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Abstract

Despite its high effectiveness, hematopoietic stem cell transplantation (HSCT) can sometimes be associated with mul-
tiple peri-transplant complications requiring urgent intervention. Life-threatening complications in the transplantation
unit affect non-relapse mortality. This article sets out a practical approach to the essential peri-transplant clinical con-
ditions, divided into infectious complications and complications related to immune response and endothelial damage.
An early diagnosis of life-threatening conditions, and prompt implementation of the best therapy, can save patients’
lives. This is especially the case regarding infectious complications in neutropenic patients and in the advanced
stages of immunological complications such as graft-versus-host disease, veno-occlusive disease, graft failure, dif-
fuse alveolar hemorrhage, and thrombotic microangiopathy associated with HSCT. These emergencies are discussed
below, along with their risk factors and a summary of the management of patients in the early post-transplant period.
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Introduction

Hematopoietic stem cell transplantation (HSCT), both autol-
ogous (auto-HSCT) and allogeneic (allo-HSCT), is a complex
medical procedure that is used to treat various malignant
and non-malignant hematological disorders [1].

Despite advances in HSCT techniques, patients un-
dergoing this procedure are at risk for varying complica-
tions, including emergencies that require prompt medical
attention. The transplant committee qualifying a patient
for treatment must consider indications for HSCT and
risk factors of complications. During the qualification,
various scales determining the stage of the disease and
the general condition of the patient are helpful, includ-
ing the Eastern Cooperative Oncology Group (ECOG) per-
formance scale, and the Hematopoietic Cell Transplan-
tation-specific Comorbidity Index (HCT-CI), enabling the
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determination of the risk of HSCT procedure [2] and indi-
cations for HSCT [3].

A life-threatening condition is a sudden, or predictable
in the short term, severe clinical deterioration following
serious damage to the body’s functions requiring imme-
diate treatment [4]. Emergencies occurring in the early
post-transplant period, such as infections and complica-
tions related to the immune response, affect non-relapse
mortality (NRM), estimated at 30% in allo-HSCT recipients
and 13% after autologous transplant [5]. An early diagno-
sis of a life-threatening condition in patients undergoing
HSCT, and the prompt implementation of the most effec-
tive therapy, can save the patient’s life.

This article discusses the practical approach to emer-
gencies in patients undergoing HSCT, along with their risk
factors (Tables I, Il) and management. This approach is
divided into infectious complications and complications
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Table I. Common risk factors for emergencies in hematopoietic stem cell transplantation (HSCT) recipients

Patient-related risk factors

Transplant-related factors

Advanced recipient age

General condition of patient: according to Karnofsky index <90 or ECOG >1

Relapse/refractory disease

Medical history of organ failure, comorbidities*

Medical history of infections and co-existing infections in post-transplant period

Previous alloimmunization (including pregnancy, multiple transfusions)

Iron overload
Previous therapy toxicity

Unrelated donor

Major HLA disparity

Myeloablative conditioning

High doses of busulfan

Use of fludarabine in reduced-intensity conditioning
Total body irradiation (high-dose)

Ex vivo T-cell depletion

Second HSCT

*According to the Hematopoietic Cell Transplantation-specific Comorbidity Index (HCT-Cl); ECOG — Eastern Cooperative Oncology Group performance scale; HLA — human leukocyte antigen

Table Il. Risk factors and estimated incidence of selected complications in hematopoietic stem cell transplantation (HSCT) recipients

Complication Estimated incidence | Risk factors

Graft-versus-host ~40%
disease

Recipient seropositivity for cytomegalovirus

Use of peripheral blood as opposed to bone marrow

Use of female donor for male patient

Sinusoidal obstruction 10-15% Prior liver radiation/hepatotoxic treatment
zfyed;?sn;zg \éeno-occlu- Medical history of liver cirrhosis/fibrosis/thalassemia
Prior treatment with gemtuzumab or inotuzumab ozagamicin
Genetic factors (GSTM1-null genotype, MTHFR 677C/1298CC haplotype)
Concomitant therapy with progestogens, azoles
Increased aspartate transferase, bilirubin levels before HSCT
Diffuse alveolar he- 2-14% Late granulopoiesis and platelet reconstitution
morrhage Use of umbilical cord blood
Graft failure <3-5% Non-malignant underlying disease as indication for HSCT
10%* Extensive marrow fibrosis, extensive prior treatment
Low count of CD34+ cell
Cryopreservation
Thrombotic microangio-  0.5-76% Use of calcineurin inhibitors in immunosuppressive prophylaxis

