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Abstract: Background and objectives: Bronchoalveolar lavage (BAL) is commonly performed to evaluate
diffuse lung disease and occasionally to identify alveolar hemorrhage. However, the clinical impact of
alveolar hemorrhage and its risk factors in patients with diffuse lung disease have not been clarified.
Materials and Methods: We retrospectively analyzed the medical records of all patients who underwent
BAL to evaluate diffuse lung disease from January 2017 to December 2020. Alveolar hemorrhage
was defined as progressive hemorrhagic BAL fluid or the presence of ≥20% hemosiderin-laden
macrophages in the BAL fluid. Logistic regression analysis was performed to assess the association
between alveolar hemorrhage and other factors. Results: Sixty subjects were enrolled in this study.
Alveolar hemorrhage was observed in 19 subjects (31.7%) with idiopathic interstitial pneumonia,
acute respiratory distress syndrome, interstitial pneumonia with autoimmune features, drug-induced
lung injury, eosinophilic pneumonia, adenocarcinoma, and systemic lupus erythematosus. The use
of anticoagulants was a significant risk factor for alveolar hemorrhage (odds ratio 7.57, p = 0.049).
Patients with alveolar hemorrhage required intubated mechanical ventilation more frequently (63.2%
vs. 24.4%, p = 0.005) and had higher in-hospital mortality rates (26.3% vs. 4.9%, p = 0.028) than those
without alveolar hemorrhage. Conclusions: Alveolar hemorrhage was observed in various etiologies.
The use of anticoagulants was a significant risk factor for alveolar hemorrhage. Patients with alveolar
hemorrhage showed more severe respiratory failure and had higher in-hospital mortality than those
without alveolar hemorrhage.

Keywords: alveolar hemorrhage; diffuse lung disease; bronchoalveolar lavage; anticoagulant; respi-
ratory failure; mortality

1. Introduction

Bronchoalveolar lavage (BAL) is widely performed to evaluate diffuse parenchymal
lung disease, and its utility has been documented [1,2]. Progressive hemorrhagic BAL fluid
or a high concentration of hemosiderin-laden macrophages in the BAL fluid has been used
to confirm alveolar hemorrhage [2,3]. The causes of alveolar hemorrhage vary, and this
condition is known to be life-threatening as it is associated with severe respiratory fail-
ure [4]. Patients with primary pulmonary hypertension receiving intravenous prostacyclin
therapy were prone to show alveolar hemorrhage in the case of combined anticoagulation
therapy [5]. Among patients with systemic lupus erythematosus, nephritis, positivity of
anti-Sjögren’s syndrome antigen A antibody, thrombocytopenia, and elevation of serum
C-reactive protein were reported as significant risk factors of alveolar hemorrhage [6].
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However, in patients with diffuse lung disease, the clinical impact of alveolar hemorrhage
and its risk factors have not been elucidated. We conducted a single-center, retrospective
analysis to evaluate the risk factors and the clinical significance of alveolar hemorrhage in
patients with diffuse lung disease.

2. Methods
2.1. Subjects

The electronic medical records of all patients with diffuse lung disease who underwent
BAL at Nagoya Tokushukai General Hospital (a 350-bed teaching hospital, Kasugai city,
Aichi prefecture, Japan) between January 2017 and December 2020 were reviewed. Patient
characteristics, comorbidities, laboratory findings, chest computed tomography (CT) find-
ings, BAL findings, pathological findings, microbiological findings, and clinical outcomes
were extracted from their medical records.

Patients taking anti-hypertensive agents regularly or mentioned as having hyperten-
sion on the medical records were considered to have hypertension. Patients with a history
of hospitalization due to heart failure or interventional procedure for cardiac disorders (e.g.,
coronary artery graft surgery, valve replacement surgery, or percutaneous coronary inter-
vention) were considered to have heart disease. Similarly, patients with a history of hospital-
ization due to brain infarction, brain hemorrhage, or subarachnoid hemorrhage were consid-
ered to have cerebrovascular disease, and those with serum creatinine levels ≥1.5 mg/dL
or those receiving renal replacement therapy were considered to have kidney disease.
Active neoplasms were defined by the presence of antineoplastic agents or the concurrent
existence of malignant neoplasms. Two clinical outcomes, namely, patient requirement for
intubated mechanical ventilation and in-hospital mortality, were chosen for evaluation.

