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AIPAIP
Biopsy shows an acute and/or organizing formof diffuse alveolar

damage (DAD) that is indistinguishable fromthe histologic
pattern found in ARDS. In the organizing phase, when most
patients undergo biopsy, hyaline membranes may be
inconspicuous or absent and the key findings include diffuse
distribution,looseorganizingconnectivetissuecausingalveolardistribution,looseorganizingconnectivetissuecausingalveolar
wall thickening and prominent pneumocyte hyperplasia.

Occult background fibrosis may be present and if this shows
features of UIP, acute exacerbation of underlying IPF should be
considered . AIP can progress to a pattern similar to fibrotic
NSIP or to severe fibrosis resembling honeycombing .

Am J Respir Crit Care Med Vol 188, 6, 733–748, 2013
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•• DiagnosisDiagnosis

– Autopsy

– Diagnosis (rarely)

ALI/ARDS: a  pathologist’s 
view

– Diagnosis (rarely)

– Evaluation in borderline cases

– DAD in IPF and other IIP 



Hum Pathol. 2003 Aug;34(8):743-8. Lung pathology of severe acute Lung pathology of severe acute 
respiratory syndrome (SARS): a study of 8 autopsy cases from respiratory syndrome (SARS): a study of 8 autopsy cases from 
SingaporeSingapore. Franks TJ, Chong PY, Chui P, Galvin JR, Lourens RM, Reid AH, Selbs E, McEvoy CP, 

Hayden CD, Fukuoka J, Taubenberger JK, Travis WD. Department of Pulmonary and Mediastinal 
Pathology, Armed Forces Institute of Pathology, Wshington, DC 20306, USA.

Severe acute respiratory syndrome (SARS) is an infectious condition caused by the SARS-associated
coronavirus (SARS-CoV), a new member in the family Coronaviridae. To evaluate the lung pathology in this
life-threatening respiratory illness, we studied postmortem lung sections from 8 patients who died from SARS 

during the spring 2003 Singapore outbreak. The The predominantpredominant pattern pattern ofof lunglung injuryinjury in in allall 8 8 
casescases waswas diffuse diffuse alveolaralveolar damagedamage. The . The histologyhistology variedvaried accordingaccording toto the the durationduration ofof
illnessillness. Cases . Cases ofof 10 or 10 or fewerfewer daysdays' ' durationduration demonstrateddemonstrated acuteacute--phasephase diffuse diffuse illnessillness. Cases . Cases ofof 10 or 10 or fewerfewer daysdays' ' durationduration demonstrateddemonstrated acuteacute--phasephase diffuse diffuse 
alveolaralveolar damagedamage (DAD), (DAD), airspaceairspace edema, and edema, and bronchiolarbronchiolar fibrinfibrin. Cases . Cases ofof more more thanthan
10 10 daysdays' ' durationduration exhibitedexhibited organizingorganizing--phasephase DAD, DAD, typetype II II pneumocytepneumocyte hyperplasiahyperplasia, , 
squamoussquamous metaplasia, metaplasia, multinucleatedmultinucleated giantgiant cellscells, and acute , and acute bronchopneumoniabronchopneumonia. . In 
acute-phase DAD, pancytokeratin staining was positive in hyaline membranes along
alveolar walls and highlighted the absence of pneumocytes. Multinucleated cells were

shown to be both type II pneumocytes and macrophages by pancytokeratin, thyroid transcription factor-1, 
and CD68 staining. SARS-CoV RNA was identified by reverse transcriptase-polymerase chain reaction in 7 of
8 cases in fresh autopsy tissue and in 8 of 8 cases in formalin-fixed, paraffin-embedded lung tissue, including
the 1 negative case in fresh tissue. Understanding the pathology of DAD in SARS patients may provide the 
basis for therapeutic strategies. Further studies of the pathogenesis of SARS may reveal new insight into the 
mechanisms of DAD. 
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PatternsPatterns ofof MyofibroblastMyofibroblast distributiondistribution in IIPin IIP

DADDAD

UIPUIP

OPOP



ElementaryElementary patternspatterns ofof lunglung damagedamage and and repairrepair
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• Eosinophilic pneumonia
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• Mixed acute-subacute • Eosinophilic pneumonia

