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Objectives

A To understand the basis of current
recommendations for transfusion thresholds
In patients with sickle cell disease

A To understand the current state of knowledge
of proper dosing in these patients



Background

A 5000 children with sickle cell disease are born
annually in the US

1 in 600 African American babies is born with
sickle cell disease

#EEI AOAT 60 (AAI OEAAOA |
than 2000 children with hemoglobinopathies
A More than 10% of African Americans have
sickle cell trait

Greater than 2.5 million affected individuals in the
US



The majority of patients with sickle cell
disease have Hb SS

A Hb SS: 65%
A Hb SC: 25%
A Hb Sy + thalassemia: 8%

A Hb Sy Athalassemia: 2%



Hemoglobin S

A Glutamine to Valine substitution in the"6
codon of the Beta globin gene cluster on
chromosome 11

G Leads to polymerization (and sickling) when
deoxygenated

G Membrane changes lead to increased adherence
to the vascular endothelium
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Sickle cell Scanning electron micrograph of a single
red blood cell from a patient with sickle cell disease,
ilustrating the classical "sickle” shape. Courtesy of RL
MNagel, MD.




Sickle cell anemia Peripheral smear from a patient
with sickle cell anemia shows multiple spindly sickle
cells (blue arrows), a nucleated red blood cell in the
upper left, and a Howell-Jolly body (black arrow),
which is a nuclear fragment normally removed by the
spleen. Target cells are also present {red arrow). This
patient has functional asplenia because of repeated
splenic infarctions. Courtesy of Carola von Kapff, SH
(ASCP).




RBC Transfusion

A Simple versus exchange
A Acute versus chronic



To be discussed:

A Acute chest syndrome

A Splenic sequestration

A Priapism

A Pre-operative transfusion
A CVA

A Others



Acute Chest Syndrome

A Defined as a new infiltrate in a patient with
sickle cell disease

G May be accompanied by chest pain, fever,
tachypnea, wheezing, or cough

G A leading cause of death





http://www.ispub.com/ispub/ijeicm/volume_9_number_2_3/acute_chest_syndrome_in_a_patient_with_sickle_cell_anemia_successfully_treated_with_erythrocytapheresis/chest-fig1.jpg

Acute chest syndrome has many causes

TABLE 4. CAUSES OF THE ACUTE CHEST SYNDROME.*
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Vichinsky et al, NEJM 2000



Transfusion, a common treatment for
ACS, improves oxygenation

A 670 episodes of ACS
68% of patients received simple transfusion
PAO2 improved from 63 mm Hg to 71 mm Hg with
transfusion

02 saturations increased from 91% to 94% with
transfusion

Similar increases with simple versus exchange
transfusion

Vichinsky et al, NEJM 2000



Transfusion decreases length of hospitalization in
patients with acute chest syndrome

TABLE 3. OVERALL PREDICTORS OF PROLONGED HOSPITALIZATION,
RESPIRATORY FAILURE, AND NEUROLOGIC APLICATIONS
AMONG PATIENTS WITH THE ACUTE CHES NDROME. *

Risk FacTor Hazarp Ramio (95% CIiY P Vawue

Prolonged hospitalization
Age

0o 9.9y

10.0 to 19.9 yr

S .'.I'j'
History of vaso-occlusive event

Pain in arms and | 1 presentation

000/ mm?

i’

phic evidence of etfusion during
vitalization
Mo, of involved lobes on radiographic examination
during hospitalization
0tol
2t 3
=4
Transtusion therapy during hospitalizacion
Respiratory failure during hospitalizatong

Vichinsky et al, NEJM 2000



Is simple or exchange
transfusion best for ACS?

