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PDF	Split	View	Article	Content	Figures	and	Tables	Video	Audio	Audio	Additional	Data	The	new	onset	PancyTopenia	can	be	caused	by	a	wide	variety	of	etiologies,	leading	to	a	diagnostic	dilemma.	These	etiologies	range	from	congenital	insufficiency	of	the	bone	marrow	to	lesions,	infection	and	peripheral	destruction	of	the	bone	marrow	space,	to	name	a
few.	Examination	of	the	bone	marrow,	in	addition	to	a	detailed	clinical	history,	is	often	required	for	an	accurate	diagnosis.	The	purpose	of	this	review	is	to	provide	a	brief	overview	of	many	of	the	causes	of	new-onset	pancytopenia	in	adults	and	children,	with	emphasis	on	the	findings	and	recommendations	of	the	bone	marrow	and	recommendations	for
additional	clinical	evaluation	where	necessary,	with	the	overall	objective	of	to	help	the	The	pathologist	of	the	pathologist	as	a	consultant	to	the	treating	physician	of	the	patient.	PancyTopenia	is	a	common	indication	for	bone	marrow	exam	and	may	have	numerous	causes.	Cytotoxic	therapies,	including	myeloablative	radiation	therapy	and
chemotherapy,	are	common	but	predictable	causes	of	pancytopenia	in	patients	who	are	being	treated	systemically	for	the	malignancy.	The	new	appearance	PACITTOPENIA	outside	of	this	adjustment,	in	both	children	and	adults,	may	result	in	a	diagnostic	dilemma,	and	the	causes	include	syndromes	of	congenital	and	acquired	bone	marrow	failure,
lesions	of	the	working	tube,	peripheral	destruction	hematopoietic	cells,	autoimmune	disorders,	infection,	and	ineffective	production	of	the	medule.	Often,	the	training	of	the	new	start	PATISTOPENIA	is	extensive	and	should	include	a	detailed	history	of	exposure	to	the	clinical	environment,	drug,	recreational	drug	and	environmental	exposure.	Although
an	examination	of	the	bone	marrow	often	reveals	an	underlying	condition	that	causes	pancytopenia,	it	is	not	always	conclusive.	Understand	the	various	disorders	that	can	cause	can	assist	in	recommending	additional	tests	and	clinical	evaluation	when	midule	studies	are	not	specific	for	a	single	etiology.	Here,	we	provide	a	systematic	overview	of	many
of	the	causes	of	PATISTOPENIA	New-Inset.	New-Inset.	Syndromes	of	bone	marrow	failure	Many	diseases	can	cause	bone	marrow	failure,	resulting	largely	in	absent	hematopoiesis	with	subsequent	pancytopenia.	Hereditary	causes	of	bone	marrow	failure	include	a	small	but	important	group	of	these	diseases	Table	1	Although	rare,	these	diseases
should	always	be	considered	as	a	possible	cause	of	new-onset	pancytopenia	in	children,	as	they	have	serious	clinical	and	therapeutic	implications.	Table	1Inherited	causes	of	bone	marrow	failure	Fanconi’s	anemia	(FA),	first	reported	in	1927,1	describes	a	syndrome	of	chromosomal	instability	characterized	by	progressive	pancytopenia,	cancer
susceptibility	and	congenital	abnormalities.	Although	the	congenital	abnormalities	initially	described	by	Fanconi1	included	skeletal	abnormalities	of	the	radius	and	thumb,	short	stature,	and	urogenital	abnormalities,	these	abnormalities	have	been	extended	to	include	gastrointestinal	and	neurological	abnormalities	in	addition	to	chemical	skeletal



defects.	approximately	10%	of	patients	with	AF	develop	leukemia,	predominantly	myeloid,	with	a	smaller	proportion,	approximately	5%,	developing	solid	tumours,	including	squamous	cell	carcinomas	of	the	aerodigestive	tract3,	with	an	incidence	of	500	to	700	times	higher	than	in	the	general	population4.	In	patients	with	AF,	progressive
haematological	dysfunction	invariably	develops	in	all	patients	at	a	mean	age	of	7	years4,5	Thrombocytopenia	and	macrocytosis	often	precede	anemia	and	neutropenia,	and	some	patients	develop	myelodysplastic	syndrome	(MDS)	or	myelodysplastic	syndrome	(MDS).	acute	myeloid	leukaemia	(AML)	with	no	history	of	severe	cytopenias.	Findings	of	bone
marrow	may	range	from	normal	cellularity	to	complete	aplasia,	and	dysplastic	characteristics	such	as	dyserithropoiesis	may	be	observed.	Therefore,	the	pathologist	mistake	it	easy	to	fit	AF-applastic	media	for	idiopathic	applastic	anemia	(AA)	or	other	inherited	or	acquired	causes	of	the	insufficiency	of	the	nostril.	Therefore,	a	precise	diagnosis,
