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ABSTRACT 

Idiopathic pulmonary fibrosis (IPF) is a relentlessly progressive lung disease that 

commonly results in respiratory failure and death.  However, causes of death in these 

patients have not been fully defined.  

We reviewed clinical records and pathologic findings of 42 consecutive patients 

with IPF who underwent autopsy at Mayo Clinic, Rochester MN over a 9-year period 

from January 1996 to December 2004.  

Median age at autopsy was 74 years (range, 46 to 98 years) and included 25 men 

(60%).  Thirty-one patients (74%) died in hospital.  Immediate causes of death were 

respiratory, (64%), cardiovascular, (21%), or non-cardiopulmonary (14%).  Acute 

exacerbation of IPF was the most common immediate cause of death (29%).  Pneumonia, 

aspiration, and drug-induced lung disease were other causes of respiratory deaths.  

Evidence of pulmonary hypertension was present at autopsy in 19 patients (45%) and was 

the immediate cause of death in 2 of these.  The immediate cause of death was clinically 

unsuspected in 5 patients (12%) and IPF was diagnosed postmortem in 9 patients (21%).   

The majority of patients with IPF undergoing autopsy died from respiratory 

causes. Acute exacerbation of IPF was the most common cause of death and death from 

gradual progression of IPF was less common.  
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ABBREVIATIONS 

AIP = acute Interstitial Pneumonitis 

DAD = diffuse alveolar damage 

IPF = idiopathic pulmonary fibrosis 

HRCT = high-resolution computed tomography 

PFT = pulmonary function testing  

UIP = usual interstitial pneumonia 

VATS = video-assisted thoracoscopic surgery  



   

INTRODUCTION 

Idiopathic pulmonary fibrosis (IPF) is an interstitial lung disease of unknown cause 

correlating with a histopathologic pattern of usual intersitial pneumonia (UIP).  In most 

patients, the fibrotic process progresses resulting in end-stage honeycombing and 

respiratory failure; the median survival is approximately 2- 3 years after diagnosis (1).  

There is no effective medical therapy for patients with IPF (2).  Lung transplantation is an 

option for younger patients without significant extrapulmonary disorders.   

It is generally assumed that mortality in IPF is the result of progressive fibrotic lung 

disease leading to respiratory insufficiency.  However, relatively few studies exist to 

verify or refute this assumption.  Conditions associated with IPF, such as pulmonary 

hypertension and more recently acute exacerbation of IPF, are now recognized as 

potential causes of mortality in IPF patients (3, 4).  Clinicians and investigators are 

targeting these associated conditions and complications in hopes of extending and 

improving the lives of patients with IPF.  However, the pathologic contribution of these 

processes, as well as the natural history of progressive fibrosis resulting in death, remains 

largely uncertain.  In addition, the presentation and pathologic findings of patients who 

are diagnosed with IPF post-mortem have not been well defined. 

More precise data pertaining to causes of death in IPF patients could focus clinical 

and research efforts and may improve survival.  In this study, we examined the results of 

42 consecutive autopsies performed on patients with IPF to determine the immediate 

causes of death and associated findings.   

 



   

MATERIAL and METHODS 
 

Forty-two patients with IPF who underwent autopsy at Mayo Clinic, Rochester, MN 

over a 9-year period from January 1, 1996 to December 31, 2004 were identified by a 

computer-assisted search of medical and autopsy records.  We reviewed medical records, 

imaging studies, and autopsy results.  The diagnosis of IPF required autopsy evidence of 

usual interstitial pneumonia with no cause including connective tissue disease and 

exposure to fibrogenic drugs or environmental agents identified.  This study was 

approved by the Mayo Foundation institutional review board.   

