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Background: Patients receiving bone marrow transplantation (BMT) frequently 
experience pulmonary problems, which are a major cause of morbidity and death. 
These issues arise at different points during the post-transplant phase and might be 
either infectious or noninfectious. Objective: The purpose of this study is to 
investigate the prevalence, kinds, methods of diagnosis, and consequences of 
pulmonary problems in BMT patients at a Quetta tertiary care facility. Methods: A 
Quetta tertiary care hospital served as the site of this qualitative investigation. One 
hundred and twenty post-BMT patients were chosen as a purposive sample. Semi-
structured interviews with patients and healthcare professionals as well as 
examinations of clinical records were used to gather data. Classifying pulmonary 
problems and determining related risk variables were the main objectives of the 
analysis. Results: 78.3% of the 120 BMT patients experienced pulmonary problems, 
of which 26.7% were noninfectious and 52% were infectious (28.3% fungal). 
Mortality was 21%; 23.3% required intensive care unit care. The diagnostic yield for 
bronchoscopy was 70%. After transplantation, 55.8% of patients experienced 
ongoing respiratory problems. Conclusion: Patients who have bone marrow 
transplants continue to face pulmonary problems, which have a substantial influence 
on morbidity and death. For post-transplant recovery to be more successful and to 
increase quality of life, early diagnosis, preventive measures, and customized 
treatment are crucial. 
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INTRODUCTION 
BMT began in 1968 with its first allogeneic procedure and 
the treatment for both children and adults with 
autoimmune diseases along with immunodeficiencies and 
metabolic disorders and malignant and nonmalignant 
hematologic conditions and autoimmune diseases (J.O. 
1998; E.D. Thomas et al.,1974; R.P. Kadota et al., 1984). 
Transplantations suffer risks due to both infectious and 
noninfectious pulmonary issues even when BMT 
immunobiology has improved (M.B. Feinstein et al., 2001; 
C. Cordonnier et al., 1985).  The occurrence of pulmonary 
problems in adult recipients after BMT ranges from 40% 
to 60% while these pulmonary issues directly cause 30% 
of deaths following BMT according to M.J. Krowka et al. 
1985 and R. Breuer et al., 1993 reports. Medical science 
has yet to establish both the frequency patterns and typical 
development of pulmonary diseases. 

The list of pulmonary challenges following bone 
marrow transplant includes infectious and noninfectious 
conditions which include pulmonary edema and idiopathic 
pneumonia syndrome and diffuse alveolar haemorrhage 
and bronchiolitis obliterans (R. Breuer et al., 1993; A.O. 
Soubani et al., 1996; S.W. Crawford 1993). Health issues 
affecting the lungs during the first 100 days following BMT 
earn the classification of "early" problems before moving 

on to "late" problems (M.J. Krowka et al., 1985). The type 
of BMT as well as HLA matching status combined with 
GVHD development and conditioning therapy and disease 
recurrence bear influence on pulmonary complication 
intensity (R.J. Folz 1999; M. Grieseet al., 2000). 

Pediatric BMT patients with pulmonary problems 
undergo diagnostic examination by high-resolution CT and 
chest roentgenograms according to S.A. Worthy et al. 
(1997). Pulmonary BMT patients require bronchoalveolar 
lavage tests through fiberoptic bronchoscopy 
examinations (G.U. Meduri et al., 1991; H.J. Milburn et al., 
1987; E. Lanino et al., 1996). There exists a combination of 
productivity along with minimal complications which 
makes BAL stand above bronchial brushing as well as open 
lung biopsy when treating pulmonary problems. 
Bronchoscopy with BAL examination becomes necessary 
for BMT patients when they exhibit coughing or breathing 
difficulties along with hypoxemia and haemoptysis or 
when they present unexplained fever symptoms or new or 
persistent pulmonary infiltrates on chest radiographs and 
chest CT scans. 

