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Abstract 
 

Diffuse alveolar hemorrhage (DAH), is a rare pulmonary complication of collagen-

vascular diseases, including systemic lupus erythematosus (SLE). As the pathogenetic 

mechanism of DAH remains unclear, no established treatment is available. However, 

DAH is potentially fatal.  

Similar to adult respiratory distress syndrome (ARDS), DAH patients develop severe 

hypoxemia caused by wide alveolar collapse. Patients may require management with 

mechanical ventilation in the intensive care unit. 

The properties of the alveolar-capillary barrier are abnormal during acute lung 

injury, such as DAH. DAH patients develop severe hypoxemia. It is generally treated 

with immunosuppressive agents. However, the effects take several weeks. Therefore, 

mechanical ventilation is used to support these patients until the treatments are effective. 

DAH lungs include healthy tissue, recruitable tissue, and diseased tissue that are 

unresponsive to pressure changes. Most of the ventilation used during conventional 

management of these patients may be directed at recruitable and probably healthier units, 

resulting in their overdistention, which is thought to be one of the causes of ventilator-

associated lung injury. 

Airway pressure release ventilation (APRV) is one mode of ventilation that may 

achieve recruitment and improve oxygenation while maintaining acceptable peak airway 
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pressures. APRV applies a continuous airway pressure (Phigh) identical to continuous 

positive airway pressure (CPAP) to maintain adequate lung volume and promote alveolar 

recruitment. APRV adds a time-cycled release phase to a lower set pressure (Plow).  

In addition, spontaneous breathing can be integrated and is independent of the 

ventilator cycle. By allowing patients to breathe spontaneously during APRV, dependent 

lung regions may be preferentially recruited without the need to raise the applied airway 

pressure. APRV has been used to treat acute lung injury, such as ARDS. 

 

 

Introduction 
 

Diffuse alveolar hemorrhage (DAH), is a rare pulmonary complication of collagen-

vascular diseases, including systemic lupus erythematosus (SLE). As the pathogenetic 

mechanism of DAH remains unclear, no established treatment is available. However, DAH is 

potentially fatal. Similar to adult respiratory distress syndrome (ARDS), DAH patients 

develop severe hypoxemia caused by wide alveolar collapse. Patients may require 

management with mechanical ventilation in the intensive care unit (ICU). 

The properties of the alveolar-capillary barrier are abnormal during acute lung injury, 

such as ARDS. ARDS patients develop severe hypoxemia.  

No drugs are available to control microvascular permeability, so it is necessary to treat 

the cause of the disease. In addition, mechanical ventilation is used to support these patients 

until the treatments are effective. ARDS lungs include healthy tissue, recruitable tissue, and 

diseased tissue that unresponsive to pressure changes. Most of the ventilation used during 

conventional management of these patients may be directed at recruitable and probably more 

healthy units, resulting in their overdistention, which is thought to be one of the causes of 

ventilator-associated lung injury (VALI) [1]. 

Airway pressure release ventilation (APRV) is one mode of ventilation that may achieve 

recruitment and improve oxygenation while maintaining acceptable peak airway pressures 

[2]. APRV applies a continuous airway pressure (Phigh) identical to continuous positive airway 

pressure (CPAP) to maintain adequate lung volume and promote alveolar recruitment. APRV 

adds a time-cycled release phase to a lower set pressure (Plow).  

In addition, spontaneous breathing can be integrated and is independent of the ventilator 

cycle. By allowing patients to breathe spontaneously during APRV, dependent lung regions 

may be preferentially recruited without the need to raise the applied airway pressure [3]. 

APRV has been used to treat acute lung injury, such as ARDS. 

 

 

APRV and DAH 
 

APRV was originally described in 1987 by Downs and Stock [2] as animal experiment 

data, and then reported by Garner et al. as clinical crossover trial data [4]. APRV has been 

used to treat acute lung injury, such as ARDS. Conventional mechanical ventilation often 

causes exclusion outside the alveoli surfactant due to excessive pressure, which causes 

collapse of normal alveoli. Successful alveolar recruiting pressure depends on the yield or 

threshold opening pressure of lung units. 
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Figure 1. Airway pressure release ventilation (APRV), Paw: airway pressure, Phigh: continuous airway 

pressure equivalent to CPAP level, CPAP: continuous positive airway pressure, Thigh: duration of Phigh, 

Tlow: lower set pressure. 

In addition, the time-dependent nature of recruitment should also be considered. A long 

Phigh aspect (Figure 1), which is a feature of APRV, not only maintains elevated airway 

pressure but also supplies gas from the side sub-ventilation road such as Kohn hole and 

Lambert 's canal, and results in a delay to recruitment [3]. 

