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Abstract. Background: Red Blood Cell Exchange (RBCX) is a common treatment for pediatric
sickle cell disease (SCD). Since inflammation with elevated proinflammatory cytokines plays a
crucial role in SCD, this study hypothesized that RBCX might lower these cytokines and aimed to
assess the impact of this technique on these markers.

Methods: Prospective and observational study of pediatric SCD patients (HbSS genotype) enrolled
in a chronic RBCX program at a Portuguese Hospital from October 2022 to August 2024. Blood
samples were collected before and after RBCX to assess hematological and inflammatory markers.
Data were analyzed using SPSSv25# (Significance level p < 0.05); Informed consents were obtained.
Results: Thirty-one children (median age 10 years) were studied: 14 were treatment-naive, and 17
were previously in a chronic RBCX program. The primary indication for starting the program
was cerebrovascular disease prevention (81%). Analysis of 286 RBCXs showed no major adverse
events or disease-related hospitalizations. Hemoglobin levels increased by 1.5g/dL post-RBCX;
HbS, leukocytes, IL-1, and CRP decreased by 69%, 20%, 21%, and 13%, respectively. Other
markers showed no significant changes. IL-1, ferritin, and procalcitonin showed high levels before
RBCX; IL-6 showed high levels post-RBCX. Considering only naive patients, they had higher pre-
RBCX IL-1 levels than those with prior RBCX (difference of 22.6 pg/mL); IL-6 increased by
17.3% and IL-1 decreased by 23.9% post-RBCX (p < 0.001).

Conclusions: RBCX safely reduces HbS, leukocytes, and IL-1 levels, suggesting a modulatory
effect on inflammation in SCD patients. Further research is needed to explore cytokine
mechanisms in SCD.
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Introduction. Sickle cell disease (SCD) is a hereditary  globin gene, which results in altered properties of the
genetic disorder characterized by a mutation in the - hemoglobin tetramer. When this mutation is present in
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homozygosity, the disease is referred to as sickle cell
anemia (HbSS). The clinical manifestations of SCD are
diverse, including vaso-occlusive crises, acute chest
syndrome, hemolytic anemia, and recurrent infections.

Chronic inflammation and acute inflammatory events
contribute significantly to various complications, such as
vaso-occlusive crises and organ damage. Key triggers of
the chronic inflammatory state include hemolysis,
immune cell activation, and endothelial dysfunction.
Research has demonstrated that SCD patients exhibit
elevated levels of circulating proinflammatory cytokines,
such as interleukin (IL)-1b, IL-6, IL-8, IL-10, and tumor
necrosis factor a (TNF- a), during both acute episodes
and steady states. These markers contribute to chronic
endothelial activation, leukocyte aggregation, and red
blood cell adhesion, leading to ischemia and tissue
necrosis.® Pathare et al. identified that SCD patients in
a steady state have significant elevations in IL-1p, IL-6,
and IFN-gamma compared to normal subjects, noting an
increase of type Il (humoral immune response)
proinflammatory cytokines in steady states and an
additional rise of type | (cellular immune response)
cytokines during crises.*

Blood transfusions, particularly Red Blood Cell
Exchange (RBCX), are a vital therapeutic option for
SCD, significantly reducing the percentage of circulating
sickle red blood cells and enhancing vascular perfusion.
This therapeutic and preventive strategy addresses both
acute and chronic complications by removing sickle cells,
thus diminishing their role in vaso-occlusive and
hemolytic events, increasing oxygen transport capacity,
and reducing blood viscosity.>® The latest guidelines
from the American Society of Hematology recommend
automated red cell exchange over simple transfusion or
manual red cell exchange for specific groups of SCD
patients, namely for stroke prevention, severe recurrent
acute chest syndrome, other serious complications such
as chronic leg ulcers and priapism, improving quality of
life in those with severe symptoms despite optimal
medical therapy.’

