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Surviving White-out: How to Manage Severe 
Noninfectious Acute Lung Allograft Dysfunction 
of Unknown Etiology
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INTRODUCTION

Acute respiratory failure is the leading cause for intensive 
care unit (ICU) readmission in lung transplant recipients 
and is associated with high mortality; 25% of patients the 
etiology is unknown.1-3 Successful management of severe 
noninfectious acute lung allograft dysfunction (ALAD) is 
poorly described. Moreover, there may be reluctance to 
augment immunosuppression for this proinflammatory 
condition in the ICU setting because of potential infectious 
complications.4,5 A pragmatic, evidence-based approach to 
managing this population is needed.

We report the successful management of 5 lung transplant 
recipients with severe noninfectious ALAD of unknown 
etiology who were supported with extracorporeal mem-
brane oxygenation (ECMO) within 48 h of respiratory fail-
ure. We also utilized anti-inflammatory therapies, including 
steroids, plasma exchange (PLEX), intravenous immuno-
globulin (IVIg), antithymocyte globulin, and alemtuzumab.  

We demonstrate that with aggressive care, severe noninfec-
tious ALAD is a survivable condition.

MATERIALS AND METHODS

Study Design, Setting, and Participants
We reviewed all lung transplant recipients admitted to the 

ICU between January 1, 2018‚ and September 1, 2021. Patients 
were diagnosed with severe ALAD of unknown etiology if 
they met the following: (1) single or bilateral lung transplant;  
(2) discharge from the index hospitalization; (3) readmission 
with acute (<7 d) respiratory failure with diffuse allograft 
opacification on imaging with partial pressure of oxygen 
(PaO2)/fraction of inspired oxygen (FiO2) < 200 mm Hg; and  
(4) without concurrent extrapulmonary failure at presenta-
tion.3,6 Patients were excluded if there was an identifiable 
etiology to their respiratory failure. Infection was excluded 
if sputum, tracheal aspirates, or bronchoalveolar lavage fluid 
(BALF) cultures were negative or if antigen or antibody test-
ing of body fluids was negative.7 Cell count, microbial cul-
tures, viral polymerase chain reaction, and 1,3-BD glucan and 
galactomannan were obtained on BALF. Antibody-mediated 
rejection was excluded if patients failed to meet International 
Society for Heart and Lung Transplantation consensus crite-
ria for possible, probable‚ or definite disease (depending on 
the availability of histology).8,9 When tissue was unobtainable, 
acute cellular rejection was excluded by a lack of improvement 
within 3 d of high-dose steroid administration.9,10 All patients 
were treated with standard maintenance immunosuppression 
(calcineurin inhibitor, antiproliferative, and prednisone).11 
This study was approved by the Vanderbilt University Medical 
Center (VUMC) Institutional Review Board (No. 201951).

Medical Management for Severe Noninfectious ALAD
We initiated venovenous ECMO (VV-ECMO) support 

within 48 h for patients with respiratory failure refractory to 
high-flow nasal cannula to minimize ventilator-associated 
lung injury, sedation, and deconditioning. Criteria for ECMO 
included: PaO2/FiO2 <200 or pH < 7.25 due to a primary respir-
atory acidosis.12 A bicaval dual-lumen cannula was inserted to 
maximize mobility. ECMO settings were adjusted to maintain 
arterial oxygen saturation > 90% and pH between 7.35 and 
7.45.13 Patients were anticoagulated with unfractionated hepa-
rin (goal-activated partial thromboplastin time of 40–60 s).14
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Patients were sedated for a goal Richmond Agitation and 
Sedation Score 0 to −2. Vent settings were adjusted to target 
plateau pressures <25 cm H2O, positive end-expiratory pres-
sure 10–15 cm H2O, and respiratory rate <10 breaths/min.15 
When possible, patients were liberated from mechanical ven-
tilation. Early tracheostomy was performed in patients unable 
to tolerate extubation.16

Patients with severe ALAD received antimicrobials 
for multidrug-resistant organisms with Vancomycin, an 
anti-pseudomonal extended-spectrum penicillin or beta-
lactam, and therapy for intracellular bacteria. Broader 
therapy was provided based on colonization history. 
Antimicrobials were de-escalated after 48 h, when appro-
priate.7,17 Once infection was excluded, patients were 
administered methylprednisolone 10–15 mg/kg daily × 3. 