All patients underwent a complete autopsy examination with the exception of 4 

patients (heart and lung only in 3 patients, lung only in 1 patient).  Cause of death was 

defined as irreversible organ dysfunction that either resulted directly in the patient’s death 

or in withdrawal of life support.  The immediate cause of death was defined as the final 

disease or complication directly causing death (5).  The contributing cause of death was 

defined as other significant condition or disease that contributed to death but was not the 

immediate cause of death (5).  Clinician’s diagnosis regarding the cause(s) of death was 

derived from autopsy request forms submitted by clinicians or review of medical records 

by study investigators.  The actual cause of death was assigned by consensus of two of 

the authors (CED, JHR) based on review of all available data.  Discordance between 

clinician’s diagnosis and actual cause of death was assessed.   

All patients met the diagnostic criteria for IPF as outlined in the 2000 American 

Thoracic Society/European Respiratory Society consensus statement (6).  Acute 

exacerbation of IPF was defined using the following criteria proposed by Kondoh et al (7) 

and Akira et al (8): (1) acute worsening of dyspnea within 1 month of presentation, (2) 



   

new pulmonary infiltrates on chest radiography or CT, (3) deterioration in pulmonary 

function measurements or gas exchange, and (4) absence of an identifiable cause 

including infections or cardiovascular disease.  Documentation of new infiltrates or 

precipitous decline in lung function was not required in patients without a prior diagnosis 

of IPF since baseline results were not available.  

 

RESULTS 

The median age of 42 subjects at autopsy was 74 years (range, 46 to 98 years) and 

included 25 men (60%) (Table 1).  Overall, the immediate cause of death was respiratory 

in 64% of patients, cardiovascular in 21%, and non-cardiopulmonary in 14%.   

Eleven patients were not hospitalized at the time of death (24%).  Comfort care 

treatment preceded death in 4 of these, 6 died from acute cardiac cause, and 1 died of 

head trauma related to a fall.  The remaining 31 patients died in hospital.   

 

Respiratory Causes 

IPF was the immediate cause of death in 17 patients (40%).  In 12 of these 17 (71%), 

histopathologic evidence of diffuse alveolar damage (DAD) superimposed on UIP was 

present at autopsy.  In these cases, DAD correlated with acute clinical worsening, 

hypoxia, and radiographic progression of bilateral lung infiltrates; now termed acute 

exacerbation of IPF (7, 8).  Acute worsening of dyspnea occurred over a median duration 

of 7 days (range, 1 to 28 days) prior to hospitalization; the median duration of 

hospitalization until death was 9 days (range, 1 to 43 days).  Three of these patients 

underwent a surgical lung biopsy during their final hospitalization, which revealed DAD 



   

superimposed on UIP in all three patients.  Infectious causes of DAD were not found at 

autopsy in any of these cases.  The extent of antemortem clinical evaluation to exclude 

infection was variable, but all 12 patients had cultures of respiratory secretions.  In 

addition, cultures of bronchoalveolar fluid were performed in 4 patients and surgical lung 

biopsy specimens in 3 patients.  Viral cultures were performed in only 4 patients (2 

surgical lung biopsy, 2 bronchoalveolar fluid, 1 sputum) and did not yield a pathogen.  

The remaining 5 patients (without DAD) died from gradual progression of IPF resulting 

in respiratory failure (Table 2).   

Ten other patients (24%) died from respiratory causes other than IPF including 

pneumonia, aspiration, and drug-induced lung disease.  The latter patient with IPF 

developed DAD in the setting of chemotherapy (cyclophosphamide, doxorubicin, 

vincristine) used in the treatment of lymphoma and not acute exacerbation of IPF.  Those 

dying of pneumonia included 5 patients with ventilator-associated pneumonia caused by 

nosocomial pathogens, 2 patients with community acquired pneumonia, and 1 patient 

with blastomycosis.   

 

Cardiovascular Causes 

Cardiovascular diseases caused death in 9 (21%) subjects.  These included 3 patients 

(7%) with sudden death in whom the likely cause of death was arrhythmia.  Myocardial 

infarction, severe cor pulmonale, and stroke accounted for the remaining cardiovascular 

causes (Table 2). 