Understanding the inflammatory processes in SCD is
essential for developing new therapeutic strategies aimed
at modulating inflammation in SCD.® Proposed
mechanisms for suppressing inflammation include
reducing the production of inflammatory cytokines and
mitigating the harmful effects of reactive oxygen
species.’ These include TNF-a antagonists, such as
Etanercept, which decrease endothelial activation, vaso-
occlusion, and pulmonary hypertension in animal models.
Ongoing studies are evaluating the effects of different
treatments, such as hydroxyurea (HU) and RBCX, on
inflammation and oxidative stress.*%° As inflammation
plays a crucial role in SCD pathophysiology, future
therapies may increasingly focus on anti-inflammatory
approaches, potentially used alongside or as alternatives
to HU, especially for patients who cannot undergo

hematopoietic stem cell transplant or gene therapy.®1112

The primary aim of this study was to evaluate the
impact of RBCX transfusion on inflammatory markers in
pediatric patients with sickle cell anemia who were part
of a chronic transfusion program.

Material and Methods. This prospective observational
study was conducted on patients with SCD enrolled in a
chronic RBCX program at the Pediatric Intensive and
Special Care Unit of Hospital Professor Doutor Fernando
Fonseca, a district hospital located in Portugal.

Study Population. Eligible participants were pediatric
patients with SCD who were electively admitted for
RBCX at our institution between October 2022 and
August 2024.

The inclusion criteria were: (1) a confirmed diagnosis
of homozygous HbS SCD through electrophoresis; (2) an
age range of two to 20 years; (3) indicating to initiate
elective chronic exchange transfusion program as
prevention in cerebrovascular disease (primary or
secondary prevention), recurrent vaso-occlusive crises
(VOCs) or recurrent acute chest syndrome, or
stabilization prior to bone marrow transplantation; and
(4) consent to participate in the study. Patients with
RBCX performed for acute exacerbations were excluded.

Data. Clinical and laboratory data were retrieved from
the patient's medical records. Blood samples were
collected promptly at time points designated as standard
according to established follow-up protocols. This
procedure did not involve additional blood collections
beyond those that would already be done during the
patient's treatment program.

The study received approval from the institutional
ethics committee. Prior to enrollment, written informed
consent was obtained from all legal representatives and
patients aged 15 years or older.

Red Cell Exchange Transfusion. All RBCX procedures
were performed using the Spectra Optia® Apheresis
System in the pediatric intensive care unit. A
hemodilution-depletion protocol was selected for
patients with a hematocrit above 24%. A standard
depletion protocol is performed in all other situations. A
final hematocrit of 28% or 5% above the usual
hematocrit is programmed. The number of packed red
blood cells is decided according to the target of Hb S at
the end of each procedure. In patients with a recent
ischemic stroke or the program due to primary
prevention, a final HbS under 30% is desired. For
patients with a stroke for more than two years, a target of
30-50% is acceptable.

Cytokine  Measurements.  Inflammatory — markers,
including C-reactive protein (CRP), procalcitonin (PCT),
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ferritin, 1L-1, I1L-6, IL-8, and TNF-a, were measured
according to standard protocols. Blood samples were
collected 12 hours before and after RBCX.

Reference values for laboratory markers were IL-1<
13.6 pg/mL; TNF-a 4.6-12.4pg/mL; IL-6< 7 pg/mL; IL-
8< 132 pg/mL; Procalcitonin< 0,05 ng/mL; C-Reactive
Protein< 0.50 mg/dL; and Ferritin 13-150 ng/mL.

Statistical Analysis. The statistical analysis was
performed by using (SPSS 25, Chicago, IL). Parametric
tests were used for data analysis. The Student’s t-test was
employed to evaluate significant differences in
laboratory values pre- and post-RBCX. The efficacy of
RBCX was assessed using McNemar’s Test. A p-value
of <0.05 was considered statistically significant.

Results

Patient Characteristics. A total of 31 children diagnosed
with SCD and undergoing treatment with RBCXs were
included in this study. The demographic and clinical
characteristics of the study population are outlined in
Table 1. Among these patients, 48% were male, with a
median age of 10 years (minimum two years; maximum
20 years) at the beginning of the study. Prior to
enrollment in the RBCX program, each patient had a
median of six hospitalizations, ranging from a minimum
of two to a maximum of 18. The primary indication for
being under the RBCX program was cerebrovascular

disease prevention (both primary and secondary),
accounting for 81% of cases. Additionally, only two
patients were not under HU treatment during the RBCX
program - one patient discontinued HU due to the
development of lower limb ulcers, a known complication
of this drug; another patient discontinued it to undergo
fertility preservation procedures prior to bone marrow
transplantation.