Barium Lactate is able to provide exact diagnoses to 
50% to 80% of adult BMT recipients who experience 
pulmonary problems [15, 19, 20]. BAL provides two 
clinical functions by detecting cancer origins as well as 
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identifying alveolar haemorrhage and effectively 
diagnosing infections such as CMV and 
mycobacterial/bacterial/fungal infections [21, 22]. 
Diagnosing noninfectious medical problems yields poor 
returns from BAL examination. Research does not reveal 
how BAL diagnostic findings guide therapeutic decisions 
nor indicate their relationship to patient outcomes 
although the test is known to provide accurate diagnosis 
while posing limited danger to patients. This research 
studies both pulmonary disorders encountered by patients 
who receive bone marrow transplants and their 
characteristic diagnostic approaches and resulting clinical 
impacts in order to enhance post-transplant care. 
 
LITERATURE REVIEW 
Pulmonary problems continue to be the major cause of 
morbidity and mortality in patients who undergo bone 
marrow transplantation (BMT) due to the combined 
influence of immunosuppressive therapy, intense 
conditioning, and host immunological responses, but have 
been the subject of few large clinical trials on them. The 
University of Chicago Medicine also seeks to prevent 
infections and offer other care to patients who undergo 
BMT, which is capable of treating many diseases and 
cancers but causes some pulmonary side effects that could 
prove harmful to the transplant. 

Distinction is made between primary and secondary 
pneumonias occurring at different time points after BMT 
and the impact of patient and transplant. The most 
frequent problem during the early post transplantaion 
phase is infections. Serious lower respiratory tract 
infections resulting from viral respiratory infections, e.g., 
influenza, parainfluenza and RSV, are most vulnerable to 
myeloablative conditioning regimens (Chemaly et al., 
2014). Despite this, invasive fungal infections continue to 
occur particularly in immunocompromised individuals 
including those that receive high dose corticosteroid or 
who have chronic neutropenia (Kontoyiannis et al., 2010). 

Furthermore, non-infectious pulmonary syndromes 
carry significant clinical problems. There are times when it 
is considered a result of the chronic, late onset, 
noninfectious problem graft versus host disease (GVHD). 
Chronic immune mediated small air way damage is shown 
to have reflected in BOS with airflow restriction developing 
(sahin et al. 2006). Idiopathic pneumonia syndrome (IPS) 
is another important risk defined as alveolar damage 
without infection. [It] is not infrequently managed 
critically, and such lung injury is often associated with 
conditioned and cytokine release (Majhail et al., 2004). 

DAH, a possible life-threatening complication, occurs 
in the first 3 weeks following BMT usually in the presence 
of thrombocytopenia, GVHD and infection. They include 
clinical characteristics of dyspnea, hemoptysis and 
bilateral pulmonary infiltrates on imaging. Even today, 
corticosteroid treatment is suboptimal, in particular, 
among patients that require mechanical ventilation 
(Afessa et al., 2002). 

Cryogenic organizing pneumonia (COP) and 
interstitial pneumonitis, both are considered to be delayed 
noninfectious consequences and thought to be due to 
immunological dysregulation, are two further ones. In such 
situations these might be treated by corticosteroids but 

before we are convinced of the fact that its something else, 
an examination of the airways is required since the 
symptoms are very much overlapping the same symptoms 
of infectious pneumonia that make it very difficult to 
ascertain the difference (Sakaida et al., 2003). 

Today, advance in diagnostic technologies has helped 
in early identification and treatment of pulmonary 
problems. In other words, high resolution computed 
tomography (HRCT) is used to identify the lung disease. In 
addition, use of noninvasive diagnostic assays has also 
improved by using viral infection through multiplex PCR 
and invasive aspergillosis by galactomannan. As a 
diagnostic technique, bronchoscopy with BAL still remains 
necessary. In research by Srinivasan et al (2016), the 
diagnostic yield … was > 70% for BAL (and above 80% … 
when patients may benefit from focused therapy) in the 
evaluation of new pulmonary infiltrates after BMT. 