• Acut fibrinous organizing 
pneumonia (AFOP)
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Chronic damage and repair



• intraluminal Masson’s bodies
•Pneumocyte hyperplasia
•Restitutio ad integrum

OrganizingOrganizing

PneumoniaPneumonia

TenascinTenascinOP, COP OP, COP (ex(ex--BOOP)BOOP)



OrganizingOrganizing Pneumonia OPPneumonia OP
Macrophage-mediated degradation of fibro-inflammatory endoluminal aggregates

TenascinTenascin



AEP
• AEP may be mistaken for other diseases, particularly community-acquired pneumonia, resulting

in delayed or missed diagnosis. As defined by the North American-European Consensus
Committee, manymany patientspatients withwith AEP AEP meetmeet the the criteriacriteria forfor acute acute lunglung injuryinjury (ALI), (ALI), includingincluding itsits
mostmost severe subset severe subset -- acute acute respiratoryrespiratory distressdistress syndromesyndrome (ARDS).(ARDS). Distinguishing AEP and ARDS 
is critical because of differences in response to corticosteroids and outcome. Although both
present with rapidly progressive respiratory failure, patients with AEP characteristically show a 
rapidrapid responseresponse toto corticosteroidscorticosteroids and have an excellent prognosis resulting in a favorable
outcome in most patients, whereas patients with ARDS do not always benefit from
corticosteroid therapy and have a poor prognosis with mortality rates reported to range from
10% to 90%.10% to 90%.



Arch Pathol Lab Med. 2002 Sep;126(9):1064Arch Pathol Lab Med. 2002 Sep;126(9):1064--70. 70. Acute fibrinous and organizing Acute fibrinous and organizing 
pneumonia: a histological pattern of lung injury and possible pneumonia: a histological pattern of lung injury and possible 
variant of diffuse alveolar damage.variant of diffuse alveolar damage. Beasley MB, Franks TJ, Galvin JR, Gochuico B, Beasley MB, Franks TJ, Galvin JR, Gochuico B, 

Travis WD. Department of Pulmonary, Armed Forces Institute of Pathology, Washington, DC 20306, Travis WD. Department of Pulmonary, Armed Forces Institute of Pathology, Washington, DC 20306, 
USA.USA.

Acute fibrinous and organizing pneumonia is a 

histologic patternhistologic pattern associated with a clinical 

picture of acute lung injury that differs from the 
classic histologic patterns of DAD, BOOP, or EP. 
Similar to these patterns of acute lung injury, the 

AFOPAFOP

Similar to these patterns of acute lung injury, the 
AFOP pattern can occur in an idiopathic setting or 
with a spectrum of clinical associations. The overall 
mortality rate is similar to DAD and therefore may 
represent a histologic variant; however, AFOP 
appears to have 2 distinct patterns of disease 
progression and outcome. The need for mechanical 
ventilation was the only parameter that correlated 
with prognosis. None of the patients with a subacute 
clinical course required mechanical ventilation
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Localised AFOP patternLocalised AFOP pattern
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FIBRINFIBRIN

AFOP patternAFOP pattern
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Acute Lung Injury/DADAcute Lung Injury/DAD

• Diffuse alveolar damage (DAD) is a form of acute 
lung injury that progresses through an exudative 
phase, characterised by pneumocyte and endothelial 
necrosis, edema, and formation of hyline necrosis, edema, and formation of hyline 
membranes, to an organising phase with alveolar 
septal organising interstitial fibrosis and prominent 
type 2 pneumocyte proliferation.



Diffuse Diffuse AlveolarAlveolar DamageDamage

EdemaEdema HyalineHyaline MembranesMembranes InflammationInflammation FibrosisFibrosis
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EarlyEarly phasephase
In the early (or exudative) phase, an intraalveolar and 

interstitial exudate composed of plasmatic proteins, fibrin 
and inflammation cells, essentially polynuclear
neutrophilic and eosinophilic cells, appears in the first 
hours and persists for at least 1 week. 

During this phase, the alveolar surfactant is altered by a 
modification in its composition and its functional 
capacities (alteration of its tensio-active properties). At this 
stage, there can also be morphological lesions of the 
alveolo-capillary barrier with a denudation of the 
endothelial and epithelial basal membranes. 