A Not known

G No adequately powered, randomized trials have
examined this question



Historic data suggests dramatic
response to exchange
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G Many patients initially received simple transfusion
without improvement



No difference in outcome with simple
versus exchange transfusion seen in a
recent retrospective study

A Similar baseline characteristics between
patient groups
Higher admission Hb levels in exchange group
Higher posttransfusion Hb in exchange group
A 4 times more blood exposure in exchange

group

10.3 versus 2.4 units

Turner et al, Transfusion 2009



TABLE 2. Outcome variables for patients who underwent XC and ST
Variable Exchange in = 20) Simple (n= 20)

FPostprocedure length of stay (days) BB (x4 1) B8 (x4.3)
Fatients w/admission Hb =9 gidL 8.1 (x3.1)(n=8) 8.5 (0.7 (n=2)
Patients w/admission Hb <9 gidL E2(x4.T1in=12) EB (x45)(n=18)

Length of hospital stay (days) B4 (+x4.1) 8.0 (x4.1)
Patients w/admission Hb =9 gidL BE(+x35) (n=8) 2.0 (=0 (in=2)
Patients w/admission Hb <9 g/idL B2 (45 in=12) TR (x43)(n=18)

Total number of units of RBCs 10,3 (£3.0) 24 (x1.2)
Hb {g/dL)
Admission BE(+x1.8) 74 (x1.4)
Preprocedurs BO(+x1.2) g5 (x1.1)
Peak 104 (+1.4) 9.3 (=1.0)
Discharge 8.6 (x1.5) AT (£1.2)
PLT count {x10%L)
Admission 382 (=143) 318 (=141)
Freprocedurs 288 (=1&1) 298 (=118)
Peak 501 (=223) 435 (£201)
Discharge 428 (=209) 415 (=1848)

T p values were calculated from independent samples t test except for the stratified analysis for which the Mann-Whitney tests were
performed.

Turner et al, Transfusion 2009




Exchange transfusion decreases % S as well as
platelet count, ANC, and sVCAM -1
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Liem et al, AJH 2004



TABLE Il. Patients With ACS Pre-exchange Versus Controls

Patient mean Conitrol mean
Measured variable (+50) (£S5 P value®

IL-8 (pg/mL) 26.40 (£22.9) 1206 (£ 5.3) 0.181
IL-12 (pg/mL) 215 (£0.6) 1.90 (+0.6) (0.328
IL-1B (pg/mL) 041 (£0.6) .47 (£0.8) ().529
TNF-x (pg/mL) 394 (£1.3) 306 (= 1.0) 0.181
sVOCAM- In'J ‘mL) 693 (£262) 143 (£ 439) 0.036*
WBC “/uL) 246 (£8.7) 1.8 (£ 2.8) 0.001*
L) 189 (+8.2) 53(x1.9 0.001*
Platelets ( = ]II JpL) AWK (=151) 63 (=73) (1.776

*FP value = sigmficant.
P value based on Wilcoxon Rank-Sum Test ( Mann—W l'urn«._-r L for

two mdependent groups.

Liem et al, AJH 2004



Transfusion may prevent ACS
predicted by elevated sPLA2

A Secretory phospholipase A2 (sPLA2) is an
Inflammatory mediator that may precede the
development of ACS

A Simple RBC transfusion may prevent ACS in patients
with VOC and sPLAZ2 > 100 ng/mL (with fever and a
negative CXR)

5 of 8 patients randomized to standard care developed
ACS, compared to none of 7 patients randomized to
transfusion

PROACTIVE (Preventing ACS by Transfusion Feasibility)
and ANTHERA studies (sPLAZ2 inhibitor)

Styles et al, BJH 2006



ACS, transfusion, and neurologic events in
patients with sickle cell disease

A Neurologic complications are associated with ACS
Including altered mental status, stroke, and seizures
22% of adults, 8% of children with neurologic complications
In trial by Vichinsky et al (n=538)
5 consecutive children with ACS in study by Henderson et a

developed neurologic complications ( 3 with posterior
leukoencephalopathy syndrome)

All were intubated and received exchange transfusion after
simple transfusion

Does simple or exchange transfusion contribute to
neurologic complications?