Pulmonary hypertension or cor pulmonale was the immediate cause of mortality in 2 

patients.  However, 17 (40%) other subjects had autopsy evidence for pulmonary 



   

hypertension or cor pulmonale as a contributing factor for mortality.  Although only 4 

patients had a clinical diagnosis of pulmonary hypertension in their medical records prior 

to autopsy, echocardiography had been performed within 2 months of death in 23 patients 

(55%) and 13 of these patients (57%) had echocardiographic evidence of right ventricular 

enlargement and/or dysfunction.  Pulmonary artery systolic pressure was assessable in 21 

patients; median estimated pulmonary artery systolic pressure was 55 mm Hg (range, 30 

to 105 mm Hg).  Estimated pulmonary artery systolic pressure was elevated (>30 mm 

Hg) in all but one of these patients.  Twelve of 17 patients who had autopsy evidence of 

pulmonary hypertension or cor pulmonale had undergone echocardiography; pulmonary 

hypertension was demonstrated by echocardiography in 11 of these patients (92%).  No 

patient was known to be receiving treatment specifically for pulmonary hypertension.  

Three patients who died as a result of dysrhythmia without direct evidence of coronary 

artery disease had autopsy evidence for moderate to severe pulmonary hypertension as a 

contributing factor.  Of the 17 patients in whom IPF was the immediate cause of death, 8 

of these (47%) had autopsy evidence for pulmonary hypertension or cor pulmonale.  

 

Non-cardiopulmonary causes 

The causes of non-cardiopulmonary deaths included trauma, multiorgan failure, 

anoxic encephalopathy (postoperative upper airway obstruction), and renal failure.  The 

two cases of traumatic death included one case each of motor vehicle accident and fall-

related injuries.   

 

Infections 



   

All 31 hospitalized patients had respiratory cultures and 27 (87%) had blood 

cultures.  Fifteen patients (48%) had cultures obtained through interventional techniques; 

bronchoalveolar lavage (9 patients) and open lung biopsy (6 patients).  Overall culture 

yield was low with pathogenic growth evident in 9 patients (29%).  Only 4 of the nine 

had culture evidence for respiratory infection at presentation with 5 of the 9 developing 

ventilator-associated pneumonia during prolonged hospital courses with mechanical 

ventilation.  In one patient who died blastomycosis was not diagnosed ante-mortem.  

Community-acquired pneumonia was diagnosed by culture of respiratory secretions in 2 

patients; 1 with Haemophilus influenzae pneumonia and the other with Haemophilus 

influenzae and Streptococcus pneumoniae.  Another patient had aspiration pneumonia 

and culture evidence for Enterobacter aerogenes.  Ventilator-associated pneumonia that 

was diagnosed in 5 patients with hospital-acquired organisms included 

Stenotrophomonas maltophilia, Pseudomonas aeruginosa, Enterobacter species, and 

methicillin-resistant Staphylococcus aureus.   

 

Other Findings 

The diagnosis of IPF was not known at the time of death in 9 patients (21%) and 

included 4 patients who presented with acute exacerbation of IPF, 2 patients with trauma, 

1 patient with multiorgan failure, 1 patient with severe tracheobronchitis, and 1 patient 

with gradual progression of IPF which was not recognized antemortem.  The immediate 

cause of death was clinically unsuspected in 5 patients (12%) and included 3 patients 

with pneumonia, 1 with severe cor pulmonale, and 1 with cardiac disease.   



   

DISCUSSION  

The causes of death in patients with IPF have not been clearly defined and relatively 

few autopsy studies have been performed.  In the current study, immediate cause of death 

was respiratory in the majority of patients with acute exacerbation of IPF being the single 

most common cause.   

