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1 	 | 	 INTRODUCTION

Without	 rapid	 recognition	 and	 treatment,	 thrombotic	
thrombocytopenic	 purpura	 (TTP)	 is	 potentially	 lethal.	
The	pathophysiology	of	this	thrombotic	microangiopathy	
relies	 on	 a	 severe	 functional	 deficiency	 of	 ADAMTS-	13	
(activity	 <10%),	 which	 functions	 as	 the	 von	 Willebrand	
factor	(VWF)	cleavage	protease,	resulting	in	an	accumu-
lation	of	high	molecular	weight	multimers	of	VWF	with	
subsequent	formation	of	platelet-	rich	microthrombi	in	the	
microvessels,	 organ	 ischemia	 and	 appearance	 of	 micro-
angiopathic	 hemolytic	 anemia	 and	 consumptive	 throm-
bocytopenia.1	 In	 immune-	mediated	 TTP	 (i-	TTP),	 the	
mechanism	for	ADAMTS-	13 severe	deficiency	is	acquired	

via	 IgG	 autoantibodies	 to	 ADAMTS-	13.2	 The	 initial	 his-
toric	 mortality	 rate	 >90%	 was	 revolutionized	 by	 prompt	
therapy	with	TPE	with	fresh	frozen	plasma	replacement,3	
which	 supplies	 adequate	 ADAMTS-	13  levels	 while	 re-
moving	 circulating	 autoantibodies	 against	 ADAMTS-	13.	
Front-	line	 therapy	 for	 i-	TTP	 includes	TPE,	 immunosup-
pression	with	corticosteroids,	 rituximab	and	 if	available,	
therapy	with	caplacizumab.4	For	a	Jehovah's	Witness	(JW)	
patient,	therapy	of	this	life-	threatening	condition	implies	
a	 religious	 dilemma,	 since	 refusal	 of	 blood-	component	
transfusions,	in	this	case	TPE	therapy,	is	mandatory.

We	report	on	the	successful	treatment	without	TPE	of	
a	JW	adolescent	patient	with	i-	TTP	after	SARS-	Cov2	infec-
tion	who	was	treated	with	caplacizumab,	corticosteroids,	
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Abstract
We	 report	 the	 case	 of	 a	 Jehovah's	 Witness	 adolescent	 patient	 with	 immune-	
mediated	 thrombotic	 thrombocytopenic	 purpura	 after	 SARS-	Cov2	 infection	
successfully	 treated	without	 therapeutic	plasma	exchange	 (TPE)	using	caplaci-
zumab,	corticosteroids,	rituximab,	and	extracorporeal	immunoadsorption	(EIA).	
Further	patients	for	whom	TPE	is	not	an	option	might	benefit	from	this	approach.
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rituximab,	and	EIA.	The	published	experiences	regarding	
treatment	 of	 i-	TTP	 in	 JW	 patients6–	10  have	 not	 included	
EIA	so	far.

2 	 | 	 CASE REPORT

A	previously	healthy	16-	year-	old	male	with	a	past	medical	
history	remarkable	for	a	mildly	symptomatic	SARS-	Cov-	2	
infection	3 months	prior,	was	transferred	to	our	hospital	
with	sudden	onset	of	aphasia,	right	sided	hemianesthesia,	
and	 weakness	 of	 his	 right	 hand.	 On	 physical	 examina-
tion,	he	showed	pallor	and	scattered	ecchymosis	and	pete-
chiae.	The	MRI	of	the	brain	was	normal.	His	hemoglobin	
was	 8.2  g/dl,	 hematocrit	 22%,	 platelets	 51,000/mm3,	
and	 leukocytes	 7000/mm3,	 with	 reticulocytes	 of	 12.12%.	
The	 blood	 smear	 showed	 abundant	 schistocytes;	 hapto-
globin	 level	was	 less	 than	5 mg/dl,	LDH	was	601 IU/ml	
(<372 IU/ml),	and	renal	parameters	were	within	normal	
limits.	 The	 direct	 and	 indirect	 Coombs	 tests	 were	 nega-
tive.	 ADAMTS-	13	 activity	 was	 below	 0.3%	 (50%–	110%),	
ADAMTS-	13	 antigen	 was	 0.06  IU/ml	 (0.35–	1.2  IU/ml)	
and	 the	autoantibody	against	ADAMTS-	13	was	>99 IU/
ml	 (<16  IU/ml),	 confirming	 the	 diagnosis	 of	 i-	TTP.	
Antinuclear	 antibodies	 and	 antiphospholipid	 antibod-
ies	 were	 negative.	 IgG	 against	 SARS-	Cov-	2	 was	 positive	
(574 IU/ml),	PCR	for	SARS-	Cov-	2	in	the	nasopharyngeal	
swab	was	negative;	the	patient	had	not	undergone	vacci-
nation	against	COVID-	19.	A	computed	tomography	of	the	
chest	was	normal.	Since	urgent	TPE	 therapy	was	 firmly	
declined	by	the	patient	and	his	family,	therapy	with	cor-
ticosteroids,	 caplacizumab,	 and	 rituximab	 was	 started	
(Figure  1).	 The	 patient	 received	 methylprednisolone	
0.5 g/day	intravenously	(Days	1–	3),	caplacizumab	10 mg/

