Y children

Article

Case Series and Literature Narrative Review of
Immune-Mediated Thrombotic Thrombocytopenic
Purpura in Children

Letitia-Elena Radu *(7, Andreea Nicoleta Serbanica 1'>*, Andra Daniela Marcu >{0, Ana-Maria Bica -2,

Cristina Georgiana Jercan ">, Radu Obrisca 1'?, Georgiana Gherghe 1-3, Gabriela Droc "4(", Dana Tomescu

and Anca Colita 12

W) Check for updates

Academic Editor: Martin E. G. Blohm

Received: 6 February 2026

Revised: 24 February 2026

Accepted: 26 February 2026
Published: 28 February 2026
Copyright: © 2026 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license.

1,4

Faculty of Medicine, “Carol Davila” University of Medicine and Pharmacy, 020021 Bucharest, Romania
Pediatrics Department, Fundeni Clinical Institute, 022328 Bucharest, Romania
Hemostasis Laboratory, Fundeni Clinical Institute, 022328 Bucharest, Romania
Anesthesiology and Intensive Care Department, Fundeni Clinical Institute, 022328 Bucharest, Romania

W N e

Correspondence: andreea.serbanica@umfcd.ro

Abstract

Background/Objectives: Inmune-mediated thrombotic thrombocytopenic purpura (iTTP)
is a rare but life-threatening thrombotic microangiopathy in children. Secondary forms,
occurring in association with immune dysregulation, autoimmune disease, or other triggers,
are particularly challenging to diagnose and manage, and pediatric-specific data remain
limited. This study aimed to describe the clinical characteristics, diagnostic pathways,
and management of pediatric iTTP and to contextualize these findings within the recent
literature. Methods: We conducted a retrospective case series of pediatric patients diag-
nosed with iTTP at a tertiary referral center, between November 2021 and January 2026.
Clinical presentation, laboratory findings, including ADAMTS13 activity and ADAMTS13
inhibitors, associated conditions, treatment strategies, and outcomes were reviewed. In par-
allel, a narrative literature review was performed focusing on pediatric immune-mediated
secondary TTP published over the past five years. Results: Four pediatric patients (three
females, one male; median age 14 years) met inclusion criteria. All presented with severe
thrombocytopenia and microangiopathic hemolytic anemia, accompanied by prominent
neurologic manifestations in three cases. Severe ADAMTS13 activity deficiency (<10%)
with positive inhibitors was documented in all patients. Secondary iTTP occurred in as-
sociation with evolving systemic autoimmunity, systemic lupus erythematosus, common
variable immunodeficiency, or without an identifiable trigger at presentation. High clinical
probability scores facilitated early diagnosis. Management required plasma exchange,
corticosteroids, and targeted and immunomodulatory therapy. Conclusions: Pediatric
secondary iTTP is a heterogeneous condition that frequently presents with diagnostic
ambiguity and severe neurologic involvement. Early recognition, prompt initiation of
TTP-directed therapy, and comprehensive immunologic evaluation are critical for favorable
outcomes. Case series combined with narrative reviews remain valuable for advancing
understanding and optimizing individualized care in this rare pediatric disorder.

Keywords: thrombotic thrombocytopenic purpura; pediatric patients; immune-mediated
TTP; ADAMTS13; caplacizumab
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1. Introduction

Thrombotic thrombocytopenic purpura (TTP) is a rare, but potentially life-threatening
thrombotic microangiopathy (TMA) characterized by severe thrombocytopenia, microan-
giopathic hemolytic anemia, and variable organ ischemia resulting from disseminated
platelet-rich thrombi in microcirculation [1-4]. The central pathophysiological mechanism
is a severe deficiency of the von Willebrand factor (vWF)—cleaving protease ADAMTS13,
leading to the accumulation of ultra-large vVWF multimers and uncontrolled platelet aggre-
gation under high-stress conditions [3-5].

In children, TTP represents an exceptionally uncommon diagnosis, accounting for
a small fraction of pediatric TMAs, yet it is associated with significant morbidity and
mortality if diagnosis and treatment are delayed [6,7]. Pediatric TTP may be congenital
(cTTP), due to biallelic pathogenic variants in the ADAMTS13 gene (namely, Upshaw—
Schulman syndrome), or acquired, most often immune-mediated (iTTP), resulting from
autoantibodies (Abs) that inhibit ADAMTS13 activity or accelerate its clearance [4,8,9].

Within acquired forms, the distinction between primary or secondary TTP is par-
ticularly challenging in children. Secondary TTP refers to cases occurring in association
with an identifiable underlying condition or trigger, such as systemic autoimmune dis-
eases, infections, malignancies, organ transplantation, pregnancy, or exposure to certain
medications and vaccines [2,10-12]. The presence of an underlying disease may obscure
the diagnosis, modify the clinical presentation, and influence both treatment response
and prognosis [6,7]. In pediatric practice, these associations are heterogeneous and of-
ten overlap with clinical contexts in which alternative TMAs—such as hemolytic uremic
syndrome (HUS), macrophage activation syndrome, or disseminated intravascular coagu-
lation (DIC)—are more commonly suspected [6,8]. Autoimmune disorders, particularly
systemic lupus erythematosus (SLE), are among the most frequently reported associations
in pediatric secondary TTP, but infectious triggers, post-transplant immune dysregulation,
malignancies, and, more recently, vaccine-associated cases have also been described [10,11].

Major advances in TTP management over the past decade have resulted from im-
proved diagnostic tools and emerging targeted therapies. Measurement of ADAMTS13
activity and detection of ADAMTS13 inhibitors or specific autoAbs are now the focus
of diagnostic confirmation, risk stratification, and therapeutic decision-making [1,8,9].
Furthermore, caplacizumab and B-cell-directed immunosuppressive therapies have signifi-
cantly improved outcomes in iTTP, reducing early mortality, accelerating platelet recovery,
and lowering relapse rates [12-16].

The true incidence of secondary TTP in children is unknown, and evidence-based
guidance regarding optimal management —especially concerning the timing and intensity
of immunosuppression— remains poorly defined. Over the past five years, international
guidelines, narrative reviews, and registry-based analyses have refined the conceptual
framework of iTTP and highlighted important unmet needs in pediatric care [1,2,6]. Never-
theless, secondary forms of pediatric TTP are often grouped together with primary iTTP
or excluded from analyses, limiting the applicability of existing recommendations to this
vulnerable population.

Given the rarity of the condition and the heterogeneity of associated triggers, case
series combined with narrative literature reviews remain a valuable approach for ad-
vancing knowledge in pediatric secondary TTP. Such studies allow for detailed clinical
characterization, exploration of diagnostic pathways, assessment of treatment strategies,
and identification of outcome patterns that may not be captured in predominantly adult
cohorts [7,15,17,18].

The aim of the present paper is to report a series of pediatric patients with iTTD, illus-
trating diverse clinical contexts, and to provide a narrative review of the recent literature
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on the subject. By integrating our clinical experience with published evidence, we seek to
highlight key diagnostic challenges, discuss pathophysiological considerations, and review
current management strategies and outcomes.

2. Materials and Methods
2.1. Study Design and Setting

This study was designed as a retrospective case series combined with a narrative
literature review. The case series includes pediatric patients diagnosed and treated for iTTP
at Fundeni Clinical Institute, Bucharest, Romania, from November 2021 until January 2026.
Clinical, laboratory, and therapeutic data were extracted from medical records.

The narrative literature review was conducted to contextualize the presented cases
within current evidence on pediatric iTTP published over the last five years.

2.2. Patient Selection

Pediatric patients (aged <18 years at diagnosis) were eligible for inclusion in the case
series if they met all of the following criteria: (1) clinical and laboratory features consistent
with TMA, including thrombocytopenia and microangiopathic hemolytic anemia; (2) se-
vere ADAMTSI13 activity deficiency (<10%), with detectable anti-ADAMTS13 inhibitors;
(3) availability of sufficient clinical and laboratory data to allow detailed case description.

Patients with genetically confirmed cTTP were excluded. Cases in which an alter-
native diagnosis of thrombotic microangiopathy (e.g., Shiga toxin—associated hemolytic
uremic syndrome, complement-mediated TMA, DIC) was considered more likely were
also excluded.

2.3. Data Collection

For each patient, the following data were collected: demographic characteristics (age,
sex); underlying disease or triggering condition associated with secondary TTP; clinical
presentation, including neurological, renal, gastrointestinal, and other organ involvement;
laboratory parameters at diagnosis and during follow-up, including complete blood count,
markers of hemolysis, coagulation profile, renal function, and inflammatory markers;
ADAMTS13 activity levels; ADAMTS13 inhibitors by mixing studies; next-generation se-
quencing (NGS) test, when available; therapeutic interventions, including plasma exchange
(PEX) or plasma infusion, corticosteroids, immunosuppressive agents (e.g., methyl pred-
nisolone, rituximab, mycophenolate mofetil), and targeted therapy (e.g., caplacizumab);
clinical course, response to therapy, complications, exacerbation or relapse, and outcome.

Already established scores were used to assess the probability of TTP [19,20]:

(1) The PLASMIC score:

platelet count <30,000/mmc: 1 point;

hemolysis signs (reticulocytosis, low haptoglobin, elevated bilirubin): 1 point;
creatinine level <2 mg/dL: 1 point;

mean corpuscular volume (MCV) <90 fl: 1 point;

international normalized ratio (INR) <1.5: 1 point;

absence of active cancer: 1 point;

absence of post-transplant status: 1 point.

A high risk (6-7 points) suggests the diagnosis of TTP very possible and treatment
should be started immediately, intermediate risk (5 points) warrants a close observation
and low risk (04 points) implies ADAMTS13 depletion unlikely.

(2) The French score:
e platelet count <30,000/mmc: 1 point;
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e  creatinine level <2.26 mg/dL: 1 point;
e fever or neurological symptoms: 1 point;
e  absence of active cancer and transplant status.

A score of 0 or 1 represents a low probability of TTP, while a score of 2 or 3 marks a
high probability.

2.4. ADAMTS13 Activity Testing

Accurate and rapid determination of ADAMTS13 activity is essential for the diagnosis
and therapeutic management of TTP. Among available methodologies, the fluorescence
resonance energy transfer (FRET)-based assay using the FRETS-VWEF73 substrate is widely
accepted due to its high sensitivity, specificity, and suitability for routine clinical laboratory
use. The assessment of ADAMTS activity was performed in-house, in Fundeni Clinical
Institute, Hemostasis Laboratory, using The Ceveron® 100-Series automatic machine. Both
reagents and machine were produced by Technoclone Herstellung von Diagnostika und
Arznelmitteln GmbH, Vienna, Austria.