If there was no response, patients received PLEX × 5 ses-
sions (1.5 × plasma volume), IVIg, ± rituximab. If there 
was a lack of improvement and patients still required 
invasive mechanical ventilation with FiO2 >40% after 3 d, 
we added antithymocyte globulin or alemtuzumab based 
on clinician preference.18,19

Outcomes
The primary outcome was forced expiratory volume in 1 s 

(FEV1) following hospital discharge. Spirometry was per-
formed in the VUMC pulmonary function testing labora-
tory according to the American Thoracic Society criteria.20 
Secondary outcomes included survival, length of stay (LOS), 
change in sequential organ failure assessment scores and inci-
dence of de novo donor-specific antibodies (dnDSA).

TABLE 1.

Patient baseline characteristics

 

Patients

No. 1 No. 2 No. 3 No. 4 No. 5 N (%) or median (IQR) 

Baseline traits
Native interstitial lung disease No Yes Yes Yes No 3 (60%)
Bilateral lung transplant Yes Yes Yes No No 2 (40%)
Age at time of ALAD (y) 31 65 59 67 71 65 (59–67)
Male gender No Yes Yes Yes Yes 4 (80%)
Cytomegalovirus D+/R− serostatus Yes No No No No 1 (20%)
Lung allocation score 37.36 49.94 52.02 34.35 32.44 37.36

(34.35–49.94)
Donor ischemic time (min) 356 311 241 347 257 311 (257–347)
Posttransplant HLA crossmatch Negative Negative Negative Negative Negative 100%
PGD score 72 h 1 1 1 1 3 1 (1–1)
Gastroesophageal reflux disease No No Yes No Yes 2 (40%)
Pre-ALAD pulmonary function  
 Baseline FEV1 (L) 1.78 4.6 1.56 2.4 1.47 1.78 (1.56–2.40)
 Baseline FEV1,
 % predicted

59 117 43 81 52 59 (52–80)

 Last FEV1 before ALAD (L) 1.51 4.56 1.56 2.34 1.44 1.56 (1.51–2.34)
 Last FEV1 before ALAD,
 % predicted

50 116 43 79 52 52(50-79)

Severe ALAD characteristics
ALAD onset posttransplant (d) 72 39 28 345 311 72 (39–311)
Chest imaging (at ECMO cannulation)
 Reticulonodular opacities Yes Yes Yes Yes Yes 5 (100%)
 Ground glass opacities Yes Yes Yes Yes Yes 5 (100%)
 Consolidation Yes Yes Yes Yes Yes 5 (100%)
 Diffuse opacification Yes Yes Yes Yes Yes 5 (100%)
 Pleural thickening/effusions No No Yes Yes Yes 3 (60%)
Mechanical ventilation at ECMO cannulation No Yes Yes Yes Yes 4 (80%)
 Plateau pressure N/A 40 30 36 25 33 (29–37)
 Driving pressure N/A 28 20 22 20 21 (20–24)
 Positive end-expiratory pressure N/A 12 10 14 5 11 (9–13)
PaO

2
/FiO

2
 at ECMO cannulation 96 61 137 108 79 96 (79–108)

DSA 0 DQ7 (MFI = 3061) 0 0 0 1 (20%)
Bronchoalveolar lavage traits
 Total cells 500 250 186 435 233 250 (233–435)
 Percent neutrophils 59 29 9 85 68 59 (29 68)
 Percent lymphocytes 17 33 7 0 20 17 (7–20)
 Percent eosinophils 4 3 6 0 1 3 (1–4)
 Percent monocytes 20 35 78 15 11 20 (15–35)

ALAD, acute lung allograft dysfunction; D, donor; DSA, donor-specific antibodies; ECMO, extracorporeal membrane oxygenation; FEV1, forced vital capacity in 1 s; FiO
2
,  fraction of inspired oxygen; IQR, 

interquartile range; MFI, mean fluorescence intensity; PaO
2
, partial pressure of oxygen; PGD, primary graft dysfunction; R, recipient.
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Statistical Analyses
Continuous variables were expressed as median and 

interquartile range (IQR)‚ and categorical variables were 
expressed  as numbers and percentages. A P value <0.05 
was significant. We compared continuous variables using a 
Wilcoxon signed-rank sum test. Statistical analyses were per-
formed using STATA17 (College Station, TX).