During the study, eight patients discontinued the
RBCX program. Among these, two transitioned to
follow-up care at a different hospital, while six
successfully achieved their clinical objectives. Of these
six, four patients attained transcranial Doppler
normalization, thereby meeting the goals of the
cerebrovascular disease prevention program and
continued treatment solely with HU. One patient
discontinued RBCX after two years of treatment without
recurrence of acute chest syndrome, maintaining HU
therapy. The final patient, enrolled in the program as a
bridge to bone marrow transplantation, successfully
underwent the transplantation procedure.

Periodic Red Blood Cell Exchange results. Among the
31 patients included in the study, 14 individuals (45%)
were treatment-naive, having not previously undergone
any RBCX prior to study enrollment. In contrast, the
remaining 17 patients had prior RBCX experience, with
a median of 13 procedures per patient (minimum two;

Table 1. Demographic and clinical characteristics of the study population.

Gender

Male n=15 (48%)

Age at the beginning of the study (years)

Median 10 (IQR 8-12; minimum 2, maximum 20)

Number of procedures per patient

Median 9 (minimum, 3 maximum 17)

Characterization of the disease until the beginning of
the study (n/total)”

The occurrence of at least one time the complication per
patient

Vaso-occlusive crises 31/31
Avascular Necrosis of the hip 4/31
Cerebral vascular ischemia 19/31
Cerebral vasculopathy 29/31

Spleen sequestration 6/30
Pneumococcal invasive disease 2/27
Priapism 1/15

Acute Chest syndrome 9/29

Sickle cell cardiomyopathy 8/31

Blood transfusions”

12 patients didn’t have information about previous blood transfusions”. All
others had at least one (mean 3, minimum 1, maximum 15)

Hospitalizations due to disease complications before
joining the RBCX program™

Median 6 (minimum 2, maximum 18)

Indication for RBCX

- Cerebrovascular disease: 80.6% (25/31)

- Recurrent VOC: 9.7% (3/31)

- Recurrent acute chest syndrome: 6.5% (2/31)

- Stabilization prior to bone marrow transplantation: 3.2% (1/31)

* Some patients started the follow-up in our center later in life. In these cases, some information is missing. ** Hospitalizations to carry out

RBCX were not included. Information is regarding 25/31 patients.
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Table 2. Pre- and post-RBCX hematological parameters of the 31 patients studied. The statistical difference between the groups was determined
by applying the T-student test. The significance level was set in p-value < 0,05.

N Bﬁzore RBCX After RBCX Percentage 0
ean + SD Mean + SD of change
Hb level (g/dI) 283 8.8 +0.101 10.3 +0.59 114.6% <0.001
HbS level (%) 271 3759 +£12.2 11.8+74 1 68.6% <0.001
HbF level (%) 269 5.8+5.8 1.9+17 167.2% <0.001
Hematocrit level (%) 283 254+31 29.8+1.8 1 14.8% <0.001
WBC (G/L) 283 10452 +4168 8273 + 3616 120% <0.001
Reticulocyte count (G/L) | 265 252400 = 126691 137214 + 70400 145% <0.001
Platelets (/mm3) 283 403646+140755 222800+90586 145% <0.001
LDH level (U/L) 231 494.5 +162.2 407.7 + 1235 117.6% <0.001
Bilirubin (total) (umol/L) | 259 2.2+15 1.8+12 118.2% <0.001
Bilirubin (direct) 258 0.39+0.13 0.35 +0.12 1103% | <0.001
(pmol/L)
CRP (mg/dL) 256 0.38 £0.68 0.33+£0.64 113.2% 0.006
PCT (ng/mL) 253 0.14 +£0.25 0.15+0.29 - 0.398
IL-6 (pg/mL) 252 8.7 £36.0 8.8 +£30.5 - 0.871
IL-8 (pg/mL) 242 15.7 +29.6 13.8+21.3 - 0.177
IL-1 (pg/mL) 240 51.6 £80.5 40.6£70.3 121.3% <0.001
TNF-a 225 15.6 £90.3 13.8+87.1 - 0.283
Ferritin (ng/mL) 256 476.8 +502.6 434.0 £ 6725 - 0.124

Abbreviations: RBCX, Periodic Red Blood Cell Exchange; Hb, hemoglobin; HbF, fetal hemoglobin; HbS, hemoglobin S; CRP, C reactive
protein; PCT, Procalcitonin; TNF-a, tumor necrosis factor o; WBC, White Blood Cells; SD, Standard Deviation.

maximum 28 procedures).