At our institute, patients with diffuse lung disease routinely undergo the following
checkups: (I) chest CT, including high resolution images; (II) blood sampling including cell
counts, coagulation tests, biochemistries (C-reactive protein, lactate dehydrogenase, and
Krebs von den Lugen-6), and auto-antibodies (rheumatoid factor, anti-nuclear antibody,
myeloperoxidase anti-neutrophil cytoplasmic antibody, and proteinase 3 anti-neutrophil
cytoplasmic antibody); and (III) urinalysis, including microscopic examination to detect
red blood cells in urine. All chest CT images were reviewed by a certified pulmonologist
(Motoi Ugajin or Hisanori Kani) as well as an external certified radiologist (Radiolonet
Tokai, Nagoya, Japan). Hematuria was defined as the existence of five or more red blood
cells per high-powered field in the urine.

The causes of diffuse lung disease were ascertained based on the clinical course of the
disease, radiographic findings, serological findings, pathological findings, microbiologi-
cal findings, and analysis of BAL. For example, eosinophilic pneumonia was diagnosed
when BAL included >25% eosinophil differential count or lung specimens showed ac-
cumulation of eosinophils [2,7]. Interstitial pneumonia with autoimmune features was
defined according to the official European Respiratory Society/American Thoracic Society
research statement [8]. Acute respiratory distress syndrome was defined based on the
Berlin definition [9].

The requirement of informed consent was waived because of the retrospective nature
of the study, and the study protocol was approved by the research ethics committee of the
Tokushukai group (approval number: TGE01375-016).

2.2. Procedure of BAL and Definition of Alveolar Hemorrhage

BAL was performed as follows: The bronchoscope was placed in a wedged position.
Fifty milliliters of normal saline was instilled and then gently retrieved using a syringe
with hand suction through the bronchoscope. This process was repeated three times. The
retrieved fluid was evaluated for differential cell counts, bacterial cultures including acid-
fast bacilli, and cytological examination including iron staining. Alveolar hemorrhage
was defined as progressive hemorrhagic BAL fluid (Figure 1) or the presence of ≥20%
hemosiderin-laden macrophages in the BAL fluid [2,3]. When the amount of retrieved fluid
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was less than 20% of the instilled amount, the BAL was considered inadequate and was
excluded from the study. If BAL was repeated twice or more in the same patient, only the
first BAL was included in the study.
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Figure 1. An example of hemorrhagic bronchoalveolar lavage fluid.

2.3. Statistical Analysis

Data are expressed as the number (%) or median (25th to 75th percentile range). Dif-
ferences between the groups were tested using the Mann–Whitney U test for continuous
variables and Fisher’s exact test for categorical variables. Logistic regression analysis was
performed to assess the association between alveolar hemorrhage and patient character-
istics as well as laboratory findings. Results with p < 0.2 in the univariate analysis were
included in the logistic regression analysis. Results with a two-tailed probability value less
than 0.05 were considered statistically significant. All statistical analyses were performed
using Ekuseru-Tokei 2012 (Social Survey Research Information Co., Ltd., Tokyo, Japan).

3. Results
3.1. Study Cohort

Seventy-three BALs were performed in 66 patients to evaluate diffuse lung disease
from January 2017 to December 2020. Of these, 60 subjects were included in the study. Six
subjects showed insufficient amount of BAL fluid and BAL was repeated in seven subjects.

The causes of diffuse lung disease are listed in Table 1. Alveolar hemorrhage was
observed in 19 (31.7%) patients (idiopathic interstitial pneumonia, n = 8; acute respiratory
distress syndrome, n = 3; interstitial pneumonia with autoimmune features, n = 3; drug-
induced lung injury, n = 1; eosinophilic pneumonia, n = 1; adenocarcinoma, n = 1; systemic
lupus erythematosus, n = 1; and unknown etiology, n = 1). Fifteen out of 19 (78.9%) patients
with alveolar hemorrhage showed the presence of ≥20% hemosiderin-laden macrophages
in the BAL fluid, while the remaining 4 (21.0%) patients showed less than 20% hemosiderin-
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laden macrophages in the BAL fluid in spite of apparent hemorrhagic BAL fluid. Alveolar
hemorrhage was not observed in 41 (68.3%) patients.

