MTX, MMF, Cytoxan, CNI, Thymo, 

Campath
• AKI partly believed to be from volume 

depletion.
Mechanism of GVHD. Sung et al. Stem Cell Translational. 2012

Sung AD, Concise Review: Acute Graft-Versus-Host Disease: 
Immunobiology, Prevention, and Treatment. Stem Cells 
Translational Medicine. 2012;2(1):25-32.

Pre -Renal AKI: HSCT Rela ted



• GVHD in the Kidney?
• No formal renal histological criteria
• 2009 Changsirikulchai et al reported: GVHD 

grades II to IV were associated with an increased 
risk of TMA in the kidney at autopsy. 

• More recently, Wall et al on their retrospective 
review of 124 pts with grade 3/4 GVHD found that 
67.7% s ubjec ts  me t c rite ria  for TA-TMA and 
pa tients  tha t were  re frac tory to s te roids .

• TMA
• Advanced GVHD associated with TMA, 

especially when refractory to steroids.
• Treatment

• Steroids: 1st line
• Thymo, Tac, MTOR, MMF antibody therapy 

against CD or Interleukins, lacking efficacy.

Pre-Renal AKI: HSCT Rela ted

Sung AD. Concise Review: Acute Graft-Versus-Hos t Disease: Immunobiology, 
Prevention, and Treatment. Stem Cells  Trans lational Medicine. 2012;2(1):25-32. 
doi:10.5966/sctm.2012-0115
Changs irikulchai S. Renal Thrombotic Microangiopathy after Hematopoietic Cell 
Transplant: Role of GVHD in Pathogenes is . Clinical Journal of the American Society 
of Nephrology. 2009;4(2)



Case 6

A 51-year-old woman with acute myeloblastic leukemia underwent 
myeloablative therapy followed by allogenic s tem cell transplantation. 
After 9 days, she complains of right upper quadrant pain and develops 
jaundice. Urine output decreases over 24 hours to 400 mL.
• Phys ical exam
BP, 120/80 mm Hg; temperature, 99°F. Heart and lung examination are 
normal. Right upper quadrant is  tender and 2+ edema is  noted.
• Labs / Imaging 
U/A 1+ protein with bland urine sediment. Electrolytes are normal with a  
BUN of 32 mg/dL and creatinine of 2.8 mg/dL. Liver function tests  (LFTs): 
bilirubin, 4.9 mg/dL; a lkaline phosphatase, 670 IU. Right upper quadrant 
ultrasound demonstra tes no biliary stones and reversal of flow in the 
porta l vein.



• Marrow Infus ion Syndrome
• Dimethyl sulfoxide (DMSO - anti-freezing agent us ed to 

c ryopres e rve  ce lls ) exposure causing RBC lysis and 
pigment nephropathy

• Pigment can cause renal vasoconstriction and  direct 
pigment nephropathy, cast formation.

• Hepa tic  Sinus oida l Obs truc tion Syndrome/SOS (AKA 
Venooc lus ive  dis eas e /VOD)

• Common in allogenic transplant, usually within 30 days.
• Pre transplant myeloablative therapy and radiation cause 

cytokine release and decrease in glutathione = 
hepatocellular necrosis, sinusoidal obstruction, portal 
hypertension.

• Gemtuzumab and Inotuzumab have been implicated (ALL, 
AML)

• Similar physiology and clinical manifestations as 
Hepatorenal Syndrome.

• Management is generally supportive
Renaghan AD. Acute Kidney Injury and CKD Associated with 
Hematopoietic Stem Cell Transplantation. Clinical Journal of the 
American Society of Nephrology. 2019;15(2):289-297

Pre-Renal AKI: HSCT Rela ted



Intrinsic Renal Injury: ATN
• Seps is

• Guddati et al. 
reviewed 21,898 HSCT 
recipients  (2000-2008) 
were 5x more  like ly to 
develop seps is .

• Mortality s ignificantly 
higher in allogenic 
transplants  with 
seps is  (55% than non 
HSCT pa tients  with 
seps is ).

Medicat ions Comment

Vancomycin/Zosyn Poss ible  cellular apoptos is  
and reactive oxidation in 
tubules  w/cas ts . AIN.

Aminoglycos ides Usually 7-10 days  after 
exposure. Fanconi 
Syndrome.

Acyclovir Crys talline tubular injury

Amphotericin Increased tubular 
membrane permeability. 
NDI.  Type 1 DRTA

GuddatiAK. Trends  and outcomes  of severe seps is  in hematopoietic s tem cell transplant 
recipients . Journal of Clinical Oncology. 2013;31

Sawaya BP. Amphotericin B nephrotoxicity: the adverse consequences  of altered 
membrane properties . Journal of the American Society of Nephrology. 1995;6(2):154-164.