day	 (Days	2–	45),	 first	dose	 intravenously	 (IV),	 following	
doses	subcutaneously,	and	rituximab	375 mg/m2/day	IV	
(Days	1,	8,	15,	and	22).	Prednisolone	was	continued	orally	
at	1 mg/kg/day	 (days	4–	7),	 then	at	0.5 mg/kg/day	 (days	
8–	14),	subsequently	at	0.3 mg/kg/day	(days	15–	27),	with	
progressive	 reduction	 upon	 discontinuation	 on	 day	 50.	
Rapidly	 after	 initiation	 of	 therapy	 with	 corticosteroids,	
caplacizumab,	 and	 rituximab,	 the	 patient	 attained	 nor-
malization	of	the	platelet	count	(Figure 1)	with	complete	
neurologic	recovery.

Nevertheless,	 persistently	 low	 ADAMTS-	13	 activity	
and	enduring	high	ADAMTS-	13	autoantibodies	were	ob-
served	 after	 four	 weeks	 of	 therapy	 (Figure  1).	 EIA	 was	
proposed	as	an	alternative	approach	without	TPE	to	re-
move	 circulating	 ADAMTS-	13	 antibodies	 from	 plasma.	
After	 written	 consent	 by	 the	 patient,	 his	 family	 and	
the	 institutional	 ethics	 committee,	 EIA	 was	 initiated.	
A	Shaldon	catheter	was	placed	and	EIA	was	 started	on	
day	 29	 (days	 29–	33)	 with	 Adsorber	TR	 350	 and	 Plasma	
separator	OP-	05.	Prior	to	and	after	each	EIA	session,	fi-
brinogen	 levels	were	monitored;	after	 the	 third	EIA	his	
fibrinogen	level	dropped	to	61 mg/dl,	requiring	a	single	
dose	 of	 fibrinogen	 concentrate	 substitution,	 which	 was	
accepted	 by	 the	 patient.	 After	 five	 EIA	 sessions	 at	 24-	
hour	intervals,	the	patient	attained	a	rapid	and	sustained	
negativization	 of	 the	 ADAMTS-	13	 autoantibodies	 and	
normalization	 of	 ADAMTS-	13	 activity.	 No	 further	 im-
munosuppression	 was	 used	 after	 day	 28,	 prednisolone	
was	 progressively	 reduced	 until	 withdrawal	 on	 day	 50.	
Being	off	any	further	immunosuppressive	therapy,	he	has	
remained	in	clinical	remission,	with	a	normal	complete	
blood	count,	normal	ADAMTS-	13	activity,	and	negative	
ADAMTS-	13	autoantibodies	for	more	than	80 days	after	
the	cessation	of	therapy.

F I G U R E  1  Thrombocyte	count,	
hemoglobin	level,	LDH,	ADAMTS-	13	
autoantibodies,	and	ADAMTS-	13	
activity	in	response	to	therapy	with	
corticosteroids,	caplacizumab,	rituximab,	
and	extracorporeal	immunoadsorption	
therapy
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3 	 | 	 DISCUSSION