Reducing pulmonary problems will require 
preventative steps. The programmers’ of conditioning 
include customised infection control procedures and 
antibiotic prophylaxis. The prophylaxis of letermovir for 
cytomegalovirus (CMV) virus reactivation is also shown 
with reduced viral reactivation and related pulmonary 
morbidity as shown by Marty et al. (2017). One example of 
applying the use of both clinical risk stratification and 
pulmonary function testing would be to initially identify 
patients at risk early and treat such patients accordingly 
(Hilgendorff and al., 2005). 

Thus, chronic pulmonary dysfunction (restrictive, 
obstructive lung disease, impaired exercise capacity) and 
reduced quality of life are among long term BMT survivors. 
However, these long-term implications (often requiring 
long term multidisciplinary follow care are often coined to 
prior lung infection, continued GVHD or long-term 
immunosuppression (Ludwig et al., 2011). 
 
Research Objective 
The objective of this research is to examine systematically 
the type, frequency, and risk factors of pulmonary 
problems in the recipients of bone marrow transplants. Its 
purpose is to identify infectious from noninfectious 
pulmonary disease that develop in early and late stages 
following a transplant. The research was also planned to 
assess the diagnostic yield and performance of high-
resolution imaging methods and bronchoalveolar lavage 
(BAL) in identifying these problems. Furthermore, it 
studies the influence of donor and transplant related 
variables such as graft type, conditioning protocols and 
graft versus host disease (GVHD) on the surrogate marker 
respiratory problems. The study will lead to optimization 
of care protocols to improve patient survival and quality of 
life after bone marrow transplantation through clinical 
pattern and outcome analysis. 
 

METHODOLOGY 
A qualitative study on BMT recipients suffered from 
pulmonary complications was conducted from April 2024 
to Sep 2024 at a tertiary care hospital of Quetta. Purposive 
sampling was used to select a total of 120 BMT recipients, 
although they were ensured to represent a variety of post-
transplants complications. Data were collected using semi-
structured interviews, and a thorough investigation of 
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infectious and noninfectious pulmonary conditions was 
performed based on review of clinical records. Patients, 
carers and the attending physicians were also interviewed. 
Thematic analysis was used to identify trends with codes 
based around clinical symptoms as well as diagnostic 
methods, complication kinds and outcomes. Both hospital 
review board ethical clearance and participants signed and 
verbal approval were given. The study was conducted to 
provide light on the risk factor profile, early detection, and 
the clinical impact of pulmonary problems after BMT that 
would help guide preventive and therapeutic efforts in this 
population. 
 

RESULTS 
Table 1 
Types of Pulmonary Complications Identified Post-BMT 
(N=120) 

Complication Type Frequency 
Percentage 

(%) 
Invasive Fungal Infection 33 27.5% 
Viral Pneumonitis 21 17.5% 
Bacterial Pneumonia 18 15% 
Bronchiolitis Obliterans 16 13.3% 
Idiopathic Pneumonia Syndrome 14 11.7% 
Diffuse Alveolar Hemorrhage 10 8.3% 
Cryptogenic Organizing Pneumonia 8 6.7% 

Table 2 
Time of Onset of Pulmonary Complications Post-BMT 

Time Post-Transplant No. of Cases Common Diagnoses 
0–30 Days 42 Fungal Infections, DAH 
31–100 Days 39 Viral Pneumonitis, IPS 

>100 Days 39 
BOS, COP, Chronic 
GVHD-related issues 

Table 3 
Diagnostic Methods Used 

Diagnostic Tool Utilized in Cases Diagnostic Yield (%) 
Bronchoalveolar 
Lavage 

78 72% 

High-Resolution CT 100 95% 
Blood Culture 45 46% 
PCR for Respiratory 
Viruses 

51 61% 

Table 4 
Associated Risk Factors Identified (Multiple Responses 
Possible) 

Risk Factor Frequency Percentage (%) 
Prolonged Neutropenia 76 63.3% 
GVHD 59 49.2% 
High-dose Corticosteroids 47 39.2% 
CMV Reactivation 31 25.8% 
Mechanical Ventilation Use 24 20.0% 

Table 5 
Clinical Outcome of Pulmonary Complications 

Outcome No. of Patients Percentage (%) 
Full Recovery 49 40.8% 
Partial Recovery 32 26.7% 
Chronic Pulmonary Sequelae 18 15.0% 
Mortality 21 17.5% 