Cas e  7
A 55 yo M was diagnosed with MDS and received allogenic stem cell transplant. He was treated 
with cyclosporine, MTX, and campath for GVHD prophylaxis. His course was complicated by 
steroid resistant GVHD requiring further aggressive immunosuppression. The GVHD did 
improve but 3 weeks after transplant he developed an AKI, gros s  hematuria , and 1.2g 
prote inuria . Imaging did not reveal nephrolithiasis and cystoscopy was also performed, which 
was unremarkable.  Urine microscopy with numerous WBC sheets. Renal biopsy was 
performed.

Reproduced from Renal Fellow Network SV40 T antigen staining. Reproduced from Renal Fellow Network.



Intrinsic Renal 
Injury: AIN

• Infection
• BK Virus

• Incidence not very well defined. One 
report m e ntione d 15% inc ide nc e  after 
HSCT.

• Significant predictors were Acute GVHD, 
MMF use, and high dose Cytoxan21.

• A common presentation is hemorrhagic 
cystitis vs  in true  BK Ne phropa thy 
in re na l a llogra ft this  is  re la tive ly 
unc om m on.

• Ade novirus
• Incidence not very well defined.
• First reported in 10 cases. Biopsy 

contained necrotizing tubulitis and 
intranuclear inclusion bodies.

• Presents with hemorrhagic cystitis.
• Drugs

• Im m une  Che c kpoint inhibitors

Rorije NMG. BK Virus Disease after Allogeneic Stem Cell Transplantation: A Cohort 
Analysis. Biology of Blood and Marrow Transplantation. 2014;20(4):564-570.

Ito M. Necrotizing tubulointerstitial nephritis associated with adenovirus 
infection. Human Pathology. 1991;22(12):1225-1231



Case 8
58 yo M with a diagnosis of AML is s/p 
allogenic myeloablative HSCT. He was 
felt to be engrafting well, however on 
day 18 he was persistently hypertensive 
with a new AKI and prote inuria . His 
CBC was notable for wors ening 
thrombocytopenia  and anemia . 
His urine microscopy revealed 2-
3rbc/HPF. Kidney biopsy is planned 
after platelet transfusion.

LDH 1200
Hapto <10
Peripheral smear with Schis tocyte s

Fibrin deposition. Reproduced from Renal Fellow Network



Intrins ic  Renal Injury: Acute  TMA
• Incidence varies 2%-39% post HSCT, mortality as 

high as 75%.
• Can present with s ubc linica l AKI and lead to CKD.

• Proteinuria
• HTN
• Worsening Anemia

• Diagnostic Criteria
• >2 Schistocytes/HPF on peripheral smear
• Increase in serum LDH > baseline. Hapto low.
• Concurrent renal or neurological dysfunction
• Nega tive  Coombs
• Does not always correlate with histological 

findings.
Changs irikulchai S. Renal Thrombotic Microangiopathy after 
Hematopoietic Cell Transplant: Role of GVHD in Pathogenes is . 
Clinical Journal of the American Society of Nephrology. 
2009;4(2):345-353. 

Ho VT. Blood and Marrow Transplant Clinical Trials  Network Toxicity 
Committee Consensus Summary: Thrombotic Microangiopathy 
after Hematopoietic Stem Cell Transplantation. Biology of Blood 
and Marrow Transplantation. 2005;11(8):571-575

Criteria COH

Hemolys is Presence  of schis tocytes , 
pers is tent nuclea ted RBC’s

Thrombocytopenia

Prolonged or progress ive  
thrombocytopenia  (pla te le ts  <5
0 ×10^9/L or ≥50% decrease  
from previous  counts )

Liver Function LDH >2x upper limit of normal

Renal Function SCr >1.5 × base line



Intrins ic  Renal Injury: Acute  TMA

• Caus es
• Complication of HSCT
• Medications
• Complication of GVHD?

• Changsirikulchai et a l. Biopsy 
from 314 patients  from 1992-
1999 found a  correlation 
between GVHD II-IV

• Complement Mediated?
• Alternative pathway mediated 

Atypical HUS
Changs irikulchai S. Renal Thrombotic Microangiopathy after 
Hematopoietic Cell Transplant: Role of GVHD in 
Pathogenes is . Clinical Journal of the American Society of 
Nephrology. 2009;4(2):345-353. 



Wanchoo et al AJKD 2018.



Intrinsic Renal Injury: Acute TMA
• Management

• BP/proteinuria control andTermin s top 
offending agents

• al Complement Inhibition? Eculizumab?
• Jodele et al. Reported 64 pediatric 

cases  of HSCT with high-risk TA-TMA.
• 66% 1-year survival in trea ted group vs  16.7% 

untrea ted
• 56% achieved complete  remiss ion
• Only 23% required RRT
• In survivors  median eGFR was  20% lower than pre  

HSCT.

• Consider Adams TS, C5B-C9 (MAC) 
and CFH tes ting.