For	 a	 JW	 patient,	 therapy	 of	 this	 life-	threatening	 condi-
tion	 implies	a	religious	dilemma,	since	refusal	of	TPE	is	
mandatory.	The	availability	of	 targeted	 treatment	strate-
gies	 has	 broadened	 the	 scenario	 of	 therapeutic	 options	
in	 i-	TTP.5	 Caplacizumab,	 an	 anti-	VWF	 nanobody	 that	
is	 a	 humanized,	 bivalent,	 variable-	domain-	only	 immu-
noglobulin	 fragment,	 inhibiting	 the	 interaction	 between	
VWF	 multimers	 and	 platelets,	 reduces	 platelet	 aggrega-
tion	 and	 secondary	 microvascular	 thrombosis,	 therefore	
mitigating	 ischemic	 organ	 damage.	 In	 the	 TITAN	 and	
HERCULES	trials,	early	caplacizumab	treatment	showed	
faster	resolution	of	the	acute	TTP	episodes,	quicker	plate-
let	count	recovery,	reduced	i-	TTP-	related	death,	relapses,	
and	 major	 thromboembolic	 events.11,12	 Caplacizumab	
rapidly	 improves	 the	 platelet	 count,	 end-	organ	 damage	
and	LDH,	but	 it	does	not	address	the	immunopathology	
of	 i-	TTP.	 Persistently	 low	 ADAMTS-	13	 activity	 levels	
have	been	associated	with	an	increased	risk	of	relapse	of	
i-	TTP.13–	15	 Premature	 discontinuation	 of	 caplacizumab	
poses	 risk	 of	 disease	 exacerbation	 when	 the	 underlying	
autoimmune	 disease	 activity	 is	 not	 yet	 corrected.	 The	
optimal	duration	of	 caplacizumab	 is	yet	unclear.	 In	 this	
adolescent	 patient,	 although	 clinical	 remission	 was	 at-
tained	 with	 caplacizumab,	 glucocorticoids,	 and	 rituxi-
mab,	only	a	partial	ADAMTS-	13 remission	was	observed	
four	 weeks	 into	 treatment.	 EIA	 contributed	 through	 ef-
ficient	 removal	 of	 autoantibodies	 against	 ADAMTS-	13,	
pivotal	 in	 the	 pathophysiology	 of	 i-	TTP,	 to	 a	 rapid	 nor-
malization	 of	 ADAMTS-	13	 activity,	 which	 allowed	 for	
discontinuation	of	caplacizumab	in	a	setting	of	complete	
ADAMTS-	13  remission	 (Figure  1).	 Remarcably,	 early,	
unexpected	 thrombocythosis	was	observed	after	10 days	
of	treatment	with	caplacizumab,	steroids,	and	rituximab,	
which	 has	 been	 reported	 in	 patients	 with	 measurable	
inhibitors	 of	 ADAMTS-	13	 treated	 with	 caplacizumab.16	
Glucocorticoids	 in	 conjunction	 with	 TPE	 remain	 a	 cor-
nerstone	 in	 immunosuppressive	 therapy	 of	 acute	 i-	TTP.	
Rituximab,	 a	 chimeric	 monoclonal	 antibody	 directed	
against	 CD20	 which	 depletes	 CD20	 (+)	 B-	cells,	 targets	
suppression	 of	 the	 production	 of	 anti-	ADAMTS-	13	 an-
tibodies,	 contributing	 to	 restoration	 of	 function	 of	 the	
ADAMTS-	13	protease.	Rituximab	immediately	after	TPE	
is	 currently	used	 in	 the	upfront	 setting	of	an	 initial	 epi-
sode	of	i-	TTP	since	it	has	shown	lower	relapse	rates	com-
pared	with	historical	controls	using	TPE	alone.17–	19	While	
a	rapid	disappearance	of	anti-	ADAMTS-	13	antibodies	was	
observed	after	EIA,	durability	of	the	maintained	response	
in	this	case	was	likely	due	to	the	effect	of	rituximab	and	
steroids.

It	is	hypothesized	that	refractory	TTP	will	be	less	com-
mon	 in	 the	 era	 of	 caplacizumab,11,12	 but	 in	 relapsed	 or	

refractory	cases	cyclosporine	A,20	N-	acetylcysteine,21	bor-
tezomib,22,23	daratumomab,24	cyclophosphamide,	vincris-
tine,	 or	 splenectomy25	 can	 be	 considered.	 Novel	 agents,	
such	 as	 recombinant	 ADAMTS1326	 also	 show	 promise	
for	the	treatment	of	TTP.	The	high	cost	of	caplacizumab	
remains	a	major	barrier	to	the	addition	of	caplacizumab	
in	all	cases	of	 i-	TTP.	A	cost-	effectiveness	analysis	of	 two	
clinical	trials	comparing	the	addition	of	caplacizumab	to	
TPE	 plus	 immunosuppression	 showed	 that	 the	 addition	
caplacizumab	in	all	cases	of	i-	TTP	is	not	cost-	effective	and	
does	not	reduce	the	risk	of	relapse.27