Results were interpreted using Ceveron Software v 3.0, and were expressed as a
percentage of activity relative to normal pooled plasma, which was defined as 100% activity.
ADAMTS13 activity was interpreted as follows: normal activity (50-150%), moderately
reduced activity (10-50%), severely reduced activity (<10%, highly suggestive of TTP).

2.5. Definitions

—  Secondary TTP = an iTTP occurring in temporal association with an identifiable
underlying condition or trigger, in the absence of congenital ADAMTS13 deficiency;

—  Severe ADAMTSI13 deficiency = an activity <10%;

—  Clinical response = a sustained normalization of platelet count (>150,000/mmc) and
lactate dehydrogenase (LDH) <1.5 x normal value, plus no new ischemic organ injury
and resolution of hemolysis;

—  Clinical remission = a sustained clinical response with no treatment >30 days or until
ADAMTS13 activity >20%;

—  Clinical exacerbation = a recurrence of thrombocytopenia +/— new ischemic injury
after achievement of clinical response and before clinical remission;

—  Clinical relapse = a recurrence of thrombocytopenia +/— new ischemic injury after
achievement of clinical remission [21,22].

2.6. Literature Review Strategy

A narrative literature review was conducted using PubMed and Scopus databases.

v u

Search terms included “immune thrombotic thrombocytopenic purpura”, “secondary
thrombotic thrombocytopenic purpura”, “pediatric thrombotic thrombocytopenic pur-
pura”, “ADAMTS13”, and “caplacizumab”. Peer-reviewed articles published in English
between 2020 and 2025 were analyzed. Given the rarity of pediatric secondary iTTP, adult
studies were also included, particularly for pathophysiology and therapeutic strategies.
Due to the heterogeneity of published data, a narrative rather than systematic approach
was chosen to allow integration of diverse evidence sources and detailed comparison with

the presented cases.

2.7. Ethical Considerations

This study was conducted in accordance with the principles of the Declaration of
Helsinki. Due to the retrospective nature of the case series and the use of anonymized data,
formal informed consent and ethical committee approval were waived for this paper. The
legal guardians signed informed consent forms for both diagnostic and treatment proce-

https:/ /doi.org/10.3390/children13030350


https://doi.org/10.3390/children13030350

Children 2026, 13, 350

50f22

dures, and for participating in medical scientific activity, as per each hospital admission,
due to local procedures.

ChatGPT v 5.2 was used for superficial text editing (e.g., grammar, spelling, punctua-
tion) and to create the 4 figures.

3. Results

Four patients met the inclusion and exclusion criteria for iTTP. The summarized
version of the diagnostic criteria is represented in Table 1.

Table 1. History, clinical data and laboratory results at diagnostic.

Category Parameter Patient 1 Patient 2 Patient 3 Patient 4
Date of diagnosis November 2021 September 2024 June 2025 December 2025
Demographics Age (years) 14 14 17 11
Sex F F F M
. N Cellulitis of right .
Relevanthistory Major C(.)morbl*dltles/ None tight after insect bite T ransient None
triggers (2023) hemiparesis (2023)
.. . Paresthesias, Paresthesias, .
Cllnlca‘l Neurological Vertigo, headache headache, agitation, headache, severe Facial pal.sy,
presentation symptoms s . bradylalic
slowed speech agitation, facial palsy
Fatigue, jaundice Palmar keratosis, 1;?1:1 gysér?ilsiioml?jsls
Other symptoms gue, ja ’ Jaundice high blood pressure, pai, N8 &
vomiting . hematuria, mild
grade 3 obesity . . .
jaundice, overweight
Hemoglobin (g/dL) 5.0 49 6.2 45
Platelets (/mmc) 5000 27,000 8000 10,000
MCV (/1]) 98 97.4 88.8 77.5
Schistocytes Present Present Present Present
Hemolysis and Reticulocytes 450,000 350,000 370,000 200,000
. (/mmc)
cytopenias
LDH (U/L) 2291 746 648 2074
Haptoglobin (g/L) 0.08 0.08 0.1 0.06
Total bilirubin (mg/dL) 34 23 2.8 2
Indirect bilirubin
24 14 1.9 14
(mg/dL)
Coagulation/ INR <1.5 <15 <1.5 <1.5
hemolysis workup Coombs test Negative Negative Negative Negative
Creatinine (mg/dL) 0.96 0.85 1 0.74
Renal and CNS BUN (mg/dL) 45 28 67 73
involvement
Brain imaging Normal CT Normal CT+MRI Normal CT Normal CT
Clinical PLASMIC score 6 6 7 7
probability scores French score 3 3 3 3
ADAMTS13 activity <1% 3.2% <1% <1%
Confirmatory —
testing ADAMTSIS inhibitors Positive Positive Positive Positive

(mixing studies)

* Infections, cancer, transplantation, medication, recent vaccination. F = female; M = male; MCV = mean
corpuscular volume; INR = international normalized ratio; LDH = lactate dehydrogenase; CNS = central nervous

system; BUN = blood urea nitrogen; CT = computer tomograph.

3.1. Patient 1

A 14-year-old female patient presented according to the clinical information and
paraclinical results found in Table 1.
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Additional laboratory data: normal immature platelet fraction (IPF), no blasts or
dysplasia, elevated D-Dimers, fibrinogen slightly decreased, low C3 and C4, negative
antinuclear and antiphospholipid Abs, positive nucleosome and double-stranded DNA
Abs (>200 U/mL, 70.4 U/mL respectively), positive lupic cells, no inflammatory syndrome,
no acute viral or bacterial infections. Even though she did not meet the EULAR criteria
due to negative antinuclear Abs, the clinical and laboratory data suggested an on-going
autoimmune disorder. No genetic testing was performed.

Treatment course and follow up (Figure 1): plasma infusions (days 1-2, 10-11), PEX
(days 3-9 12-14), high-dose intravenous methylprednisolone for 5 days with slow tapering
during the subsequent two months, rituximab (375 mg/ m?) (days 13, 20, 27, 34). At that
time, caplacizumab was not available in our country for pediatric patients. An exacerbation
occurred with thrombosis of the right ilio-femoral-popliteal venous space, plasma infusions
and mycophenolate mofetil were added at that time. A second exacerbation happened
on day 65, which required 3-day high-dose methylprednisolone, with tapering thereafter.
Clinical remission was obtained after day 120 (March 2022); interestingly, ADAMTS13
activity remained decreased until May 2025 (107%).

200,000 100
- PLT L 90
—e— ADAMTS13 activity
I 80
150,000 4
Fr70 _
2
- 60 P
5 @
5 100,000 4 50 E
40 g
Lo <
50,000 1

0

20
10

Mycophenolate mofetil
Steroids

Rituximab

Plasma exchange
Plasma infusion

10 20 30 40 50 60 70 80
Days from diagnosis

I Plasma infusion B Steroids

Plasma exchange  mmm Mycophenolate mofetil
Rituximab

Figure 1. Disease evolution for Patient 1. PLT = platelets (x 10% /mmc).

3.2. Patient 2

A 14-year-old female patient presented according to the clinical information and
paraclinical results found in Table 1.

Considering the medical history (namely, cellulitis of the right upper lower limb),
and decreased IgA fraction, an NGS genetic test (Blueprint Genetics, FLEX Primary Im-
munodeficiency Panel Plus, 451 gene mutations) was performed, which revealed three
genetic alterations:

(1) c.204dup, p.(Leu69Thrfs*12), a mutation in the TNFRSF138 gene, associated with com-
mon variable immunodeficiency (CVID), classified as pathogenic.

(2) ¢.554T>G, p.(Phel85Cys), a second mutation in the TNFRSF138 gene, classified
as pathogenic.

(B) ¢.2351G>A, p.(Arg784GlIn), a heterozygote mutation in the ADAMTS13 gene, classified
as variant of uncertain significance.
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Therefore, the final diagnosis for this patient was an acute episode of iTTP, secondary
to CVID.

Treatment course and follow up (Figure 2): three daily PEX, oral methylprednisolone
(1.5 mg/kg/day) for 10 days, with slow tapering for one month, caplacizumab (10 doses; at
that time, it was available only off-label for children). A clinical response was obtained on
day 5. The patient experienced an exacerbation 48 h after; plasma infusions and rituximab
(375 mg/ m?) on days 14, 21, 28 were given, with a second clinical response on day 25.
Treatment was stopped on day 33, and one week later, a second exacerbation occurred.
Caplacizumab was resumed for an additional 10 days, and plasma infusions and a fourth
rituximab dose were administered. Clinical response was evident on day 45, and therapy
was stopped on day 49. Clinical remission was achieved in November 2025, with 62%
ADAMTS13 activity.

700,000 1
600,000 -
500,000 -

5 400,000 A
300,000 A
200,000 -

100,000 1

PLT

ADAMTS13 (%)

0

Caplacizumab
Rituximab
Steroids

Plasma exchange
Plasma infusion

Days from diagnosis
Figure 2. Disease evolution for Patient 2. PLT = platelets (x 10° /mmc).

3.3. Patient 3

A 17-year-old female patient presented according to the clinical information and
paraclinical results found in Table 1.

Additional laboratory data: slightly low C3 and C4, high levels of antinuclear, an-
tiphospholipid, nucleosome and double-stranded DNA Abs, no evidence of acute infection.
The thoracic scan showed pericarditis and small pleural effusion with passive pulmonary
collapse. She was also tested by the NGS method (Blueprint Genetics, FLEX Primary
Immunodeficiency Panel Plus, comprising 416 gene mutations), with a negative result for
underlying immunodeficiency or genetic predispositions. Therefore, the final diagnosis
was acute iTTP, secondary to SLE.

Therapeutic course and follow up (Figure 3): PEX (days 1-4), caplacizumab
(32 doses), methylprednisolone (1.5 mg/kg/day) (14 days, with slow tapering for two
months). Rituximab (375 mg/ m?) (days 8, 15, 22, 29), mycophenolate mofetil. Clinical re-
sponse was achieved on day 7. The ADAMTS13 activity level was 18% on day 31. Treatment
was discontinued in August 2025. Almost one month later, the patient experienced partial
thrombosis of the left femoral vein, concurrent with normal platelet count, but a transitory
decline in ADAMTSI13 activity (14%) with spontaneous resolution after approximately
60 days (114%). Low-molecular-weight heparin was given, and all disease-directed therapy
was discontinued gradually. She is in clinical remission.
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Figure 3. Disease evolution for Patient 3. PLT = platelets (x10°/mmc).

3.4. Patient 4

An 11-year-old male patient presented according to the clinical information and
paraclinical results found in Table 1.

Additional laboratory findings: azotemia, elevated pancreatic enzymes, slightly in-
creased inflammatory markers, no evidence of acute infection, normal C3, C4, antinuclear
Abs, double-stranded DNA Abs, and immunoglobulin fractions. Abdominal ultrasound
showed hepatomegaly and bilateral renal enlargement, with unexceptional chest Xray.