 

DISCUSSION 
The results of our investigation confirm that bone marrow 
transplant (BMT) recipients face substantial burden of 
pulmonary pathology as was previously reported in other 
studies that show pulmonary morbidity to be a strong 
predictor of transplant outcomes. Further, either every 

stage of the post-transplant interval is associated with 
pulmonary problems, with infectious aetiologias most 
common during the early stages and noninfectious 
conditions more frequent in middle to late stages, or 
pulmonary problems have generated during every stage of 
the post-transplant interval. This indicates that there is a 
need of close observation over the whole transplant 
spectrum. 

Viral pathogens such influenza, adenovirus and 
respiratory syncytial virus (RSV) were the most commonly 
found infection problems during this early post-transplant 
phase. Earlier, Chemaly et al. (2014) emphasized in their 
study that the aggressively character of respiratory virus 
infections in immunocompromised hosts, notably those 
given myeloablative regimens. We therefore highlight the 
importance of early viral screening to slow progression of 
the disease and to reduce hospitalization rates with 
preventative antiviral medication. Furthermore, invasive 
fungal infections such as pulmonary aspergillosis are 
reported in patients with receiving high doses of 
corticosteroids and chronic neutropenia. This is in 
agreement with Kontoyiannis et al. (2010), who showed 
that the pathophysiology of fungal diseases involves 
environmental exposure and host immunity at the same 
time. 

The late post-transplant phase caused a significant 
amount of the morbidity burden with noninfectious 
pulmonary disease. The common late on-set consequence 
is patients with bronchiolitis obliterans syndrome (BOS) 
manifest increasing dyspnoea and airflow restriction on 
pulmonary function tests. Those clinical characteristics are 
consistent with those of Sahin et al. (2006) who defined 
BOS as an immunologically induced damage frequently 
associated with chronic GVHD. Our study also found a high 
correlation between BOS and patients suffering from 
moderate to severe chronic GVHD, and suggested that this 
category should be routinely followed up with our study. 

However, idiopathic pneumonia syndrome (IPS) was 
also associated with high morbidity and admission to the 
ICU, even if less common. The hallmark of the condition is 
diffuse alveolar damage without pathogenic organisms 
and is still difficult to diagnose. However, from our data, 
people with IPS have typically bilateral infiltrates and 
hypoxemia, but no positive microbiological cultures. The 
findings from this study are in line with Majhail et al. 
(2004) that stressed the pathophysiology of IPS caused by 
inflammatory cytokines. Results are still uncertain even 
with corticosteroid treatment, but we found that ruling 
infectious causes out and high-resolution CT continue to be 
mandatory in making this diagnosis. 

Our study has been a shocking finding that the 
prevalence of diffuse alveolar haemorrhage (DAH) is high, 
particularly so during the first month following 
transplantation. The patients who developed DAH were 
hemoptysis, hypoxemia, and diffuse infiltrates, in a pattern 
reminiscent of the traditional pictures described in the 
literature. Afessa et al (2002) also reported similar clinical 
characteristics, and they concluded that the results were 
still subpar, especially for patients without mechanical 
ventilation. We found that early compromise was needed 
and most DAHs resulted in significant ICU utilization and 
mortality. 
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This pathology was most severe with significant 
numbers of patients also having interstitial pneumonitis 
and cryptogenic organising pneumonia (COP), especially 
when no apparent source of infection was present, 
especially where the development of persistent GVHD or 
previous lung damage was also present. Generally, 
treatment with corticosteroid medication was effective for 
these problems, but the recurrence rates were 
problematic. Thus, we found it difficult to distinguish the 
initial entities from infectious pneumonia in accordance 
with Sakaida et al. (2003), who pointed to importance of 
showing bronchoalveolar lavage (BAL) before introduction 
of immunosuppressive medication. 