therefore,	is	based	on	a	comprehensive	clinical	history.	The	most	important	thing	is	that	if	the	findings	of	the	nose	media	are	compatible	and	the	clinical	history	is	suggestive	of	Fa,	the	peripheral	blood	samples	should	be	sent	for	the	final	test,	the	chromosome	break	test,	which	demonstrates	A	marked	break	from	the	chromosome.	After	treatment	with
a	crosslinking	agent,	such	as	mitomycin	C	due	to	the	underlying	defect	in	the	repair	of	DNA,	in	addition,	specimens	of	nostrum	should	be	sent	for	cytogenic	analysis	because	they	are	found	Clonal	cytogenic	anomalies	in	approximately	65%	of	cases	by	age.	30	years.5yskerous	congenite	(DC),	initially	described	in	1910,	is	a	rare	hereditary	cause	of
pancitopenia	and	is	characterized	by	the	clinical	clinical	triate	of	Leucoplakia,	the	dystrophy	of	the	nail	and	pigmentation	of	lace	skin,	But	this	classical	triade	is	not	necessary	for	diagnosis.	8	The	abnormalities	of	the	skin	and	uâdrates	often	present	early	in	childhood,	before	10	years,	followed	by	a	failure	of	the	nose,	which	occurs	by	20	years	in	80%
of	the	patients.	In	addition,	the	course	of	the	disease	in	20%	of	the	patients	is	complicated	with	lungal	manifestations	of	lower	diffusion	capacity	or	restrictive	pulmonary	disease.9	Although	the	hypoplasia	of	the	nose	is	the	main	pathological	abnormality	observed	in	patients	Affected,	a	predisposition	is	seen	to	malignancy,	with,	according	to
predisposition	to	malignancy.	To	a	study,	approximately	10%	of	malignant	patients,	including	MDS.9	are	the	findings	of	the	nose	in	patients	with	DC	range	from	normal	stages	to	variable	stages,	which	culminate	in	an	indistinguishable	hypoplasia	of	idiopa	TIL	AA.	As	with	FA,	disease	may	prove	a	diagnostic	challenge	to	the	pathologist;	However,	there
is	no	single	test	that	definitively	establishes	the	diagnosis.	A	first	step	is	to	eliminate	AF	from	the	differential	diagnosis	because	the	cells	of	patients	with	DC	do	not	show.	show.	Break	with	crosslinking	agents.	The	clinical	and	family	history	is	certainly	of	the	utmost	importance	and,	often,	it	can	be	the	most	useful	track	for	a	precise	diagnosis.	The
additional	complication	of	the	diagnosis	is	the	generic	diversity	of	the	disease,	in	the	ill-linked,	autosomical	and	autosomical	disease	forms	of	the	disease.	The	genes	involved	are	involved	in	the	maintenance	of	the	telmers,	resulting	in	shortened	telmers	in	patients	with	DC	mutations.	10,11	Although	several	of	these	genes	are	available	for	clinical	tests,
a	negative	test	result	does	not	eliminate	the	DC	of	the	differential	because	the	pathological	genetic	mutations	are	not	characteristic	in	approximately	50%	of	the	Cases	of	DC.	11shwachman-Diamond	Syndrome	is	another	rare	cause	of	pantopopenia,	inherited	in	a	recessive	autosomistry,	and	generally	presenting	in	childhood	with	exocrine	pancreatic
insufficiency	and	failure	of	the	nostrum.	Most	cases	are	associated	with	mutations	in	chromosome	7	that	affect	the	SHWachman-Bodian-Diamond	diamond	syndrome	(SBDS)	(SBDS).	Neutropenia	is	the	most	common	presentation	of	this	insufficiency	of	the	nostrum,	and	the	cellularity	of	the	media	media	can	be	low,	normal	or	high,	and	can	be	seen
characteristics	of	displays.	The	condition	advances	to	complete	the	fault	of	the	nose	bypass	by	20%	to	25%	of	the	patients	and	for	MDS	/	AML	by	5%	to	33%	of	the	patients.14	Again,	the	findings	of	the	nostrin	They	are	specific,	but	they	should	be	evaluated	to	eliminate	other	causes	of	the	fault	of	the	nose.	The	cytogenic	anomalies	of	chromosome	7	can
be	useful	tracks	to	a	diagnosis	of	shwachman	diamond	syndrome,	and	generic	tests	can	also	be	useful,	but	10%	of	patients	will	not	carry	a	mutation	in	the	gene	SBDS	In	addition,	other	causes	of	pancreatic	insufficiency	should	be	entertaining,	with	the	results	of	the	chloride	test	of	which	are	normal	in	this	disease,	compared	to	cystic	fibrosis.