Proliferative Proliferative phasephase

The interstitial and alveolar exudate can then combine with macrophagic and 
fibroblastic infiltration controlled, among others, by activated proteases 
(neutrophil elastase, gelatinases). These proteases subsequently damage the 
basal membrane and the extracellular matrix. This phase, called the 
proliferative or organization phase, is characterized by the proliferation of 
type II pneumocytes (which differentiate in type I on the damaged zones of 
the alveolar epithelium), endothelial cells and fibroblasts. 

Fibroblastic proliferation is mediated by signal molecules  (fibronectin, Fibroblastic proliferation is mediated by signal molecules  (fibronectin, 
collagen fragments, fibrin, elastin), tumor necrosis factor-a and growth 
factors. 

Alveolar collapse

occurs in the most damaged zones with the occasional appearance of actual 
endoalveolar buds. Macroscopically, the lung has a pale grey color and a 
smooth surface. This is linked to the presence of young connective tissue.



FibroticFibrotic phasephase

Fibrosis is composed of an anarchic endoalveolar and septal
deposit of type III collagen, followed by type I collagen, 
all secreted by fibroblasts. The alveolar and capillary 
spaces then become obstructed, which considerably spaces then become obstructed, which considerably 
disturbs pulmonary architecture and function. 

At this stage, the edema has usually disappeared owing to the 
effects of liquid, then proteic epithelial resorption. 
Moreover, intraalveolar angiogenesis appears in response 
to excessive growth factor products. 



Hyaline membranes



hyaline membranes

Surfactant SPA1Surfactant SPA1

CK8/18CK8/18



Pneumocyte type II hyperplasia and atypia

Response to extreme damage in DAD





DADDAD
Pneumocyte damage, interstitial myofibroblastic activation and 

matrix remodeling

TenascinTenascin



BRONCHOALVEOLAR LAVAGE SUGGESTING DIFFUSE ALVEOLAR DAMAGE IN A BRONCHOALVEOLAR LAVAGE SUGGESTING DIFFUSE ALVEOLAR DAMAGE IN A 
PATIENT WITH AEP.PATIENT WITH AEP.

Cells/ml=750,000; M=34%;L=6%;Eo=60%; CD4/CD8=1.31.
CD3+CD25+=39%; CD16+CD56+=18%; CD3+HLADR+=1%



Am J Respir Crit Care Med Vol 181. pp 254–263, 2010

Pneumocyte type II hyperplasia and atypia
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Myofibroblast interstitial 
accumulation

ααSMASMA

caldesmoncaldesmon



αααααααα--SMASMA



PrognosisPrognosis

Ware LB, Matthay MA. The acute respiratory distress syndrome. 
N Engl J Med. 2000 May 4;342(18):1334-49.







Clinical interest in surgical lung biopsyClinical interest in surgical lung biopsy
In order to best treat unresolving ARDS (after making sure that prior 

treatment has been optimal with regard to plateau pressure, 
volemia, etc.), three questions must be asked. 

1. Was the initial cause insufficiently treated? 

2. Is there an additional cause (nosocomial pneumonia)? 

3. Is postaggressive fibrosis developing? 

There are two essential reasons for the clinician to harvest a sample of 
the lung parenchyma: diagnose an etiology that is potentially 
curable when less-invasive examinations such as BAL were not 
contributory and/or reveal post-aggressive fibrosis in order to 
possibly administer anti-inflammatory treatment by corticoids 
which could improve survival or at least improve respiratory
parameters .





Frozen section analysis



These mechanisms differ according to the type of
ARDS: primary with direct alveolar injury or
secondary with indirect systemic injury.

PathogenesisPathogenesis

The former essentially involves the alveolar
epitheliumand the latter, the endothelium.

Despite these physiopathological differences, the
anatomopathological anomalies are quite similar.





Severe infection 
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Interstitial Interstitial 
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Ware LB, Matthay MA. The acute respiratory distress 
syndrome. N Engl J Med. 2000 May 4;342(18):1334-49.

