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Abstract
Background Fibrosing interstitial pneumonias (IPs)
include idiopathic pulmonary fibrosis (IPF) and nonspecific
interstitial pneumonia (NSIP). It has been suggested that
oxidative damage plays a role in the pathophysiology of
idiopathic interstitial pneumonias. Diffuse alveolar hemorrhage (DAH) can cause oxidative stress. Accordingly, we
hypothesized that episodes of DAH might trigger fibrosing
IP development.
Methods Patients using coumarins with confirmed DAH
were retrospectively gathered during a 9 year period and
reviewed for the development of IPF or fibrosing NSIP.
Results A total of 65 patients with DAH could finally be
included, 31 (48 %) of whom subsequently developed a
fibrosing IP. The majority of these 31 patients developed
the fibrosing IP within 3 years after DAH confirmation. A
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total of 41 (63 %) patients died within 3.0 ± 0.9 (range
1.3–4.7) years after the DAH diagnosis had been confirmed. Twenty-two of the deceased (54 %) had finally
developed fibrosing IP.
Conclusions Almost half of the patients with established
episodes of DAH developed fibrosing IP; therefore it seems
that DAH might be a trigger for the development of
fibrosing IP. This observation warrants prospective studies
to further evaluate the clinical impact of these findings.
Keywords Anticoagulants  Diffuse alveolar hemorrhage 
Fibrosing interstitial pneumonia  Oxidative stress

Introduction
Idiopathic interstitial pneumonias (IIPs) are considered to
be multifaceted diseases with a strong interaction between
genetic makeup and environmental factors. The most frequently occurring interstitial pneumonias (IPs) are idiopathic pulmonary fibrosis (IPF) and nonspecific interstitial
pneumonia (NSIP). They are characterized by abnormal
repair and airway remodeling and associated with increased
proinflammatory and profibrotic signals. Some patients with
a disease in the IIP spectrum are difficult to classify, often
due to mixed patterns of lung injury [1, 2]. The clinical
picture and prognosis are variable. Some patients remain
stable or improve with treatment, but the majority evolves
to end-stage fibrosis and eventually dies from the disease.
The process of arriving at a multidisciplinary diagnosis
in a patient with IIP is dynamic, requiring close communication between clinician, radiologist, and pathologist
[1, 3, 4]. IIPs may have an acute or subacute presentation,
or an acute exacerbation may occur in a previously subclinical or unrecognized chronic IIP [5, 6].
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It has been suggested that oxidative damage plays a role
in the pathophysiology of various diseases, including IIPs
[7, 8]. Oxidative stress and inflammation can be caused by
accumulation of iron in the lungs and is associated with
episodes of diffuse alveolar hemorrhage (DAH). DAH
refers to a clinical syndrome presenting with hemoptysis,
anemia, and progressive hypoxemia, resulting in red blood
cell accumulation in the distal air spaces. A number of
conditions are associated with this clinical syndrome,
including vasculitis, diffuse alveolar damage (DAD), and
drug-induced DAH [7]. It is important to prevent or recognize DAH at an early stage to avoid irreversible damage.
The presence of DAH should be considered particularly in
critically ill patients with unexplained lung opacities.
Drug-induced DAH events may occur as a result of
over-anticoagulation due to coumarin sensitivity, resulting
in a relative vitamin K deficiency. Coumarin-based oral
anticoagulants, acting as vitamin K antagonists, have been
the most commonly prescribed drugs for therapy and prophylaxis of thromboembolic conditions, such as venous
thrombosis, pulmonary embolism, chronic atrial fibrillation, prosthetic heart valves, and other cardiovascular
conditions [9]. Recently, we found that in patients using
oral anticoagulation therapy, DAH was associated with the
presence of vitamin K epoxide reductase complex 1
(VKORC1) and cytochrome P450 (CYP) 2C9 variant
alleles [9]. It also can occur as a result of the ingestion or
inhalation of so-called super-warfarin, (illicit) drugs, or
toxic fumes [10–13].
In our clinic, we have noticed that a substantial number
of patients with fibrosing IP used oral anticoagulants,
mainly because of a cardiac event in the past. As a consequence, several of them suffered from episodes of DAH.
Hence, the question was raised whether these episodes of
DAH might trigger the development of fibrosing IP. The
purpose of this retrospective follow-up study was to identify
cases with established DAH who developed fibrosing IP.
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chronic heart failure or cardiomyopathy (n = 14), pulmonary embolism (n = 5), valve replacement surgery
(n = 8), deep-vein thrombosis (n = 1), and hip replacement (n = 1). The diagnosis of DAH had been established
on the bases of bronchoalveolar lavage fluid (BALF), as
previously reported [9]. More than 20 % of iron-stainpositive macrophages were considered to be indicative of
alveolar hemorrhage [14, 15].
The diagnosis of fibrosing IP had been established from
high-resolution computed tomography (HRCT) specimens
by an experienced radiologist (JAV) according to the
international guidelines [1, 3, 16]. Various pathologic patterns in biopsies, e.g., usual interstitial pneumonia (UIP) or
NSIP or both were considered to indicate fibrosing IP [1, 3].
The study protocol was approved by the Medical Ethics
Board of the Maastricht University Medical Centre (MEC
azM/UM B04.1.1168).
Imaging and Diagnosis
HRCT data and/or autopsy results were retrospectively
collected and evaluated for the presence of pulmonary
fibrosis as specified in the international consensus statement on pulmonary fibrosis [3]. On HRCT, lung fibrosis
was suggested when lung architecture distortion was seen
together with irregular reticular opacities, possibly associated with traction bronchiectasis/bronchiolectasis and
honeycombing. When these HRCT features were seen in
the subpleural and basal part of both lungs, they were
considered to indicate a UIP pattern when honeycombing
with or without traction bronchiectasis was present, or as a
possible UIP pattern when these were not present [3].
When available, older CT scans were evaluated for the
presence of DAH. DAH was considered if multiple confluent areas of ground-glass opacity and lung consolidation
were present, especially when more pronounced in the
dependent lung areas.
Lung Function Tests