The patient received the following: PEX (days 1-5), caplacizumab (15 days, stopped
due to shortage), and intravenous methylprednisolone (1.5 mg/kg/day) (14 days, with
ongoing oral tapering). Even though clinical response was obtained on day 5, one week
later, he experienced a short paroxysmal tonic episode with loss of consciousness, with
normal subsequent neurological examination and unremarkable cerebral imaging, and a
drop in platelet count. Due to the exacerbation of the disease, the patient received PEX
(4 days) and four weekly doses of rituximab (375 mg/m?). The ADAMTS13 activity level
was 34% on day 21, and 101% on day 31. Currently, he maintains his clinical response
(Figure 4).

400,000 A1

300,000 A

PLT

200,000 1

100,000

0

.
93% [ 90

v
o
ADAMTS13 (%)

Caplacizumab
Rituximab
Steroids

Plasma exchange

10 20 30 40 50
Days from diagnosis

Figure 4. Disease evolution for Patient 4. PLT = platelets (x 10% /mmc).
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4. Discussions/Narrative Review of the Literature

In children, iTTP is a rare but life-threatening thrombotic microangiopathy, in which
delayed recognition may result in irreversible organ injury or death. The present cases
illustrate the heterogeneity of pediatric iTTP and highlight several diagnostic and thera-
peutic challenges that are consistently reported in the literature but remain insufficiently
addressed in pediatric-specific guidelines.

The following narrative review synthesizes recent evidence on immune-mediated
secondary TTP with a focus on pediatric-specific considerations. Emphasis is placed on
diagnostic ambiguity, immune-dysregulation-related triggers, and therapeutic decision-
making, reflecting the challenges encountered in a clinical setting.

4.1. Incidence and Epidemiology

TTP is an uncommon TMA across all age groups, with a substantially lower incidence
in the pediatric population than in adults. Contemporary epidemiologic syntheses and
guidelines emphasize that robust incidence estimates are largely derived from adult reg-
istries and multicenter cohorts, while pediatric incidence is inferred from smaller series
and retrospective datasets. This imbalance is particularly relevant for secondary iTTP,
where the rarity of cases, referral bias, and diagnostic overlap with other pediatric TMAs
(especially HUS and infection-associated TMAs) may lead to under-recognition and under-
reporting [1-4,6-8,21,22]. Real-world datasets from the United States and other regions
describe contemporary clinical and therapeutic pathways, the health-system impact of
resource use, and outcomes in adult cohorts treated with modern combinations; while
not pediatric-specific, they support extrapolated trajectories and treatment intensification
options [23-26]. Available pediatric evidence is limited to case reports and small series,
indicating that iTTP in children is substantially rarer than in adults and is typically en-
countered in tertiary referral centers [25,27,28]. Consequently, epidemiologic statements in
children must remain descriptive rather than quantitative.

A key pediatric diagnostic pitfall is to discriminate among different TMAs, especially
HUS or sepsis-associated thrombocytopenia, particularly when neurologic symptoms
dominate or when renal impairment is present. In addition, vitamin B12 deficiency-related
metabolism-mediated TMA is highlighted as an important mimic that can resemble TTP;
the absence of reticulocytosis is key to recognizing such a diagnosis and clinically relevant
for avoiding unnecessary PEX and for appropriate therapy [29]. Pediatric-focused reviews
explicitly address these challenges and recommend systematic TMA evaluation algorithms
with early consideration of ADAMTS13 testing and prompt TTP-directed treatment with
multidisciplinary critical care support, when clinical probability is high [22,27,30-32].

Within pediatrics, age at presentation and recurrence patterns help a correct diagnosis.
Thus, cTTP is more likely in neonates/infants and in children with recurrent episodes
without a clear immune trigger, whereas iTTP is reported more often in older children and
adolescents. The median age of the index iTTP episode is estimated at 12 years and the sex
ratio is ~2-2.5/1 female/male. Although the first case of iTTP was described in 1924 by
Eli Moschcowitz in a 16-year-old girl, the incidence of pediatric patients is only 4-10% of
all iTTP and comprises approximately two-thirds of all TTP in children. Around 56% of
pediatric onset iTTP cases remain idiopathic [6-8,21,22,33,34].

These trends are consistent with our cohort, in which three of four patients were
adolescent females aged 14-17 years, while the youngest patient (Patient 4) presented at
11 years of age. In our series, Patients 2 and 4 initially underwent evaluation for neurologic
or other immune-mediated conditions unrelated to TTP, illustrating how epidemiologic
rarity and atypical initial presentations can delay disease recognition.
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4.2. Etiology of Secondary TTP

Secondary iTTP is defined by severe ADAMTS13 functional deficiency in association
with an identifiable trigger or underlying condition. Within this reference set, multiple
case-based sources emphasize autoimmune and immune-dysregulation contexts, infectious
triggers, and iatrogenic immune activation.

In pediatrics, the available literature repeatedly points to evolving immune dysregu-
lation as a dominant theme: children may present with TTP in the setting of incomplete
autoimmune phenotypes that do not yet fulfill formal classification criteria. Autoimmune
conditions (including SLE, lupus-like disease, and other mixed connective tissue disease),
infections, malignancy-related immune perturbations, and post-transplant immune dys-
regulation are described as relevant contexts, although the distribution differs from adults,
where pregnancy-associated immune changes and established autoimmunity are more
frequent [1-3,7,9-11,21,22,28,33—40]. A practical pediatric implication is that “secondary”
may remain a provisional label at first presentation. Several pediatric series and case reports
emphasize longitudinal follow-up to capture a definable autoimmune disorder, and they
highlight that secondary iTTP can represent the first major clinical expression of systemic
autoimmunity, rather than after longstanding autoimmunity [41].

Additional case-based studies discuss overlap with immune thrombocytopenic pur-
pura (ITP), underscoring that immune cytopenias can coexist and complicate early diag-
nostic assessment when thrombocytopenia is the presenting abnormality [41,42]. From a
pediatric perspective, there is also a reference regarding a case of anti-glomerular basement
membrane disease associated with TTP, which illustrates that secondary iTTP may arise in
the setting of organ-specific autoimmunity and nephro-immunologic disease [43].

In parallel, reports of infection- or vaccine-associated iTTP provide plausibility for
acute immune activation precipitating anti-ADAMTS13 autoimmunity, reinforcing that
acute infections can precipitate a TMA phenotype and that careful diagnostic judgement
is required to distinguish infection-associated TMAs. For example, COVID-19 has been
reported to induce thromboembolic events, especially in vulnerable patients. Another
possible trigger for iTTP is the cross-reaction of some vaccine antigens with ADAMTS13
enzyme [9-11,25,27,34,37-40,44]. Mostly, these data are derived from adults and must be
contextualized carefully when extrapolated to children.

Finally, iatrogenic immune-triggered TTP (e.g., checkpoint inhibitor-related) is re-
ported as a rare, but potentially fatal toxicity. It underscores the possibility of abrupt, severe
presentations with poor outcomes if not recognized early, reinforcing the need for high
clinical suspicion in appropriate contexts [45,46].

The association between secondary iTTP and autoimmune disorders is clearly illus-
trated by Patients 1 and 3; Patient 3 fulfilled immunologic and clinical criteria consistent
with SLE at presentation, with hypocomplementemia, positive antinuclear and antiphos-
pholipid Abs, serositis, and neuropsychiatric involvement; in contrast, Patient 1 presented
with severe iTTP in the context of evolving autoimmunity, characterized by high titers
of double-strained anti-DNA and anti-nucleosome Abs, but without fulfilling formal EU-
LAR criteria for SLE at onset. These cases underscore that pediatric secondary iTTP
may represent an early or sentinel manifestation of systemic autoimmunity, necessitating
long-term immunological surveillance even when a definitive autoimmune diagnosis is
initially uncertain.

As mentioned above, primary immunodeficiency as a trigger for secondary iTTP is
exceedingly rare in children. Patient 2 exemplifies this unusual association, with iTTP
occurring in the context of CVID, confirmed by two pathogenic variants in TNFRSF13B
and immunoglobulin abnormalities. Although a heterozygous ADAMTS13 variant of
uncertain significance was also identified, the presence of ADAMTS13 inhibitors and the
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absence of biallelic pathogenic variants confirm an immune-mediated etiology. This case
highlights the importance of considering broader immune dysregulation—not solely classic
autoimmunity—as a predisposing factor for secondary iTTP in pediatric patients.

In Patient 4, no clear autoimmune, infectious, or immunodeficiency trigger was identi-
fied at the time of diagnosis, illustrating that secondary iTTP may initially appear idiopathic.
Such cases require careful longitudinal evaluation, as an underlying immune-mediated
condition may emerge over time.

4.3. Pathophysiology and Pediatric-Specific Considerations

Across age groups, the mechanistic hallmark of iTTP is a severe functional deficiency
of ADAMTS13, resulting in reduced cleavage of ultra-large vVWF multimers and down-
stream platelet-rich microthrombi in small vessels. The immune-mediated form of TTP is
caused by Abs, mainly IgG, which are directed against ADAMTS13, where they inhibit its
function or enhance its clearance [33]. Contemporary reviews describe two non-mutually
exclusive immune mechanisms: (1) inhibitory autoAbs that block enzymatic activity and
(2) non-inhibitory Abs that accelerate ADAMTS13 clearance. Under physiological condi-
tions, ADAMTS13, found in the plasma, circulates in “closed” conformation, making it
impenetrable to the two categories of Abs. In contrast, it is found in open conformation
during an acute episode of iTTP [47-49], becoming vulnerable to the Abs action. The re-
sulting vWF-driven platelet aggregation explains the typical laboratory phenotype (severe
thrombocytopenia, microangiopathic hemolysis) and the organ distribution of ischemic
injury [3-5,9,15,18,39,47]. Available reviews detail the regulation of ADAMTS13 synthesis,
secretion, and inhibition by autoAbs, providing a framework for understanding disease
heterogeneity [50].

Although severe ADAMTSI13 deficiency is necessary for the development of TTP,
enzyme deficiency alone may not be sufficient to induce the clinical syndrome. The forma-
tion of circulating immune complexes and the activation of complement systems typically
occurring via the classical pathway have also been implicated in the pathophysiological
mechanism of iTTP, making the “second hit” hypothesis possible. On the other hand, hu-
man leukocyte alleles (HLA) are thought to be involved in the development of autoimmune
diseases, and studies have indicated that the expression of HLA DQ-7, HLA DRB1*11, and
HLA DRB3* may increase the risk of developing iTTP, while HLA DRB1*04/DR53 had a
possible protective role [34,39].

