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Bone marrow transplantation (BMT) canlead to renal manifestations, including acute kidney injury
(AKI) and long-term renal dysfunction. Late-onset kidney disturbance can detect in around 20%

of the BMT survivors. This condition is defined as bone marrow transplant nephropathy (BMTN).
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Total body irradiation is a main parameter in this syndrome, though concurrent or previous
chemotherapies may aggravate the effect of radiation on the renal function and structure. BMT
is characterized by inappropriate azotemia, anemia and hypertension while renal function may
deteriorate acutely or more slowly. Other renal manifestations of BMT include hemolytic-uremia-
like syndrome, which may manifest later (3-6 months or more), and membranous nephropathy,
which is a rare complication of BMT.

Implication for health policy/practice/research/medical education:

Bone marrow transplant is a life-saving procedure for various hematological malignancies and non-malignant disorders.
However, one of the significant complications associated with BMT is bone marrow transplant nephropathy, which can lead to
significant morbidity and mortality.

Please cite this paper as: Hoseininia S, Mohammadi Kebar S. Renal dysfunction after hematopoietic cell transplantation; a

mini-review study. ] Nephropharmacol. 2025;14(1):e12695. DOI: 10.34172/npj.2024.12695.

Introduction

Hematopoietic cell transplantation (HCT) is a procedure
used to treat various hematological disorders, such as
leukemia, lymphoma, and certain genetic diseases (1).
While HCT can be life-saving, it can also lead to various
complications, including kidney disease. Understanding
the mechanisms of kidney disease following HCT is
crucial for early detection and management of this
condition (1,2). Several mechanisms contribute to the
development of kidney disease after HCT. Prior to HCT,
patients undergo a conditioning regimen that includes
high-dose chemotherapy and/or total body irradiation
(1,2). These treatments can cause direct kidney damage
by inducing inflammation and oxidative stress in the renal
tissue (3). Graft-versus-host disease (GVHD) is a common
complication after HCT, where donor immune cells attack
the recipient’s organs, including the kidneys. GVHD-
related kidney injury can manifest as acute or chronic

kidney disease (CKD) and is characterized by immune-
mediated inflammation and tissue damage (4,5). Patients
undergoing HCT often receive nephrotoxic medications
such as calcineurin inhibitors (e.g., cyclosporine or
tacrolimus) to prevent graft rejection. Prolonged use
of these medications can lead to nephrotoxicity and
subsequent kidney dysfunction. Infections are common
after HCT due to immunosuppression (6,7). Certain
infections like viral (e.g., cytomegalovirus) or bacterial
(e.g., urinary tract infections) can directly affect the
kidneys and contribute to kidney injury (8). Thrombotic
microangiopathy (TMA) is a condition characterized by
microvascular thrombosis in various organs, including
the kidneys. It can occur after HCT due to endothelial
injury triggered by conditioning regimens or GVHD,
leading to impaired blood flow and subsequent kidney
dysfunction (9). The recent study by Abudayyeh et al
showed that acute renal injury is detected inside the first

*Corresponding author: Sousan Mohammadi Kebar, Email: Drsousanmk@gmail.com, s.mohammadi@arums.ac.ir

iew

>
3
&



https://orcid.org/0000-0002-8816-3378
https://orcid.org/0000-0001-8043-9264
https://jnephropharmacology.com/
fhttps://crossmark.crossref.org/dialog/?doi=10.34172/npj.2024.12695&domain=pdf

Hoseininia S et al

one hundred days of HCT and has an incidence ranging
among 12 and 73%, with the highest rate in myeloablative
allogeneic stem cell transplantation. Importantly, an
outsized subset of cases following stem cell transplantation
showed chronic renal failure. The can etiology of chronic
renal failure was calcineurin toxicity, TMA and nephrotic
syndrome. Meanwhile, dialysis necessity after necessity
was accompanying with mortality of more than 80% (10).
Moreover, Madsen et al, considered the frequency of acute
renal failure and its effect on transplant consequences
amid 408 cases of allogeneic HCT. They showed the whole
rate of acute renal failure at first 100 days was 64.2%. This
study also showed, individuals who established acute
renal failure had below two years of overall survival (11).
Patients with pre-existing kidney diseases, such as diabetic
nephropathy or glomerulonephritis, may experience
disease progression or exacerbation following HCT due to
the aforementioned mechanisms (12). This mini-review
aims to provide an overview of bone marrow transplant
nephropathy (BMTN), including its pathophysiology,
clinical presentation, diagnosis, and management
strategies. Additionally, recent advancements in the
understanding of BMTN and potential future directions
for research are discussed