Patients and Methods
We retrospectively reviewed the medical records of
patients with one or more established episode(s) of DAH
who used coumarin (n = 71) and were seen at the Maastricht University Medical Centre (Maastricht, the Netherlands) from 2002 through 2011, to assess whether they
developed fibrosing IP. Patients with pre-existent pulmonary diseases, such as sarcoidosis (n = 3), Wegener’s
disease (n = 2), and COPD (n = 1) were excluded. The
majority of the finally included 65 patients (89 %; n = 58)
underwent treatment for cardiovascular problems. The
indications for coumarin use ranged from atrial flutter or
fibrillation (n = 23) to myocardial infarction (n = 13),
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Forced vital capacity (FVC) was measured with a pneumotachograph (Masterlab, Jaeger, Würzburg, Germany).
The diffusing capacity for carbon monoxide (DLCO) was
measured by the single-breath method (Masterlab). Values
were expressed as a percentage of predicted values. The
cutoff value for the DLCO and FVC was \80 % of predicted (C80 % was normal) [17].
Statistical Analysis
Statistical analyses were performed with SPSS 15.0 (SPSS.
Inc., Chicago, IL) for Windows. Kaplan-Meier was used to
calculate survival estimates.
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Table 1 Characteristics of
diffuse alveolar hemorrhage
(DAH) patients with and
without fibrosing interstitial
pneumonia
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Total population
(n = 65)

Fibrosing IP
(n = 31)

No fibrosing IP
(n = 34)

15/50

8/23

7/27

2004 (2.7)

2004 (2.6)

2003 (2.9)

68 (22–85)

71 (41–85)

64 (22–82)

Total cell count (104 cells ml-1)

40.9 (59.3)

54 (81.3)

29.9 (27.8)

Macrophages (%)

58.5 (31.9)

49.7 (29.2)

65.9 (32.8)

Gender female/male
Year of DAH diagnosis
Median (SD)
Age of DAH diagnosis (years)
Median (range)
BALF differentiation; mean (SD)

Polymorphonuclear neutrophils (%)

26.9 (32.2)

28 (31)

26.1 (33.8)

Lymphocytes (%)

12.1 (16.1)

17.2 (21.2)

7.7 (8.2)