Importantly, conceptual work comparing immune and hereditary TTP questions
whether ADAMTS13 deficiency alone explains clinical heterogeneity, pointing to modifiers
such as endothelial activation, inflammatory milieu, and patient-specific susceptibility [30].
Consistent with this, cytokine profiling studies demonstrate distinct anti-inflammatory
cytokine imprints in TTP compared with COVID-19-associated illness, supporting the idea
that systemic immune signaling differs across thrombo-inflammatory syndromes, even
when thrombocytopenia and organ dysfunction overlap clinically [49,51].

In pediatrics, the pathophysiological core is similar, but clinical expression is shaped
by a higher proportion of first-episode disease, fewer vascular comorbidities, and a higher
probability of cTTP in younger children. Pediatric-focused papers strongly advocate for
definitive classification (immune-mediated vs. congenital) whenever feasible [30-32], in-
cluding molecular diagnosis in suspected congenital cases; however, in many clinical
settings, early management decisions must precede complete etiological confirmation.
Therefore, serial assessment of ADAMTS13 activity and careful documentation of treat-
ment response are frequently used as pragmatic surrogates while definitive testing is
pursued [8,21,22].
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All of the patients in our series demonstrated severe ADAMTS13 activity deficiency
(£3.2%) and positive inhibitors (<7%), confirming iTTP. The coexistence of several autoAbs
in Patients 1 and 3 further support immune-driven ADAMTS13 dysfunction. In Patient 2,
the presence of a heterozygous ADAMTS13 variant likely acted as a modifying factor rather
than a primary cause, illustrating how genetic susceptibility and immune dysregulation
may converge in pediatric iTTP.

4.4. Clinical Manifestations

Adult cohorts confirm wide phenotypic variability, with severe organ failure observed
in critically ill patients [52]. Pediatric iTTP commonly presents with abrupt symptoms and
prominent neurologic involvement. Classically, a patient with iTTP exhibits thrombocy-
topenia and microangiopathic hemolytic anemia and may develop neurologic symptoms,
renal manifestations, fever, and dysfunction of other organs. In contemporary practice, the
full “pentad” is uncommon at presentation; instead, symptom clusters vary by trigger and
timing of diagnosis.

Pediatric series describe headache, agitation, confusion, focal deficits, transient is-
chemic symptoms, and seizures as frequent manifestations; these symptoms may precede
recognition of hematologic TMA, especially when early laboratory testing is incomplete. In
some studies, neurological manifestations occurred in 73% of TMA patients at diagnosis,
and they consisted of severe manifestations [53]. Some cTTP patients can present only with
neurologic symptoms and essentially normal platelet count [30]. Mucocutaneous bleeding
manifestations (petechiae, ecchymoses, epistaxis, hematuria) are expected consequences
of severe thrombocytopenia. In children, renal involvement is often present but tends
to be milder than in other TMAs, and severe renal failure is less typical in iTTP than in
complement-mediated HUS [6-8,21,22,34,40-44].

In our patients, according to the data presented in Table 1, neurologic involvement
was a dominant feature of pediatric iTTP and, in some cases, preceded recognition of
the underlying hematologic disorder. Headache, agitation, focal neurologic deficits, and
altered mental status are frequently reported and were prominent in three of the four
patients in our series (Patients 2, 3, and 4). In Patient 2, the initial presentation mimicked
meningoencephalitis, while Patient 3 exhibited severe neuropsychiatric agitation and focal
deficits, highlighting the risk of misdiagnosis when neurologic symptoms dominate clinical
evaluation. Bleeding manifestations related to profound thrombocytopenia were observed
in Patients 1 and 4, including petechiae, ecchymoses, and hematuria. Renal involvement
was present but mild in all cases, consistent with reports indicating that severe renal failure
is less common in iTTP than in other pediatric TMAs. The absence of the full classical
pentad in all patients reinforces the contemporary understanding that reliance on complete
symptom clusters may delay diagnosis.

4.5. Laboratory Investigations and Imaging

Routine laboratory testing typically establishes the TMA phenotype: severe throm-
bocytopenia, microangiopathic hemolytic anemia (schistocytes), elevated LDH, indirect
hyperbilirubinemia, and reduced haptoglobin. Reticulocytosis supports hemolysis-driven
anemia. In pediatric reports, inflammatory markers may be variably elevated, particularly
when secondary TTP occurs in the setting of infection or evolving systemic autoimmunity;
however, these markers are not diagnostic and should not delay TTP-directed therapy when
suspicion is high [1,2,6-8,21,22,41,44,54]. A negative Coombs test is used to differentiate
Evans syndrome, while an unremarkable coagulation panel excludes DIC [35].

In oligosymptomatic patients, distinguishing iTTP from ITP can sometimes be chal-
lenging [42,55]. Interestingly, in newly diagnosed iTTP patients, the IPF value is normal
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or low, suggesting the inability of bone marrow to compensate for peripheral platelet
destruction, thus indicating that there could be an additional defect at this level. The
hypoproduction of immature platelets is reversed with the initiation of PEX, as soon as
after the first procedure; therefore, IPF could prove to be an important and cost-effective
marker for these patients [54].

Specialized blood testing involves ADAMTS13. Severe activity reduction (meaning
<10 IU/dL or <10% of normal) supports TTP when clinical context is compatible; serial
activity testing may also help characterize remission and relapse risk. Where available,
ADAMTS13 inhibitor /autoAb testing refines classification, and quantitative ADAMTS13
antigen levels may assist in clinical interpretation. These tests support the diagnosis
and inform about the relapse risk and treatment intensity required. The French and the
PLASMIC scores are validated and predictive and are frequently used in urgent-care
clinical settings. Even though they were not developed to substitute ADAMTS13 activity
testing, which is vital for the confirmation and follow-up of TTP, the two scores are able
to facilitate the clinical diagnosis of this life-threatening disease [19,20,47,50,56]. There
are debates on economic and operational evaluations of ADAMTS13 testing strategies,
comparing rapid, in-house, and send-out approaches, analyzing how time to result impacts
therapeutic decisions, costs, and, potentially, outcomes by influencing early initiation of
targeted therapy and avoiding unnecessary treatments in mimicking TMAs [57].

In addition, an interesting study proposes distinguishing TTP from other causes of
anemia and thrombocytopenia using a carbon monoxide CO breath test in a specific clinical
context, reflecting ongoing efforts to improve diagnostic accuracy and reduce treatment
delay; such approaches are adjunctive and do not replace ADAMTS13-based confirmation
where available [58].

Genetic evaluation is critical when cTTP is part of the differential diagnosis, partic-
ularly in younger children, recurrent disease, or atypical immune contexts. A study on
genetic variants modulating renal function in iTTP suggests that host genetic background
can influence organ vulnerability even in immune-mediated disease [59]. Pediatric-focused
publications further stress that genetic testing is essential to definitively diagnose cTTP, but
this is frequently unavailable at the point of acute care.

Imaging (e.g., CT or MRI of the brain, abdominal ultrasound) is used primarily to
evaluate complications or exclude alternative diagnoses, rather than to confirm TTP. Pedi-
atric imaging is therefore best viewed as adjunctive—useful for assessing acute neurologic
events, ruling out hemorrhage, and documenting organ involvement, but not replacing
hematologic and ADAMTS13-based diagnosis [8,21,22,39,41,43,60]. Notably, imaging stud-
ies demonstrate that both overt and subclinical cerebral ischemic lesions are common,
particularly in adults [53,60].

It is worth mentioning that identifying the trigger for or the underlying cause of the
index episode is important for a complete and accurate diagnosis, but also for long-term
follow-up. Predisposing conditions are established in 27-69% of patients with severe
ADAMTS13 deficiency. Therefore, detailed medical history and complete work-up are
recommended, including immunologic essays, such as (but not limited to) antinuclear,
nucleosome, double-stranded and antiphospholipid Abs, C3 and C4 complement fragments,
and screening for infections. Whenever possible, genetic testing is paramount to exclude
cTTP [35,47,61]. Testing for immunoglobulin fractions can be useful in diagnosing CVID,
though the association with iTTP is very rare, and only five other pediatric cases were
reported [37].

All our patients exhibited the characteristic laboratory features of TMA, including
severe thrombocytopenia, microangiopathic hemolytic anemia, elevated LDH, indirect
hyperbilirubinemia, and schistocytosis. Reticulocytosis was present in all cases, support-
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ing hemolysis-driven anemia and excluding mimicking conditions, such as vitamin B12
deficiency-related TMA. The clinical prediction scores proved valuable in all patients. The
PLASMIC and French scores uniformly indicated a high probability of TTP, facilitating early
treatment initiation prior to definitive ADAMTS13 confirmation. This was particularly
important in Patients 2 and 4, in whom diagnostic uncertainty initially delayed referral.
ADAMTS13 testing ultimately confirmed severe deficiency with detectable inhibitors in all
cases. Serial assessment will be critical during follow-up, particularly in Patients 1 and 4,
in whom the underlying triggers remain incompletely defined.

4.6. Therapeutic Agents

PEX remains the therapeutic backbone, with guideline documents emphasizing its
role in removing pathogenic Abs and replenishing functional ADAMTS13 enzyme. PEX
may be discontinued soon after a clinical response is achieved [56,62]. Usually, 1-1.5x
plasma volume exchange is performed for the first three days, followed by 1x plasma
volume exchange each day thereafter, while in patients with refractory TTP or evidence of
progressive end organ damage, twice-daily PEX may be considered [31,39].

Adjunctive corticosteroids are routinely used to suppress autoAb production, and
contemporary guidelines support initiating treatment as soon as possible when clinical sus-
picion is high, rather than awaiting confirmatory ADAMTS13 results [1,2]. Corticosteroids
are usually associated with PEX as immunosuppressant drugs, and they may also reduce
the number of procedures required and improve the tolerance of plasma therapy, despite
the paucity of high-quality evidence-based studies [31,63]. Most standards of practice
recommend oral prednisone 1 mg/kg/day or equivalent, with tapering over 34 weeks
after clinical response is achieved; high-dose pulse steroids with 10 mg/kg/day for three
days followed by 2.5 mg/kg/day thereafter may be more efficacious than 1 mg/kg/day
dosing [39,52].