Congenital	Amegakaryocytopenia	(CAMT)	is	an	additional	cause	of	congenital	bone	marrow	failure	and	is	inherited	in	an	autosomal	recessive.	way,	often	because	because	mutations	in	the	oncogene	of	the	myeloproliferative	leukemia	virus	(MPL,	or	the	thrombopoietin	receptor)	15,16.Patients	are	usually	seen	as	neonates	with	severe	thrombocytopenia
and	its	clinical	sequelae,	including	petechiae,	purple	or	bleeding	of	the	skin,	mucous	membranes,	and/or	of	the	gastrointestinal	tract.	In	about	25%	of	patients,	the	disease	progresses	to	pancytopenia,	usually	between	3	and	4	years	of	age.	In	the	peripheral	smear,	platelets	remain	normal	in	size,	and	bone	marrow	biopsy,	although	initially
normocellular	and	showing	reduced	or	absent	megakaryocytes,	may	progress	fairly	quickly	and	rapidly	to	aplasia.17	In	its	pancytopenic	presentation,	the	diagnosis	is	Differential	study	includes	other	syndromes	of	bone	marrow	failure	and	a	full	study,	including	chromosome	breakage	studies.	,	should	be	conducted	to	eliminate	entities	such	as	AF.	In
addition,	a	genetic	analysis	can	be	performed	to	detect	mutations	in	MPL,	but	a	negative	result	does	not	rule	out	the	diagnosis	of	CAMT.	Finally,	patients	with	CAMT	often	have	elevated	levels	of	circulating	thrombopoietin,	which	can	also	be	tested.18Another	rare	and	complex	syndrome	that	may	occur	with	pancytopenia	is	hemophagocytic
lymphhistiocytosis	(HLH),	which	may	be	primary	or	acquired.	Clinical	diagnosis	of	this	syndrome	requires	the	presence	of	5	or	more	of	the	following	symptoms:	fever,	splenomegaly,	cytopenia	with	2	or	more	cell	lines,	hypertriglyceridemia	or	hypofibrinogenemia,	hepatitis,	low	or	non-existent	natural	killer	cell	activity,	serum	ferritin	level	greater	than
500	AU4g/L,	soluble	CD25	greater	than	2,400	U/Lm,	or	haemophagocytosis	demonstrated	in	the	bone	marrow,	spleen,	or	lymph	nodes.19	First	described	in	1952,	the	primary	familial	form	of	this	disorder	occurs	most	frequently	in	infants.	younger	than	1	year,	and	has	been	found	to	be	the	result	of	activation	of	T	cells	and	histiocytes.20	Mutations	in
several	proteins,	including	perforin	1,	UNC13D,	and	syntaxin	11,	have	been	implicated	in	this	disease.21	Â”23	Â”23	Primary	HLH	can	also	be	presented	in	patients	with	immune	deficiencies,	including	Chøngiak-Higashi	syndrome,	GRISCELI	2	syndrome	and	lymphoproliferative	disease	linked	to	fatal	X,	a	high	diagnosis	suspicion	should	be
entertaining.	The	biopsy	of	a	nose	can	be	useful,	and	the	finding	of	hemophagocytosis	in	the	nose,	the	spleen	or	the	lymph	nodes	is	in	fact	one	of	the	diagnostic	criteria	of	the	HLH,	as	mentioned	above.	However,	the	sensitivity	of	the	morphological	analysis	of	the	nose	for	hemophagocytosis	is	surprisingly	low;	However,	hemophagocytosis	can	be
identified	more	easily	in	aspirate	aspirate	from	mesh	stained	with	iron	that	in	spotted	wright	typical	frots.	In	a	postmortem	study,	hemophagocytosis	was	observed	in	the	nose	of	only	9	of	23	children	with	HLH	and	was	observed	more	frequently	in	spleen	sections	(17/24	patients)	and	lymph	nodes	(17/23	patients	)	25.	Similarly,	a	Canadian	study
determined	a	sensitivity	of	only	60%	to	find	hemophagocytosis	in	the	initial	biopsy	of	patients	with	HLH	LH.26	APLAssic	anemia	in	addition	to	the	Causes	Congés	of	Méduula's	insufficiency,	there	are	numerous	causes	acquired	in	insufficient	from	mesh	pair.	In	fact,	the	AA	is	relatively	common,	and	is	observed	both	in	children	and	adults.	Although
most	cases	are	idiopathic,	this	disease	can	be	caused	by	multiple	etiologies,	including	drugs,	chemicals,	radiation,	virus,	anorexia	and	even	pregnancy.	Patients	often	present	an	abrupt	start	of	pancitopenia	and	a	remarkable	reduction	of	the	cellularity	of	the	bore.	AA	idiopathic	and	paroxystic	nocturnal	hemoglobinuria	Most	of	the	AA	cases	acquired