RESULTS

Demographics
During the study period 95 lung allograft recipients were 

admitted to an ICU at VUMC following their index hospi-
talization, 6 of whom met criteria for severe noninfectious 
ALAD (see Table 1). Imaging showed “white-out” with dif-
fuse reticulonodular opacities in the affected allografts for all 
patients. One patient was excluded because of early (<24 h) 
goals of care limitations. The remaining 5 patients received 
VV-ECMO and immunomodulation. Baseline demographics 
and pre-ECMO lung function are detailed (Table 1).

Diagnostics
All patients underwent bronchoscopy to exclude infection. 

BALF was hypercellular in all cases; median cell count was 
250/µL (IQR 233–435) and was neutrophilic (median 59%, 
IQR 29%–68%). DSA assessment was negative in 4 cases. 
Patient 2 had dnDSA, though surgical lung biopsy pathology 
did not show capillaritis, neutrophilic demargination, or C4d 
staining.

Management
All patients received antibiotics and corticosteroids. Four 

patients received PLEX × 5 sessions and IVIg (0.5–2 g/kg). 
Three patients received lymphocyte-depleting therapies 
(Table 2). ECMO was initiated a median 4 d postadmission 
(IQR 1–4). Four patients were liberated from mechanical 

ventilation on ECMO; delirium precluded extubating the 
fifth. Duration of ECMO was 21 d (IQR 7–28) (see Table 2).

Outcomes
Median ICU and hospital LOS were 31 d (IQR 13–33) and 

42 d (IQR 21–47), respectively. All patients survived to hospi-
tal discharge and 60 d following ECMO decannulation. Two 
patients were discharged home‚ and the remainder were dis-
charged to inpatient rehabilitation. Three patients developed 
infections following treatment with lymphocyte-depleting ther-
apies; 2 patients had pseudomonal pneumonia with 1 having 
concomitant Clostridium difficile. The third patient developed 
a Mycobacterium avium pleuritis. There was a ~50% reduc-
tion in sequential organ failure assessment scores with treat-
ment [median 9 (IQR 7–11) versus 5 (IQR 4–6), respectively,  
P = 0.06; see Table 3].

FEV1 >30 d after hospital discharge was decreased in 
3 patients, although the patient with the greatest decline 
had significant improvement over time (Figure  1). The last 
recorded median FEV1 for the entire cohort was 52% pre-
dicted, similar to baseline values (59%, IQR 52–80, P 0.46) 
(Table 3; Figure 1). At the end of the study period, 4 patients 
were alive with intact allograft function, not requiring supple-
mental oxygen, and independent of activities of daily living. 
The patient that died developed allograft failure due to non-
adherence with immunosuppression. None of the patients in 
this series developed dnDSA. Median follow-up was 442 d 
(IQR 120–493).

DISCUSSION

Severe noninfectious ALAD is associated with high rates of 
allograft failure; effective management strategies are not well-
described.3,21,22 We show that early, aggressive management 
with VV-ECMO and augmented immunosuppression leads 
to acceptable outcomes. Based on our experience, we provide 

TABLE 2.

Summary of advanced management

Therapy 

Patient

No. 1 No. 2 No. 3 No. 4 No. 5 N (%) or median (IQR) 

VV-ECMO management
Time from hospital admission to ECMO start (d) 1 4 8 0 4 4 (1–4)
Mechanical ventilation days on ECMO 0 0 0 23 0 0