Caplacizumab, a vWF-targeting nanobody, has transformed early disease control
by inhibiting platelet-vWF interaction, thereby reducing ongoing microvascular throm-
bosis. Adult randomized and real-world data consistently show faster platelet recovery
and reduced exacerbation/relapse during treatment. Importantly for pediatric practice,
multiple pediatric-focused reports, including case series and case reports, and pharmaco-
logic dosing analysis describe its feasibility and apparent efficacy when integrated into
standard iTTP regimens (PEX + immunosuppression), especially in high-risk presenta-
tions with severe thrombocytopenia and neurologic involvement [12-15,19,20]. Bleeding
risk—predominantly mucocutaneous—remains a key safety consideration, and it is re-
peatedly emphasized that evaluating bleeding phenotypes in TTP is particularly relevant
when caplacizumab is used in the setting of profound thrombocytopenia or invasive proce-
dures [18,64,65]. These studies are primarily adult-focused; however, in pediatric practice,
they provide a framework for discussing anticipated benefits (e.g., early disease control,
fewer PEX procedures needed) and drawbacks (e.g., bleeding risk, cost). Pediatric dosing
considerations and monitoring strategies are addressed in dedicated pediatric pharmacol-
ogy work, supporting protocolized use under specialist supervision [14]. The doses used
are of 10 mg daily for patients weighing > 40 kg and 5 mg for those weighing < 40 kg, for at
least 30 days following the stop of PEX [34,47,52]. Health economic analyses further exam-
ine the budget and cost-effectiveness implications of adding caplacizumab to standard care
from hospital and national perspectives, reinforcing that the drug’s clinical benefits must be
interpreted. alongside resource use in systems where access may be constrained [64,66—68].

Rituximab is an approved immunomodulatory therapy in iTTP and is commonly
employed to reduce autoAbs production, particularly in patients with high relapse risk,
refractory disease, or as part of early combination strategies. When presenting pediatric
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versus adult data, it is appropriate to state that rituximab use is well established in adult
settings; its use in children is largely by extrapolation and case-based evidence, with dos-
ing and infection-risk considerations adapted to pediatric practice [30-32,69,70], largely
through case series and narrative syntheses, with emphasis on relapse prevention and facil-
itating durable remission, while acknowledging the absence of large pediatric randomized
trials [16,21,34,38]. The most frequently used dose is 375 mg/m? weekly for four doses in
total [39], with an expected 10-to-14-day delay to a documented effect [33].

Calcineurin inhibition (e.g., cyclosporine) and antimetabolite immunosuppression
(e.g., mycophenolate mofetil) are often discussed in the iTTP literature as potential adjuncts
in complex immune dysregulation, particularly when the therapeutic management is chal-
lenging; however, explicit pediatric evidence is limited. Therefore, any statements about
these agents remain conservative: they are off-label agents considered case-by-case in com-
plex immune contexts, typically after or combined with established therapies, with toxicity
monitoring and infection prophylaxis tailored to age and comorbidity [30-32,46,71,72].

For multi-resistant or refractory iTTP, other off-label immunomodulatory strategies are
increasingly described. Several agents are described in this setting. Bortezomib has been
reported as a rescue therapy in rituximab-refractory iTTP, predominantly in adults, with
multicenter experiences informing about the efficacy of its use when standard immunomod-
ulation fails. Sustainable responses were registered in about 60% of multi-refractory iTTP
patients with mild to moderate toxicities. Pediatric experience is limited but included
in narrative syntheses and selected reports, underscoring the need for careful toxicity
monitoring and specialist oversight [16,35,63,69]. Daratumumab (anti-CD38) is studied for
efficacy and safety, representing another plasma cell-targeted salvage option. Although
this evidence is primarily adult-based, it is directly relevant when discussing therapeutic
escalation pathways and mechanisms of action in multiresistant iTTP [63,73]. Other anti-
CD20 agents, such as obinutuzumab or ofatumumab, have been used in selected case [34].
These off-label immunosuppressive approaches are reported, but the dominant theme is
individualized, salvage-oriented use, therefore requiring cautious interpretation [34,38,39].

Splenectomy can be considered in more severe patients with relapse/refractory iTTP
who do not respond to other therapies [22,31,39].

Therapeutic PEX was promptly initiated in all patients after diagnosis. In Patient
1, more procedures were needed to achieve clinical response, but it is worth mentioning
that she did not receive caplacizumab. Adjunctive corticosteroids were used to suppress
ongoing autoAb production. In three out of four patients, low-dose methylprednisolone
(1.5 mg/kg/day with slow tapering) was enough to obtain a response with minimal
side effects.

The evolving pediatric experience with caplacizumab is particularly relevant to our
cohort, as three patients presenting with high-risk features were treated with this new
product. While long-term pediatric data remain limited, available evidence supports its
use in severe presentations under expert supervision. There are still concerns regarding
increased hospitalization costs when caplacizumab is used. Thus, obtaining the necessary
approvals or the temporary unavailability of stock may pose challenges (as noted in Patients
1, 2 and 4). The improvement in disease management (fewer PEX procedures needed,
quicker clinical response, reduced hospitalization period, and overall higher quality of life),
as noticed in Patients 2, 3, and 4, compared to Patient 1, make caplacizumab an efficient
new agent.

Rituximab represents a rational adjunct in patients with confirmed immune-mediated
disease and high relapse risk, especially in the context of autoimmunity or immunodefi-
ciency. As illustrated in Patients 1 and 3, Rituximab was employed in a combined strategy,
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due to lack of clinical response with the standard approach in autoimmunity settings. In
Patients 2 and 4, Rituximab was added after each exacerbation of the disease.

Given the suspected/confirmed autoimmune trigger for iTTP in Patients 1 and 3,
the addition of supplementary immunomodulation, namely mycophenolate mofetil, is
supported by current evidence, especially after a challenging course of the disease; al-
though, in an off-label setting, it was worth considering due to easy administration and
few side effects.

4.7. Short- and Long-Term Outcomes

With modern therapy, short-term outcomes in iTTP have improved substantially
[26,64,65], although severe cases with multiorgan failure continue to carry significant mor-
tality risk [52]. Up to this point, proper treatment reduced mortality among patients from
90 to 10-20%; however, the recurrence rate is still high, reaching 36-50% of cases [30,55].
Pediatric series report high rates of hematologic remission when PEX is initiated promptly
and combined with immunomodulation. However, outcomes are not limited to platelet
recovery: acute neurologic events and complications related to vascular access or bleeding
may shape early morbidity. In the caplacizumab era, pediatric reports suggest more rapid
control of microvascular thrombosis and potentially fewer early exacerbations, although
long-term pediatric data remain limited and heterogeneous [12-14,19,20,24].

Meticulous follow-up includes regular measurements of ADAMTS13 activity during
the remission period. Some authors suggest measurements every trimester for a year,
while others suggest longer-term follow-up. If a sudden drop in ADAMTS13 activity is
experienced, rituximab treatment should be started to prevent a relapse [1,47].

Long-term outcomes in pediatric iTTP warrant dedicated attention because children
have decades of life expectancy after an index episode. The adult literature describes persis-
tent cognitive symptoms, fatigue, and reduced quality of life after TTP. On the other hand,
pediatric-focused work emphasizes the importance of neurocognitive assessment, school
functioning, and family-centered follow-up, alongside immunologic surveillance when au-
toimmunity is suspected, but not fully classifiable at onset. Relapse risk is also highlighted.
Thus, the importance of planned follow-up and the need for surveillance of evolving
autoimmune disease in secondary forms are highlighted [21-23,25,28,34,41,43,44,59,74].
The transition period from pediatric department to adult services is usually difficult and
presents many challenges for many young adults with a history of iTTP. Therefore, transi-
tion programs are necessary [33].

All of the patients in this series require structured long-term follow-up, including
platelets and hemoglobin levels, immunologic reassessment, and neurocognitive evalua-
tion. Patients 1 and 4 warrant particular attention for potential evolution of underlying
autoimmune disease, while Patient 2 requires coordinated immunology follow-up for
CVID-related complications. Patient 3 illustrates the need for integrated rheumatologic
and hematologic care in pediatric secondary iTTP associated with established SLE.

4.8. Complications

Complications span disease- and treatment-related domains. Disease-related com-
plications include recurrent episodes (relapse/exacerbation), ischemic neurologic injury,
renal dysfunction, and—more prominently in adults—cardiac ischemia. Treatment-related
complications include line-associated infection or thrombosis, PEX-related hemodynamic
instability, infections related to immunosuppression, hypogammaglobulinemia or serum
sickness associated with rituximab, and bleeding, which is particularly relevant with capla-
cizumab. Cohorts presenting bleeding patterns in TTP provide an evidence base for risk
communication and monitoring, supporting careful peri-procedural planning and individu-
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alized hemostatic strategies [2,18,25,28,52,65]. Secondary iTTP in autoimmune or infectious
contexts introduces additional risks related to the underlying disease, imposing the need for
multidisciplinary management [25,28]. Cytokine profiling studies and reviews emphasize
that immune and inflammatory context may modulate susceptibility to complications and
phenotypic variability, supporting careful individualized monitoring [30-32,49,51,66].

All our patients exhibited exacerbations of the disease, manifested by a decrease in
platelet count (in Patients 1, 2 and 4) and/or a documented thrombotic event (in Patients 1
and 3), or a suspected transient ischemic cerebral attack (in Patient 4). The sudden drop in
ADAMTSI13 activity was a sign of impendent exacerbation in Patient 3, while central venous
catheter acted as an additional risk factor for Patient 1. There was no relapse documented
until the time of this paper. Notably, Patient 4 is currently under disease-directed therapy
(low-dose corticosteroids).

Regarding treatment-related complications, to this date there have been no infections
caused by central venous catheters or prolonged immunosuppressive therapy. Only in
Patient 2 was minor bleeding was noted during caplacizumab treatment.

5. Conclusions

Pediatric secondary iTTP is a heterogeneous condition that frequently presents with
diagnostic ambiguity and severe neurologic involvement. In a broader regional context,
characterized by recurrent pediatric infectious challenges [75,76], maintaining a high index
of suspicion for rare immune-mediated conditions such as pediatric iTTP remains essential.

The authors consider the biggest challenge regarding diagnostic procedures to be the
turn-out time of ADAMTSI3 testing (especially in medical facilities which do not have
in-house tests); therefore, using the available scores can help with initiating treatment in a
timely fashion. Moreover, these scores guide clinicians to consider iTTP (a rare pediatric
pathology) as a possible diagnosis when faced with a patient with hemolytic anemia, severe
thrombocytopenia, neurological symptoms and mild renal impairment. In order to decrease
morbidity and mortality in this potentially life-threatening disease, it is paramount to have
access to the most important therapeutic agents: PEX, corticosteroids, caplacizumab and
rituximab. Therefore, early recognition, prompt initiation of TTP-directed therapy, and
comprehensive immunologic evaluation are critical for favorable outcomes.
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Abbreviations

The following abbreviations are used in this manuscript:

Ab(s) antibody(ies)

AD autosomal dominant

AR autosomal recessive

CT computer tomography

cITP  congenital TTP

CVID common variable immunodeficiency
DIC disseminated intravascular coagulation
FRET fluorescence resonance energy transfer
HUS  hemolytic uremic syndrome

HLA  human leukocyte alleles

IPF immature platelet fraction

ITP immune thrombocytopenic purpura
iTTP  immune-mediated TTP

INR international normalized ratio

LDH lactate dehydrogenase

MCV  mean corpuscular volume

MRI magnetic resonance imaging

NGS  next-generation sequencing

PEX  plasma exchange

SLE systemic lupus erythematosus

TMA  thrombotic microangiopathy

TTP thrombotic thrombocytopenic purpura
vWE  von Willebrand factor

References

1.