are	of	idiopathic	nature	and	can	occur	both	in	children	and	in	adults	image	1.	Although	the	exact	mechanism	is	unknown,	it	is	believed	that	the	AA	idiopa	tico	is	the	result	of	an	attack	of	T	effects	on	hematopoyal	mother	cells,	resulting	in	insufficiency	of	the	bore.	OSEA.	Peripheral	pancytopenia.	According	to	this	theory,	AA	is	remarkably	sensitive	to
immunosuppressive	drugs,	and	long-term	survival	is	estimated	at	approximately	75%.27	Severe	AA	is	defined	by	the	specific	criteria	shown	in	Table	228	Peripheral	blood	typically	shows	pancytopenia,	with	relative	lymphocytosis	and	No	abnormalities	defined	morphological	of	the	cells	that	remain	in	the	blood.	Findings	of	the	bone	marrow	usually
show	a	markedly	hypocellular	bone	marrow	with	a	reduction	in	all	cell	lines,	and	the	mixed	T	lymphocytes	may	increase	relatively.	Distinguishing	in	such	cases	of	hypoplastic	MDS	can	be	a	challenge.	Careful	examination	of	aspirate	smears	and	tactile	preparations	for	the	morphological	characteristics	of	dysplasia,	as	well	as	correlation	with
cytogenetic	and	immunohistochemical	studies	and	may	be	useful	for	this	differential	diagnosis.	The	cytogenetic	abnormalities	most	often	associated	with	MDS	are	shown	in	Table	3.29	Immunohistochemical	studies	for	CD34	may	show	an	increase	in	immature	cells	in	the	Hypoplastic	MDS	230	image,	and	some	patients	with	apparent	AA	evolve	over
time	to	have	MDS	defined.	I	know.	TABLE	2CRITERIA	FOR	APLITIC	ANEMIA	SEVERY	OPENED	IN	NEW	PABLODSADA	SLIDEA	WOMEN	OF	29	YEARS	OF	29	YEARS	WITH	NEW	INSENCE	PACITUTERY.	A,	a	peripheral	blood	smear	showed	pancytopenia,	but	was	otherwise	transmissible	(Wright,	£-60).	B,	the	aspirant	smear	showed	mainly	stromal
cells,	histiocytes	and	plasma	cells	with	a	shortage	of	hematopoietic	elements	(Wright,	Ã£-60).	C,	a	central	biopsy	sample	showed	an	extremely	hypocellular	medule	with	an	absence	of	hematopoietic	elements	(H	&	E,	Ã-40).	Cytogenetic	studies	were	normal.	The	patient	was	diagnosed	with	aplastic	anemia	and	underwent	bone	marrow	transplantation.
OPEN	in	New	Slidea	55-year-old	male	with	PancyTopenia	without	significant	medical	history.	A,	a	peripheral	smear	showed	occasional	ovalocytes.	Although	most	neutrophils	appeared	morphologically	normal,	a	subset	of	displastic.	displastic.	was	seen	(Wright,	Â60).	The	aspirated	smears	were	aspiculated	and	hemodilutum	and	are	not	shown.	B,	A
nucleus	biopsy	sample	showed	hypocellularity	of	10%	to	20%.	No	obvious	groups	of	immature	cells	were	observed	(H&E,	ÃÂ40).	C,	a	CD34	immunohistochemical	stain,	however,	showed	5%	to	10%	increase	in	blasts	(ÃÂ60).	Sideroblasts	ringed	by	iron	stain	were	not	observed	(not	shown).	Cytogenetics	showed	t	(3;21)	(q26;q22)	and	t	(7),	which
coincides	with	a	diagnosis	of	myelodysplastic	syndrome	(refractory	anemia	with	excess	blasts-1).Night	hemoglobinuria	(PNH)	shows	a	peculiar	relationship	with	AA.	Due	to	a	defect	in	the	glycan	phosphatidylinositol	class	A	complementation	gene	(PIGA),	which	leads	to	a	defect	in	the	proteins	bound	to	the	GPI,	PNH	cells	show	greater	sensitivity	to
complement	activation,	leading	to	hemolytic	anemia.31	PNH	may	arise	from	non-existent	In	this	context,	the	classic	presentation	includes	hemolysis,	pancytopenia	and/	or	venous	thrombosis	with	a	normocellular	to	hypercellular	bone	marrow.	Interestingly,	patients	with	PNH	clones	may	eventually	evolve	to	AA,	and	patients	with	AA	may	develop	PNH
clones.	In	fact,	up	to	two-thirds	of	patients	with	pancytopic	AA	simultaneously	have	small	clones	of	PNH	cells,	and	about	30%	of	patients	with	PNH	have	prior	AA.32,33	However,	despite	the	frequency	of	small	clones	of	PNH	in	patients	with	AA,	progression	to	clone	PNH	is	uncommon;	a	recent	study	found	an	incidence	of	2.1%	of	PNH	at	5	years34.
