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History	of	Present	Illness	
• 18yo	male	with	pre-B	ALL		
• Diagnosed	1.5	months	ago	

• 	Presenting	for	Oncology	clinic	appointment	
• Became	acutely	short	of	breath,	started	coughing	in	the	
elevator	

• Nosebleed	and	large-volume	hemoptysis	
• Code	blue	called	



Physical	Examination	during	Code	

• Heart	rate:	140-170		
• Respiratory	rate:	28	
• Blood	pressure:	140-170	/	80-100	
• O2	sat:	70%	on	room	air	!	100%	on	non-rebreather	
• Respiratory:	Tachypnea	with	nasal	flaring	and	
abdominal	breathing;	lungs	clear	

• Cardiac:	Tachycardic,	no	murmurs	or	gallops	
• GI:	Soft,	nondistended,	no	hepatomegaly	
• Extremities:	Cap	refill	~4	seconds,	mottled,	no	edema	
• CNS:	Alert,	anxious,	following	commands	



Initial	Management	and	Workup	
• Transfer	to	PICU	
• IV	vancomycin	and	ceftriaxone,	stress	dose	steroids	
• CPAP	initiated	(tamponade)	

CB
C	 • WBC	12.8	

• 55%	N,	9%	B,	
12%	L,	10%	M	

• Hgb	8.7	
• Hct	27.7	
• Platelets	423	

Co
ag

s	 • PT	13.6	sec		
• PTT	50.2	sec	
•  INR	1.04	
• Fibrinogen	766	

CM
P	 • Unremarkable	



Continued	Management	and	
Workup	
• Transfer	to	floor	
(HD2)	
• Stabilized,	on	room	air	
• No	further	hemoptysis	
or	epistaxis	

• Remained	afebrile	

• CT	chest	(HD4)	



5.2cm	x	2.6cm	



Past	Medical	History	
• Pre-B	cell	ALL	diagnosed	1.5	months	prior	
• Presented	with	bilateral	leg	pain,	cough,	fever,	and	ear	pain	
• At	diagnosis,	ANC	=	0,	53%	blasts,	47%	lymphs	
• Induction	therapy	initiated	!	Neutropenic	for	~1mo		
• CT	chest	without	nodules	or	other	lesions	

• 2	weeks	PTA:	Admit	with	fever	and	neutropenia	
• No	source	
• 1	day	of	fever,	none	since	

• 1	week	PTA:	Admit	with	tachypnea	and	neutropenia,	
no	fever	
• Diagnosis:	multifocal	pneumonia	on	CXR	
• ANC	recovered	by	discharge	
• Treated	with	cefepime	!	levofloxacin	as	outpatient	



Exposures	

• Lives	in	suburban	CO	with	mother	and	
extended	family	

• Travel:		
• California,	Las	Vegas	2	years	ago	
• No	international	travel	

• TB	risk	factors:	none	
• Outdoor	activities:	none	
• Animals:	cat	and	dog	at	home	
• Diet:	no	unpasteurized	products	or	raw	meat/
game	



Differential	Diagnosis?		



Differential	Diagnosis?		

• Necrotizing	bacterial	
pneumonia	
• S.	aureus	
• Klebsiella	
• S.	anginosus	
• Nocardia	

• Fungal	pneumonia	
• Aspergillus	
• Coccidioides	
• Cryptococcus	

• Mycobacterial	
pneumonia	
• TB	or	atypical	mycobacteria	

• Endocarditis	with	septic	
embolus	

• Lemierre’s	disease	
• Vasculitis	
• Arteriovenous	
malformation	(AVM)	



Wedge	Resection	and	Biopsy	

Mucus	and	
necrotic	tissue	
within	cavity	

Granulomatous	
inflammation	in	
cavity	wall	



Wedge	Resection	and	Biopsy	

H&E	stain	from	mucus	plug	



Wedge	Resection	and	Biopsy	

GMS	stain	



DIAGNOSIS	
Pulmonary	Aspergillus	angioinvasive	disease	



Aspergillus	
• Ubiquitous	mold	found	worldwide	
• Estimated	inhalation	of	up	to	200	conidia	per	day3	

• Aspergillus	fumigatus:	most	common	species	causing	
human	disease3	

• Range	of	clinical	disease1	
• Saprophytic	infection	(no	immune	response)	
• Allergic	bronchopulmonary	aspergillosis	
• Invasive	disease1,10,	12	

• First	described	in	1953;	increasing	incidence	since	use	of	chemotherapy	
• Not	typically	seen	in	immunocompetent	hosts	
• Majority	in	lung;	other	sites:	skin,	sinus,	CNS	
• Angioinvasive	and/or	airway	invasive	
• Mortality	rate	40-90%3	



Aspergillus	infection	and	life	cycle2	



Aspergillus	interaction	with	host	
and	protective	mechanisms3	

• Respiratory	epithelium	
• Bind	to	tissue	via	sialic	acid	residues	
• Interfere	with	mucociliary	clearance	