Zheng, X.L.; Al-Housni, Z.; Cataland, S.R.; Coppo, P.; Geldziler, B.; Germini, E; Iorio, A.; Keepanasseril, A.; Massias, M.; Mat-
sumoto, M.; et al. 2025 Focused update of the ISTH guidelines for the diagnosis and management of thrombotic thrombocytopenic
purpura. J. Thromb. Haemost. 2025, 23, 3711-3732. [CrossRef] [PubMed]

Scully, M.; Rayment, R.; Clark, A.; Westwood, ].P.; Cranfield, T.; nGooding, R.; Bagot, C.N.; Taylor, A.; Sankar, V.; Gale, D.; etal. A
British Society for Haematology Guideline: Diagnosis and management of thrombotic thrombocytopenic purpura and thrombotic
microangiopathies. Br. . Haematol. 2023, 203, 546-563. [CrossRef]

Liu, S.; Zheng, X.L. Immune thrombotic thrombocytopenic purpura: Pathogenesis and novel therapies: A narrative review. Ann.
Blood 2023, 8, 26. [CrossRef]

Du, P; Cristarella, T.; Goyer, Y.; Moride, Y. A Systematic Review of the Epidemiology and Disease Burden of Congenital and
Immune-Mediated Thrombotic Thrombocytopenic Purpura. J. Blood Med. 2024, 15, 363-386. [CrossRef] [PubMed]

Snyder, M.R.; Maitta, RW. Anti-ADAMTS13 autoantibodies in immune-mediated thrombotic thrombocytopenic purpura.
Antibodies 2025, 14, 24. [CrossRef]

Cohen, C.T.; Zobeck, M.; Kim, T.O.; Sartain, S.E.; Raffini, L.; Srivaths, L. Adolescent acquired thrombotic thrombocytopenic
purpura: An analysis of the Pediatric Health Information System database. Thromb. Res. 2023, 222, 63—67. [CrossRef]

Manglani, M.; Kini, P. Thrombotic microangiopathy in children: Redefining hemolytic uremic syndrome, thrombotic thrombocy-
topenic purpura and related disorders. Pediatr. Hematol. Oncol. |. 2024, 9, 45-53. [CrossRef]

https:/ /doi.org/10.3390/children13030350


https://doi.org/10.1016/j.jtha.2025.06.002
https://www.ncbi.nlm.nih.gov/pubmed/40533296
https://doi.org/10.1111/bjh.19026
https://doi.org/10.21037/aob-22-29
https://doi.org/10.2147/JBM.S464365
https://www.ncbi.nlm.nih.gov/pubmed/39161536
https://doi.org/10.3390/antib14010024
https://doi.org/10.1016/j.thromres.2022.12.011
https://doi.org/10.1016/j.phoj.2024.01.005
https://doi.org/10.3390/children13030350

Children 2026, 13, 350 19 of 22

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Karsenty, C.L.; Kirk, E.; Helber, H.L.; Esquilin, ].M.; Despotovic, ].M.; Grimes, A.B. Molecular diagnosis is vital to the accurate
classification and management of thrombotic thrombocytopenic purpura in children. Front. Immunol. 2022, 13, 836960. [CrossRef]
[PubMed]

Meiring, M.; Khemisi, M.; Louw, S.; Krishnan, P. Autoantibodies to ADAMTS13 in human immunodeficiency virus-associated
thrombotic thrombocytopenic purpura. Vox Sang. 2024, 119, 1285-1294. [CrossRef]

Saida, I.B.; Maatouk, I.; Toumi, R.; Bouslama, E.; Ismail, H.B.; Salem, C.B.; Boussarsar, M. Acquired thrombotic thrombocytopenic
purpura following inactivated COVID-19 vaccines: Two case reports and a short literature review. Vaccines 2022, 10, 1012.
[CrossRef] [PubMed]

Borborema, T.S.; de Souza Lima, J.; Moreira Brito, ].C.; Murao, M.; Siquira-Batista, R. Thrombotic thrombocytopenic purpura and
mushroom-shaped red blood cells secondary to COVID-19. Hematol. Transfus. Cell Ther. 2024, 46, 494-497. [CrossRef]

Taylor, A.; Keogh, L.; Dickens, E.; Dutt, T.; Grainger, J.; Gregory, R.; Mapplebeck, C.; Richards, M.; Stokley, S.; Salta, S.; et al.
Caplacizumab in pediatric immune thrombotic thrombocytopenic purpura: The UK TTP Registry experience. Blood Adv. 2024, 8,
4563-4567. [CrossRef] [PubMed]

Al-Mashdali, A.F,; Salih, S.M.; Vatsyayan, P.A.; Mudawi, D.; Elkourashy, S.A.; Cherif, H.; Mohamed, S.F. Caplacizumab for
pediatric immune thrombotic thrombocytopenic purpura: A scoping review of current evidence. Blood Rev. 2025, 146, 1326.
[CrossRef]

Bergstrand, M.; Hansson, E.; Delaey, B.; Callewaert, F.; de Passos Sousa, R.; Sargentini-Maier, M.L. Caplacizumab model-based
dosing recommendations in pediatric patients with acquired thrombotic thrombocytopenic purpura. J. Clin. Pharmacol. 2022, 62,
409-421. [CrossRef] [PubMed]

Chavaz, L.; Cimasoni, L.; Kremer Hovinga, ].A.; Coppo, P.; Ansari, M. Caplacizumab as add-on therapy in a 7-year-old girl with
exacerbated immune-mediated thrombotic thrombocytopenic purpura, a case report and literature review. Front. Pediatr. 2024, 12,
1448801. [CrossRef]

Lee, N.C].; Yates, S.; Rambally, S.; Sarode, R.; Ibrahim, L.F.; Shen, Y.-M.; Hofmann, S.L.; Bavli, N.R. Bortezomib in re-
lapsed /refractory immune thrombotic thrombocytopenic purpura: A single-center retrospective cohort and systematic literature
review. Br. J. Haematol. 2024, 204, 638-643. [CrossRef]

Yildirim, M.; Sayin, S.; Gunes, A.K.; Aras, M.R;; Yilmaz, E.S.; Albayrak, M.; Ozet, G.; Ayli, M. Effect of blood groups on clinical
presentations and treatment outcomes in immune thrombotic thrombocytopenic purpura patients with severe ADAMTS13
deficiency: A multi-center experience. Transfus. Med. Hemother. 2023, 50, 18-25. [CrossRef]

Mahmoud, A.A.; Mustafa, M.; Abdelhay, A.; Abou-Ismail, M.Y.; Chaturvedi, S. Characterization of bleeding in thrombotic
thrombocytopenic purpura in the precaplacizumab era: A retrospective nationwide analysis. Res. Pract. Thromb. Haemost. 2025, 9,
102654. [CrossRef]

Bonifacio, M.A.; Roselli, D.; Schifone, C.P; Ricco, A.; Vitucci, A.; Aprile, L.; Mariggio, M.A.; Ranierri, R.F. A long-term follow-up
study in immune-mediated thrombotic thrombocytopenic purpura: What are the outcomes? J. Clin. Med. 2023, 12, 7305.
[CrossRef]

Zheng, X.L. The standard of care for immune thrombotic thrombocytopenic purpura today. J. Thromb. Haemost. 2021, 19,
1864-1871. [CrossRef]

Cuker, A.; Cataland, S.R.; Coppo, P; de la Rubia, J.; Friedman, K.D.; George, ].N.; Knobl, P.; Kremer Hovinga, J.A.; Limmle, B.;
Matsumoto, M.; et al. Redefining outcomes in immune TTP: An international working group consensus report. Blood 2021, 137,
1855-1861. [CrossRef] [PubMed]

Sukumar, S.; Gavriilaki, E.; Chaturvedi, S. Updates on thrombotic thrombocytopenic purpura: Recent developments in pathogen-
esis, treatment and survivorship. Thromb. Update 2021, 5, 100062. [CrossRef]

Pollissand, L.; Shah, A.; Punekar, R.S.; Petrilla, A.; Pham, H.P. Burden of illness among Medicare and non-Medicare US
populations with acquired thrombotic thrombocytopenic purpura. J. Med. Econ. 2021, 24, 706-716. [CrossRef]

Al Rasheed, M.; Alsayegh, F.; Al Mohareb, F.; Aljatham, A.A.; Alqahtani, EH.; Malhan, H.; Osman, H.Y.; Aal-Yaseen, H.; Salama,
H.; Al-Saeed, H.H,; et al. Inmune-mediated thrombotic thrombocytopenic purpura landscaping in Gulf countries: A real-world
evidence study (ATHENA Study). Ann. Blood 2024, 9, 3. [CrossRef]

Alkhunein, A.; Albraikan, A.; Alayed, M.; Althaqafi, W.; Alharbi, M. Case report: Microangiopathic hemolytic anemia and
thrombocytopenia in a child with Brucella infection. Front. Pediatr. 2023, 11, 1139622. [CrossRef]

Angelucci, E.; Artoni, A.; Fianchi, L.; Dovizio, M.; Iacolare, B.; Saragoni, S.; Degli Esposti, L. Real-World Data Analysis of Patients
Affected by Immune-Mediated Thrombotic Thrombocytopenic Purpura in Italy. J. Clin. Med. 2024, 13, 1342. [CrossRef] [PubMed]
Mocanu, A.; Bogos, R.A.; Lazaruc, T.I; Cianga, A.L.; Lupu, V.V,; Ioniug, I; Alecsa, M.; Lupu, A.; Ivanov, A.V.; Miron, 1.C.; et al.
Pitfalls of Thrombotic Microangiopathies in Children: Two Case Reports and Literature Review. Diagnostics 2023, 13, 1228.
[CrossRef]

https:/ /doi.org/10.3390/ children13030350


https://doi.org/10.3389/fimmu.2022.836960
https://www.ncbi.nlm.nih.gov/pubmed/35479064
https://doi.org/10.1111/vox.13738
https://doi.org/10.3390/vaccines10071012
https://www.ncbi.nlm.nih.gov/pubmed/35891176
https://doi.org/10.1016/j.htct.2023.01.001
https://doi.org/10.1182/bloodadvances.2024013488
https://www.ncbi.nlm.nih.gov/pubmed/38968147
https://doi.org/10.1182/blood-2025-1326
https://doi.org/10.1002/jcph.1991
https://www.ncbi.nlm.nih.gov/pubmed/34699078
https://doi.org/10.3389/fped.2024.1448801
https://doi.org/10.1111/bjh.19035
https://doi.org/10.1159/000524597
https://doi.org/10.1016/j.rpth.2024.102654
https://doi.org/10.3390/jcm12237305
https://doi.org/10.1111/jth.15406
https://doi.org/10.1182/blood.2020009150
https://www.ncbi.nlm.nih.gov/pubmed/33529333
https://doi.org/10.1016/j.tru.2021.100062
https://doi.org/10.1080/13696998.2021.1922262
https://doi.org/10.21037/aob-23-29
https://doi.org/10.3389/fped.2023.1139622
https://doi.org/10.3390/jcm13051342
https://www.ncbi.nlm.nih.gov/pubmed/38592185
https://doi.org/10.3390/diagnostics13071228
https://doi.org/10.3390/children13030350