Particularities	Associated	to	Drugs	MDSa	Drugs	are	among	the	most	common	causes	of	AA	Figure	3,	the	main	one	being	chloramphenicol.	Due	to	a	known	but	unquantified	relationship	of	chloramphenicol	to	AA,	the	California	State	Senate	of	the	1960s	requested	a	study	to	further	evaluate	this	risk.	Through	the	of	all	deaths	in	the	State	of	California
over	a	period	of	1.5	years,	evaluated	a	13-fold	increase	in	the	risk	for	the	development	of	AA	in	taking	chloramphenicol.	In	addition,	this	risk	usually	occurred	after	the	second	or	third	cycle	of	treatment	with	chloramphenicol	and	was	not	dose-related.35	Since	then,	other	drugs	have	been	shown	to	be	associated	with	the	development	of	AA,	including
nonsteroidal	anti-inflammatory	drugs,	antithyroid	drugs,	corticosteroids,	pancreatic	drugs,	pancreatic	drugs,	pancreatic	drugs,	cyclamine,	allopurinol	and	gold36.	a	direct	cytotoxic	effect	or	an	idiosyncratic	response	related	to	the	immune	system.	In	Table	4.37	Open	in	a	new	tabDownload	slideA	61-year-old	man,	after	a	heart	transplant,	with
pancytopenia.	A,	A	peripheral	blood	smear	showed	occasional	hypersegmented	neutrophils,	rare	nucleated	red	blood	cells,	and	occasionally	displaced	myeloid	cells	to	the	left	(Wright,	Â60).	B,	A	nucleus	biopsy	sample	showed	a	hypocellular	medule	with	trilineal	hematopoiesis	(H&E,	ÃÂ20).	Flow	cytometry	was	non-contributory.	In	general,	the
findings	were	nonspecific	and	the	clinical	team	attributed	the	patient’s	pancytopenia	to	his	immunosuppressive	regimen.	Table	4Drugs	and	Chemicals	Associated	with	Acquired	Aplastic	Anemiaa	In	addition	to	drugs,	simple	chemicals	are	known	to	be	associated	with	the	development	of	AA.	Benzene,	an	industrial	solvent,	has	been	involved,	perhaps
more	than	any	other	chemical,	in	the	development	of	AA	and	subsequent	leukaemia.38,39	In	addition,	insecticides	such	as	dichlorodiphenyltrichloroethane	(DDT),	g-hexachlorocyclohexane	(lindane),	40,41	and	hydrocarbon-based	glue	vapours	have	been	associated	with	higher	AA42.	It	is	not	surprising	that	radiation	toxicity	is	also	associated	with	AA.
Although	the	earliest	manifestation	of	acute	radiation	disease	is	the	“haematopoietic	syndrome”,	characterized	by	a	decrease	in	hematopoietic	stem	cells	with	resulting	cytopenias,	the	nadir	of	these	cytopenias	usually	occurs	from	1	to	4.	After	the	exhibition43.	Exhibition43.	It	has	been	shown	to	cause	or	exacerbate	pancytopenia.44	Infection	infection
is	an	additional	cause	of	pancancancancania	both	in	children	and	adults.	It	is	known	that	several	infections	induce	the	insufficiency	of	the	nose,	and	these	are	often	treatable	and	reversible.	The	infection	can	also	lead	to	the	acquired	HLH,	which	can	be	rapidly	fatal	without	an	aggressive	intervention.	Top	B19	is	a	virus	traditionally	associated	with	the
fault	of	the	nostrum.	Although	Parvovirus	B19	is	commonly	associated	with	megaloblastic	anemia,	in	a	study,	9	of	167	children	with	surgavirus	clinical	syndrome	had	one	Ã	â,	¬	Å	"AA	image,	Ã	¢	¬¬	and	these,	It	was	shown	that	4	were	infected	hard	with	parvovirus.	45	In	addition,	in	another	study,	serological	tests	showed	that	40.7%	of	the	27
patients	with	AA	showed	anti-IgM	antibodies	from	parvovirus	compared	to	5%	of	20	control	patients.	The	biopsy	of	the	nose	in	patients	with	acute	parvovirus	infection	generally	demonstrates	a	decrease	in	erythroid.	Precursors	with	only	rare	giant	pronor	socks	and	large	eosinophile	eosinophilic	inclusion	bodies.	However,	patients	with	deleted
immune	systems	have	more	chronic	infection	and	often	show	numerous	large	infected	cells	with	inclusions	in	the	Médual	Testing	Image	4.	Open	in	the	new	tab.	Slidea	45	years.	Old	childhood	transplant	and	pancreas	8	months	before,	presenting	with	cytopenies.	A,	an	aspirated	test	showed	numerous	giant	programs	with	pale	cytoplassic	inclusions
(arrows).	B,	a	sample	of	central	biopsy	demonstrated	a	normal	cell	by	numerous	precursors	of	large	eryrics	with	viral	inclusions.	No	maturation	of	Erithoid	was	observed.	C,	a	immunohistochemical	spot	for	Parvovirus	highlighted	many	of	these	large	croats.	A	diagnosis	of	cytopenies	associated	with	the	infection	by	parvovirus	was	performed.	It	has
been	shown	that	it	has	been	causing	bone	marrow	failure	and	subsequent	pancytopenia.	The	degree	of	haematological	findings	in	the	course	of	HIV	infection	varies	widely.	Initial	infection	often	leads	to	followed	lymphopenia	atypical	lymphocytosis,	which	may	or	may	not	be	associated	with	transient	pancytopenia.	However,	after	a	period	of	clinical
latency,	in	which	the	bone	marrow	may	initially	be	hypercellular,	the	bone	marrow	becomes	hypocellular	with	the	resultant	pancytopenia.48	Interestingly,	all	lineages	may	appear	dysplastic	in	HIV49,	leading	to	the	to	a	differential	diagnosis	that	includes	MDS;	as	such,	a	diagnosis	of	MDS	in	the	context	of	HIV	infection	should	be	made	with	caution.