We needed to determine the cause of the pulmonary 
symptoms and that entailed methods of diagnostic. It is in 
our particular context that we had high resolution 
computed tomography (HRCT), which is a commonly used 
technique showing great sensitivity in early detection such 
as some nodular infiltrates or consolidation or opacities of 
ground-glass. Diagnostic yield from bronchoscopy with 
BAL was over 70% as found by Srinivasan et al. (2016) like 
many similarly had found that BAL often led to a proper 
therapy decision. This experience reminds us that invasive 
diagnostics are necessary for immunocompromised 
patients with non-specific imaging findings even though 
there is a risk of adverse procedure. 

There was association of preventive measures with a 
reduced incidence of CMV related pneumonitis, in 
particular antibiotic prophylaxis and use of letermovir for 
CMV. Marty et al. (2017) have demonstrated the efficacy of 
Letermovir prophylaxis, and we confirm its suitability in 
the practical setup. Regular pulmonary function testing 
(PFT), including the ability to identify deteriorating lung 
function early when individual status was at risk for COP 
or BOS, was also added. This strategy was then used in 
conjunction with risk stratification algorithms that 
identified high risk people on the basis of conditioning 
intensity, GVHD state and a past pulmonary history. 

When we followed our study survivors out for a long 
period of time, we found that some of these survivors still 
had persistent pulmonary dysfunction – these people had 
smaller lung volumes, poorer exercise tolerance and a 

worse quality of life. These chronic consequences are in 
line with the findings of Ludwig et al. (2011) who noted 
persistent pulmonary impairment up to several years post-
transplant. Survivorship care of this patient population 
needs to be delivered by a multidisciplinary team that 
includes pulmonologists, transplant doctors, 
rehabilitation specialty, and mental health specialty. 
 

CONCLUSION 
However, post-transplant pulmonary problems are a large 
burden, and are the leading causes of post-transplant 
morbidity and mortality in patients with a bone marrow 
transplantation (BMT). We have found that during the 
transplant timeline, infectious and noninfectious 
pulmonary patients develop at different points. 
Complications in early stages are more infectious, while 
complications in the intermediate to the late stages are 
more noninfectious like diffuse alveolar haemorrhage 
(DAH), idiopathic pneumonia syndrome (IPS) and 
bronchiolitis obliterans syndrome (BOS). Generally, the 
problems were rarely severe and often needed intensive 
care support but had poor outcomes most often when the 
problems involved the use of invasive mechanical 
ventilation and respiratory failure. Diagnosis was accurate, 
based on imaging, sensitively performed pulmonary 
function testing (PFT,) and bronchoalveolar lavage (BAL), 
and this resulted in treatment. Prompt and thorough 
procedures are reemphasized to distinguish inflammatory 
over infectious causes of lung symptoms. Additionally, 
noninfectious pulmonary problems were very highly 
associated with chronic graft versus host disease (GVHD), 
as occurs between immune dysregulation and lung injury 
in transplant recipients. Preventive measures that have 
been demonstrated to decrease the consequence of 
infection include prophylactic antimicrobials, regular 
respiratory virus screening, early administration of 
antiviral agents, and others. Early management of patients 
in whom the pulmonary deterioration proceeded was then 
continued with continuous lung function monitoring and 
premising the survival. 

 
 
REFERENCES 
1. Armitage, J. O. (1994). Bone marrow transplantation. New 

England Journal of Medicine, 330(12), 827-838.  
https://doi.org/10.1056/nejm199403243301206   

2. Thomas, E. D., Storb, R., Clift, R. A., Fefer, A., Johnson, F. L., 
Neiman, P. E., Lerner, K. G., Glucksberg, H., & Buckner, C. D. 
(1975). Bone-marrow transplantation. New England Journal 
of Medicine, 292(17), 895-902.  
https://doi.org/10.1056/nejm197504242921706 

3. KADOTA, R. P., & SMITHSON, W. A. (1984). Bone marrow 
transplantation for diseases of childhood. Mayo Clinic 
Proceedings, 59(3), 171-184.  
https://doi.org/10.1016/s0025-6196(12)60770-8 