Children 2026, 13, 350 20 of 22

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Jung, J.Y;; Kim, J.W.; Suh, C.H.; Kim, H.A. Successful treatment of thrombotic thrombocytopenic purpura with plasmapheresis
and anti-CD20 antibodies in a patient with immune thrombocytopenia and systemic lupus erythematosus: Case report. Medicine
2022, 101, €28908. [CrossRef]

Sabry, W.; Elemary, M.; Burnouf, T.; Seghatchian, J.; Goubran, H. Vitamin B12 deficiency and metabolism-mediated thrombotic
microangiopathy (MM-TMA). Transfus. Apher. Sci. 2020, 59, 102717. [CrossRef]

Lancellotti, S.; Sacco, M.; Tardugno, M.; Ferretti, A.; De Cristofaro, R. Immune and Hereditary Thrombotic Thrombocytopenic
Purpura: Can ADAMTS13 Deficiency Alone Explain the Different Clinical Phenotypes? J. Clin. Med. 2023, 12, 3111. [CrossRef]
[PubMed]

Roose, E.; Joly, B.S. Current and Future Perspectives on ADAMTS13 and Thrombotic Thrombocytopenic Purpura. Hamostaseologie
2020, 40, 322-336. [CrossRef]

Laghmouchi, A.; Graca, N.A.G.; Voorberg, ]. Emerging Concepts in Immune Thrombotic Thrombocytopenic Purpura. Front.
Immunol. 2021, 12, 757192. [CrossRef] [PubMed]

Joseph, A.; Joly, B.S.; Picod, A.; Veyradier, A.; Coppo, P. The Specificities of Thrombotic Thrombocytopenic Purpura at Extreme
Ages: A Narrative Review. J. Clin. Med. 2023, 12, 3068. [CrossRef]

Shrestha, N.; Okpako, E.; Maitta, R W. Thrombotic Thrombocytopenic Purpura in Pediatric Patients. Biomedicines 2025, 13, 1038.
[CrossRef] [PubMed]

Ibn Idris Rodwan, A.A.; Ahmed Elmansour, O.K.; Ahmed, A .EE.; Elagib, E.M.; Eltahir, N.LA.; Hassan, A.; El-Sadik, S.M.;
Mohamed, A.G.A.; Awadala, H.H.; Mohamed, A.A.; et al. A Rare Association of Thrombotic Thrombocytopenic Purpura with
Systemic Lupus Erythematosus in a Sudanese Woman: Case Report. J. Blood Med. 2021, 12, 945-949. [CrossRef] [PubMed]
Furuya, M.Y.; Watanabe, H.; Sato, S.; Fujita, Y.; Tenmoku, J.; Asashima, H.; Matsumoto, T.; Asano, T.; Suzuki, T.; Kaboyashi, H.;
et al. An Autopsy Case of Mixed Connective Tissue Disease Complicated by Thrombotic Thrombocytopenic Purpura. Intern.
Med. 2020, 59, 1315-1321. [CrossRef]

Budhipramono, A.; Sharma, R.; Wysocki, C.A.; Zia, AN.; Adkins, B.D. Therapeutic Plasma Exchange Management for a Pediatric
Patient Presenting with Inmune Thrombotic Thrombocytopenic Purpura in a Setting of Common Variable Inmunodeficiency. J.
Clin. Apher. 2024, 39, €22154. [CrossRef]

Lawrie, D.A.; Hansen, D.L.; Kristensen, T.L.; Sand Carlsen, S.B.I.; Hannig, L.H.; Pedersen, P.T.; Kristensen, H.B.; Lorenzen,
M.O.B,; Stentoft, J.; Van Kooten Niekerk, P.B.; et al. Thrombotic Thrombocytopenic Purpura and Evans Syndrome: Validating and
Exploring 20 Years of Routine Hospital Care. . Blood Med. 2025, 16, 279-292. [CrossRef]

Sukumar, S.; Limmle, B.; Cataland, S.R. Thrombotic Thrombocytopenic Purpura: Pathophysiology, Diagnosis, and Management.
J. Clin. Med. 2021, 10, 536. [CrossRef]

Tripiciano, C.; Zangari, P.; Montanari, M.; Leone, G.; Massella, L.; Garaboldi, L.; Massoud, M.; Lancelotti, S.; Stracchio, L.; Manno,
E.C,; et al. Case Report: Two Cases of Pediatric Thrombotic Thrombocytopenic Purpura Treated with Combined Therapy. Front.
Pediatr. 2021, 9, 743206. [CrossRef]

Bruns, L.; Volker, L.; Klamroth, R.; Kuhlmann, M.K.; Jabs, W.J. Concomitant presentation of thrombotic thrombocytopenic
purpura, immune thrombocytopenia, and autoimmune hemolytic anemia in a patient with newly diagnosed systemic lupus
erythematosus. Clin. Nephrol. Case Stud. 2023, 11, 147-153. [CrossRef] [PubMed]

Lin, H.C; Huang, J.; Huang, J.; Zhang, L.J.; Yin, X.-W.; Yang, ].C.; Huang, X.Y. Concurrence of immune thrombocytopenic purpura
and thrombotic thrombocytopenic purpura: A case report and review of the literature. J. Med. Case Rep. 2023, 17, 38. [CrossRef]
McAllister, J.; Nagisetty, P.; Tyerman, K. A Case of Paediatric Anti-Glomerular Basement Membrane Disease Associated with
Thrombotic Thrombocytopenic Purpura. Case Rep. Nephrol. 2022, 2022, 2676696. [CrossRef] [PubMed]

Gaur, B.K;; Jain, R.; Ahmad, FA,; Singh, R.R. Dengue fever presenting as thrombotic thrombocytopenic purpura in adolescent
girl: A case report. J. Pediatr. Crit. Care 2024, 11, 82-85. [CrossRef]

Yikilmaz, A.S.; Hernandez, C.M.R. A Rare But Fatal Toxicity: Immune Checkpoint Inhibitor—Related Acquired Thrombotic
Thrombocytopenic Purpura. J. Immunother. Precis Oncol. 2025, 8, 15-22. [CrossRef]

Kelen, K.; Horvath, O.; Kis, E.; Mikes, B.; Sallay, P; Sinkovits, G.; Prohészka, Z.; Szabo, A.].; Reusz, G.S. Immunosuppressive
Therapy of Antibody-Mediated aHUS and TTP. Int. J. Mol. Sci. 2023, 24, 14389. [CrossRef]

Papakonstantinou, A.; Kalmoukos, P.; Mpalaska, A.; Koravou, E.E.; Gavriilaki, E. ADAMTS13 in the New Era of TTP. Int. ]. Mol.
Sci. 2024, 25, 8137. [CrossRef]

Graca, N.A.G.; Ercig, B.; Velasquez Pereira, L.C.; Kangro, K.; Kaijen, P.; Nicolaes, G.A.F.; Veyradier, A.; Coppo, P.; Vanhoorelbeke,
K.; Mannic, A.; et al. Modifying ADAMTS13 to modulate binding of pathogenic autoantibodies of patients with acquired
thrombotic thrombocytopenic purpura. Haematologica 2020, 105, 2619-2630. [CrossRef]

Obeagu, E.I. Pathogenic cytokines in thrombotic microangiopathies: Molecular insights and therapeutic targets. Mol. Med. 2025,
31, 316. [CrossRef] [PubMed]

DeYoung, V.; Singh, K.; Kretz, C.A. Mechanisms of ADAMTS13 regulation. J. Thromb. Haemost. 2022, 20, 2722-2732. [CrossRef]

https://doi.org/10.3390/ children13030350


https://doi.org/10.1097/MD.0000000000028908
https://doi.org/10.1016/j.transci.2019.102717
https://doi.org/10.3390/jcm12093111
https://www.ncbi.nlm.nih.gov/pubmed/37176552
https://doi.org/10.1055/a-1171-0473
https://doi.org/10.3389/fimmu.2021.757192
https://www.ncbi.nlm.nih.gov/pubmed/34858410
https://doi.org/10.3390/jcm12093068
https://doi.org/10.3390/biomedicines13051038
https://www.ncbi.nlm.nih.gov/pubmed/40426866
https://doi.org/10.2147/JBM.S334689
https://www.ncbi.nlm.nih.gov/pubmed/34785968
https://doi.org/10.2169/internalmedicine.3939-19
https://doi.org/10.1002/jca.22154
https://doi.org/10.2147/JBM.S513578
https://doi.org/10.3390/jcm10030536
https://doi.org/10.3389/fped.2021.743206
https://doi.org/10.5414/CNCS111193
https://www.ncbi.nlm.nih.gov/pubmed/38170038
https://doi.org/10.1186/s13256-023-03762-y
https://doi.org/10.1155/2022/2676696
https://www.ncbi.nlm.nih.gov/pubmed/36065409
https://doi.org/10.4103/jpcc.jpcc_1_24
https://doi.org/10.36401/JIPO-24-2
https://doi.org/10.3390/ijms241814389
https://doi.org/10.3390/ijms25158137
https://doi.org/10.3324/haematol.2019.226068
https://doi.org/10.1186/s10020-025-01331-1
https://www.ncbi.nlm.nih.gov/pubmed/41136902
https://doi.org/10.1111/jth.15873
https://doi.org/10.3390/children13030350

Children 2026, 13, 350 21 of 22

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Demeter, F,; Bihari, G.; Vadicsku, D.; Sinkovits, G.; Kajdacsi, E.; Horvath, L.; Reti, M.; Muller, V.; Ivanyi, Z.; Gal, J.; et al.
Anti-Inflammatory Cytokine Profiles in Thrombotic Thrombocytopenic Purpura—Differences Compared to COVID-19. Int. J.
Mol. Sci. 2024, 25, 10007. [CrossRef]

Fodil, S.; Zafrani, L. Severe Thrombotic Thrombocytopenic Purpura (TTP) with Organ Failure in Critically Ill Patients. J. Clin.
Med. 2022, 11, 1103. [CrossRef]

de Castro, ].T.d.S.; Appenzeller, S.; Colella, M.P,; Yamaguti-Hayakawa, G.; De Paula, E.V.; Annichinno-Bizzachi, J.; Cendes, F.;
Fabiano, R.; Orsi, F.A. Neurological manifestations in thrombotic microangiopathy: Imaging features, risk factors and clinical
course. PLoS ONE 2022, 17, €0272290.