pathy associated with
HSCT

Administration of granulocyte-colony stimulating factor

Genetic polymorphism

Pre-transplant kidney dysfunction

*Cord blood and haploidentical HSCT

related to the immune response and endothelial damage.
Moreover, we have devised figures that summarize practi-
cal algorithms for each complication (Figures 1-6).

Infectious complications

Infections during neutropenia are life-threatening and
remain among the leading early complications after HSCT
[6, 7]. According to data from the Center for International
Blood and Marrow Transplant Research (CIBMTR), within

100 days post-transplant, infectious complications account
for significant percentages of the cause of death, estimated
at 21% of patients undergoing auto-HSCT and 16-28% of
allo-HSCT recipients, depending on the donor source [8].
It is essential to identify the population at high risk for
infections and introduce effective standard prophylaxis
[9]. The risk of infection results from the interaction of
many factors related to the patient, the type of transplant,
and the exposure to microorganisms. In the course of
transplantation, the use of central venous catheters and
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Figure 1. Practical algorithm of febrile neutropenic patient after hematopoietic stem cell transplantation (HSCT); USG — ultrasonography;

CT — computed tomography

Gastroir\tenstinal tract manifestation DIFFERENTIAL DIAGNOSTICS
Diarrhea > 1'_000 mL/day Laboratory tests: liver function (AST, ALT,
or 2 5-7 episodes/day bilirubin, ALP), electrolyte, coagulation,
Bloody stool > kidney function
*Nausea/vomiting Clinical Fluid balance
*Skin manifestation suspection » Microbiological diagnostics: stool sample
of GVHD (l1-1V) testing (e.g. C. difficile), viral diagnostics
Liver manifestation > (e.g. CMV)
Rising bilirubin serum concentration Imaging test: abdominal ultrasound
*Skin manifestation examination
FIRST-LINE THERAPY
GCS: methylprednisolone
2 mg/day for 5-7 days
+ supportive care
No improvement ¢ i Improvement
Progression after 5 days Careful
of GCS/no response tapering of GCS dose
after 7 days of GCS

v

Steroid-resistant GvHD

v

SECOND-LINE THERAPY
Ruxolitinib, extracorporeal
photopheresis,
mycophenolate mofetil, methotrexate,
etanercept, sirolimus
— acc. to institutional guidelines

Figure 2. Practical algorithm of severe graft-versus-host disease (GvHD); AST — aspartate aminotransferase; ALT — alanine aminotransfer-
ase; ALP — alkaline phosphatase; CMV — cytomegalovirus; GSC — glucocorticosteroids
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\/ « Jaundice (bilirubin 22 mg/dL or 234 pmol/L)

* Fluid retention/ascites
Symptoms * Weight gain >5%
of S0S/vV0D « Painful hepatomegaly

\/ * Refractory thrombocytopenia

Diagnostics

\/ * Defibrotide — dose: 6.25 mg kg body weight every 6 h (min. 21 days)

* Ursodeoxycholic acid prophylaxis
*Supportive care

\/ * Monitoring; risk of bleeding and fluid balance

Figure 3. Practical algorithm of severe hepatic sinusoidal obstruction syndrome /veno-occlusive disease (SOS/VOD)

* Laboratory tests: liver function, electrolyte, coagulation, kidney function
* Imaging test: abdominal ultrasound examination