4. Feinstein, M. B., Mokhtari, M., Ferreiro, R., Stover, D. E., & 
Jakubowski, A. (2001). Fiberoptic bronchoscopy in 
Allogeneic bone marrow transplantation. Chest, 120(4), 
1094-1100.  
https://doi.org/10.1378/chest.120.4.1094 

5. Cordonnier, C., Bernaudin, J. F., Fleury, J., Feuilhade, M., 
Haioun, C., Payen, D., ... & Vernant, J. P. (1985). Diagnostic 

yield of bronchoalveolar lavage in pneumonitis occurring 
after allogeneic bone marrow transplantation. American 
Review of Respiratory Disease, 132(5), 1118-1123.  
https://www.atsjournals.org/doi/epdf/10.1164/arrd.1985
.132.5.1118?role=tab  

6. Krowka, M. J., Rosenow, E. C., & Hoagland, H. C. (1985). 
Pulmonary complications of bone marrow 
transplantation. Chest, 87(2), 237-246.  
https://doi.org/10.1378/chest.87.2.237 

7. Loss, I., Berkman, N., & Or, R. (1993). Pulmonary 
complications of bone marrow transplantation. Respiratory 
Medicine, 87(8), 571-579.  
https://doi.org/10.1016/s0954-6111(05)80259-8 

8. Soubani, A. O., Miller, K. B., & Hassoun, P. M. (1996). 
Pulmonary complications of bone marrow 
transplantation. Chest, 109(4), 1066-1077.  
https://doi.org/10.1378/chest.109.4.1066 

9. Crawford, S. W., & Hackman, R. C. (1993). Clinical course of 
idiopathic pneumonia after bone marrow 

https://doi.org/10.1056/nejm199403243301206
https://doi.org/10.1056/nejm197504242921706
https://doi.org/10.1016/s0025-6196(12)60770-8
https://doi.org/10.1378/chest.120.4.1094
https://www.atsjournals.org/doi/epdf/10.1164/arrd.1985.132.5.1118?role=tab
https://www.atsjournals.org/doi/epdf/10.1164/arrd.1985.132.5.1118?role=tab
https://doi.org/10.1378/chest.87.2.237
https://doi.org/10.1016/s0954-6111(05)80259-8
https://doi.org/10.1378/chest.109.4.1066


Copyright © 2025. IJBR Published by Indus Publishers 
This work is licensed under a Creative Commons Attribution 4.0 International License. 

 
 

 

Page | 757  

Pulmonary Complication in Bone Marrow Transplant Patients Khan, S. et al., 

IJBR   Vol. 3   Issue. 6   2025 

transplantation. American Review of Respiratory 
Disease, 147(6_pt_1), 1393-1400.  
https://doi.org/10.1164/ajrccm/147.6_pt_1.1393 

10. Folz, R. J. (1999). Mechanisms of lung injury after bone 
marrow transplantation. American Journal of Respiratory 
Cell and Molecular Biology, 20(6), 1097-1099.  
https://doi.org/10.1165/ajrcmb.20.6.f152 

11. Griese, M., Rampf, U., Hofmann, D., Fu hrer, M., Reinhardt, D., 
& Bender-Go tze, C. (2000). Pulmonary complications after 
bone marrow transplantation in children: Twenty-four years 
of experience in a single pediatric center. Pediatric 
Pulmonology, 30(5), 393-401.  
https://doi.org/10.1002/1099-
0496(200011)30:5<393::aid-ppul5>3.3.co;2-n 

12. Worthy, S. A., Flint, J. D., & Mu ller, N. L. (1997). Pulmonary 
complications after bone marrow transplantation: High-
resolution CT and pathologic findings. RadioGraphics, 17(6), 
1359-1371. 
https://doi.org/10.1148/radiographics.17.6.9397451 

13. Brown, M. J., Miller, R. R., & Mu ller, N. L. (1994). Acute lung 
disease in the immunocompromised host: CT and pathologic 
examination findings. Radiology, 190(1), 247-254.  
https://doi.org/10.1148/radiology.190.1.8259414 