Search strategy

For this review, we searched PubMed, Web of Science,
EBSCO, Scopus, Google Scholar, Directory of Open Access
Journals (DOAJ) and Embase, using different keywords
including; bone marrow transplantation, chronic renal
failure, bone marrow transplant nephropathy, acute kidney
injury, hematopoietic cell transplantation, thrombotic
microangiopathy, immunosuppression, graft-versus-host
disease, endothelial injury and radiation nephritis

Bone marrow transplant nephropathy

Bone marrow transplantation (BMT) is a procedure
used to replace damaged or destroyed bone marrow with
healthy stem cells. While BMT can be life-saving for many
patients, it can also have several renal manifestations (13).
Acute kidney injury (AKI) is a common complication
following BMT. It can occur due to various factors such as
sepsis, nephrotoxic medications, graft-versus-host disease
(GVHD), and high-dose chemotherapy or radiation
therapy used before transplantation (14). Nephrotic
syndrome is characterized by the presence of proteinuria,
hypoalbuminemia, edema, and hyperlipidemia. It can
occur as a result of GVHD affecting the kidneys or due
to certain medications used during BMT (15,16). Renal
thrombotic microangiopathy (TMA) is a condition
characterized by the formation of blood clots in small
blood vessels within the kidneys. It can occur as a result
of conditioning regimens used before BMT, infections,
GVHD, or certain medications (17,18). BMT can lead
to renal tubular dysfunction, which affects the ability of

the kidneys to reabsorb and excrete various substances
properly. This dysfunction can result in electrolyte
imbalances, acid-base disturbances, and impaired kidney
function (19,20). Long-term complications following BMT
may include CKD, which is characterized by a gradual
loss of kidney function over time. CKD can develop due
to various factors such as chronic GVHD affecting the
kidneys, long-term use of nephrotoxic medications, or
recurrent infections (12,21).

BMTN versus radiation nephritis

Bone marrow transplant nephropathy and radiation
nephritis are both renal manifestations that can occur
following BMT and radiation therapy, respectively.
As mentioned, BMTN is defined by disproportionate
hypertension, anemia and azotemia and may manifest
later (3-6 months or post-). Total body irradiation is a
major factor in this syndrome. Previous or concurrent
chemotherapy may potentiate the effect of radiation
on the kidney. Kidney function may decline acutely or
more gradually, with eventual long-term stabilization
(22,23). In radiation nephritis, kidney injury induced by
the ionizing radiation. Histopathologic features include
vascular, glomerular, and tubulointerstitial damage. The
clinical course of radiation nephropathy includes a latent
period of six months after irradiation, followed by the
onset of clinical damage. Radiation is a major cause of this
syndrome (24).

Treatment of BMTN

Bone marrow transplant nephropathy is a slowly
progressive condition that can lead to chronic renal
failure. The BMTN treatment focuses on managing the
underlying risk factors and preventing further kidney
damage. Hypertension is a common symptom of BMTN,
and controlling blood pressure can help prevent further
kidney damage (23,25). Angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers can help
control blood pressure and reduce proteinuria. Diuretics
can help reduce edema and control blood pressure (26).
Certain medications, such as aminoglycosides and
nonsteroidal anti-inflammatory drugs, can be toxic
to the kidneys and should be avoided in patients with
BMTN (27). Anemia is a common symptom of BMTN,
and treatment with erythropoietin-stimulating agents
or blood transfusions may be necessary. In severe cases
of BMT NP, kidney transplantation may be necessary to
restore kidney function (28).

Conclusion

Bone marrow transplant nephropathy is a popular
complication of BMT that can lead to kidney dysfunction
and failure. It is thought to be caused by a combination
of factors, including chemotherapy, radiation therapy, and
the use of immunosuppressive medications
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