A total of 286 RBCX procedures were analyzed. Each
patient had a median of nine procedures (minimum three;
maximum 16) conducted at intervals of approximately
38 days. On average, 5.6 £ 1 units of packed red blood
cells (ranging from 3 to 7) were utilized per procedure
for each patient. No major adverse events associated with
the RBCX technique were reported, and none of the
patients required hospitalization during the study period
due to disease-related complications.

The hematological parameters measured before and
after transfusion are summarized in Table 2. The mean
Hb level increased by approximately 1.5 g/dL following
RBCX. The reduction in HbS was significant, decreasing
by 69% (from 37.6 £ 12.2% to 11.8 £ 7.4%; p < 0.001).
Additionally, leukocyte and platelet counts were

significantly reduced by 20% and 45%, respectively (p <
0.001), while hematocrit increased by 14.8% (from 25.4
+ 3.1% t0 29.8 + 1.8%, p < 0.001).

Considering all patients, no significant differences
were observed in serum levels of IL-6, IL-8, PCT, ferritin,
or TNF-a before and post-RBCX. However, serum IL-1
levels were significantly higher pre-RBCX, declining
from51.6 + 80.5 pg/mL to 40.6 + 70.3 pg/mL (p < 0.001).
There was also a slight CRP reduction from 0.38 + 0.68
mg/dL to 0.33 + 0.64 mg/dL (p = 0.006). A possible
correlation between the reduction in HbS and the
decrease in IL-1 was evaluated, but no statistical
significance was found.

Subgroup analysis of first-time RBCX patients
(treatment-naive) and non-naive patients is summarized
in Tables 3 and 4. Comparing both groups, changes in
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Table 3. Pre- and post-RBCX hematological parameters considering only the 14 patients who didn’t perform any RBCX before enrolling the
study (treatment-naive).

N B:;ore RBCX After RBCX Percentage of 0
ean + SD Mean + SD change
HbS level (%) 116 376+122 118+74 1 68.6% <0.001
WBC (G/L) 123 9336 +4239 7589 + 2672 1 18.8% <0.001
CRP (mg/dL) 109 0.33£0.66 0.32+0.70 - 0.61
Procalcitonin (ng/mL) 112 0.12 £0.10 0.12 £0.09 - 0.46
IL-6 (pg/mL) 111 10.4 +48.6 12.2+453 117.3% 0.003
IL-8 (pg/mL) 107 155 £27.7 15.5+23.3 - 0.98
IL-1 (pg/mL) 105 65.2 +87.4 496 + 76.6 123.9% <0.001
TNF-a 99 20.2 £133.2 19.9+129.1 - 0.75
Ferritin (ng/mL) 116 440.4+ 531.0 443.6 +906.0 - 0.96

The statistical difference between the groups was determined by applying the T-student test. The significance level was set in p-value<0,05.
Abbreviations: RBCX, Periodic red blood cell exchange; Hb, hemoglobin; HbS, hemoglobin S; CRP, C reactive protein; PCT, Procalcitonin;
TNF-a, tumor necrosis factor a; WBC, White Blood Cells; SD, Standard Deviation.

Table 4. Pre- and post-procedure values of the 17 patients who already performed an RBCX before enrolling in the study.

N Bﬂore RBCX After RBCX Percentage b
ean = SD Mean + SD of change

HbS level (%) 155 375+9.2 12.7+6.9 1 66.1% <0.001
WBC (G/L) 149 11310 +3913 8798 + 4131 122.2% 0.002
CRP (mg/dL) 147 0.41+0.7 0.34+0.59 114.6% <0.001
Procalcitonin (ng/mL) 141 0.16 £0.32 0.17+0.4 - 0.438

IL-6 (pg/mL) 141 7.2421.4 6.2+6.8 - 0.56
I1L-8 (pg/mL) 135 15.8 +31.1 12.3+19.6 - 0.055
IL-1 (pg/mL) 135 41.0+734 33.7+64.4 117.8% 0.031
TNF-a 126 11.9 +25.9 9.0+21.9 - 0.305
Ferritin (ng/mL) 140 506.9+ 477.5 427.1 +387.8 115.7% <0.001