AA	associated	with	hepatitis	is	a	well-known	disease	that	primarily	affects	young	men	about	2	to	3	months	after	an	episode	of	acute	hepatitis.50,51	If	not	treated,	and	no	association	with	hepatitis	A,	B	or	C	drugs,	toxins	or	viruses	has	been	elucidated.52,53	Interestingly,	this	disease	is	not	uncommon;	in	fact,	hepatitis	has	been	documented	in	2%	to	5%
of	AA	cases	in	the	West	and	between	4%	and	10%	of	cases	in	Asia54.	Case	reports	have	described	other	organisms	that	may	cause	bone	marrow	suppression,	including	leptospirosis	and	dengue.55,56	Table	5	provides	a	summary	list	of	these	entities.	an	acquired	HLH	syndrome.	Patients	with	this	disease	present	similarly	to	those	with	primary	HLH,	as
described	above,	and	are	diagnosed	using	the	same	criteria.	This	disease	affects	all	age	groups	and	most	patients	do	not	have	any	underlying	immune	defects.	Although	an	exhaustive	list	of	etiologic	infectious	agents	has	been	implicated,	the	main	causes	include	Epstein-Barr	virus,	cytomegalovirus,	herpes	simplex	virus,	adenovirus,	and	leishmania.57
Pregnancy	has	also	been	reported	to	be	associated	with	bone	marrow	failure;	In	fact,	AA	was	first	described	in	a	pregnant	woman.58	cases	of	women	who	developed	pancytopenia	during	pregnancy	have	been	reported.	Interestingly,	although	in	several	of	these	patients	the	pancitopenia	improved	after	abortion	or	or	Many	consider	the	association
between	pregnancy	and	bone	marrow	failure	to	be	a	coincidence.61	Autoimmune	disease	Autoimmune	diseases	can	also	present	with	new-onset	pancytopenia,	which	may	have	multiple	etiologic	factors.	In	fact,	haematological	abnormalities	are	often	part	of	the	diagnostic	criteria	for	these	diseases,	including	systemic	lupus	erythematosus	(SLE).
Approximately	57%	to	78%	of	patients	with	SLE	are	anaemic,	possibly	due	to	a	combination	of	chronic	disease	anaemia,	renal	failure,	autoimmune	haemolytic	anaemia	and	microangiopathic	haemolytic	anaemia62,63	Similarly,	approximately	47%	of	patients	with	SLE	have	neutropenia64,	which	may	be	due	to	autoimmune	destruction,	bone	marrow
suppression,	enism	hyperesplasplasplas,	and/or	drugs.	In	addition,	between	10%	and	25%	of	patients	with	SLE	have	thrombocytopenia,	which	may	be	mediated	by	the	immune	system.	Multiple	studies	have	investigated	findings	of	bone	marrow	in	patients	with	SLE	and	peripheral	cytopenias.	Although	these	findings	are	nonspecific,	bone	marrow
biopsies	often	show	hypoplasia,	dyserithropoiesis,	and	increased	reticulin	fibrosis,	and	one	study	also	reported	megakaryocytic	atypia	Figure	5.	65â167	Table	5Infectious	etiologies	involved	in	acquired	aplastic	anemia	A	pancytopenic	presentation	of	SLE	is	secondary	HLH,	also	called	macrophage	activation	syndrome	(MAS),	which	is	histologically
ideally	suited	to	the	disease.	Primary	HLH	and	may	be	rapidly	fatal	Image	6.	Interestingly,	MAS	can	occur	in	many	autoimmune	diseases,	and	has	been	described	in	juvenile	systemic	idiopathic	arthritis,	Kawasaki	disease,	and	adult-onset	Still	disease,	among	others.68	As	with	primary	HLH,	MAS	is	thought	to	be	initiated	by	a	precipitating	event	such
as	infection	or	drugs.	Although	many	currently	use	the	primary	HLH	criteria	for	SAM	diagnosis,	this	practice	remains	suboptimal.	Sisthetic	juvenile	idiopathic	arthritis,	for	example,	is	often	presented	with	a	leukocytosis,	so	neutropenia,	one	of	the	criteria	of	The	HLH,	often	does	not	appear	until	the	end	of	the	course	of	the	disease.69	In	addition,	as	in
the	primary	HLH,	hemophagocytosis	is	often	not	found	in	the	Biopsy	of	Méudula.	RMOCOS	was	already	discussed	above,	the	drugs	can	also	cause	cytopenia	mediated	by	the	formation	of	antibodies	with	cross-reactivity	to	the	form	and	the	drug.	HEMATOPOYHETICAL	CEOPS	OR	PRODUCTS	OF	FROM	ANTIGEN-Antibody	complexes	that	passively