• Complement	
• Poor	C3	binding		
• Release	of	soluble	complement	inhibitory	factor		
(alternative	pathway)	

• Phagocytosis/intracellular	killing	
• Melanin	(resistant	to	reactive	oxygen	species)	
• Masking	of	β(1,3)-glucan	in	resting	conidia	

• Invasion	
• Germination	promoted	by	albumin	and	body	temperature	(37°C)	
• Higher	elastase	production	observed	in	pathogenic	strains	



Host	interaction	with	Aspergillus1,3	

• Conidia		
• Pattern	recognition	receptors	

• TLR	2	and	4		
• Promote	cytokine	release	

• Mannose	binding	lectin	
• Activates	complement	

• Respiratory	epithelium	and	
alveolar	macrophages	
• Dectin-1	interacts	with	β(1,3)-glucan	
• Intracellular	killing	
• Recruit	neutrophils	



Host	interaction	with	Aspergillus1,3	

• Hyphae	
• Neutrophils	

• Superoxide	killing	



Immune	dysfunction	is	a	risk	
factor	for	invasive	infection1,3	

• Hematologic	malignancy	and	HSCT	recipients	
• Inherited	immunodeficiency	
• Chronic	granulomatous	disease		

• Lack	of	superoxide	killing	
• Hyper-IgE	syndrome		

• STAT3	defect	

• Acquired	immunodeficiency	
• AIDS/HIV	
• Diabetes	
• Steroid	use	



Clinical	presentation	of	invasive	
aspergillosis12	
• Fever	unresponsive	to	antibiotics	
• Productive	cough	
• Dyspnea	
• Pleuritic	chest	pain	
• Hemoptysis	(mild	to	severe)	
• One	of	the	most	common	causes	of	hemoptysis	in	
neutropenic	patients	



Categorizing	invasive	
aspergillosis	

• Acute	angioinvasive	aspergillosis	
• Neutropenic	and	HSCT	patients	

• Acute	bronchopneumonia	
• Mild-moderate	immunocompromise	

• Chronic	necrotizing	pulmonary	aspergillosis	
• Chronic	obstructive	pulmonary	disease		
• Prolonged	corticosteroid	therapy	
• Tuberculosis	(chronic	cavities)	



Acute	invasive	aspergillosis	in	the	
neutropenic	patient	

• Prolonged	neutropenia	(ANC	≤	500	for	≥	10	days1)	
• Lower	risk	(<5%)	for	patients	with	ALL,	non-Hodgkin	
lymphoma,	autologous	HSCT1	

• Angioinvasion	
• Without	neutrophils,	angioinvasion	results	
• Thrombosis	and	hemorrhage	from	rapid	hyphal	growth3	
• Hematogenous	spread	possible	

• Pathology:		
• Fungal	hyphae	present	throughout	infarct	and	in	tissue1	

• Lacking	in	inflammatory	infiltrates	



Acute	invasive	aspergillosis	in	the	
neutropenic	patient	

• Prolonged	neutropenia	(ANC	≤	500	for	≥	10	days1)	
• Was	no	longer	neutropenic	

• Lower	risk	(<5%)	for	patients	with	ALL,	non-Hodgkin	
lymphoma,	autologous	HSCT1	

• Angioinvasion	
• Thrombosis	and	hemorrhage	from	rapid	hyphal	growth3	
• Without	neutrophils,	angioinvasion	results	
• Hematogenous	spread	possible	

• Pathology:		
• Fungal	hyphae	present	throughout	infarct	and	in	tissue1	

• Lacking	in	inflammatory	infiltrates	
• Granulomatous	inflammation	seen	on	pathology	



Acute	invasive	aspergillosis	in	the	
non-neutropenic	patient	

• Pathology:		
• Inflammatory	necrosis	and	granulomas		
• Angioinvasion	not	typical	

• CGD	
• 25-40%	lifetime	incidence1	

• Hyper-IgE	
• Secondary	Aspergillus	infections	following	pyogenic	pneumonias1	

• HIV	
• Usually	when	CD4+	T	cells	are	<	50/mm3	

• Corticosteroids	
• Recruitment	of,	but	impaired	phagocyte	killing	
• Prevent	signaling	for	cytokines	and	chemokines	



Acute	invasive	aspergillosis	in	the	
non-neutropenic	patient	

• Pathology:		
• Inflammatory	necrosis	and	granulomas		
• Angioinvasion	not	typical	

• CGD	
• 25-40%	lifetime	incidence1	

• Hyper-IgE	
• Secondary	Aspergillus	infections	following	pyogenic	pneumonias1	

• HIV	
• Usually	when	CD4+	T	cells	are	<	50/mm3	

• Corticosteroids	
• Recruitment	of,	but	impaired	phagocyte	killing	
• Prevent	signaling	for	cytokines	and	chemokines	
• Rx	for	prednisone	for	1	month	at	start	of	chemotherapy	