Table 1. Causes of diffuse lung disease.

Cause Number of Patients (Alveolar Hemorrhage)

Idiopathic interstitial pneumonia 25 (8)
Acute respiratory distress syndrome 7 (3)

Interstitial pneumonia with autoimmune features 6 (3)
Drug-induced lung injury 5 (1)
Eosinophilic pneumonia 5 (1)

Hypersensitivity pneumonitis 4 (0)
Adenocarcinoma 2 (1)

Sarcoidosis 2 (0)
Systemic lupus erythematosus 1 (1)

Pneumocystis pneumonia 1 (0)
Systemic sclerosis 1 (0)

Unknown 1 (1)
Total 60 (19)

3.2. Patient Characteristics and Laboratory Findings

Table 2 shows the comparison of demographic characteristics and laboratory findings
between patients with and without alveolar hemorrhage. Patients with alveolar hemor-
rhage were older (median: 80 vs. 74 years, p = 0.023) and used antiplatelet agents (42.1% vs.
14.6%, p = 0.046) and anticoagulants (52.6% vs. 9.8%, p < 0.001) more frequently than those
without alveolar hemorrhage. Patients with alveolar hemorrhage showed higher serum
C-reactive protein levels (10.76 vs. 4.40 mg/dL, p = 0.026), lower hemoglobin levels (10.1
vs. 12.7 g/dL, p = 0.008), and higher prothrombin time-international normal ratio (1.27 vs.
1.14, p = 0.008) than those without alveolar hemorrhage.

Table 2. Demographic characteristics and laboratory findings in patients with and without alveolar hemorrhage.

Hemorrhage (n = 19) Non-Hemorrhage (n = 41) p Value

Characteristics
Age (years) 80 (75–82) 74 (61–80) 0.023

Males 15 (78.9) 27 (65.8) 0.375
Use of antiplatelet agents 8 (42.1) 6 (14.6) 0.046

Use of anticoagulants 10 (52.6) 4 (9.8) <0.001

Comorbidities
Hypertension 13 (68.4) 21 (51.2) 0.268
Heart disease 8 (42.1) 8 (19.5) 0.114

Cerebrovascular disease 3 (15.8) 2 (4.9) 0.314
Kidney disease 5 (26.3) 5 (12.2) 0.263

Active neoplasms 0 4 (9.8) 0.297

Laboratory findings
C-reactive protein (mg/dL) 10.76 (5.27–13.00) 4.40 (0.71–9.22) 0.026

Lactate dehydrogenase (U/L) 278 (223–347) 243 (202–341) 0.325
Krebs von den Lungen-6 (U/mL) 349 (291–552) 586 (263–1397) 0.282

Hemoglobin (g/dL) 10.1 (9.0–12.9) 12.7 (11.2–13.6) 0.008
Platelet count (×104/uL) 20.2 (14.4–24.9) 24.0 (18.2–30.0 0.107

PT-INR 1.27 (1.17–1.47) 1.14 (1.05–1.22) 0.008
APTT (sec) 31.7 (28.8–35.1) 30.5 (28.2–32.6) 0.23
Hematuria 4 (21.1) 4 (9.8) 0.249

Data are expressed as the number (%) or median (25th–75th range). PT-INR: prothrombin time- international normal ratio, APTT: activated
partial thromboplastin time.
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Logistic regression analysis of patient characteristics and laboratory findings revealed
that anticoagulant use was a significant risk factor for alveolar hemorrhage (odds ratio 7.57;
p = 0.049; Table 3).

Table 3. Logistic regression analysis for alveolar hemorrhage.

Odds Ratio 95% Confidence Interval p Value

Age 1.05 0.97–1.14 0.197
Use of antiplatelet agents 2.02 0.33–12.4 0.447

Use of anticoagulants 7.57 1.01–56.8 0.049
Heart disease 0.81 0.14–4.58 0.808

C-reactive protein (mg/dL) 1.06 0.97–1.17 0.192
Hemoglobin (g/dL) 0.86 0.57–1.30 0.476

Platelet count (×104 /uL) 1.00 0.93–1.09 0.922
PT-INR 0.79 0.12–5.25 0.810

PT-INR: prothrombin time-international normal ratio.