bind	to	the	hematopoyic	cells	and	fix	this	phenomenon	has	more	frequently	associated	with	quinine,	sulfonamides	and	rifampicin	;	However,	unicitopenias	or	bicitopenias	are	much	more	frequent	and	well	described	than	pancitopenia,	which	is	extremely	rare.70	Â	«73	Open	in	New	tabs	(LES),	kidney	failure,	kidney	failure,	inexplicable	fever	and
pancitopenia.	A,	a	peripheral	frotis	demonstrated	pancitopenia	with	marked	poikilocytosis,	including	shapes	of	tears,	elliptocytes	and	fragments	of	red	blood	cells	(Wright,	â-60).	A	sucked	smear	is	not	shown	but	it	was	not	observed	except	for	mild	disseritropoesis.	B,	a	sample	of	nucleus	biopsy	was	cellular	(H	&	E,	Ãƒâ-40)	with	(c)	increased	reticulin
fibrosis	(Ãƒâ-40).	In	general,	these	findings	were	consistent	with	the	fibrosis	of	media	induced	by	LES.	Kidnapping	Splenomegaly	is	produced	with	many	diseases	and	is	known	to	lead	to	hyperspospelism	with	resulting	pancitopenia.	For	a	long	time	it	has	been	thought	that	the	mechanism	of	this	pancitopenia	is	a	combination	of	hemolysis,	kidnapping
and	premature	destruction	of	blood	cells.74	«76	In	fact,	up	to	90%	of	the	peripheral	platelet,	30	%	of	the	mass	of	red	blood	cells	and	65%	of	granulocytes	can	be	kidnapped	in	a	massive	spleen.77	The	foundation	of	melift,	often	proliferative.	In	such	cases,	they	may	not	be	unless	they	help	elucidate	the	underlying	cause	of	splenomegaly,	such	as
lymphoma.	Not	unexpectedly,	in	patients	whose	cytopenias	are	caused	by	splenic	sequestration,	splenectomy	may	be	essentially	curative.78	Nutritional	deficiencies	New	onset	pancytopenia	are	sometimes	the	result	of	a	nutritional	deficiency.	Copper	deficiency,	which	may	occur	due	to	long-term	total	parenteral	nutrition,	gastrointestinal	surgery,
weight-loss	surgery,	excessive	zinc	intake,	and	even	renal	failure,	may	lead	to	haematological	abnormalities,	including	pancytopenia.79¢”	85	Findings	of	bone	marrow	often	show	vacuolization	of	erythroid	and	myeloid	precursors,	increased	plasma	spottable	iron,	and	ringed	sideroblasts	Image	7.83,85Although	these	bone	marrow	findings,	as	well	as
peripheral	pancytopenia,	have	been	found	to	be	a	major	cause	of	concern.	are	reversible	with	copper	replacement,	patients	with	this	copper	deficiency	have	been	erroneously	diagnosed	with	MDS,	and	have	even	been	referred	for	allogeneic	bone	marrow	transplantation.86,87	such	as	serum	iron	and	transferrin	saturation,	which	are	normally	normal,
and	serum	copper	levels	and	Ceruloplasmin,	which	are	uniformly	low,	may	be	helpful.Folate	and	B12	deficiency	are	classic	causes	of	megaloblastic	anemia,	and	although	these	deficiencies	are	common	with	anemia	and	thrombocytopenia,	they	may	occasionally	present	with	pancytopenia.	In	the	West,	folate	deficiency	is	rare,	but	it	can	occur	due	to
increased	demand,	decreased	absorption	or	nutritional	deficiencies,	as	seen	with	chronic	alcoholism.	Pregnant	women	in	the	West	occasionally	present	with	folate88	deficiency	pancytopenia,	which	can	be	corrected	with	folate	administration.	B12	deficiency	is	also	extremely	rare	in	the	West	and	is	much	more	associated	with	pernicious	anemia	and
chronic	atrophic	gastritis	than	with	nutritional	deficiency.	However,	in	other	parts	of	the	world,	such	as	India,	nutritional	etiologies	of	folate	and	B12	deficiency	are	quite	common	and	can	often	lead	to	pancytopenia.	A	1989	study	in	India	found	that	139	patients	with	Megaloblastic,	76%	had	deficiency	B12,	6.8%	had	folate	deficiency	and	8.8%	had	a
combination	of	both.	Of	all	this	group,	43.8%	had	Additional	studies	from	India	found	that	B12	deficiency	and	folate	are	important	causes	of	pancytopenia.	In	one	study,	72%	of	cases	of	pancytopenia	were	attributed	to	megaloblastic	anemia	caused	by	folate	and/or	B12	deficiency,	and	in	another	study,	22%	of	cases	were	attributed	to	the	same
etiology90,91	Regardless	of	etiology,	aspiration	and	biopsy	of	the	i.e.	bone	marrow	are	quite	characteristic	of	folate/B12	deficiency	and	show	a	hypercellular	bone	marrow.	with	erythroid	hyperplasia	and	megaloblastic	maturation.	Other	laboratory	findings	may	be	of	diagnostic	assistance,	such	as	peripheral	macrocytosis,	hypersegmented	neutrophils,