The statistical difference between the groups was determined by applying the T-student test. The significance level was set in p-value<0,05.
Abbreviations: RBCX, Periodic red blood cell exchange; Hb, hemoglobin; HbF, fetal hemoglobin; HbS, hemoglobin S; CRP, C reactive
protein; PCT, Procalcitonin; TNF-a, tumor necrosis factor o; WBC, White Blood Cells; SD, Standard Deviation.

pre and post-RBCX values were similar between the two
groups (naive vs. non-naive), with the exception of pre-
RBCX IL-1 values. The naive patients showed higher
pre-RBCX IL-1 levels (65.2 + 87.4 pg/mL) compared to
those with prior RBCX experience (41.0 £ 73.4 pg/mL;
p = 0.03), yielding a difference of 22.6 pg/mL (95% ClI
[2.1 to 43.2]). After the procedure, the IL-1 difference
between the two groups was not significant (49.6 + 76.6
and 33.7 £ 64.4, respectively, p=0.1). Additionally, in the
subgroup of children naive of RBCX, IL-6 levels
increased significantly by 17.3% from pre- to post-

RBCX (p < 0.001).

When data were categorized into two groups based on
laboratory reference values (high or normal), IL-1
emerged as a significant inflammatory marker (Table 5).
Pre-RBCX, elevated levels of IL-1 were observed in
50.8% of patients, whereas post-RBCX decreased to
44.2% (p = 0.006). In contrast, IL-8, TNF-a, I1L-6, and
CRP were within normal ranges for the majority of
patients prior to RBCX, with 98%, 87%, 85%, and 82%,
respectively. Interestingly, 1L-6 levels were significantly
elevated in the post-procedure group (p < 0.001).
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Table 5. Pre- and post-RBCX serum hematological parameters of all patients, distributed in two groups (normal or high) according to laboratory
normal reference values (IL-1< 13,6 pg/mL; TNF-a 4,6-12,4pg/mL; IL-6 <7pg/mL; 1L-8<132pg/mL; CRP<0.50 mg/dL, PCT <0,05 ng/mL).

The efficacy of RBCX was assessed using McNemar’s Test.

Pre-RBCX Post-RBCX
Normal (n/total) High (n/total) Normal (n/total) High (n/total) McNemar Test

2= 7.500;

IL-1 49.2% (118/240) 50.8% (122/240) 55.8% (134/240) 44.2% (106/240) 0=0.006
x2(1)= 38.250;

IL-6 84.9% (214/252) 15.1% (38/252) 64,3% (162/252) 35,6% (90/252) 0<0.001
2= 1.333;

IL-8 98.3% (238/242) 1.7% (4/242) 99.6% (241/242) 0.4% (1/242) 0=0.250
2= 1.042;

TNF-a 86.7% (195/225) 13.3% (30/225) 89.3% (201/225) 10.7% (24/225) 0=0.307
x2w)= 4.900;

CRP 82.2% (210/256) 18.0% (46/256) 85.2% (218/256) 14.8% (38/256) 0=0.02
. x2w= 4.000;

Ferritin 39.8% (102/256) | 60.2% (154/256) | 42.6% (109/256) | 57.4% (147/256) 020,039
¥2w= 0.308

PCT 49.6% (126/254) 50.4% (128/254) 50.8% (129/254) 49.2% (125/254) p=0.581

The significance between the two groups was studied with the Mc NemarTest. It was considered a significance level of p-value<0,05.

Discussion. The findings of this study provide valuable
insights into the laboratory outcomes of children with
SCD receiving RBCX therapy.

The primary indication for long-term RBCX therapy
was the prevention of cerebrovascular disease, reported
in approximately 81% of the cohort. This approach
proved effective, as no neurological events were
observed after enrollment in the program. This
observation is consistent with established clinical
guidelines that recommend RBCX for high-risk
individuals to reduce the likelihood of stroke. These
results corroborate previous research that underscores
the importance of RBCX in the context of stroke
prevention in this population.®* Additionally, the absence
of major adverse events and the lack of hospitalizations
due to disease complications during the study period
further support the safety profile of the RBCX technique.

The analysis of the RBCX procedures evidenced a
significant elevation in Hb levels, with an increase of 1.5
g/dL, alongside a reduction in HbS by 69%. These
outcomes successfully achieved the target threshold of
HbS <30% in most patients (some had a higher target
value). Such findings are consistent with prior research
that underscores the efficacy of RBCX in enhancing
hematological parameters,>® with its immediate benefits,
essential for reducing sickling crises and related
complications.