3.3. BAL Findings and Clinical Outcomes

Table 4 outlines the comparison of the BAL findings and clinical outcomes between
patients with and without alveolar hemorrhage. Patients with alveolar hemorrhage showed
a lower proportion of lymphocytes (46% vs. 62%, p = 0.015) and a higher proportion of
neutrophils (31% vs. 16%, p = 0.005) than those without alveolar hemorrhage.

Table 4. Bronchoalveolar lavage and outcomes in subjects with or without alveolar hemorrhage.

Hemorrhage (n = 19) Non-Hemorrhage (n = 41) p Value

Bronchoalveolar lavage
Recovery rate (%) 40 (35–47) 33 (27–47) 0.136

Total cell count (×105/mL) 9.8 (6.0–27.7) 8.8 (3.4–24.0) 0.365
Macrophage (%) 8 (4–11) 7 (4–14) 0.824
Lymphocyte (%) 46 (26–56) 62 (40–75) 0.015
Neutrophil (%) 31 (17–60) 16 (11–25) 0.005
Eosinophil (%) 2 (1–4) 2 (1–5) 0.891

Clinical outcome
Intubated ventilation 12 (63.2) 10 (24.4) 0.005
In-hospital mortality 5 (26.3) 2 (4.9) 0.028

Data are expressed as the number (%) or median (25th–75th range).

Twenty-two (36.7%) patients required intubated mechanical ventilation. Among
these 22 intubated patients, nine patients underwent BAL on the day of intubation, 10
patients underwent BAL on the day after intubation, two patients underwent BAL two
days after intubation, and one patient was intubated nine days after BAL. Seven patients
(11.7%) died during their hospital stay due to respiratory failure, and all of these deceased
patients underwent intubated mechanical ventilation. Patients with alveolar hemorrhage
required intubated mechanical ventilation more frequently (63.2% vs. 24.4%, p = 0.005)
and had higher in-hospital mortality rates (26.3% vs. 4.9%, p = 0.028) than those without
alveolar hemorrhage.

4. Discussion

The present study showed that alveolar hemorrhage of various etiologies was ob-
served in patients with diffuse lung disease. Further, the use of anticoagulants was a
significant risk factor for alveolar hemorrhage. Finally, patients with alveolar hemorrhage
showed more severe respiratory failure and higher in-hospital mortality than those without
alveolar hemorrhage.

One of the major causes of alveolar hemorrhage is injury to the alveolar microcircula-
tion [4]. Idiopathic interstitial pneumonias, especially idiopathic pulmonary fibrosis (IPF),
cause structural changes in alveolar microcirculation through endothelial cell apoptosis
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and capillary loss [10]. In fact, patients with IPF showed a significantly higher density of
hemosiderin-laden macrophages in their BAL fluids than healthy smokers [11]. Previous
studies on lung disease have reported cases of alveolar hemorrhage in patients with drug-
induced lung injury, pneumocystis pneumonia, and influenza viral infection [12–14]. Mal-
donado et al. reported that one-third of the patients surgically proven to have diffuse alve-
olar damage showed BAL fluids consisting of ≥20% hemosiderin-laden macrophages [15].
In summary, previous studies have demonstrated that alveolar hemorrhage can be observed
in various lung diseases; these results are in accordance with our findings.

In our study cohort, more than one-third of patients required intubated mechanical
ventilation due to severe respiratory failure. Almost all of these patients underwent BAL
after intubation. Therefore, we could not exclude the possibility of injury to the alveolar
microcirculation caused by mechanical ventilation. However, in our institute, both low
tidal volume and plateau pressure less than 30 cm H2O were generally applied to mechan-
ical ventilation setting in order to avoid ventilator-induced lung injury [16]. Moreover,
although we performed BAL at least within two days after the initiation of intubated me-
chanical ventilation, most of these intubated patients with alveolar hemorrhage showed the
presence of ≥20% hemosiderin-laden macrophages in their BAL fluids. The accumulation
of hemosiderin-laden macrophage requires at least 48 h after intra-alveolar bleeding [4].
This means that most patients in the present study had alveolar hemorrhage before the
initiation of intubated mechanical ventilation.