Eosinophils (%)
Mast cells (%)

3.6 (10.1)
0.6 (0.3)

5.8 (12.7)
0.7 (0.3)

0.4 (0.5)
0.6 (0.3)

Coronary/vascular

58

26

32

Pulmonary/thrombosis

6

4

2

Other

1

1

0

INR median (SD)

5.8 (1.1)

5.9 (1.2)

6.0 (1.1)

ANCA pos/neg/nd (n)

0/37/28

0/22/9

0/15/19

Indication for anticoagulant (n)

ANF pos/neg/nd (n)

2/37/26

1/21/9

1/16/17

Hb median (SD)

6.5 (1.2)

6.7 (1.1)

6.3 (1.3)

Ht median (SD)

0.32 (0.06)

0.32 (0.05)

0.32 (0.06)

Deceased, no/yes (n)

24/41

9/22

15/19

70 (29–92)

73 (45–88)

68 (29–92)

3.0 (3.6)

2.0 (2.9)

4.0 (4.2)

3.0 (3.4)

2.0 (2.7)

3.5 (3.9)

HRCT

41

24

17

Biopsy

6

2

4

HRCT ? biopsy

6

5

1

None

12

0

12

Age at death (years)
Median (range)
SD standard deviation,
n number, BALF
bronchoalveolar lavage fluid,
INR international normalized
ratio, Hb hemoglobin, Ht
hematocrit, ANCA
antineutrophil cytoplasmic
antibody, ANF antinuclear
factor, DAH diffuse alveolar
hemorrhage, IP interstitial
pneumonia, HRCT highresolution computed
tomography

Survival from diagnosis of DAH (years)
Median (SD)
Survival from diagnosis fibrosing IP/
no fibrosing IP (years)
Median (SD)
Diagnosis confirmation (n)

Results
Available follow-up HRCT scans (n = 47) of the DAH
patients were retrospectively reviewed. The diagnosis of
fibrosing IP was based on established HRCT criteria
(n = 29) and confirmed by lung biopsy or autopsy in five
patients, whereas for three patients only lung biopsy
specimens were available (Table 1) [2]. Of the 31 patients
with fibrosing IP, 20 displayed a UIP pattern.
The characteristics are summarized in Table 1. Only
nine patients showed signs of infection in the BALF
(intracellular bacteria [2 %; six patients with fibrosing IP
and three without fibrosing IP) [18].

Lung function tests had been performed in only in three
cases of the group without fibrosing IP. In the group with
fibrosing IP, the mean DLCO (percentage of predicted
value) was 52.9 (13.9) and FVC (percentage of predicted
value) was 91.1 (17.4). Note that the patients were tested in
a stable period of the disease and not during a DAH episode.
Of the 65 included patients with at least one established
episode of DAH, 31 (48 %) subsequently developed
fibrosing IP. The 1 year frequency of fibrosing IP in the
group of patients with DAH was 48 % (n = 15), whereas
the 3 year frequency was 65 % (n = 20), and that for
4 years and longer 35 % (n = 11). A total of 41 (63 %)
patients died within 3.0 ± 0.9 (range 1.3–4.7) years after
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the DAH episode had been established, and 3.0 ± 1.5
(range 0.1–5.9) years after fibrosing IP had been detected.
Twenty-two of the deceased patients (54 %) had developed
fibrosing IP.
In seven of the cases, we studied the time between the
established episode of DAH and death was less than
6 months. This was due to comorbidities, such as malignancies in two patients, or the severity of the initial condition, for instance myocardial infarction and/or
cardiomyopathy. No follow-up HRCT and/or lung biopsy
was available for 12 of the included patients, and four
patients classified as not having developed fibrosing IPs,
were lost to follow-up.
Drug-use of the selected patients was reviewed, especially drugs associated with drug-induced pneumonitis.
There were five patients who used amiodarone, three of
whom developed fibrosing IP, so this cannot be excluded as
a cofactor in the development of fibrosing IP in these
patients. Nine of the DAH patients received vitamin K
supplementation, two of whom (22 %) had died to date.
One of these deceased patients had developed fibrosing IP,
and both had an initial cardiological condition (cardiomyopathy and valve replacement surgery, respectively).