Additionally, reducing the white blood cell (WBC)
count may offer therapeutic benefits, as WBCs -
particularly neutrophils - are known to exacerbate VOCs
through their role in vascular adhesion. The substantial

decrease in WBC recorded in this study parallels findings
from research involving HU, thereby reinforcing the
hypothesis that RBCX may play a role in attenuating
inflammatory precipitates associated with VOCs.?

Furthermore, a significant advantage of apheresis
exchange transfusion is its iron neutrality, with the
removed HbS containing an equal amount of iron as the
administered HbA. Consistent with other studies, our
data showed stable iron levels post-RBCX, in contrast to
partial exchange programs that often result in iron
overload.}*® Elevated pre-RBCX ferritin levels in this
study likely reflect both chronic transfusion history and
disease-related inflammation, complicating its use as a
reliable inflammation biomarker in this population.

Previous studies have indicated that inflammation
plays a critical role in SCD,>'*!® and modulating
inflammatory markers through interventions such as
RBCX may possess significant therapeutic potential.

In this study, the analysis of inflammatory markers
yielded interesting results. While inflammatory markers
such as IL-6, IL-8, ferritin, PCT, and TNF-a exhibited no
significant alterations following RBCX in the whole
population, the observed decrease in IL-1 levels was
particularly striking. The significant reduction in IL-1
levels post-treatment (from 51.6 + 80.5 pg/mL to 40.6 +
70.3 pg/mL) was noteworthy. Given the established
correlation between elevated IL-1 levels and SCD
complications, this observed decline presents a possibly
relevant finding. Elevated IL-1 levels contribute to the
inflammatory environment in SCD by promoting the
recruitment of WBC, activation of endothelial cells, and
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the upregulation of other inflammatory mediators, which
further worsen vaso-occlusion and tissue damage.'?1®
Moreover, given that the primary indication for enrolling
in our chronic transfusion program was the prevention of
cerebrovascular disease, this reduction is especially
significant  since  studies have shown that
proinflammatory cytokines, such as IL-1, exacerbate
stroke outcomes across all populations (not just in
patients with SCD). In fact, IL-1 receptor antagonists are
being studied as a potential therapeutic in stroke
patients.!® Therefore, a decline in IL-1 levels induced by
RBCX could suggest an amelioration of the
inflammatory state.

Aslight decline in CRP levels was observed; however,
this change should be interpreted with caution. The
laboratory cutoff for clinical significance is set at 0.5
mg/mL, and the observed reduction falls well below this
threshold. Given the minimal difference, it is unlikely to
hold clinical relevance.

Naive-patients for RBCX had higher pre-RBCX IL-1
levels compared to those with prior RBCX experience,
indicating a potential link between prior exposure to
RBCX and reduced inflammatory responses. This
observation aligns with the concept that repeated RBCX
may help in achieving a more stable inflammatory profile.

Contrary to other studies,>® our results showed
normal levels of CRP, TNF-a, and IL-8 in most patients
with SCD, with no substantial changes post-RBCX. This
fact is probably due to our study population being on a
regular program of exchange transfusion to prevent
disease complications without acute crises during the
study.

It is important to consider that 29 of the 31 patients in
this study had been on HU therapy for at least four
months, which has been shown to reduce the expression
of adhesion molecules on red blood cells, leukocytes, and
endothelial cells. This therapy also decreases the levels
of various inflammatory molecules, such as endothelin-
1, TNF-0, IL-1p, and IL-17.13°12 This pre-treatment
with HU may explain the already lowered levels of
inflammatory mediators in our cohort, decreasing the
amplitude of changes in mediators reported.

Although IL-6 levels increased post-RBCX in
transfusion-naive patients and showed a higher
percentage of elevated values in the normal/high
subgroup, this may represent a physiological response to
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transfusion rather than a pathological inflammatory
process. As other studies reported an elevation in IL-6
with a higher duration of VOC episodes, the results
found here remain to be elucidated.”

It is known that although erythrocyte sickling in
response to stressors constitutes the primary underlying
defect of SCD, subsequent inflammatory responses to
vascular occlusive events contribute to organ damage
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