“Pediatric	invasive	aspergillosis:	A	
multicenter	retrospective	analysis	of	139	
contemporary	cases”	Pediatrics	(2008)10	

• January	2000-July	2005	
• Patients:	0-18	years	of	age,	6	medical	centers	
• Majority	with	malignancy,	no	HSCT	(62.6%)	
• Immunosuppression	within	30	days	of	diagnosis	

• Neutropenia	59%,	Corticosteroids	69.1%	

• Proven	IA	in	78.4%	of	patients	(59%	in	lungs)	
• Of	89.9%	with	positive	cultures,	Aspergillus	fumigatus	most	
common	isolate	(52.8%)	

• Mortality	68%	in	patients	with	immunosuppression	
• Patients	with	surgical	intervention	70%	less	likely	to	die	



Our	patient	
Pr
e-
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s	 •  Aspergillus	

colonization	

•  Blastocytosis	
!	phagocyte	
dysfunction	

•  Unchecked	
hyphal	growth	
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	 •  Neutropenic	

for	~1	month	+	
steroids	

•  Impaired	PMN/	
macrophage	
function	

•  Invasive	
growth	 Re
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N
C	 • Recovery	~1-2	

weeks	PTA	
• ?functional	

• CXR:	Multifocal	
pneumonia	

• PMN-mediated	
necrosis	!	
hemoptysis?	

• CT:	air	crescent	
sign	

•  Inflammation/	
angioinvasion	
on	pathology	





Our	patient	

Kosmidis	C	and	DW	Denning.	Thorax.	2015	



Air	crescent	sign	
• Air	crescent	sign5,6	
• Crescent	of	air	surrounding	a	soft-tissue	mass	in	a	pulmonary	cavity	
• Visible	on	radiographs	and	CT	scans	of	chest	

• Differential	for	air	crescent	sign6	
• Invasive	pulmonary	aspergillosis		
• Cavitating	neoplasm	
• Lung	abscess	
• Pulmonary	gangrene	
• Pulmonary	hematoma	
• Rasmussen	aneurysm	in	a		
tuberculous	cavity	

• Lung	hydatid	

Lee	KL	et	al,	2014	



Air	crescent	sign	in	invasive	
aspergillosis	

• CXR	may	be	normal	initially5	
• May	see	~2	weeks	following	appearance	of	a	CXR	abnormality	

• Dependent	on	granulocyte	function	
• Do	not	see	in	neutropenic	patients		
• Occurs	during	bone	marrow	recovery	
• Marks	recovery	phase	of	infection	if	previously	neutropenic5	

•  Invasion	of	necrotic	tissue	by	leukocytes	and	replaced	by	air	

• Up	to	50%	of	patients	with	this	sign6		
• Review	of	139	cases	of	pediatric	IA	showed	only	2.2%10		

• Study	of	25	patients	with	acute	leukemia	and	air-
crescent	sign	on	imaging	
• 67%	had	increased	survival	if	sign	present	vs	8%	of	those	
without4	



Laboratory	diagnosis		
• Systematic	review	of	fungal	biomarkers	in	blood	
(2016)	for	diagnosis	of	invasive	fungal	disease	in	
pediatric	cancer9	
• 25	studies	reviewed	
• Calculations	classified	“possible	diagnosis”	as	not	having	
invasive	fungal	disease	(rather	than	excluding)	

• Galactomannan	antigen	(n=19)	
• Specificity	35-100%,	sensitivity	14-100%	

• β-D-glucan	(n=3)	
• Specificity	29-82%,	sensitivity	50-83%	

• Fungal	PCR	(n=11)	
• Specificity	36-83%,	sensitivity	0-100%	

• Combining	these	evaluations	may	increase	sensitivity11	



Microbiologic	diagnosis	

• Sputum,	BAL,	Biopsy8	
• Hyphae	3-6um	wide	with	parallel	walls,	regular	
septations,	dichotomous	branching	at	45	degrees;	
penetrate	tissue	in	same	direction	

• Conidial	heads	are	pathognomonic	for	diagnosis	
• Rare	to	see	in	pathology	specimens	



Treatment	

• Surgical	resection	
• 70%	survival	among	patients	with	surgical	resection	in	
2008	Pediatrics	study		

• Allows	deep	tissue	sample	for	pathology	and	
microbiology	

• Antifungal	therapy	
• Voriconazole	is	first	line	agent	for	IA	
• Liposomal	amphotericin	B	



Our	patient	

• Pending	fungal	cultures	from	biopsy	
• Galactomannan	Ag	
• Serum	and	BAL	negative	

• Treated	with	voriconazole	(continues	today)	
• Continues	to	be	followed	by	Oncology;	no	further	
pulmonary	complaints	



QUESTIONS?	
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