Treatment

* Reduction of potentially * G-CSF or TPO

* Microbiological toxic drugs * Decreasing donor chimerism
diagnostics ¢ Adequate treatment — donor lymphocyte infusion
Lackof ) - Management - May be o P ftment functi
engraftment reatment toxicity of infection considered oor engraftment function —
* Relapse * Adjustment CD34+ boost
* GvHD of immunosupressive ¢ Pancytopenia — second

therapy salvage transplantation

Figure 4. Practical algorithm of graft failure; GvHD — graft-versus-host disease; G-CSF — granulocyte-colony stimulating factor; TPO — throm-
bopoietin

\/ * Cough

Symptoms * Fever
of DAH ¢ Dyspnea
(non-specific) * Hematoptysis

* Microbiological diagnostics — exlude infection

Diagnostics * Imaging tests: X-ray, CT

* Consider: bronchofibroscopy with biopsy
\/ ¢ Glucocorticosteroids: methylprednisolone 250-500 mg every 6 h

— 5 days, gradual reduction
* Aminocaproic acid
® Supportive care (oxygen therapy)

Treatment

Figure 5. Practical algorithm of diffuse alveolar hemorrhage (DAH); CT — computed tomography

www.journals.viamedica.pl/acta_haematologica_polonica /


https://journals.viamedica.pl/acta_haematologica_polonica

Acta Haematologica Polonica 2023, vol. 54, no. 6

Symptoms of TA-TMA

Thrombotic thrombocytopenic purpura Diagnostics

+ atypical hemolytic uremic syndrome:
renal dysfunction

neurological disorders

anemia

intravascular hemolysis

thrombocytopenia

negative Coombs test

blood CNIs level

Kidney biopsy may be considered

Laboratory tests:
elevated serum LDH activity level

schistocytes on a peripheral blood smear

decrease in serum heptaglobin

urine protein quantification
plasma C5b-9 (complement activation)

Management

¢ Withdrawal or dose reduction od CNIs
(replacement with mycophenolate mofetil
with or without glucocorticoids)

¢ Kidney replacement therapy with dialysis

* Other agents: rituximab, eculizumab,
defibrotide

* TPE, may be combined with rituximab

* Supportive treatment (transfusions,
therapy of hypertension)

Figure 6. Practical algorithm of thrombotic microangiopathy associated with HSCT (TA-TMA); LDH — lactate dehydrogenase; CNIs — calcineu-

rin inhibitors; TPE — therapeutic plasma exchange

mucocutaneous damage which might occur disrupt the
natural barriers of the skin and mucous membranes, and
may be a potential trigger point of infection. The previous
microbiological history of the patient [i.e. a medical histo-
ry of fungal infection, presence of pretransplant-specific
immunity to cytomegalovirus (CMV), herpes simplex virus
(HSV), varicella-zoster virus (VZV), and Epstein-Barr virus
(EBV)], as well as the viral status of the donor, should be
taken into account. Moreover, the underlying disease in
the setting of prior therapy and the type of HSCT (donor,
source, conditioning, and immunosuppressive regimens)
determine the risk of infection. Any other complication re-
lated to prolonged neutropenia, such as graft-versus-host
disease and graft failure, increases the incidence of the
infectious complication [10].

Bacterial infections are relatively common during neu-
tropenia in both allo-HSCT recipients and patients undergo-
ing auto-HSCT, while fungal and viral infections occur less
frequently. For a proper diagnosis of patients with neutro-
penic fever (FN), detailed diagnostics are recommended,
including microbiological cultures of biological material, i.e.
venous blood, blood collected through a vascular catheter,
urine, stool, and/or cerebrospinal fluid, depending on the
accompanying symptoms [7, 10, 11].

Bacteremia is documented in 13-60% of patients with
neutropenic fever, with a mortality rate reaching 12-42%
[7, 11]. About half of the bacterial infections are caused
by Gram-positive bacteria, particularly methicillin-resistant
coagulase-negative Staphylococci and Streptococcus spp.,
with a favorable prognosis. Recent years have seen a chal-
lenging increase in infections caused by resistant pathogens
i.e. vancomycin-resistant Enterococci (VRE) and Staphylo-
cocci (vancomycin-intermediate Staphylococcus aureus
(VISA), and hetero-resistant Staphylococcus aureus [hVISA]).