Nearly	 all	 JW	 patients	 refuse	 transfusions	 of	 whole	
blood	 and	 the	 primary	 blood	 components—	red	 cells,	
platelets,	and	unfractionated	plasma,	but	there	is	usually	
no	objection	 to	apheresis	procedures	and	 to	 the	 transfu-
sion	of	derivatives	of	primary	blood	components	such	as	
albumin	solutions,	cryoprecipitate,	immunoglobulins,	and	
clotting	 factors.	 The	 initial	 historic	 mortality	 rate	 >90%	
was	 revolutionized	 by	 prompt	 therapy	 with	 TPE	 with	
fresh	frozen	plasma	replacement.3	TPE	remains	a	main	el-
ement	of	standard	of	care	upfront	treatment	approach	of	
TTP	since	it	supplies	adequate	ADAMTS-	13 levels	while	
removing	circulating	autoantibodies	against	ADAMTS-	13.	
EIA	is	an	apheresis	procedure	developed	in	the	1960s	that	
relies	 on	 the	 separation	 of	 plasma	 of	 the	 patient,	 which	
is	 subsequently	 exposed	 to	 an	 immunoadsorption	 col-
umn	 that	 specifically	 removes	 IgG	 antibodies	 through	
high-	affinity	absorbers	from	the	plasma	before	returning	
it	to	the	patient,	thus	binding	the	ADAMTS-	13	autoanti-
bodies.28	EIA	negates	the	need	for	replacement	of	plasma	
and	 is	 therefore	 acceptable	 for	 JW	 patients.	 The	 use	 of	
EIA	had	been	reported	 in	 the	1990s	 for	refractory	TTP29	
and	for	the	treatment	of	cancer	chemotherapy-	associated	
thrombotic	thrombocytopenic	purpura/hemolytic	uremic	
syndrome.30	EIA	is	currently	used	for	treatment	of	a	large	
variety	 of	 antibody-	mediated	 or	 immunological	 diseases	
(e.g.,	humoral	transplant	rejection,	lupus	nephritis,	multi-
ple	sclerosis).	After	TPE	or	after	EIA,	hypofibrinogenemia	
needs	to	be	monitored	with	the	goal	to	maintain	fibrino-
gen	 levels	>100 mg/dl	 to	minimize	 the	risk	of	bleeding.	
EIA	appears	to	be	safer	than	TPE	with	regard	to	the	risk	of	
transient	hypofibrinogenemia.34	and	EIA	removes	fibrino-
gen	independently	of	the	volume	processed.35	In	this	case,	
fibrinogen	concentrate	transfusion	was	required	after	the	
third	session	and	was	accepted	by	the	patient.

The	 experience	 of	 successful	 treatment	 of	 i-	TTP	
using	 caplacizumab,	 glucocorticoids,	 and	 rituximab	
without	 TPE,	 with	 clinical	 remission	 and	 restoration	 of	
ADAMTS-	13	 activity	 to	 normal	 had	 been	 reported	 in	 a	
JW	patient.9	Further	cases	of	 i-	TTP	treated	with	caplaci-
zumab,	glucocorticoids,	and	rituximab	without	the	use	of	
TPE	have	been	reported,31,32	also	in	the	context	of	anaphy-
laxis	to	TTP.33
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While	 the	 majority	 of	 i-	TTP	 cases	 are	 of	 unknown	
ethology,	secondary	i-	TTP	can	be	associated	to	certain	au-
toimmune	 disorders	 like	 systemic	 lupus	 erythematosus,	
malignancies,	medications,	as	well	as	viral	infections	like	
HIV,36	CMV,37	and	SARS-	CoV-	2.	SARS-	CoV2 has	been	re-
ported	as	a	possible	trigger	for	autoimmune	and	inflam-
matory	 dysregulation38	 including	 i-	TTP,	 which	 has	 been	
described	 as	 a	 further	 dramatic	 life-	threatening	 clinical	
presentation	 of	 SARS-	Cov-	2	 infection.39–	41	 There	 have	
been	several	case	reports	describing	the	development	of	i-	
TTP	secondary	to	COVID-	19	infection	in	adults39	and	only	
one	pediatric	case.42	The	majority	of	these	cases	had	i-	TTP	
concurrently	with	COVID-	19	infection,	but	i-	TTP	has	also	
been	 described	 after	 one	 month	 from	 SARS-	Cov2	 infec-
tion.41,42	The	exact	pathophysiology	of	COVID-	associated	
a-	TTP	 remains	 to	 be	 explained,	 but	 ADAMTS-	13	 inhibi-
tors	have	been	reported	in	other	a-	TTPs	associated	to	RNA	
viral	 infections.43	 In	 the	 light	 of	 the	 magnitude	 of	 the	
pandemic,	one	might	assume	there	may	have	been	many	
more	cases	of	COVID-	associated	i-	TTP	around	the	world,	
with	possibly	more	cases	to	come.

Shared	decision-	making	can	facilitate	changes	of	med-
ical	practice.	Our	experience	in	this	case	suggests	that	ca-
placizumab	together	with	corticosteroids,	rituximab,	and	
EIA	may	be	an	effective	treatment	option	for	further	pa-
tients	with	i-	TTP	who	are	unwilling	to	undergo	TPE	due	
to	religious	prohibitions,	lack	of	availability	or	a	history	of	
severe	immune	reaction	to	plasma.
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