(0–0)
VV-ECMO configuration 28Fr DL

R. IJV
30Fr DL
R. IJV

30Fr DL
R. IJV

30Fr DL
R. IJV

30Fr DL
R. IJV

—

Estimated cardiac outputa (L/min) 3.36 5.3 4.9 4.3 4.3 4.3 (4.3–4.9)
Max blood flow (L/min) 3 4.90 4.95 4.48 4.22 4.48 (4.22–4.9)
Max sweep gas flow (L/min) 7 6 8.5 8 3 7 (6–8)
Tracheostomy on ECMO No Yes No Yes No 2 (20%)
Augmented immunosuppression   
Plasmapheresis Yes Yes Yes Yes No 4 (80%)
Intravenous immunoglobulin Yes Yes Yes Yes No 4 (80%)
Rituximab No Yes No No No 1 (20%)
Antithymocyte globulin Yes No No Yes Yes 3 (60%)
Alemtuzumab (campath) Yes No No No No 1 (20%)
PT   
PT sessions on ECMOb 2 4 1 0 2 2 (1–2)

a Estimated cardiac output = 2.4 × body surface area.
b Ambulated daily with nursing, in addition to dedicated physical therapy sessions.
IQR, interquartile range; PT, physical therapy; VV-ECMO, venovenous extracorporeal membrane oxygenation.
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a framework for clinicians managing this serious condition 
(Figure 2).

We believe that the favorable outcomes may be due to 
early utilization of ECMO support. The proactive use of 
ECMO obviated the need for positive pressure ventilation, 
which is harmful to injured lungs.23 Furthermore, early 
ambulatory ECMO reduces the need for sedation, allows for 
physical therapy, reduces delirium, and improves ICU and 
hospital LOS.15 Additionally, our approach relies on timely 

augmentation of immunosuppression. Two patients improved 
after receiving antibody-mediated rejection-directed thera-
pies despite absence of DSA; it is possible that inflammation 
was mediated by non–donor-specific HLA antibodies. Prior 
work established a role for autoantibodies in ALAD patho-
genesis.24 We also utilized lymphocyte-depleting therapies 
when necessary. Although these therapies are commonly used 
in the ambulatory setting‚ there are few reports describing 
their use in critically ill patients. Clinicians may be wary to 

FIGURE 1. The trend in FEV1 (L) in patients post-ALAD of unknown etiology. Trend in FEV1 over time prior to and following the episode of 
ALAD. The first patient died several weeks after her ALAD event. All other patients FEV1 trend is depicted for values that are available up to 12 
mo post-ALAD event. ALAD, acute lung allograft dysfunction; FEV1, forced vital capacity in 1 s.

TABLE 3.

Outcomes

 

Patient

No. 1 No. 2 No. 3 No. 4 No. 5 N (%) or median (IQR) 

Days on ECMO 29 21 4 28 7 21 (7–28)
Survival to hospital discharge Yes Yes Yes Yes Yes 5 (100%)
60-d survival after ECMO cannulation Yes Yes Yes Yes Yes 5 (100%)
60-d occurrence of superinfection Yes Yes No No No 2 (50%)
SOFA score at ECMO cannulation 2 11 11 9 7 9 (7–11)
SOFA score at ECMO decannulation 2 6 7 5 4 5 (4–6)
ICU LOS (d) 41 31 13 33 12 31 (13–33
Hospital LOS (d) 47 61 21 46 14 46 (21–47)
Disposition to home at hospital discharge Yes No No No Yes 2 (40%)
FEV1 pre-ALAD (L) 1.51 4.56 1.56 2.34 1.44 1.56 (1.51–2.34)
FEV1 pre-ALAD, % predicted 50 116 43 79 52 52 (50–79)
FEV1 1-mo post-ALAD (L) 1.37 1.91 2.30 1.81 1.32 1.81 (1.37–1.91)
FEV1 1-mo post-ALAD
(% predicted)

46 48 63 61 48 48 (48–61)

De novo donor-specific HLA antibodies within 6 mo 
of severe ALAD?

No No No No No 0

ALAD, acute lung allograft dysfunction; ECMO, extracorporeal membrane oxygenation; FEV1, forced vital capacity in 1 s; IQR, interquartile range; LOS, length of stay; SOFA, sequential organ failure 
assessment.
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augment immunosuppression in the ICU because of infection 
risk, so we posit that aggressive therapy is necessary to miti-
gate the robust proinflammatory response.5,19,25

The primary strengths of this case series are that it demon-
strates the feasibility and efficacy of aggressive interventions 
for severe noninfectious ALAD and establishes a framework 
for standardized assessment and management of these criti-
cally ill patients.