However, infections with resistant Gram-negative bac-

teria (MDR, multi-drug resistant), such as Escherichia

coli, Klebsiella sp., Pseudomonas aeruginosa, and Acine-
tobacter sp., are actually the most dangerous complica-
tions, as these are accompanied by a high mortality rate
of ¢.50% [7, 12, 13].

In patients with FN, broad-spectrum intravenous anti-
biotic therapy should be implemented immediately even
without identifying the pathogen and its susceptibility de-
termination. The infection can spread quickly, causing a di-
rect threat to life. The antibiotic therapy should cover the
spectrum of Gram-positive and Gram-negative bacteria and
then be modified depending on the patient’s clinical condi-
tion, response to treatment, and potential microbiological
identification. The choice of empirical therapy relies on the
sensitivity of pathogens in the transplant center and the
experience of the center’s clinicians. Due to the potential
toxicity and the development of bacterial resistance, there
is a clear need to use narrowly-targeted therapy consistent
with the antibiogram, and to consider discontinuing anti-
biotic therapy 48 h after the fever subsides, depending on
the patient’s general condition. In addition, if no clinical
improvement is observed despite broad-spectrum empirical
antibiotic therapy and the lack of microbiological identifi-
cation, the imaging and microbiological diagnostics should
be extended by the use of imaging diagnostics (ultraso-
nography of the abdominal cavity, computed tomography:
high-resolution chest, paranasal sinuses) as well as inva-
sive procedures, e.g. diagnostic bronchial fibroscopy with
bronchoalveolar lavage testing [7, 10-14].

Recurrent or persistent FN, despite antibiotic therapy
administration, might suggest invasive fungal infection (IFl),
diagnosed mainly in allo-HSCT recipients with a high mortal-
ity rate. The incidence of IFI depends on the donor source
and is estimated at 6-17%. The pathogens responsible for
neutropenic infections are Aspergillus sp., Mucorales, and
Candida sp. A medical history of IFl in transplant patients
should always be considered. IFl is a significant clinical
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problem, primarily in patients with graft-versus-host dis-
ease (GvHD) in the later post-transplant period. A strategy
of antifungal therapy and prophylaxis during neutropenia
has been described by the European Conference on Infec-
tions in Leukemia (ECIL) [7, 10, 15].

Among the viral infections in patients after allo-HSCT,
the most important clinical problem is CMV reactivation
[10, 16]. Both CMV viremia and CMV disease are associ-
ated with higher mortality. Historically, CMV reactivation
occurred in 20-30% of HSCT recipients without adequate
treatment, with a mortality rate exceeding 70%, as the
first cause of treatment-related mortality (TRM). Pneumo-
nia and enteritis are the most significant clinical manifes-
tations associated with CMV disease, which can be fatal.
The major risk factors for CMV reactivation and disease
are GvHD, high-dose glucocorticoids (GCS), and prior CMV
viremia. Nowadays, in the era of primary prophylaxis with
letermovir, the occurrence of CMV disease has decreased
to ¢.5%, as has the rate of deaths related to CMV disease,
which is 2-3%.

However, CMV reactivation is related to an increased
incidence of cytopenia and other infectious complications,
and worsens survival rates of seropositive allo-HSCT re-
cipients. Therefore, monitoring for CMV viremia to detect
early CMV reactivation and, when it occurs, promptly im-
plementing the use of pre-emptive therapy with anti-viral
agents such as gancyclovir, valgancyclovir, foscarnet, cido-
fovir, and maribavir is essential [10, 16, 17].

Another potentially life-threatening complication is
post-transplant lymphoproliferative disorder (PTLD), occur-
ring in allo-HSCT recipients, in which B cells transformed
by EBV proliferate uncontrollably. EBV infection occurs in
30% of HSCT recipients, and the incidence of PTLD is es-
timated at 1.1-1.7%, with a mortality rate exceeding 80%
before the introduction of today’s treatment methods. The
development of EBV-PTLD is closely related to the use of
anti-thymocyte globulin (ATG) and the type of transplant.
Immediate therapy of established EBV-PTLD, due to the risk
of the rapid growth of high-grade lymphoid tumors and its
life-threatening consequences, should be introduced. This
includes using rituximab (RTX) and the reduction of im-
munosuppression for first-line therapy, with an efficacy of
over 80%. In the case of RTX failure, chemotherapy or the
use of cellular therapy with cytotoxic T lymphocytes (EBV-
-CTL), well-tolerated and effective, is indicated [10, 18-20].