In 1990, Panos and colleagues (9) summarized 6 studies published between 1964 

and 1983 and found respiratory failure to be the most common cause of death (39%) 

among 326 patients with IPF.  Other causes of death included heart failure (14%), 

bronchogenic carcinoma (10%), ischemic heart disease (10%), nonpulmonary infection 

(4%), pulmonary embolism (3%), stroke (3%) and pulmonary infection (3%).   

Martinez and colleagues (3) recently described the clinical course of 168 patients 

with mild to moderate IPF in the placebo group of a randomized, controlled clinical trial.  

During the observation period (median 76 weeks), 21% died.  Death was considered to be 

IPF-related in 89% of these patients; progression of IPF was the primary cause of death 

in 56% of patients.  Deaths were categorized as acute or abrupt in approximately one-half 

of patients with an IPF-related death; primary cause of death in these patients included 

progression of IPF (17% of all deaths), pneumonia (11%), acute respiratory distress 

syndrome (6%), cor pulmonale (3%), and unknown (6%).  Most of remaining patients 

died of subacute progression of IPF (39% of all deaths).  The cause of death in this study 

was assigned by individual clinicians responsible for the research participants.  How 

many of these patients underwent an autopsy was not stated.   

Araki and colleagues (10) reported a consecutive autopsy series of 86 elderly 

patients (>65 yrs.) in Japan with IPF in whom the most common causes of death included 



   

bacterial pneumonia (23%), progressive IPF (20%), a lung cancer (17.4%), and acute 

exacerbation of IPF (10.5%).  Mean age was 80.5 years and 66% were current or 

previous smokers.   

Rudd and colleagues (11) recently reported the results of a British Thoracic Society 

survey of patients with IPF (or cryptogenic fibrosing alveolitis).  Among 398 deaths, 54% 

were designated to be primarily due to IPF, 18% partly due to IPF, 12% due to lung 

cancer with IPF or other cause, and the remaining 16% from other causes.  These data 

were derived from death certificates; how many cases underwent autopsy was not stated.  

A similar study in the United states determined that 60% of patients with IPF died of their 

lung disease (12).  

Our autopsy study provides a unique perspective on the causes of death in patients 

with IPF.  In all of these patients, IPF was either the immediate cause (40%) or a 

contributing cause (60%) of death.  Acute exacerbation of IPF is a phenomenon that is 

gaining attention only in recent years.  In contrast to previous studies (3, 10), our results 

suggest acute exacerbation of IPF to be the most common cause of death in these patients 

as manifested by DAD superimposed on UIP without any precipitating cause other than 

the underlying lung disease.  However, we acknowledge our results may have been 

biased by the higher likelihood of autopsy in patients who die from acute clinical 

worsening with no clear explanation compared to those with expected gradual 

progression of IPF.   

Diffuse alveolar damage superimposed on UIP was present in all patients who met 

clinical criteria for acute exacerbation of IPF (7).  However, 4 other patients with varied 

presentations also had histopathologic evidence for DAD; 3 of these patients had 



   

identifiable causes for DAD that included aspiration, community-acquired pneumonia, 

and chemotherapy-induced acute lung injury.  Arrhythmia was the immediate cause of 

death in the remaining patient.  In patients with DAD who met criteria for acute 

exacerbation of IPF, infectious etiologies were not identified ante or post-mortem.  These 

findings suggest the etiology of acute exacerbation of IPF is either non-infectious, or not 

easily detected by conventional pathology and laboratory techniques.  

Pulmonary hypertension has recently been identified as a relatively common risk 

factor for shortened survival in patients with IPF (13-15).  Evidence of pulmonary 

hypertension or cor pulmonale was present in nearly half of the patients in the current 

study.  Our results are similar to those of Lettieri and colleagues(14) who found 

pulmonary arterial hypertension to be present in 32% of 79 patients undergoing 

pretransplantation right heart catheterization (14). 

Our study identified 9 patients (21%) who did not have IPF diagnosed antemortem.  