Short term chronic transfusion

therapy may decrease incidence
of ACS In select patients

A 27 patients with recurrent or unusually severe
ACS were treated with chronic transfusion
therapy

Incidence of ACS decreased from 1.3 episodes/pt
year to 0.1 episodes/pt year

No obvious difference in severity of ACS In
patients on chronic transfusion therapy

Chronic lung damage may be minimized

Hankins et al, JPHO 2005



Chronic transfusion arm of STOP with less ACS

Table I. Rates of acute chest syndrome and pain episodes in children receiving trans-
fusion or standard care

Transfusion Standard care Poisson R

Intent to treat
N
Patient—years
No. patients with ACS
Total ACS events
ACS events/100 I_"-atient—j,-'eara
No. patients with pain
Total pain events
Pain events/100 patient—j,-'ears
Cmnpﬁant patients
N
patient—j,-'ears
No. patients with ACS
Total ACS events
ACS events/100 l_watient-“i,-'eara
No. paﬁents with |:rain events
Total pain events

Pain events/100 patient—j,!ears

ACS, Acute chest 5:.,-'11::]:':::111&.

Miller et al, J Pediatr 2001



Splenic Sequestration

A Collection of sickled RBCs in splenic sinusoids
¢/ £AOAT NOEOA AAOOAN OIETT O6
G Precipitating events unclear

G Peak age 6 month& years
A Occurs at an earlier age in children with low fetal Hb levels

G Tends to recur
G Historically a leading cause of death in infants with Hb SS
disease
A Rates of sequestration have increased with parental
education



Splenic sequestration occurred in 43 of 694
patients in Cooperative Study infant cohort

3 4 =] -] T . g 0

Age at First Splenic Sequestration {yrs)

Gill et al, Blood 1995



Signs and Symptoms
o Irritabiliry
Unusual sleepiness
Looks ;‘-.1';‘
Weakness
Fast heart beat
Big spleen
Pain on the left side of the abdomen

Spleen

From Georgia Comprehensive Sickle Cell Center website



Age at initial splenic sequestration in 89
(of 308) affected children in Jamaica
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132 total attacks, 13 were fatal.
49% had a recurrence with _
diminishing intervals between events. Serjeant et al, J Peds 1984



Intensive hypertransfusion
may improve splenic
function

Table |. Description of hypertransfusion regimens

H_Wpa of
transfusion program

More Less
intensive intensive
(every 4 wk) (every 4-5 wk)

% Pocked RBC

Usual pretransfusion value
. ~ . ’l"' ’f
Hemoglobin (gm/dl) 10-10.5 8.5-9.5 ./ /7

Reticulocytes(%) <5 10-15
Hemoglohin S (%) <20 30-40 DALLAS AUG USTA

Volume of each transfusion 15-20 15
(ml/kg) PATIENTS PATIENTS

Figure. Relationship between pocked erythrocyte (REC) values
and radionuclide spleen scan results in patients from two centers.
Normal value for pocked erythrocyte counts 18 <2.0% [shaded
area). Patients with reduced or absent radionuclide uptake by the
spleen are indicated by open circies, and those with normal or in-
creased uptake by sofid circles. Dallas patient with reduced splenic
function received transfusion regimen comparable to that in
Augusta patients.

Buchanan et al, J Peds 1989




Splenic sequestration treatment

A Transfusion of small aliquots (5 cc/kg) of RBC.
slowly is advocated for acute splenic
seguestration

Beware of autotransfusion

A Splenectomy is a potential treatment for
patients with recurrent sequestration
Often done after 2 years of age

Chronic transfusion therapy may bridge gap until
splenectomy can be done

Limited efficacy data



Priapism

A Results from vasmcclusion of venous penile
drainage




Transfusion for priapism

G Review of existing case reports (n=42) shows no
AAAOAAOA ET OOEI A O Al
conventional therapy (8 days, n=16) versus
transfusion therapy (10.8 days, n=26)



ASPEN (association of sickle cell disease,
priapism, exchange transfusion, and neurologic

events)

A Has been reported in a total of 9 patients

May present immediately or within a week
following transfusion

Etiology unclear
Hyperviscosity?
Release of activated clotting factors, activated
platelets, and cytokines from sludge like blood in
corpora cavernosa?