Complications related to immune response
and endothelial damage after HSCT

Acute graft-versus-host disease

Acute GvHD (aGvHD) is a common complication of allo-
-HSCT, which occurs when immune cells from the graft
recognize the host as foreign, thereby initiating a complex
immune reaction that causes disease in ¢.40% of allo-HSCT

Joanna Kujawska et al., Emergencies in HSCT patients

recipients in the early post-transplantation period —around
the white blood cell reconstitution, classically before day
+100. Clinical manifestations of severe or life-threatening
aGvHD include grade Il or higher. Regarding the gastroin-
testinal tract and liver, the patient may present symptoms
such as persistent nausea, vomiting, abdominal cramps
with or without ileus, and, most importantly, diarrhea with
avolume >1,000 mL/day or >5-7 episodes/day or bloody
stool (regardless of stool volume) and liver dysfunction —
with rising bilirubin serum concentration (>3.1 mg/dL).
Skin-limited manifestation is a mild condition, but when
a rash coexists with other forms of aGvHD and includes
>50% of the body surface area, it affects the severity of
the disease. The gastrointestinal form of aGvHD (Gl-aGvhD)
occurs in varying degrees in about half of patients with
aGvHD. The watery mucous diarrhea in stages Ill/IV of GI-
-GvHD leads to water, electrolyte, and functional disorders
that can lead to paralytic obstruction of the gastrointestinal
tract and rapid decompensation of the patient. Abnormal
liver function tests, most commonly bilirubin and alkaline
phosphatase, reflect the pathology associated with hepatic
GvHD: damage to the bile canaliculi, leading to cholesta-
sis. Coagulopathy and hyperammonemia occur rarely,
and mostly in severe cases. Patients may present painful
hepatomegaly, dark urine, pale stool, fluid retention, and
pruritus. The advanced stages of liver and Gl-aGvhD can
be fatal and require urgent intervention [10, 21].

The first-line therapy of grades II-1V aGvHD includes us-
ing systemic GCS in high doses — methylprednisolone at an
initial dose of 2 mg/kg/day for 7-14 days (or equivalent).
In cases of upper Gl involvement, non-absorbable oral ste-
roids are given, along with systemic GCS, e.g. budesonide
(9 mg/day). During the treatment, individualized symptom-
atic and supportive therapy should be used to maintain
vigilance in every single case of severe aGvHD. Long-term
use of high doses of corticosteroids increases the risk of
infection, including CMV reactivation, which is clinically sig-
nificant in transplant recipients, as well as electrolyte dis-
turbances and therapy-induced diabetes [21, 22].

Steroid-resistant aGvHD (SR-aGvHD) occurs in about
half of the patients and is associated with mortality rates of
up to 90%. When there is clear progression after five days
of GCS, or when there is no response after seven days of
GCS, it is recommended to introduce second-line therapy.
Until now, there has been no standard second-line treat-
ment for acute GvHD, and prospective clinical trials are still
being conducted to examine the effectiveness of compo-
nents. Ruxolitinib was approved by the US Food and Drug
Administration and the European Medicines Agency for
SR-aGVHD treatment in patients >12 years, with efficacy
exceeding 70% and a favorable toxicity profile [23]. More-
over, in SR-aGvHD patients, depending on the institutional
guidelines of transplant centers, the following agents may
be used: extracorporeal photopheresis, mycophenolate
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mofetil, methotrexate, etanercept, sirolimus, anti-thymo-
cyte globulin, alemtuzumab, and vedolizumab; efficacies
are 40-70%. There has been research into using fecal mi-
crobiota transplantation in second-line therapy, but this is
yet to be approved [22, 24, 25].