In 5 of these undiagnosed cases, IPF was the immediate cause of death and in 4 the initial 

presentation of IPF was acute exacerbation of IPF with DAD on UIP at autopsy.  This 

finding confirms prior reports that suggested acute exacerbation of IPF may be the initial 

presentation in some patients with IPF who have minimal symptoms and had not 

previously presented for a medical evaluation(4).  In addition, prevalence reports of IPF 

which rely on clinician’s death certificate diagnoses may underestimate the true 

prevalence of IPF.  

Aside from the bias associated with an autopsy study as already discussed, there are 

other limitations to our study.  This study includes a relatively modest number of patients 

and represents a small fraction of the total number of patients seen at our institution with 



   

a diagnosis of IPF.  Not all patients with IPF who died at our institution were autopsied.  

Our autopsy series may be enriched for atypical cases since our medical center is a 

tertiary referral institution.  Clinical selection of diagnostically challenging cases may 

have skewed the data although clinicians appear to have little ability in identifying cases 

that might yield diagnostic surprises (16-19).  Comfort-care services would be 

appropriate for patients dying of progressive respiratory failure in the setting of advanced 

pulmonary fibrosis and these patients may be underrepresented in an autopsy study.  

Similarly, patients with progressive lung cancer are likely to have been diagnosed before 

death and are also probably underrepresented in this autopsy series.  It is also 

acknowledged that there are difficulties in identifying the precise cause of death in 

elderly patients in whom comorbidities are prevalent.  We acknowledge our findings may 

over-represent difficult or unusual IPF cases due to “selection” of such cases for autopsy.  

Thus, extrapolation of our results to IPF patients in general requires clinical judgment.  

In summary, we conclude that the majority of patients with IPF undergoing an 

autopsy examination have experienced respiratory deaths and acute exacerbation of the 

underlying disorder is the most common immediate cause.  
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Table 1. Demographic Data for 42 Autopsied Patients with IPF 

Characteristic  

Sex – no. (%)  

    Male 25 (60) 

Age - yr  

    Mean ±SD 73 ± 11.8 

    Median 74 

    Range 46-98 

Smoking status 
– no. (%) 

 

    Current 0 

    Previous 18 (43) 

    None 24 (57) 

 

 



   

Table 2. Immediate Causes of Death  
 

Causes No (%) 

Respiratory Causes 27 (64) 

Acute exacerbation of IPF 12 (29) 

Gradual progression of IPF 5 (12) 

Pneumonia 8 (15) 

Aspiration  1 (2) 

Drug-induced lung disease 1 (2) 

Cardiovascular Causes 9 (21) 

Arrhythmia  3 (7) 

Myocardial infarction 3 (7) 

Cor pulmonale 2 (3) 

Stroke 1 (3) 

Other Causes 6 (14) 

Multi-organ failure 2 (5) 

Trauma 2 (5) 

Acute renal failure 1 (3) 

Anoxic encephalopathy 1 (3) 

Abbreviations: IPF = idiopathic pulmonary fibrosis 



   

Table 3. Contributing Causes of Death  

Causes No (%) 

Respiratory Conditions 31 (74) 

IPF 25 (60) 

Emphysema 5 (12) 

Pneumonia 4 (10) 

Pulmonary embolism 1 (2) 

Bronchiectasis 1 (2) 

Radiation fibrosis 1 (2) 

Cardiovascular Conditions 24 (57) 

Cor pulmonale 17 (40) 

Ischemic heart disease 13 (31) 

Cerebrovascular disease 3 (7) 

Other Conditions 24 (57) 

Chronic renal disease 9 (21) 

Chronic liver disease 4 (10) 

Cancer 4 (10) 

Dementia 3 (7) 

Surgical complications 3 (7) 

Sepsis 2 (5) 

Hypoxic encephalopathy 2 (5) 

Gastroduodenal ulcer 2 (5) 

Acute pancreatitis 1 (2) 

Radiation therapy 1 (2) 

 
 