We found that anticoagulant use was an independent risk factor for alveolar hem-
orrhage in patients with diffuse lung disease. To the best of our knowledge, there are 14
case reports about the occurrence of alveolar hemorrhage during warfarin therapy. In
contrast, only one case report mentioned the occurrence of alveolar hemorrhage during
direct oral anticoagulant therapy [17]. Direct oral anticoagulants are generally considered
safer than warfarin with respect to the risk of major bleeding events [18,19]. However,
among elderly patients aged ≥ 75 years, the use of direct oral anticoagulants was associ-
ated with more frequent major bleeding events than warfarin use [20]. Moreover, a study
using mice infected with influenza A virus showed that both warfarin and dabigatran
etexilate, a direct oral anticoagulant, equally increased the risk of alveolar hemorrhage [21].
In the present study, of the 10 patients with alveolar hemorrhage during anticoagulation
therapy, three patients used warfarin, while the remaining seven patients used direct oral
anticoagulants (edoxaban, n = 6; and apixaban, n = 1). Among the four patients without
alveolar hemorrhage during anticoagulation therapy, three patients used warfarin and one
patient used apixaban. It remains unclear which anticoagulation therapy is safer in terms
of alveolar hemorrhage, and further investigations are required.

Combined antiplatelet-anticoagulant therapy was applied to such patients as having
cardiovascular disease with atrial fibrillation [22]. In the present study, five patients took
combined antiplatelet-anticoagulant therapy. Three patients showed alveolar hemorrhage
(aspirin + edoxaban, n = 2; and clopidogrel + edoxaban, n = 1), while the remaining two
patients did not show alveolar hemorrhage (aspirin + warfarin, n = 2). Higher incidence of
bleeding events is a concern for combined antiplatelet-anticoagulant therapy compared
with antiplatelet or anticoagulant monotherapy. In fact, aspirin plus warfarin therapy was
reported to increase the risk of bleeding events as compared to warfarin monotherapy in
patients with atrial fibrillation [23]. However, several recent studies showed that combined
antiplatelet-anticoagulant therapy did not increase the risk of bleeding as compared to
anticoagulant monotherapy [24–26]. In the present study, we could not assess the influence
of combined antiplatelet-anticoagulant therapy for alveolar hemorrhage because there were
a limited number of patients taking combined antiplatelet-anticoagulant therapy in our
study cohort. Concerning the relationship between combined antiplatelet-anticoagulant
therapy and alveolar hemorrhage, further investigations are needed.

We found that patients with alveolar hemorrhage showed more severe respiratory
failure and higher in-hospital mortality than those without alveolar hemorrhage. In the
present study, 12 out of 19 patients (63.2%) with alveolar hemorrhage required intubated
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mechanical ventilation, and five patients (26.3%) died during their hospital stay. This
mortality rate was similar to that reported in a previous study by Prost et al., which
included 97 patients with diffuse alveolar hemorrhage [27]. Another study performed in
an intensive care unit reported that 86% of the patients with diffuse alveolar hemorrhage
required intubated mechanical ventilation, and the in-hospital mortality rate was around
51% [28]. Furthermore, in patients surgically proven to have diffuse alveolar damage,
significantly higher mortality was observed in the case of the concurrent existence of
alveolar hemorrhage [15]. In accordance with the result of the present study, the main
cause of mortality in patients with alveolar hemorrhage is reported to be acute respiratory
failure rather than complications associated with immunosuppressive therapy [29]. In short,
alveolar hemorrhage itself is a life-threatening condition causing severe respiratory failure.

We must note that the present study had at least two limitations. First, it may lack
sufficient histological examination to evaluate diffuse lung disease because surgical lung
biopsy is not routinely performed. Many patients included in our study were not suitable
candidates for surgical lung biopsy because of respiratory failure, cognitive impairment,
and other comorbidities. Instead, diffuse lung disease was diagnosed through a detailed
review of medical records and was based on discussions among three certified clinicians,
two pulmonologists and a pathologist. Second, our study included a small number of
patients as it was a single-center study. To reinforce the clinical significance of alveolar
hemorrhage in diffuse lung disease, a multicenter study including a large number of
subjects is required.

In conclusion, our study in patients with diffuse lung disease revealed alveolar hemor-
rhage of various etiologies. We also found that the use of anticoagulants was a significant
risk factor for alveolar hemorrhage. Furthermore, patients with alveolar hemorrhage
showed more severe respiratory failure and higher in-hospital mortality than those without
alveolar hemorrhage.
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