Hepatic sinusoidal obstruction syndrome;
veno-occlusive disease

Sinusoidal obstruction syndrome/veno-occlusive disease
(SOS/VOD) is a life-threatening systemic complication of
HSCT caused by injury to sinusoidal endothelial, hepatic
cells that usually appears in the first 35-40 days after
HSCT. The syndrome is characterized by hepatomegaly, fluid
retention, jaundice, and refractory thrombocytopenia, and
it can rapidly progress to multiorgan dysfunction and death.
The incidence is estimated at 10-15% after myeloablative
conditioning, while in the case of reduced intensity condi-
tioning (RIC), it is ¢.5%. Before the patient’s conditioning,
the risk of SOS/VOD should be determined each time, as
reducing the modifiable risk factors plays an important
role in preventing this complication. The mild stage of SOS
symptoms is self-limiting; however, the subsequent stages,
especially taking into account the criteria of weight gain
(>5%, <10%) and developing multiple organ failure, should
be considered as a severe life-threatening condition. The
mortality rate with severe hepatic SOS/VOD without ade-
quate treatment exceeds 80% [10, 26].

The diagnosis of SOS/VOD should be made using the
European Society for Blood and Marrow Transplantation
(EBMT) revised diagnostic criteria for adults or alternative
models (e.g. Seattle, Baltimore) which include: serum bil-
irubin (>2 mg/dL; >34 umol/L) plus two of the following
three: painful hepatomegaly, weight gain >5%, and ascites.
Abdominal ultrasound examination and laboratory findings
defining liver and kidney functions help determine the se-
verity of SOS/VOD [10, 26].

Defibrotide is indicated for managing severe SOS/VOD
in HSCT recipients at a dose of 6.25 mg/kg every six hours,
administered for a minimum of 21 days depending on the
response [6, 26]. In patients who have developed severe
SOS/VOD while receiving ursodeoxycholic acid (UDCA)
prophylaxis, UDCA can be continued while they are treat-
ed with defibrotide [28]. Moreover, during the treatment,
we should implement supportive care, and oversee vital
signs, organ function parameters, fluid balance, and bleed-
ing risk, because hemorrhage and hypersensitivity can be
rare but life-threatening adverse effects. Early diagnosis of
SO0S/VOD and the introduction of defibrotide therapy sig-
nificantly improve survival, as the percentage of complete
remissions goes up to 50% [29-30].

Graft failure
Graft failure (GF) is a severe complication of allo-HSCT,
characterized by the failure of donor hematopoietic cell

reconstitution (at +28 days in bone marrow (BM) or pe-
ripheral blood (PB) and +42 days in umbilical cord blood
(UCB). Primary GF is defined as a lack of initial donor
engraftment; in contrast, secondary GF is characterized
by losing donor cells after initial hematological recovery.
In differential diagnosis, infectious causes (especially
CMV reactivation and HHV-6 infection), treatment toxicity,
relapse of the underlying disease, and GvHD should all be
considered. The incidence of GF is estimated at 3-5% in
allo-HSCT from a matched donor. This reaches up to 10%
when using an alternative donor, i.e. a haploidentical donor
(haplo-HSCT) or UCB. The mortality rate of GF is high due
to the implications of cytopenia, such as severe infections
and hemorrhagic complications [10, 31-33].

The critical aspects in managing GF are taking pre-
ventive measures and the early identification and with-
drawal of potential causes if they might be reverted, i.e.
reduction of drug toxicity, adequate infectious treatment,
and adjustment of immunosuppressive therapy. More-
over, a trial of using granulocyte-colony stimulating factor
(G-CSF) or thrombopoietin analogs (TPO) may be justified.
In patients with an observed decrease in donor chimerism,
the use of donor lymphocyte infusion (DLI) should be con-
sidered, although a high risk of aGvHD development is to
be expected. The infusion of a CD34+ boost of the donor
can be taken into account in patients with poor engraft-
ment function. A second salvage transplantation from the
same donor or an alternative donor remains the treatment
of choice, promising for selected patients with primary GF
or acute graft rejection related to trilinear cytopenia. New
therapeutic and preventive approaches, such as mamma-
lian target of rapamycin inhibitors, mesenchymal stromal
cells, Tregs, or statins, could be an option for GF in the fu-
ture [10, 31-34].