Discussion
To the best of our knowledge, this was the first study to
evaluate the progress to fibrosing IP in a population of
patients with DAH. The incidence of fibrosing IP in our
DAH population was high compared with the incidence
reported for a general population (48 vs. *0.02 %,
respectively) [19–23]. The actual incidence of the development of fibrosing IP in the patients included in our study
could even be higher, as the time between the established
episode of DAH and death was rather short in seven cases,
and follow-up data was unavailable for 16 of the studied
cases. Acute deterioration of fibrosing IP may occur
without an identifiable cause, but often in combination with
coronary problems (e.g., heart failure, myocardial infarction), pulmonary embolisms, or infections [24, 25].
The majority of the studied patients (n = 58, 89 %)
suffered from various cardiovascular or underlying cardiovascular problems, which also was the main reason to
initiate oral anticoagulants or coumarin (Table 1). After the
DAH episode, 48 % of the patients subsequently developed
fibrosing IP. It is tempting to speculate that the DAH episodes could at least be one of the triggers of the development of fibrosing IP or that they made any possible preexisting subclinical fibrosis progress more rapidly. This
suggests a possible association between DAH and subsequent fibrosing IP, and one might obviously expect that
the number of DAH episodes could influence the
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development of fibrosing IP as well. However, in the
present retrospective study we were not fully informed
about the exact number of DAH episodes, because we
cannot exclude that some of the patients went through
subclinical episodes. There is, therefore, a need for prospective studies to determine whether this also influences
the outcome.
The previously reported incidence of acute exacerbations of fibrosing IPs varies between 5 and 20 % [6, 25–
27]. In many cases, ‘‘treatment’’ with high-dose corticosteroids (with or without an immunosuppressant) has
proved ineffective and even fatal [27]. In addition, a study
by Maldonado et al. [14] concluded that patients with more
than 20 % iron-stain-positive macrophages in their BALF
had a worse prognosis than those with less than 20 %,
because they all died during hospitalization. However, data
about coumarin use or other possible causes of DAH are
lacking.
The strongest predictors of the variability of coumarininduced anticoagulant effects in patients appeared to be
genes encoding for the enzyme VKORC1; this enzyme was
the target of vitamin K antagonists (Fig. 1). The enzyme
VKORC1 reduces vitamin K epoxide to vitamin K, which
after further reduction to the hydroquinone form is an
essential cofactor in the formation of active vitamin
K-dependent clotting factors [9]. Another predictor appears
to be CYP2C9, the enzyme mainly responsible for the
metabolism of coumarins. For instance, patients with the
common, functionally defective, *2 (C430T) and *3
(A1075C) allelic variants of CYP2C9 require significantly
lower maintenance doses, take longer to achieve dose
stabilization, and are at higher risk for serious and lifethreatening bleeding than patients without these variants
[28]. Moreover, a previous study by Wijnen et al. [9] found