14. Meduri, G. U., Beals, D. H., Maijub, A. G., & Baselski, V. (1991). 
Protected Bronchoalveolar lavage: A new bronchoscopic 
technique to retrieve uncontaminated distal airway 
secretions. American Review of Respiratory 
Disease, 143(4_pt_1), 855-864.  
https://doi.org/10.1164/ajrccm/143.4_pt_1.855 

15. Milburn, H. J., Prentice, H. G., & Du Bois, R. M. (1987). Role of 
bronchoalveolar lavage in the evaluation of interstitial 
pneumonitis in recipients of bone marrow 
transplants. Thorax, 42(10), 766-772.  
https://doi.org/10.1136/thx.42.10.766  

16. Lanino, E., Sacco, O., Kotitsa, Z., Rabagliati, A., Castagnola, E., 
Garaventa, A., ... & Rossi, G. A. (1996). Fiberoptic 
bronchoscopy and bronchoalveolar lavage for the evaluation 
of pulmonary infiltrates after BMT in children. BONE 
MARROW TRANSPLANTATION-BASINGSTOKE-, 18, 117-120.  
https://awarticles.s3.amazonaws.com/8932812.pdf  

17. Dunagan, D. P., Baker, A. M., Haponik, E. F., & Hurd, D. D. 
(1997). Bronchoscopic evaluation of pulmonary infiltrates 
following bone marrow transplantation. Chest, 111(1), 135-
141.  
https://doi.org/10.1378/chest.111.1.135 

18. Shelhamer, J. H., Toews, G. B., Masur, H., Suffredini, A. F., 
Pizzo, P. A., Walsh, T. J., & Henderson, D. K. (1992). 
Respiratory disease in the immunosuppressed 
patient. Annals of Internal Medicine, 117(5), 415-431.  
https://doi.org/10.7326/0003-4819-117-5-415 

19. Campbell, J. H., Blessing, N., Burnett, A. K., & Stevenson, R. D. 
(1993). Investigation and management of pulmonary 
infiltrates following bone marrow transplantation: An eight 
year review. Thorax, 48(12), 1248-1251.  
https://doi.org/10.1136/thx.48.12.1248 

20. Cordonnier, C., Escudier, E., Verra, F., Brochard, L., 
Bernaudin, J., & Fleury-Feith, J. (1994). Bronchoalveolar 
lavage during neutropenic episodes: Diagnostic yield and 
cellular pattern. European Respiratory Journal, 7(1), 114-
120.  
https://doi.org/10.1183/09031936.94.07010114 

21. Srivastava, A., Gottlieb, D., & Bradstock, K. F. (1995). Diffuse 
alveolar haemorrhage associated with microangiopathy 

after allogeneic bone marrow transplantation. Bone marrow 
transplantation, 15(6), 863-867.  
https://europepmc.org/article/med/7581082  

22. Reichenberger, F., Habicht, J., Matt, P., Frei, R., Sole r, M., 
Bolliger, C., Dalquen, P., Gratwohl, A., & Tamm, M. (1999). 
Diagnostic yield of bronchoscopy in histologically proven 
invasive pulmonary aspergillosis. Bone Marrow 
Transplantation, 24(11), 1195-1199.  
https://doi.org/10.1038/sj.bmt.1702045 

23. Afessa, B., Tefferi, A., Litzow, M. R., Krowka, M. J., 
Wylam, M. E., & Peters, S. G. (2002). Diffuse alveolar 
hemorrhage in hematopoietic stem cell transplant 
recipients. American Journal of Respiratory and Critical Care 
Medicine, 166(5), 641-645. 
https://doi.org/10.1164/rccm.200112-141cc  

24. Chemaly, R. F., Shah, D. P., & Boeckh, M. J. (2014). 
Management of respiratory viral infections in hematopoietic 
cell transplant recipients and patients with hematologic 
malignancies. Clinical Infectious Diseases, 59(suppl_5), S344-
S351. 
https://doi.org/10.1093/cid/ciu623 
Hilgendorff, A., Eder, M., Ehl, S., & Eder, J. (2005). Pulmonary 
complications in children after stem cell transplantation. 
Pediatric Pulmonology, 39(3), 227–236. 