Jodele S. Complement blockade for TA-TMA: lessons 
learned from large pediatric cohort treated with 
eculizumab. Blood. Published online January 13, 2020.



TA-MA Therapy

Wanchoo et al AJKD 2018.



Case 9

• 62 yo F with CLL is  s /p 
allogenic non-myeloablative 
HSCT with appropriate 
engraftment 14 months ago. 
She is  referred to outpatient 
Nephrology by hematology for 
e levated Cr, 6g of 
proteinuria , and wors ening 
edema.  Urine microscopy 
was bland and all serologies 
were negative.

Reproduced from ADJKD Atlas of Renal Pathology.



Intrins ic Rena l Injury: GN

• Nephrotic  Syndrome
• Incidence ~1% of AKI relatively rare 

and Nephrotic Syndrome. More 
commonly occurs >6 months post 
HSCT.

• Nonmyeloablative therapy more 
commonly associated.

• GVHD
• Inflammatory Cytokines such 

as urinary elafin: a potential 
plasma biomarker for GVHD

• Eleva ted urina ry e la fin 
as s oc ia ted with AKI. 

• Eleva ted urina ry e la fin 
as s oc ia ted with mic ro and 
macro a lbuminuria .

Paczesny S. Elafin Is  a Biomarker of Graft-Versus-Hos t Disease of the Skin. Science 
Trans lational Medicine. 2010;2(13).

Hingorani S. Urinary Elafin and Kidney Injury in Hematopoietic Cell Transplant 
Recipients . Clinical Journal of the American Society of Nephrology. 2014;10(1):12-20.

Beyar-Katz O. Adult Nephrotic Syndrome after Hematopoietic Stem Cell Transplantation: Renal 
Pathology is  the Bes t Predictor of Response to Therapy. Biology of Blood and Marrow 
Transplantation. 2016;22(6):975-981.



Intrinsic Renal Injury: GN

• Nephrotic Diseases: Membranous 
Nephropathy vs Minimal Change

• In 2016, Beyer-Katz at al from Israel reviewed 
116 cases of Nephrotic syndrome post HSCT 
between 1988-2015 and reported it in BMT

• Median onset 20.5 months
• 65.5% had Membranous on 

biopsy and 19% with MCD
• Developed concomitant to GVHD
• MN/MCD a manifestation of 

GVHD or independent process?
Beyar-Katz, Ofrat et al. Adult Nephrotic Syndrome after Hematopoietic Stem Cell 
Transplantation: Renal Pathology is the Best Predictor of Response to Therapy Biology of 
Blood and Marrow Transplantation 22 (6), 975 – 981.



Intrinsic Renal Injury: Nephrotic Syndrome

• Management
• Membranous  Nephropa thy

• Nasr et Al: reported 5 cases treated 
with rituxan having complete 
remission.

• Ratanatharathorn et al. reported 4/8 
had complete resolution of GVHD 
and nephrotic syndrome.

• Expert opinion: Regardless of PLA2R 
status and concomitant GVHD, 
recommend Rituximab.

• Response can take up to 6 months.

• Minimal Change  Dis eas e
• Expert opinion similar to above. 

Steroids + Rituxan or CNI.

Nasr SH. Membranous  Nephropathy With Extens ive Tubular Basement 
Membrane Depos its  Following Allogeneic Hematopoietic Cell Transplant: A 
Report of 5 Cases . American Journal of Kidney Diseases , 2021.
Ratanatharathorn V. Treatment of chronic graft-versus-hos t disease with 
anti-CD20 chimeric monoclonal antibody. Biology of Blood and 
Marrow Transplantation. 2003;9(8)



HSCT and CKD. Rosner, Jhaveri, Perazella CA: 
A Cancer Journal for Clinicians , 2020

Chronic Kidney Disease



Renal Replacement Therapy
• HSCT requiring RRT has  morta lity of 60-80%
• Trans plant?

• Koenecke et al reported 67,578 allogenic HCT 
recipients with 15 undergoing renal transplant.

• 5-year survival was 100%. 2-year incidence of graft 
failure was 20%. Overall good prognosis.

• Combined HSCT and Kidney Transplant?
• Stanford's  clinical trial reported 56 patients 

receiving HSCT and KT from same donor.
• 14 year follow up: no rejection. Maintenance IS 

were stopped in 80% of patients that were fully 
matched.

• In patients with advanced CKD after HSCT, KT 
should be considered if primary disease in 
remission.

Koenecke C. Solid Organ Transplantation After Allogeneic 
Hematopoietic Stem Cell Transplantation: A Retrospective, 
Multicenter Study of the EBMT. American Journal of Transplantation. 
2010;10(8) 
Issa F. The Fourth International Workshop on Clinical Transplant 
Tolerance. American Journal of Transplantation. 2020;21(1):21-31. 



Summary of renal 
complications post 
HSCT

Causes of AKI in HSCT. Gupta et al, CJASN 2022 
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