Moreover, the highest airway pressure can be kept low although Phigh is set higher in 

APRV compared with conventional ventilation [3]. APRV provides a constant degree of 

mechanical assistance, as it combines mechanical ventilation with spontaneous breathing and 

therefore should decrease the workload on the respiratory muscles [5]. 

DAH has been reported to develop in association with collagen-vascular diseases, such as 

SLE and microscopic polyangiitis [6]. The main cause of DAH on collagen-vascular diseases 

is capillaritis, and alveolar collapse occurs because blood fills the alveolar space [7]. DAH is 

a frequent complication in microscopic polyangiitis with an incidence rate of 20% – 40%, and 

the mortality rate is about 30% [8]. Its frequency in patients with SLE is low (1% – 4%). 

However, mortality rates of this complication in SLE is over 30% [8]. There is still no 

established treatment for DAH. Intensive immunosuppressive treatment with high-dose 

corticosteroids, cyclophosphamide, and plasmapheresis may decrease mortality. These 

administering becomes treatment of the causative disorder. However, mechanical ventilation 

support becomes indispensable for recruitment and to stop bleeding in the pulmonary alveoli. 

Collapse of the pulmonary alveoli occurs in the lungs of DAH patients as well as those with 

ARDS. There is a risk of hyperextension of healthy pulmonary alveoli, and it may cause 
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VALI. Moreover, DAH may occur as a complication while treating SLE. The increased 

vulnerability of tissue by long-term administration of cortical steroid may increase the risk of 

VALI. Infection, mechanical ventilation, and creatinine levels are risk factors associated with 

increased mortality [9]. The period of mechanical ventilation use in DAH patients should be 

kept as short as possible. 

 

 

Cases 
 

Patient 1 

 

A 36-year-old woman was referred to our hospital due to dyspnea, massive hemoptysis, 

and fever. She had a history of Raynaud’s phenomenon and proteinuria for a few weeks. 

Chest radiography showed bilateral diffuse infiltrates and an increased cardiothoracic index, 

and computed tomography (CT) findings were consistent with DAH (Figures 2a and e).  

A diagnosis of DAH due to SLE was made based on bronchoscopy with lavage revealing 

bloody return, hemosiderin-laden macrophages, chest X-ray, anti-nuclear antibody, anti-

dsDNA antibody, hypocomplementemia, proteinuria, and facial erythema. Intravenous 

methylprednisolone was given at a dose of 1000 mg/day for 3 days. The patient required 

monitoring in the ICU and intubation due to her hypoxemia (Table 1). 

 

 

Figure 2. Chest X-ray (CXR) and computed tomography (CT), (a) CXR of patient 1 at onset of DAH. 

(b) CXR of patient 1 five days after onset of hemoptysis. (c) CXR of patient 2 at onset of DAH. (d) 

CXR of patient 2 fourteen days after onset of hemoptysis. (e) Chest CT of patient 1 at onset of DAH. (f) 

Chest CT of patient 2 at onset of DAH. CXR and chest CT scans of all patients demonstrated extensive 

infiltrative shadow with air bronchograms in the bilateral lung fields (a, c, e, f). Rapid improvements of 

the infiltrative shadows were observed on CXR with supportive therapy by APRV (b, 5
th
 day; d, 14

th
 

day). 
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Mechanical ventilation with APRV (Phigh was 25 cmH2O, Thigh; duration of Phigh was 4.5 

sec., Tlow; duration of Plow was 0.6 sec., FiO2 was 50%) was applied (Table 2), and the DAH 

improved with normalization of chest X-ray abnormality (Figure 2b) in only 5 days. 

 

Table 1. Laboratory findings of patients before and after onset of DAH 

 

  
Patient 1 Patient 2 

before onset before onset 

WBC 10^2/μL (35 - 100) 41 95 102 188 

RBC 10^4/μL (370 - 510) 282 245 334 220 

Hb g/dL (11.3 - 15.4) 8.1 6.8 10.3 6.8 

Ht % (34.0 - 46.2) 25.2 21.4 28.0 20.1 

PLT 10^4/μL (14 - 34) 20.4 19.5 18.7 16.4 

BUN mg/dL (8 - 20) 14 40 22 52 

Creat mg/dL (0.4 - 0.8) 0.95 0.97 0.90 1.09 

LDH U/L (112 - 230) 470 621 182 339 

CRP mg/dL (< 0.3) 1.063 6.220 0.800 7.261 

Blood Gas Analysis  O2 8L  O2 10L 

pH (7.35 - 7.45)  7.473  7.391 

pCO2 mmHg (35 - 45)  28.6  28.7 

pO2 mmHg (80 - 100)  55.1  49.6 

HCO3 mEq/L (21 - 27)  20.5  17.0 

BE mM/L (-2 - 2)  -2.7  -7.1 

SatO2 % (94 - 100)  82.6  88.0 

 