Dolin, H.H.; Maitta, R.W. Pathological Mechanisms and Novel Testing Methods in Thrombotic Thrombocytopenic Purpura.
Biomedicines 2024, 12, 621. [CrossRef] [PubMed]

Waska, G.; Fijatkowska, W.; Baderiska, M.; Badenski, A.; Ksiazek, A.; Nowak, M.; Kowalski, T.; Zielifiska, E.; Mazur, ].; Kamiriska,
D.; et al. Acquired thrombotic thrombocytopaenic purpura of an atypical, oligosymptomatic course in an adolescent girl. Pol. J.
Paediatr. 2023, 98, 1-6.

Eller, K.; Knoebl, P.; Bakkaloglu, S.A.; Menne, J.J.; Brinkkoetter, P.T.; Cataland, S.R.; Coppo, P.; Kremer Hovinga, J.A.; Lammle,
B.; George, ].N.; et al. European Renal Best Practice endorsement of guidelines for diagnosis and therapy of thrombotic
thrombocytopaenic purpura published by the International Society on Thrombosis and Haemostasis. Nephrol. Dial. Transpl. 2022,
37,1229-1234. [CrossRef]

Allen, C.; Ito, S.; Butt, A.; Purcell, A.; Richmond, R.; Tommey, C.A.; Krumholz, H.M.; Cuker, A.; Goshua, G. Cost-effectiveness
of rapid vs in-house vs send-out ADAMTSI3 testing for immune thrombotic thrombocytopenic purpura. Blood Adv. 2024, 8,
2279-2289. [CrossRef]

Tan, X.; Shen, Y.; He, Y,; Zhang, P; Lou, S. Distinguishing thrombotic thrombocytopenic purpura from primary immune
thrombocytopenia accompanied by anemia using the carbon monoxide breath test. Hematology 2024, 29, 2335420. [CrossRef]
[PubMed]

Cao, W.; Basu, M.K,; Staley, E.; Zheng, X.L. Genetic variants contribute to modulation of renal function in patients with immune
thrombotic thrombocytopenic purpura. Blood Vessel. Thromb. Hemost. 2024, 1, 100019. [CrossRef]

Chaturvedi, S.; Yu, J.; Brown, J.; Wei, A.; Selvakumar, S.; Gerber, G.F.; Moliterno, A.R.; Streiff, M.B.; Kraus, P.; Logue, C.M,;
et al. Silent cerebral infarction during immune TTP remission: Prevalence, predictors, and impact on cognition. Blood 2023, 142,
325-335. [CrossRef]

Takagi, Y.; Kobayashi, Y.; Hirakata, A.; Takei, M.; Ogasawara, S.; Yajima, C.; Ikeuchi, Y.; Matsumoto, A.; Ogawa, Y.; Handa, H,;
et al. Systemic Lupus Erythematosus Presenting with Thrombotic Thrombocytopenic Purpura at Onset: A Case Report. Front.
Pediatr. 2022, 10, 931669. [CrossRef]

Yalciner, M.; Ilhan, O. Prognostic factors in thrombotic thrombocytopenic purpura. Turk. J. Biochem. 2022, 47, 626—632. [CrossRef]
Bae, S.H.; Kim, S.H.; Bang, S.M. Recent advances in the management of immune-mediated thrombotic thrombocytopenic purpura.
Blood Res. 2022, 57, S37-543. [CrossRef]

Fianchi, L.; Bonanni, M.; Borchiellini, A.; Valeri, F.; Giuffrida, G.; Grasso, S.; Fozza, C.; Ponta, M.; Tiscia, G.L.; Grandone, E.; et al.
Real-World Data on Effectiveness and Safety of First-Line Use of Caplacizumab in Italian Centers for the Treatment of Thrombotic
Thrombocytopenic Purpura: The Roscapli Study. J. Clin. Med. 2024, 13, 6561. [CrossRef]

Dutt, T.; Shaw, R.J.; Stubbs, M.; Yong, J.; Bailiff, B.; Crowley, M.P,; Desborough, M.; Eyre, T.A.; Gooding, R.; Greinger, J.; et al.
Real-world experience with caplacizumab in the management of acute TTP. Blood 2021, 137, 1731-1740. [CrossRef]

Gavriilaki, E.; Nikolousis, E.; Koravou, E.E.; Dimou-Besikli, S.; Kartsios, C.; Papaconstantinou, T.; Papathanasiou, M.; Syrigou, A;
Ztriva, E.; Kaiafa, G.; et al. Caplacizumab for immune thrombotic thrombocytopenic purpura: Real-world multicenter data. Front.
Med. 2023, 10, 1226114. [CrossRef]

Pollissard, L.; Leinwand, B.I.; Fournier, M.; Pham, H.P. Cost analysis of the impact of caplacizumab in the treatment of acquired
thrombotic thrombocytopenic purpura from a US hospital perspective. J. Med. Econ. 2021, 24, 1178-1184. [CrossRef]

Di Minno, G.; Ravasio, R. Cost-effectiveness analysis of caplacizumab in the new standard of care of immune thrombotic
thrombocytopenic purpura in Italy. Glob. Reg. Health Technol. Assess. 2021, 8, 43-52. [CrossRef] [PubMed]

Giannotta, J.A.; Artoni, A.; Mancini, I.; Agosti, P.; Carpenedo, M.; Truma, A.; Miri, S.; Ferrari, B.; De Leo, P,; Salutari, P; et al.
Bortezomib for rituximab-refractory immune-mediated thrombotic thrombocytopenic purpura in the caplacizumab era: An
Italian multicenter study. J. Thromb. Haemost. 2025, 23, 704-716. [CrossRef] [PubMed]

Chaturvedi, S.; Antun, A.G,; Farland, A.M.; Woods, R.; Metjian, A_; Park, Y.A.; De Ridder, G.; Gibson, B.; Kasthuri, R.S,; Liles,
D.K,; et al. Race, rituximab, and relapse in TTP. Blood 2022, 140, 1335-1344. [CrossRef]

Aggarwal, V,; Singer, Z.; Ledingham, D.; Othman, I. Refractory acquired thrombotic thrombocytopenic purpura in a patient with
sickle cell trait successfully treated with caplacizumab. Hematology 2021, 26, 590-593. [CrossRef]

Ghazizadeh, M. Successful treatment of refractory thrombotic thrombocytopenic purpura with cyclosporine; a case report.
Immunopathol. Persa 2025, 11, €17219. [CrossRef]

https://doi.org/10.3390/children13030350


https://doi.org/10.3390/ijms251810007
https://doi.org/10.3390/jcm11041103
https://doi.org/10.3390/biomedicines12030621
https://www.ncbi.nlm.nih.gov/pubmed/38540234
https://doi.org/10.1093/ndt/gfac034
https://doi.org/10.1182/bloodadvances.2024012608
https://doi.org/10.1080/16078454.2024.2335420
https://www.ncbi.nlm.nih.gov/pubmed/38546338
https://doi.org/10.1016/j.bvth.2024.100019
https://doi.org/10.1182/blood.2023019663
https://doi.org/10.3389/fped.2022.931669
https://doi.org/10.1515/tjb-2021-0162
https://doi.org/10.5045/br.2022.2022005
https://doi.org/10.3390/jcm13216561
https://doi.org/10.1182/blood.2020007599
https://doi.org/10.3389/fmed.2023.1226114
https://doi.org/10.1080/13696998.2021.1992413
https://doi.org/10.33393/grhta.2021.2191
https://www.ncbi.nlm.nih.gov/pubmed/36627883
https://doi.org/10.1016/j.jtha.2024.10.034
https://www.ncbi.nlm.nih.gov/pubmed/39549837
https://doi.org/10.1182/blood.2022016640
https://doi.org/10.1080/16078454.2021.1959984
https://doi.org/10.34172/ipp.2022.17219
https://doi.org/10.3390/children13030350

Children 2026, 13, 350 22 of 22

73.  Weisinger, ].; Bouzid, R.; Ranta, D.; Woaye-Hune, P.; Cohen-Aubart, F.; Gaible, C.; Marjanovic, Z.; Corre, E.; Joly, A.C.; Baylatry,
M.T;; et al. Efficacy and safety of daratumumab in multiresistant immune-mediated thrombotic thrombocytopenic purpura. Br. J.
Haematol. 2024, 205, 1951-1958. [CrossRef]

74. Soares Ferreira Junior, A.; Pinheiro Maux Lessa, M.; Kaplan, S.; Coles, T.M.; Terrell, D.R.; Onwuemene, O. Patient-Reported
Outcome Measures in Patients with Thrombotic Thrombocytopenic Purpura: A Systematic Review of the Literature. . Clin. Med.
2023, 12, 5155. [CrossRef] [PubMed]

75. Sasaran, M.O.; Muntean, C.V,; Stoica, A.B.; Schwesig, C.; Vasiesiu, A.M.; Plesca, D.A.; Marginean, O.C. Clinical and Paraclinical
Peculiarities of SARS-CoV-2 and Influenza Infections in Children: A Comparative Study. Life 2025, 15, 784. [CrossRef] [PubMed]

76. Davitoiu, A.M.; Spatariu, L.; Plesca, D.A.; Dimitriu, M.; Cirstoveanu, C.G.; Chindris, S. Review of the measles epidemic in
children from Central Eastern Europe in the third millennium. Exp. Ther. Med. 2021, 22, 816. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/ children13030350


https://doi.org/10.1111/bjh.19752
https://doi.org/10.3390/jcm12155155
https://www.ncbi.nlm.nih.gov/pubmed/37568558
https://doi.org/10.3390/life15050784
https://www.ncbi.nlm.nih.gov/pubmed/40430211
https://doi.org/10.3892/etm.2021.10248
https://www.ncbi.nlm.nih.gov/pubmed/34131439
https://doi.org/10.3390/children13030350

	Introduction 
	Materials and Methods 
	Study Design and Setting 
	Patient Selection 
	Data Collection 
	ADAMTS13 Activity Testing 
	Definitions 
	Literature Review Strategy 
	Ethical Considerations 

	Results 
	Patient 1 
	Patient 2 
	Patient 3 
	Patient 4 

	Discussions/Narrative Review of the Literature 
	Incidence and Epidemiology 
	Etiology of Secondary TTP 
	Pathophysiology and Pediatric-Specific Considerations 
	Clinical Manifestations 
	Laboratory Investigations and Imaging 
	Therapeutic Agents 
	Short- and Long-Term Outcomes 
	Complications 

	Conclusions 
	References