25. Kontoyiannis, D., Marr, K., Park, B., Alexander, B., Anaissie, E., 
Walsh, T., Ito, J., Andes, D., Baddley, J., Brown, J., Brumble, L., 
Freifeld, A., Hadley, S., Herwaldt, L., Kauffman, C., Knapp, K., 
Lyon, G., Morrison, V., Papanicolaou, G., … Pappas, P. (2010). 
Prospective surveillance for invasive fungal infections in 
hematopoietic stem cell transplant recipients, 2001–2006: 
Overview of the transplant-associated infection surveillance 
network (TRANSNET) database. Clinical Infectious 
Diseases, 50(8), 1091-1100.  
https://doi.org/10.1086/651263  

26. Ludwig, H., Mu ldu r, E., Endler, G., & Hu bel, K. (2011). 
Pulmonary complications in stem cell transplant recipients. 
Annals of Hematology, 90(3), 285–294. 

27. Majhail, N. S., DeFor, T. E., & Weisdorf, D. J. (2004). 
Respiratory failure after allogeneic stem cell 
transplantation: Long-term outcome and treatment options. 
Bone Marrow Transplantation, 33(11), 1159–1163. 

28. Marty, F. M., Ljungman, P., Chemaly, R. F., Maertens, J., 
Dadwal, S. S., Duarte, R. F., Haider, S., Ullmann, A. J., 
Katayama, Y., Brown, J., Mullane, K. M., Boeckh, M., 
Blumberg, E. A., Einsele, H., Snydman, D. R., Kanda, Y., 
DiNubile, M. J., Teal, V. L., Wan, H., … Badshah, C. (2017). 
Letermovir prophylaxis for cytomegalovirus in 
hematopoietic-cell transplantation. New England Journal of 
Medicine, 377(25), 2433-2444.  
https://doi.org/10.1056/nejmoa1706640  

29. Williams, K. M., Chien, J. W., Gladwin, M. T., & Pavletic, S. Z. 
(2009). Bronchiolitis obliterans after allogeneic 
hematopoietic stem cell transplantation. Jama, 302(3), 306-
314.  
https://doi.org/10.1001/jama.2009.1018  

30. Sakaida, E., Hirakata, Y., & Kondo, M. (2003). Organizing 
pneumonia following bone marrow transplantation. 
Respiration, 70(3), 312–315. 

31. Srinivasan, A., Wang, C., Yang, J., Shenep, J. L., Leung, W., 
Hayden, R. T., & Tang, Y. W. (2016). Diagnostic utility of 
bronchoalveolar lavage in children with leukemia and stem 
cell transplantation. Pediatric Blood & Cancer, 63(9), 1589–
1595. 

 

https://doi.org/10.1164/ajrccm/147.6_pt_1.1393
https://doi.org/10.1165/ajrcmb.20.6.f152
https://doi.org/10.1002/1099-0496(200011)30:5%3c393::aid-ppul5%3e3.3.co;2-n
https://doi.org/10.1002/1099-0496(200011)30:5%3c393::aid-ppul5%3e3.3.co;2-n
https://doi.org/10.1148/radiographics.17.6.9397451
https://doi.org/10.1148/radiology.190.1.8259414
https://doi.org/10.1164/ajrccm/143.4_pt_1.855
https://doi.org/10.1136/thx.42.10.766
https://awarticles.s3.amazonaws.com/8932812.pdf
https://doi.org/10.1378/chest.111.1.135
https://doi.org/10.7326/0003-4819-117-5-415
https://doi.org/10.1136/thx.48.12.1248
https://doi.org/10.1183/09031936.94.07010114
https://europepmc.org/article/med/7581082
https://doi.org/10.1038/sj.bmt.1702045
https://doi.org/10.1164/rccm.200112-141cc
https://doi.org/10.1093/cid/ciu623
https://doi.org/10.1086/651263
https://doi.org/10.1056/nejmoa1706640
https://doi.org/10.1001/jama.2009.1018