Diffuse alveolar hemorrhage

Diffuse alveolar hemorrhage (DAH) is associated with blood
leakage from the pulmonary capillaries into the alveoli,
diagnosed in 2-14% of patients, most often in the first
month after HSCT (median +23 days). The onset of DAH
is usually abrupt. Symptoms are non-specific, including
cough, fever, dyspnea, and hemoptysis (occurring in one
in three patients). DAH can have both an infectious and
a non-infectious etiology, and microbiological and imaging
diagnostics may be insufficient to make a proper differential
diagnosis. In selected clinical situations, bronchial fibrosco-
py should be considered, where blood is usually visualized
in the orifices of segmental bronchi and bronchoalveolar.
The diagnosis is confirmed by the presence of >20% of
macrophages loaded with hemosiderin (though note that
the absence of macrophages does not exclude the diag-
nosis of DAH, and their presence may occur after 72 h).
The prognosis in DAH is very unfavorable, and mortality
reaches 70-100% [10, 35-39].
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The management of DAH without infectious evidence
includes the prompt use of high doses of GCs — methyl-
prednisolone at a dose of 250-500 mg every six hours
for five days, followed by a gradual reduction of dose for
2-4 weeks and aminocaproic acid [10, 36]. A study has
shown the validity of using GCs in lower doses (methyl-
prednisolone <250 mg/d); however, further randomized
prospective studies are indicated [37]. The addition of
Vlla factor does not seem to improve the course of DAH.
For patients with infection-associated DAH, treatment of
the infection is crucial. Supportive care, including plate-
let transfusions and oxygen therapy, should be given. It is
recommended to avoid mechanical ventilation, if possible.
Patients with DAH may require intensification of therapy in
the ICU due to its dynamic clinical course and frequently
coexisting multi-organ failure [36-39].

Thrombotic microangiopathy

associated with HSCT

Thrombotic microangiopathy associated with HSCT
(TA-TMA) is a potentially life-threatening complication of
HSCT caused by endothelial injury. The clinical manifes-
tation of TA-TMA includes renal dysfunction and/or unex-
plained neurological dysfunction co-existing with evidence
of intravascular hemolysis. The symptoms are associated
with thrombotic thrombocytopenic purpura (TTP) and atyp-
ical hemolytic uremic syndrome (aHUS), which typically
occur up to 100 days after transplantation (median time
+32 to +40 days). TA-TMA incidence differs widely due
to various diagnostic criteria — 0.5-76%, according to
a multicenter study — 3% [7, 40]. TA-TMA frequently has
a poor prognosis with a mortality rate of up to 60%, mainly
when the patient develops multiple organ failure. TA-TMA is
not associated with calcineurin inhibitors (CNIs) [40, 41].

Most definitions of TA-TMA include a combination of
characteristic clinical symptoms and the following labo-
ratory findings: elevated serum lactate dehydrogenase
(LDH) activity level, anemia, thrombocytopenia, presence
of schistocytes on a peripheral blood smear, decrease in
serum haptoglobin, negative Coombs test, urine protein
quantification, and plasma C5b-9 (a product of complement
activation). Moreover, in cases where the diagnosis is un-
certain based on clinical findings, a kidney biopsy may be
helpful to establish the diagnosis of TA-TMA.

The treatment of TA-TMA withdrawal or dose reduction
of CNIs should be considered, especially when the blood
CNI level is higher than expected. Replacement with myco-
phenolate mofetil, with or without GCS, may be reasonable.
In patients with severe TA-TMA that progresses despite sup-
portive measures, kidney replacement therapy with dialysis
and additional treatments such as rituximab, eculizumab,
and defibrotide may be needed. The efficiency of therapeutic
plasma exchange (TPE), which can be combined with ritux-
imab, reaches 60% CR, whereas the effectiveness of therapy
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with defibrotide or eculizumab is up to 70%. Moreover, sup-
portive treatment with transfusions, and the appropriate
management of hypertension, are indicated [10, 40-43].
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