| Sickle patients have increased vVWF and fibrinogen at
baseline, with decreased protein S



ASPEN may be more likely in cases with high postexchange Hb levels

Table. Hematologic values, neurologic events, and imaging studies

S —_—

—

Post-
exchange
Admission i In-

Patient Hb Hb Hb § Interval® Head- creased Focal Arteri-
No. {Mﬁ (%) (days) ache Seizures ICP deficit MRI ography
| 8.7 134 1 — + — Left ND ND Stenosis
hemiparesis RMCA
and
LACA
None ND Diffuse
arteritis
None Tschemic Irregularities
changes ACA and
MCA
Naone Normal ND MNormal
Left Right Right Occlusion
hemiparesis  frontal frontal right
infarct infarct frontal
ACA
Left Right Frontal Stenosis
hemianopia  occipital  and right  right
infarct occipital internal
infarcts - carotid

Hb, Hemaoglobin; ICP, intracranial pressure; CT, computed tomography; M RI, magnetic resonance imaging; VD, not done; RMCA, right middle cerebral artery;
LACA, left anterior cerebral artery; ACA, anterior cerebral artery; MCA, middle cerebral artery.
¥Interval between exchange transfusion and onset of neurologic symptoms.

Rackoff et al, J Peds 1992




Other priapism reports

A Case series of 10 patients receiving whole
blood exchange (and ending with Hb < 10
g/dL) had no neurologic complications

Ballas et al, J Clin Apheres 2006

A Case series of 7 patients receiving whole
blood exchange had 1 neurologic
complication

McCarthy et al, Ther Apher 2000



Pre- operative transfusion

A High rates of posbperative complications
have been reported in patients with sickle cell
disease

G Including VOC, ACS, other

A Does preop transfusion decrease this risk?
G How low does the %S have to be?



Fu et al, Pediatr Blood Cancer
2005

A Minor elective surgical procedures done
without transfusion

G Retrospective
G 28 children with Hb SS

G 15% with postop complications (fever, pain). No
ACS.



Pre- operative transfusion

A Preoperative Transfusion in Sickle Cell
Disease Study:
G 551 patients with HbSS

G Randomized to aggressive (Hb of 10 g/dL and Hb ¢
<30%) or conservative (Hb of 10 g/dL regardless o
percent S) arms



Similar non - transfusion complication rates in each arm

COMPLICATION

or mfection
iscellaneous postoperative event
Painful crisi

Renal complication
Death

omplication
After su f

or infection
iscellaneous postoperative event

*Complications associated with transfi . which are shown in Table
5, are excluded here. The group numbers refer to operations.

Vichinsky et al, NEJM 1995



50% fewer transfusion related complications in conservative arm

Table 5. Transfusion-Related Complications.*

COMPLICATION

no. af operations | %)

New alloantibody 3110 14 (5) 2.33 (1.21-4.49)
Hemolysis
Immediate 3 (1)
16 (5)

0
1 (=1}
41l)
3(1)
Other: 3l

Any complication 41 (14)
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2.15(1.23-3.77)

*0dds ratios are shown only for statistically
refer to operations.

mificant differences. CI denotes confidence interval. The group numbers

fDetection of an antibody, by standard blood-banking techniques, not noted on enrollment or in previous records.™
fChills, vomiting. or transient unresponsiveness; hypotension or bradyeardia; or a syncopal episode.

Vichinsky et al, NEJM 1995



Cholecystectomy in Sickle Cell Anemia Patients: Perioperative Outcome
of 364 Cases From the National Preoperative Transfusion Study

By Charles M. Haberkern, Lynne D. Neumayr, Eugene P. Orringer, Ann N. Earles, Shanda M. Robertson,
Dennis Black, Miguel R. Abboud, Mabel Koshy, Olajire ldowu, Elliott P. Vichinsky, and the Freoperative
Transfusion in Sickle Cell Disease Study Group