Fig. 1 Vitamin K cycle. Carboxylation of certain glutamate (Glu)
residues in proteins to gamma-carboxyglutamate (Gla) residues by
vitamin K hydroquinone (KH2). Vitamin K epoxide (KO) is reduced
to vitamin K (K) by vitamin K epoxide reductase complex 1
(VKORC1), which is inhibited by coumarin derivatives (anticoagulants), which in turn are metabolized by cytochrome 2C9 (CYP2C9)
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that all but one of the included patients had at least one of
these CYP2C9 or VKORC1 variant alleles, contributing to
subsequent overshot international normalized ratios (INRs)
and finally resulting in one or more episodes of DAH.
Furthermore, patients bearing these VKORC1 and CYP2C9
polymorphisms appeared to have a significantly higher risk
(almost 15 times higher than noncarriers of the variant
alleles) of developing DAH and a possible ensuing fibrosing IP. This is why genotyping for these single nucleotide
polymorphisms (SNPs) was recommended.
It is tempting to speculate that an association with VKORC1
and/or CYP2C9 variant alleles might even be a risk factor for
the development of fibrosing IP. Therefore, it is important to
be informed about this allele status in individual patients as
anticoagulant therapy is considered to offer added value in the
therapeutic management of fibrosing IP patients [29]. Some
studies into this matter were, however, subject to several
methodological limitations and flaws, whereas others found
no beneficial effect of anticoagulant therapy [3, 30, 31]. Also,
a recent trial conducted with the goal to investigate the safety
and efficacy of warfarin, using a double-blind, placebo-controlled design (ACE-IPF trial), found that treatment with
warfarin offered no clinical benefit to patients with IPF and the
agent even appeared to be harmful. Moreover, treatment with
warfarin was associated with an increased risk of mortality
due to respiratory worsening in a population of IPF patients
who lacked other indications for anticoagulation. Based on
these results, the investigators recommended that warfarin
should not be used for the treatment of progressive IPF [32].
In addition, it has been emphasized that early recognition of
the presence of one of the above-mentioned polymorphisms in
DAH cases is important, in view of the potentially lethal outcome and the fact that simple vitamin K supplementation can be
life-saving. Vitamin K supplementation is expected to diminish
the inhibitory activity of coumarins and reduce the relative dayto-day variability of vitamin K intake and can significantly
improve anticoagulation control in unstable patients [33, 34].
This vitamin K supplementation also can counteract the effect
of low dietary uptake and/or antibiotic therapy [35–38]. Additionally, vitamin K can act as an antioxidant, reducing oxidative
stress and NF-jB-dependent or -independent inflammation
caused by the iron released during a DAH episode [7, 39, 40].
Whereas vitamin K is considered to be an antioxidant, its
metabolites in the vitamin K cycle are classified as oxidants,
especially vitamin K epoxide (KO) but also, although to a lesser
degree, vitamin K hydroquinone (KH2; Fig. 1) [41, 42]. Tanaka
et al. [43] also showed that vitamin K, more specifically vitamin
K3, attenuated the severity of acute lung injury (ARDS) caused
by the production of inflammatory mediators by immune cells,
such as cytokines, chemokines, adhesion molecules, and bioactive lipid products.
A substantial and growing body of evidence indicates that
oxidative stress is not only a pathological feature of fibrosing
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IP but that it is likely to play an important role in the
development of fibrosis in multiple organ systems [8, 44, 45].
This has led to the suggestion that reactive oxygen species
(ROS) are key players in the etiology of drug-induced lung
damage [46]. This is supported by the observation that
stimulators of ROS-generating enzymes, such as angiotensin
II or endothelin, are initiators of pulmonary fibrosis [46].
Recently, it was found that ROS enter the lung fibroblast via
chloride channels, which may then lead to the generation of
transforming growth factor beta (TGF-b) and to the formation of collagen [47]. Redox cycling thus may be critically
involved in the etiology of pulmonary fibrosis. Prescribing
antioxidants therefore seems to be an additional therapeutic
option to counteract the oxidative stress [48]. Vitamin K, its
isoforms and metabolites, appear to be effective regulators of
ROS generation and the redox system and have been used as
anti-inflammatory agents [43]. Although only nine of our
patients were receiving vitamin K supplementation, it
appeared to be beneficial, avoiding unstable or overshot
target INRs and avoiding repeated episodes of DAH as well
as the resultant oxidative stress, and should therefore be
considered. Pulmonary fibrosis is an end-stage disease and
preventing it is preferable to curing it.
An effect similar to that described in the present manuscript, i.e., dependence on vitamin K metabolism, is not to
be expected with other classes of anticoagulants, because
they do not involve inhibition of vitamin K epoxide
reductase. Heparin and its low molecular weight derivatives
activate antithrombin, which inactivates thrombin and other
proteases in the blood, and glycoprotein IIb/IIa receptor
blockers do not affect vitamin K metabolism either [49–52].
Interestingly, there have been reports of cases of DAH in
patients using heparin, as well as incidental reports in patients
using glycoprotein IIb/IIa inhibitors [53, 54]. It would be
interesting to study this in relation to pulmonary fibrosis.
Conclusions
Almost half of the patients with established episodes of
DAH developed fibrosing IP; therefore, it seems that DAH
might be a trigger in the development of fibrosing IP. This
observation warrants prospective studies to further evaluate
the clinical impact of these findings.
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