There are several limitations to our study. First, our small 
sample size limits generalizability of findings. Severe noninfec-
tious ALAD is a recently identified entity with no consensus 
definition. We included recipients of both unilateral and bilat-
eral lung transplants, with the provision that only allograft 
injury was present, because our focus was on the pragmatic 

management aspects of severe ALAD. Additionally, selection 
bias is possible; however, during the study period, all patients 
meeting criteria were offered support with ECMO and immu-
nomodulatory therapy; only 1 patient opted for a palliative 
approach. Furthermore, we lacked a pathologic diagnosis 
for the majority of our cohort. There is growing data on the 
impact of diffuse alveolar damage and acute fibrinous organ-
izing pneumonia on overall prognosis.21,22,26,27 Unfortunately, 
the majority of our patients were too ill to obtain a tissue 
diagnosis. Future attempts to better phenotype patients with 
severe ALAD of unclear etiology with the use of cytokine pro-
filing, peripheral blood flow cytometry, gene-expression pro-
filing, etc, may allow for improved prognostication, diagnosis, 
and tailored management. Finally, it is possible that the timing 

FIGURE 2. Recommended management strategy for patients with severe, noninfectious ALAD. We provide a proposed strategy for 
management of patients with severe ALAD, including advice on diagnosis, support, and treatment. ALAD, acute lung allograft dysfunction; 
PaO2, partial pressure of oxygen; SpO2, saturation of peripheral oxygen.
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of ALAD may impact outcomes, with early-onset ALAD hav-
ing a more favorable prognosis.27 Our series included patients 
with both early and late (>2–3 mo posttransplant) ALAD, 
which may in part account for our improved outcomes com-
pared to other cohorts with severe ALAD (“lung white out”). 
Despite the heterogeneity in severe ALAD onset, we did not 
appreciate superior outcomes in those with early disease.

In conclusion, this work adds to the limited experience with the 
management of severe noninfectious ALAD. Based on our findings, 
we advocate for an aggressive management strategy (Figure 2).

ACKNOWLEDGMENTS

We wish to thank all the members of the VUMC ICU and 
lung transplant teams for their dedication to patient care. We 
also wish to thank our patients and family members for their 
willingness to participate in research studies.

REFERENCES
 1. Banga A, Sahoo D, Lane CR, et al. Characteristics and outcomes of 

patients with lung transplantation requiring admission to the medical 
ICU. Chest. 2014;146:590–599.

 2. Hadjiliadis D, Steele MP, Govert JA, et al. Outcome of lung transplant 
patients admitted to the medical ICU. Chest. 2004;125:1040–1045.

 3. Verleden SE, Gottlieb J, Dubbeldam A, et al. “White-out” after lung 
transplantation: a multicenter cohort description of late acute graft 
failure. Am J Transplant. 2017;17:1905–1911.

 4. Benden C, Haughton M, Leonard S, et al. Therapy options for chronic 
lung allograft dysfunction-bronchiolitis obliterans syndrome following 
first-line immunosuppressive strategies: a systematic review. J Heart 
Lung Transplant. 2017;36:921–933.

 5. Issa NC, Fishman JA. Infectious complications of antilymphocyte ther-
apies in solid organ transplantation. Clin Infect Dis. 2009;48:772–786.

 6. Verleden GM, Raghu G, Meyer KC, et al. A new classification sys-
tem for chronic lung allograft dysfunction. J Heart Lung Transplant. 
2014;33:127–133.

 7. Dulek DE, Mueller NJ; AST Infectious Diseases Community of 
Practice. Pneumonia in solid organ transplantation: guidelines from the 
American Society of Transplantation Infectious Diseases Community 
of Practice. Clin Transplant. 2019;33:e13545.

 8. Levine DJ, Glanville AR, Aboyoun C, et al. Antibody-mediated rejection 
of the lung: a consensus report of the international society for heart 
and lung transplantation. J Heart Lung Transplant. 2016;35:397–406.