PATHOGENESISPATHOGENESIS



edemaedema

Molecular features in acute lung injuryMolecular features in acute lung injury
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pneumocyte

VEGF

PIGF

VEGFRVEGFR--11
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EPITHELIAL INJURY AND REPAIR
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AlveolarAlveolar damagedamage//repairrepair

EE--cadherincadherin

ββ--catenincatenin -- wntwnt



WNTWNT--pathway activationpathway activation

Nuclear localisation of β-catenin in regenerating pneumocytes

Isothiocyanate - DAD



b-catenin nuclear accumulation in type-II pneumocytes

ββ--catenincatenin
•• CyclinCyclin--D1D1
•• MMP7MMP7
•• cc--myc myc 

ProliferationProliferation
ApoptosisApoptosis

Am J Pathol 2003 May;162(5):1495-502  Aberrant Wnt/betaAberrant Wnt/beta--Catenin Catenin 
Pathway Activation in Idiopathic Pulmonary Fibrosis.Pathway Activation in Idiopathic Pulmonary Fibrosis.
Chilosi M, Poletti V, Zamo A, Lestani M, Montagna L, Piccoli P, Pedron S, Bertaso M, Scarpa A, Murer B, Cancellieri 
A, Maestro R, Semenzato G, Doglioni C. Department of Pathology, University of Verona, Verona.







DAD/ARDSDAD/ARDS

phph--mTORmTOR

betabeta--CateninCatenin



EMT in EMT in embriogenesisembriogenesis

J Biol Chem. 2003 Oct 10;278(41):40231-8. 

ββ--Catenin is required for specification of proximal/distal cell fate during lung Catenin is required for specification of proximal/distal cell fate during lung 
morphogenesis.morphogenesis. Mucenski ML, Wert SE, Nation JM, Loudy DE, Huelsken J, Birchmeier W, Morrisey EE, Whitsett JA. Division of 

Pulmonary Biology, Cincinnati Children's Hospital Medical Center, Cincinnati, Ohio 45229-3039, USA. 



Markers of Acute lung injury 

MOLECULAR MARKERS (in (in pneumocytespneumocytes))

� LAM -5 γ-2chain
� hsp27� hsp27

�P53-p21waf1
� β-catenin
�TA-p63

�Tubulin β3
�Ph-mTOR



Epithelial Mesenchymal TransitionEpithelial Mesenchymal Transition

EE--cadherincadherin



Potential mechanisms for myofibroblast recruitment

1. Local fibroblasts: proliferation, migration, 1. Local fibroblasts: proliferation, migration, 
activation

2. MSC recruitment from bone marrow

3. Epithelial-Mesenchymal Transition (EMT)



Artrite reumatoide 
#04-3324

Ck8/18Ck8/18
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CHEST 2005;127:266

Am J Respir Crit Care Med Vol 181. pp 254–263, 2010



Am J Pathol 2003 May;162(5):1495-502 

AberrantAberrant WntWnt//betabeta--CateninCatenin PathwayPathway ActivationActivation in in IdiopathicIdiopathic PulmonaryPulmonary FibrosisFibrosis..
Chilosi M, Poletti V, Zamo A, Lestani M, Montagna L, Piccoli P, Pedron S, Bertaso M, Scarpa A, Murer B, Cancellieri A, Maestro R, Semenzato G, Doglioni C. 

Department of Pathology, University of Verona, Verona. 

the aberrant activation of Wnt/beta-
catenin signaling could trigger a catenin signaling could trigger a 
divergent epithelial regeneration at 
bronchiolo-alveolar junctions and 
epithelial-mesenchymal-transitions, 
leading to severe and irreversible 
remodeling of the pulmonary 
tissue.

WntWnt activtionactivtion in in 
bronchiolarbronchiolar basalbasal cellscells



DAD/ARDS
CD208CD208

ββ--catenincatenin
nuclearizationnuclearization
in AECIIin AECII

ββ--catenincatenin isis notnot
in the nuclei in the nuclei ofof
bronchiolarbronchiolar
cellscells



DAD/ARDS

AbsenceAbsence ofof bronchiolarbronchiolar proliferationproliferation

CK5CK5 ∆∆NN--p63p63







CK5

Squamous Metaplasia 



CK14 expressing cells include subsets capable CK14 expressing cells include subsets capable 
of either multipotent or unipotent 
differentiation in vivo.

IncreasedIncreased expressionexpression ofof CK14 in  IPFCK14 in  IPF