and	decreased	serum	levels	of	cobalamin	and	erythrocyte	folate.	Open	in	new	eyelashDownload	slideImage	6	19-year-old	male	with	a	history	of	dermatomyositis	who	entered	with	fever,	cytopenias,	weight	loss	and	a	high	level	of	ferritin.	A,	In	the	less	cellular	areas	of	the	aspirated	smear,	haemophagocytic	cells	(arrow)	were	occasionally	observed
(Wright,	Â60).	B,	An	iron	stain	was	useful	to	delineate	haemophagocytic	cells	(arrows)	in	more	cellular	areas	of	the	aspirated	smear.	(ÃÂ60).	C,	A	nucleus	biopsy	sample	showed	occasional	cells	(arrow)	suspected	of	hemophagocytosis	(H&E,	Â60).	The	patient	was	diagnosed	with	macrophage	activation	syndrome	secondary	to	his	autoimmune
disease.Anorexia	nervosa	has	also	been	reported	to	lead	to	bone	marrow	failure,	probably	due	to	severe	vitamin	and	mineral	deficiency.	In	a	study	of	the	bone	marrow	of	44	patients	diagnosed	with	anorexia	nervosa,	the	bone	marrow	was	hypoplastic	or	aplastic	in	39%,	with	a	significant	fraction	of	these	cases	with	gelatinous	degeneration	or	serous
atrophy	Image	8	Curiously,	only	1	of	these	patients	presented	with	overt	pancytopenia,	the	majority	with	anemia	and/or	leukopenia	92	In	particular,	these	patients	show	a	recovery	bone	marrow	with	dietary	and	therapeutic	intervention.	Open	in	a	new	tabDownload	slideA	5-month-old	baby	born	at	26	years	Gestation	with	pancitopenia,	hepatic
insufficiency	and	total	parenteral	nutritional	cholestasis,	which	was	receiving	therapy	stimulating	factor	of	granulocyte	colonies.	A,	a	perifé	rich	smear	showed	toxic	granulations	and	vacuolization	of	neutrophils	(Wright,	â-60).	B,	an	aspiration	smear	showed	a	wide	vacuolization	of	erythroid	and	myeloid	progenitors,	with	a	displacement	to	the	left
(Wright,	Ãƒâ-60).	C,	Casual	ringed	sideroblasts	(arrow)	were	observed	in	an	iron	spot	(ÃƒÂ-60).	D,	a	sample	of	nucleus	biopsy	demonstrated	a	normal	cell	(H	&	E,	â-60).	The	findings	were	suspected	by	copper	deficiency,	given	the	long-term	parenteral	nutrition	of	the	patient.	The	level	of	copper	system	was	2	Ãž1Â	"4	/	dl	(0.3	Ãž1"	4mol	/	L;	reference
range,	50-70	ÃŽ1Â	"4g	/	dl	[8-11	ÃŽ1Â	"4mol	/	L]),	confirming	copper	deficiency.	Space	of	the	media	Infiltrating	lesions	Hematopoyic	cells	are	usually	produced	in	the	nose	nose;	Therefore,	it	is	reasonable	that	the	entities	that	occupy	the	space	of	the	media	can	lead	to	pancitopenia	by	direct	replacement,	interference	with	hematopoyesis	ongoing	or
concomitant	fibrosis.	Common	etiologies	include	hematopoyic	neoplasms	and	metástasis.	Next,	a	general	view	of	the	most	common	entities	is	offered.	Leucemias	and	SMD	Hematopoyric	neoplasms	cause	pancitopenia	both	in	children	and	adults,	and	acute	leukemias	are	among	the	most	common	of	these	neoplasms.	Acute	lymphoblastic	leukemia
represents	approximately	80%	of	all	children's	leukemias	and	is	common	in	adults93.The	clinical	presentation	is	variable,	but	it	is	often	a	manifestation	of	the	underlying	pancitopenia	of	the	patient	resulting	from	the	replacement	of	the	nostrum	by	lymphoblasts.	The	symptoms	and	common	signs	include	fatigue,	feverish	hematomas	and	infection,	as
well	as	lymphadenopathy,	hepatosplenomegaly	and	spore.	Although	Lynfolystic	Leukemia	B	generally	with	cytopenias,	the	peripheral	blood	is	often	affected	by	B	lymphoblasts,	and	therefore	the	white	blood	cell	count	may	be	low,	normal	or	markedly	high.	Bone	Bone	The	exam	is	usually	diagnosed	and	generally	demonstrates	the	replacement	of	the
melting	space	of	the	Linfoblasts	B.	Of	course,	the	cytomeric	and	cytogenic	flow	studies	must	be	concomitantly	concomitantly	with	aspiration	and	biopsy	of	media	Paper	for	an	adequate	classification.	The	prognosis	is	generally	favorable	in	children,	with	a	survival	without	10-year	events	that	is	seen	in	children;	However,	this	number	falls	at	25%	to	â	€
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