 9. Martinu T, Pavlisko EN, Chen DF, et al. Acute allograft rejection: cellular 
and humoral processes. Clin Chest Med. 2011;32:295–310.

 10. Benzimra M, Calligaro GL, Glanville AR. Acute rejection. J Thorac Dis. 
2017;9:5440–5457.

 11. Scheffert JL, Raza K. Immunosuppression in lung transplantation. J 
Thorac Dis. 2014;6:1039–1053.

 12. Fan E, Gattinoni L, Combes A, et al. Venovenous extracorporeal mem-
brane oxygenation for acute respiratory failure: a clinical review from an 
international group of experts. Intensive Care Med. 2016;42:712–724.

 13. Tipograf Y, Gannon WD, Foley NM, et al. A dual-lumen bicaval cannula 
for venovenous extracorporeal membrane oxygenation. Ann Thorac 
Surg. 2020;109:1047–1053.

 14. Agerstrand CL, Burkart KM, Abrams DC, et al. Blood conservation in 
extracorporeal membrane oxygenation for acute respiratory distress 
syndrome. Ann Thorac Surg. 2015;99:590–595.

 15. Biscotti M, Gannon WD, Agerstrand C, et al. Awake extracorporeal 
membrane oxygenation as bridge to lung transplantation: a 9-year 
experience. Ann Thorac Surg. 2017;104:412–419.

 16. Salna M, Tipograf Y, Liou P, et al. Tracheostomy is safe during extracor-
poreal membrane oxygenation support. ASAIO J. 2019;66:652–656.

 17. Metlay JP, Waterer GW, Long AC, et al. Diagnosis and treatment of 
adults with community-acquired pneumonia. an official clinical practice 
guideline of the American Thoracic Society and Infectious Diseases 
Society of America. Am J Respir Crit Care Med. 2019;200:e45–e67.

 18. Ensor CR, Rihtarchik LC, Morrell MR, et al. Rescue alemtuzumab 
for refractory acute cellular rejection and bronchiolitis obliterans syn-
drome after lung transplantation. Clin Transplant. 2017;31.

 19. Palmer SM, Miralles AP, Lawrence CM, et al. Rabbit antithymocyte 
globulin decreases acute rejection after lung transplantation: results of 
a randomized, prospective study. Chest. 1999;116:127–133.

 20. Graham BL, Steenbruggen I, Miller MR, et al. Standardization of 
spirometry 2019 update. an official American Thoracic Society and 
European Respiratory Society technical statement. Am J Respir Crit 
Care Med. 2019;200:e70–e88.

 21. Meyer KC, Bierach J, Kanne J, et al. Acute fibrinous and organising 
pneumonia following lung transplantation is associated with severe 
allograft dysfunction and poor outcome: a case series. Pneumonia 
(Nathan). 2015;6:67–76.

 22. Sato M, Hwang DM, Ohmori-Matsuda K, et al. Revisiting the patho-
logic finding of diffuse alveolar damage after lung transplantation. J 
Heart Lung Transplant. 2012;31:354–363.

 23. Gattinoni L, Marini JJ, Collino F, et al. The future of mechani-
cal ventilation: lessons from the present and the past. Crit Care. 
2017;21:183.

 24. Akbarpour M, Wu Q, Liu X, et al. Clinical relevance of lung-restricted 
antibodies in lung transplantation. Hum Immunol. 2019;80:595–601.

 25. Moniodis A, Townsend K, Rabin A, et al. Comparison of extracorpor-
eal photopheresis and alemtuzumab for the treatment of chronic lung 
allograft dysfunction. J Heart Lung Transplant. 2018;37:340–348.

 26. Paraskeva M, McLean C, Ellis S, et al. Acute fibrinoid organizing 
pneumonia after lung transplantation. Am J Respir Crit Care Med. 
2013;187:1360–1368.

 27. Vanstapel A, Verleden SE, Weynand B, et al; Leuven Lung Transplant 
Group. Late-onset “acute fibrinous and organising pneumonia” 
impairs long-term lung allograft function and survival. Eur Respir J. 
2020;56:1902292.