 

Patient 2 

 

A 46-year-old woman with a 10-year history of SLE was admitted with high fever, 

hemoptysis, and rapid progressive dyspnea. She had been administered 7.5 mg/day of 

prednisolone. DAH was diagnosed based on bloody bronchoalveolar lavage fluid, chest X-

ray, and CT (Figures 2c and f). The results of laboratory evaluation were: CRP 7.261 mg/dL, 

hemoglobin (Hb) 6.8 g/dL (Table 1). 

Methylprednisolone pulse therapy was performed for her vasculitis under mechanical 

ventilatory support with APRV (Phigh 30 cmH2O, Thigh 4.5 sec., Tlow 0.6 sec., FiO2 50%) 

because of severe hypoxemia (Table 1). Consolidation on chest X-ray and C-reactive protein 

levels improved rapidly (Figure 2d). DAH occurred three times with tapering of prednisolone. 

However in all three episodes, DAH treatment was supported with APRV (Table 2) and she 

was maintained without mechanical ventilatory support for 7 – 10 days after the onset of 

hemoptysis. 



 

Table 2. Clinical course and APRV settings 

 

Patient 1   Day 1 Day 2 Day 3 Day 4      

  FiO2 (%) 50 30 30        

  Thigh (sec.) 4.5 4.5 5.5 CPAP Extubation     

  Tlow (sec.) 0.6 0.6 0.6        

  Phigh (cmH2O) 25 15 10        

             

Patient 2 1st. Episode  Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7  Day 10 

  FiO2 (%) 50 30 30 30 30 30     

  Thigh (sec.) 4.5 6.4 6.4 6.4 6.4 7.4 CPAP  Extubation 

  Tlow (sec.) 0.6 0.6 0.6 0.6 0.6 0.6     

  Phigh (cmH2O) 30 30 28 25 24 22     

             

 2nd. Episode  Day 1 Day 2 Day 3 Day 4  Day 7     

  FiO2 (%) 50 30 30        

  Thigh (sec.) 4.5 5.5 8.5 CPAP  Extubation    

  Tlow (sec.) 0.5 0.5 0.5        

  Phigh (cmH2O) 30 25 22        

             

 3rd. Episode  Day 1 Day 2 Day 3 Day 4 Day 5  Day 7    

  FiO2 (%) 40 40 40 30       

  Thigh (sec.) 4.5 4.5 4.5 6.5 CPAP  Extubation   

  Tlow (sec.) 0.5 0.5 0.5 0.5       

  Phigh (cmH2O) 25 25 25 20       

Thigh, duration of Phigh; Tlow, lower set pressure; Phigh, continuous airway pressure equivalent to CPAP level; CPAP, continuous positive airway pressure. 
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Kobayashi et al. reported that lung opacities and hypoxemia clearly improved within 65 

days and 125 days, respectively, in 13 DAH episodes of collagen-vascular disease treated 

with intensive immunosuppressive agents supported by conventional ventilation [7]. Of the 

shown cases supported with APRV, improvements were achieved in a very short time. 

Especially, consolidation on chest X-ray disappeared in only three days in case 2. The time to 

extubation of 4 episodes of these patients was 7.0 days on average. Moreover, case 1 was 

extubated on only the fourth day, which would have had an excellent influence on prognosis. 

Hemorrhage from the capillary may physically stop bleeding by APRV, which maintained a 

higher mean airway pressure than conventional ventilation. Patients with severe SLE have the 

complication of disseminated intravascular coagulation or thrombocytopenia, occasionally. 

APRV is advantageous for arrest of hemorrhage, and it is therefore applicable in SLE patients 

with DAH during mechanical ventilation. 

Subcutaneous emphysema and mediastinal emphysema were frequent complications in 

SLE patients treated with APRV. Case 1 without emphysema had untreated SLE. She has 

never administrated of corticosteroid. It is presumed that emphysema complicated with 

APRV may have been due to increased vulnerability of tissue caused by long-term 

administrating of corticosteroid. However, the emphysema recovered early after weaning 

from ventilatory support. The recruitment of alveolar collapse and arrest of hemorrhage from 

the capillary can be done by APRV in a short time. It provides insight into the possible 

beneficial effects of APRV, which can shorten the period of ICU management for DAH with 

collagen-vascular diseases. 
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